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Abstract 

 

BACKGROUND 

A growing body of literature and nearly a century of modern clinical use have 

established maggot therapy as an efficacious and safe wound care modality. Indeed, 

even before the introduction of maggot debridement therapy (MDT) to modern 

medicine, the wound healing properties of fly maggots were recognised by many 

cultures including Aboriginal Australians. This and the beneficial outcomes seen in 

wounded and fly-blown soldiers in past wars raises the question why MDT has not 

been used to treat wounds in contemporary compromised healthcare settings such as 

in disaster medical response, the theatre of war, or in development aid. The critical 

importance of supply chain management in the provision of goods and services 

suggests that there may be a mix of supply chain barriers that have prevented 

healthcare providers to offer MDT services in compromised healthcare settings.  

With this in mind, this study sought to answer the following research questions: 1) 

What is the wound burden in compromised healthcare settings; 2) is MDT a feasible 

therapy for wounds in compromised healthcare settings; 3) what are the characteristics 

of MDT supply chains in compromised healthcare settings; and 4) what are the 

enablers of, and barriers to, affordable, responsive, secure, sustainable, resilient and 

innovative MDT supply chains in contemporary compromised healthcare settings? 

 

METHODS 

In order to answer these research questions, a mixed methods approach was used 

including desktop literature reviews, optimising scenario development, and a case 

study with qualitative research methodology. The qualitative research was conducted 

with observations, a stakeholder workshop and semi-structured interviews which, in 

turn, were held either face-to-face, online or via email. A set of analytical tools were 

applied to the data, such as the rephrasing of transcripts according to the documentary 

method, coding of interview data, and logic model evaluation.  

The question as to what the burden of wounds in compromised healthcare 

systems might be was answered with a systematised literature review of the wound 

burden in the East African Community (EAC). In order to determine whether MDT is a 

feasible therapy for wounds in compromised healthcare settings, a narrative literature 

review of MDT in disaster medicine was conducted. The question what the 

characteristics of MDT supply chains in compromised healthcare settings are had two 
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sub-questions that sought to determine a) what the theoretical characteristics of 

affordable, responsive, secure, sustainable, resilient and innovative MDT supply chains 

in compromised healthcare settings are and b) what the actual characteristics of 

contemporary MDT supply chains in compromised healthcare settings are. An 

optimised MDT supply chain scenario for the EAC was developed utilising the 

information provided by the main literature review, and additional literature as needed. 

What an actual MDT supply chain in a compromised healthcare system looks like was 

explored with a case study of the Kenyan MDT and MDT-like supply chains. Semi-

structured interviews were held, for the most part remotely via Skype or email, and 

these were analysed with a process of rephrasing as is employed in the documentary 

research method and subsequent coding of rephrased data. These results were then 

synthesised into a coherent description of the actual Kenyan MDT supply chain from 

production of medicinal maggots to disposal of used dressings.    

Both, the optimised supply chain scenario and the qualitative research results, 

were modelled with logic model methodology which permitted internal evaluation of the 

actual MDT supply chain and comparison with the optimised scenario, and 

consequently the identification of the enablers of, and barriers to, MDT supply chains in 

Kenya. Melnyk and colleagues’ concept of outcome-driven supply chains provided the 

conceptual framework for the analysis of the theoretical and actual MDT supply chains. 

 

FINDINGS 

The systematised review found that, although it was not possible to comprehensively 

quantify the burden of wound in the East African Community, there was evidence to 

suggest that the wound prevalence is high and that it must place a significant burden 

on communities and fragile healthcare systems.  

The narrative review of MDT in disaster medicine found that natural and man-

made technological disasters frequently lead to a surge of casualties that can 

overwhelm first responders and medical assistance teams and that MDT can play a 

significant role in meeting this wound care challenge in disaster medical aid. MDT is 

highly precise, controls a broad spectrum of microbes in the wound, stimulates wound 

healing and prepares the wound bed for grafting or closure. In addition, MDT can be 

performed by nurses without the need of a physician. Moreover, MDT could provide a 

larger window for time-critical interventions such as fasciotomies to treat compartment 

syndrome and amputations, in cases of life-threatening wound infection. 
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The main literature review of maggot therapy supply chain management revealed 

that there is virtually no literature on the use of MDT in disaster or other humanitarian 

aid, and that there is a bi-modal distribution with most literature discussing production-

related or MDT-related issues and only very few papers, and some industry resources, 

touching on medicinal maggot distribution issues. This review of academic papers, grey 

literature and industry information represents the most comprehensive portrait of MDT 

supply chains and their management to date. It laid the groundwork for the 

development of an optimised supply chain scenario.    

The optimised MDT supply chain scenario provided the first theory of what an 

optimal MDT supply chain in a compromised healthcare setting could look like, and the 

benchmark for evaluation of the actual Kenyan MDT supply chain. It also informed the 

development of recommendations for the management of the Kenyan MDT supply 

chain. Program logic analysis allowed for an assessment of supply chain outcomes. In 

contrast, the actual Kenyan case study provided a comprehensive picture of an actual 

MDT supply chain in a compromised healthcare setting.  

From the analysis of cost drivers in the contemporary Kenyan MDT supply chain, 

it appears that the cost of medicinal maggots, including delivery, to the patient could be 

too high, thus making MDT less affordable. This is because of inefficient low-volume 

production, and in-house rather than outsourced delivery. Responsiveness is 

significantly curtailed under current Kenyan MDT-SC conditions, and the current MDT 

program is vulnerable to future supply interruption and regulatory uncertainty. Overall, 

there is good indication that the Kenyan producer can produce medicinal maggots that 

are safe for the environment and patients provided best practice operating procedures 

and quality management are adopted. Opportunities also exist where environmental 

sustainability goes hand in hand with resource poverty and cost reduction, for example 

in the implementation of reverse logistics for cool chain packaging. The lack of 

preparedness regarding distribution planning and demand management further 

increases the medicinal maggot producer’s vulnerability and reduces the supply chain’s 

responsiveness. However, there are increasingly sophisticated courier companies 

operating across the country which could provide distribution services. There is little 

evidence of innovation in the Kenyan MDT supply chain, apart from the establishment 

of the medicinal maggot production facility and the fledgling MDT program, even 

though the host organisation for medicinal maggot production in Kenya is a research 

organisation and should therefore be in a good position to pursue product innovation.  



 
 

MDT supply chain management in compromised healthcare settings  |  Page iv 
 

Research Question 4 sought to identify the enablers of, and barriers to 

affordable, responsive, secure, sustainable, resilient and innovative MDT supply chains 

in contemporary compromised healthcare settings. On one hand, there are numerous 

barriers that largely relate to institutional governance and regulatory limitations, but 

none are perceived to be insurmountable. On the other hand, there are significant 

enablers that support or facilitate the delivery of MDT services. They relate mainly to 

existing Kenyan research expertise and MDT-expertise transfer, a highly flexible and 

resourceful commerce and logistics environment, and a diverse healthcare system with 

NGOs and faith-based organisations complementing public healthcare provision. 

These enablers of, and barriers to, the MDT supply chain in Kenya can be divided into 

those over which the focal organisation has influence, and those that are imposed by 

the wider SC including external political, economic and social factors.   

 

CONCLUSIONS 

This research generated a wealth of new and original knowledge and new theory 

regarding the prevalence of wounds, the feasibility of MDT, and its supply chain 

management in compromised healthcare settings. Indeed, the literature review of MDT 

supply chain management is the first coherent theory of MDT supply chain 

management and thereby it lays the foundation for the future study, and ongoing 

revision of, MDT supply chain management.  

Another significant contribution is the successful demonstration of several new or 

rarely used methods in supply chain management research, thereby significantly 

increasing the tool box available for researchers and practitioners. For example, the 

study successfully employed a qualitative research approach and the use of program 

logic evaluation methodology to assess the performance of supply chains. It could be 

demonstrated that the program logic analysis of inputs, activities, outputs and 

outcomes of a product supply chain, rather than a conventional social program, is 

possible and deserves greater exposure in the academic and practitioner SC literature.  

The findings also provide tangible guidance for Kenyan MDT supply chain 

managers and for the provision of MDT services elsewhere. The findings of this study 

should assist practitioners in the design of MDT supply chains that deliver life- and 

limb-saving wound care. 
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Core definitions 

 

Compromised healthcare settings 

In this thesis, the place or environment in which healthcare is delivered is considered a 

healthcare setting including, for example, hospitals, healthcare centres, doctor 

surgeries, allied health clinics, the patients’ home, diagnostic laboratories and 

emergency care at the scene of accidents, disaster or conflict.  

Compromised healthcare settings have diminished ability to deliver reliable 

healthcare services.  This includes healthcare service provision in low-and middle-

income countries that are impacted by political instability, poverty, poor supply chain 

performance, and inadequate medical infrastructure and treatment services. 

Healthcare in natural disasters and war are also marked by damaged transport, 

communication, utility and medical infrastructure. Moreover, casualties may overwhelm 

human resources and overburden hospital infrastructure even if hospitals remain 

undamaged.  

 

Echelon 

The word echelon is derived from the French word échelon, meaning ‘rung’ and echelle 

meaning ‘ladder’ (Cresswell, 2018). In the context of supply chain management, an 

echelon is a stage along the supply chain with activities that fulfil a specific role, e.g. a 

particular production step. In this thesis, the term refers to the four major stages in the 

maggot debridement therapy supply chain: the supply of production inventory, the 

production of medicinal maggots, distribution of medicinal maggots to the point of care, 

and treatment (including disposal of used dressings and medicinal maggots).   

 

Healthcare system  

A healthcare system or health system comprises all the activities whose primary 

purpose is to promote, restore, or maintain health (WHO, 2000).  

 

Logic model 

In the context of program planning and evaluation, a logic model explains how program 

outcomes are achieved by illustrating the causal connection between inputs, activities 

and program outputs and resultant intermediate and long-term outcomes (W.K. Kellogg 

Foundation, 2004) 
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Maggot debridement therapy 

Maggot debridement therapy is the treatment of wounds with living fly larvae 

(maggots). While consuming dead tissue for sustenance, the maggots excrete and 

secrete compounds which have antibacterial properties and stimulate wound healing 

(Pritchard and Nigam, 2013). 

 

Sensitization 

Sensitization is the deliberate provision of information and education in order to raise 

awareness, change perception, generate insight, and ultimately to bring about 

behavioural change (Wamai et al., 2012). In this thesis sensitization is used in the 

context of the provision of information and education services to patients and 

healthcare providers about maggot debridement therapy.   

 

Supply chain and supply network 

A supply chain is the flow of materials and information from upstream production of 

goods and services to the downstream end users of these goods and services. The 

supply chain is made up of a number of distinct echelons (stages) along the supply 

chain with activities that fulfil a specific role e.g. production. The term supply network 

acknowledges that supply chains are seldom single sequences of material and 

information flow, but involve many agents and echelons overlapping and interacting 

with each other (Christopher, 2011).  See also Section 1.1.3 for discussion of the 

supply chain concept. 
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CHAPTER 1 – INTRODUCTION 

 

1 Introduction 

 

This thesis reports the findings of a program of research that investigated the supply 

chain (SC) for maggot debridement therapy (MDT) in compromised healthcare settings. 

Section 1.1 provides the background and sets the scene for this research including a 

discussion of the global wound care problem, an introduction to maggot debridement 

therapy, and the need for, and lack of, MDT supply chain research. This is followed by 

Section 1.2 which presents the research objectives and research questions that have 

guided this research, while Section 1.3 highlights the significance of this work. An 

overview of the entire thesis is given in Section 1.4 including a diagrammatic summary 

of the thesis structure. 

 

1.1 Background 

1.1.1 The global wound care problem 

A wound is the breakdown of the barrier between the body and the environment 

through the destruction of tissue on the inner or outer body surface (Dissemond et al., 

2016). Damage of the skin barrier renders the underlying tissue and entire body system 

prone to infection. Therefore, it is critical that wounds are treated effectively and heal 

fast to reinstate the protective skin barrier. However, the incidence and prevalence of 

wounds is on the rise globally and effective wound treatment poses significant 

challenges for health care providers.  First, modern lifestyle changes particularly in low- 

and middle-income countries (LMICs) are bringing about a rapid rise in obesity, 

vascular disease and diabetes, which in many cases lead to chronic foot and leg ulcers 

(Bhurosy and Jeewon, 2014, Boulton, 2000, Misra et al., 2014, Ramachandran et al., 

2010, Van Dieren et al., 2010). Second, a rapid and largely unregulated increase in 

motor vehicle use across LMICs brings with it a high accident and injury burden 

(Dhillon et al., 2014, Onywera and Blanchard, 2013) for which the local healthcare 

systems are ill prepared (Naddumba, 2008). Third, there is population growth, 

urbanization and a proliferation of poorly constructed housing in disaster prone regions, 

and the increasing severity of natural disasters means that larger numbers of people 

require emergency medical aid in the event of a disaster (UN-Habitat, 2007). Fourth, 

the widespread use of antibiotics in animal production and human health together with 

a large reservoir of resistance genes in the biotic environment has resulted in the 
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emergence of antibiotic resistant strains of bacteria (Laxminarayan et al., 2013, Rolain 

et al., 2012).  

These demographic and epidemiological trends threaten to increase wound 

burdens and undermine modern advances in wound care (Graves and Zheng, 2014). 

Moreover, inadequate wound care is of particular concern in healthcare settings that 

have diminished ability to deliver reliable healthcare services. For example, healthcare 

service provision in LMICs is impacted by political instability and poverty, which in turn 

leads to poor LMIC supply chain performance, medical infrastructure and treatment 

services (Dowling, 2011, Schroeder and Amukele, 2014, Wakaba et al., 2014). Natural 

disasters and war damage transport, communication, utility and medical infrastructure 

(Chapin et al., 2009, Ochi et al., 2014). Casualties may overwhelm human resources 

and the available hospital infrastructure even if hospitals remain undamaged 

(Prasartritha et al., 2008). Such difficult and poorly functioning healthcare settings shall 

be referred to from now on as ‘compromised healthcare settings’.  

 

1.1.2 Maggot debridement therapy 

Contemporary care of complicated and traumatic wounds as it is practised in high-

income countries relies heavily on the availability of efficacious antibiotics, 

sophisticated devices, surgical intervention, advanced wound dressings and topical 

treatments (Dissemond et al., 2014). In the compromised healthcare setting there is 

often only limited access to these resources or associated basic consumables (MoH, 

2016, Wangu and Osuga, 2014). In such health care environments, wound care 

options are required that are relatively cheap, easy to use and have multiple 

therapeutic benefits. One such treatment modality is maggot debridement therapy 

(MDT), also known as larval debridement therapy and biosurgery.  

MDT is the therapeutic use of fly larvae, commonly referred to as ‘maggots’, for 

the treatment of wounds. As opposed to myiasis, the infestation of wounds by wild 

maggots, MDT is the deliberate clinical application of sterilised medicinal maggots 

(MM) that have been reared under controlled laboratory conditions with strict quality 

control procedures in place. Currently, MDT is carried out mainly with two closely 

related species of fly, the green bottle blowfly Lucilia sericata (Sherman, 2009), and the 

sheep blowfly Lucilia cuprina (Paul et al., 2009).  

The historical context of MDT from traditional tribal medicine and war, to William 

Baer the father of modern MDT and onto current developments and future directions in 

maggot debridement therapy, has been comprehensively summarized in the literature 



 
 

MDT supply chain management in compromised healthcare settings  |  Page 3 
 

 

(Church, 1996, Kruglikova and Chernysh, 2013, Sherman, 2009, Whitaker et al., 2006, 

Whitaker et al., 2007). However, after a short but rapid and wide-spread uptake of MDT 

from the mid-1930s, the advent of commercial penicillin production in 1944 led to an 

equally rapid decline in the use of maggot therapy (Whitaker et al., 2007). Due to rising 

antibiotic resistance and an increase in chronic non-healing wounds, MDT experienced 

a revival in the 1990s when it was reintroduced and promoted by a second wave of 

pioneers such as R. Sherman and E. Pechter in the United States and by S. Thomas in 

the United Kingdom and Europe (Kruglikova and Chernysh, 2013, Whitaker et al., 

2007). As a result, MDT is once again being used for wound care in many countries in 

addition to the USA and Europe, for example in Turkey, Iran, Japan and Australia 

(Geary et al., 2009, Igari et al., 2013, Mirabzadeh et al., 2017, Tanyuksel et al., 2005).    

MDT is indicated for wounds that require debridement and this includes wounds 

that contain devitalized or necrotic tissue. Debridement is defined in the Oxford 

Concise Medical Dictionary as “the process of cleaning an open wound by removal of 

foreign material and dead tissue, so that healing may occur without hindrance” (Martin, 

2015). Most wounds treated with MDT are chronic wounds such as diabetic ulcers, but 

traumatic wounds and burns requiring debridement also respond well to MDT (James, 

2007, Namias et al., 2000). MMs reduce significantly the microbiological burden in 

wounds, including Methicillin-resistant Staphylococcus aureus (MRSA), through 

ingestion and digestion of microbes and through the excretion and secretion of 

antibacterial compounds, (Bexfield et al., 2004, Bohova et al., 2014, Kruglikova and 

Chernysh, 2011, Lerch et al., 2003). Moreover, the activity of MMs in the wound 

stimulates the healing process with healthy new granulation tissue forming at the 

wound base during and after MDT (Horobin et al., 2003, Sun et al., 2016, Wollina et al., 

2002). Experts are now advocating for continued application of maggots, beyond 

debridement, to control infection and to promote healing (Pritchard and Nigam, 2013, 

Sherman, 2014). The observation of MDT efficacy in treatment case reports has also 

been confirmed by laboratory investigations of the biochemical and bioactive properties 

of maggot excretions (Bexfield et al., 2008, Bohova et al., 2014, Cazander et al., 2009, 

Honda et al., 2011, Kruglikova and Chernysh, 2011).  

 

1.1.3 The MDT supply chain management challenge 

In a letter to the editor of the journal Burns, Fadaak (2003) suggested that MDT could 

be valuable to countries lacking medical resources, for example in the treatment of 

deep burns under inadequate anaesthesia. Likewise, Grassberger and Fleischmann 



 
 

MDT supply chain management in compromised healthcare settings  |  Page 4 
 

 

(2002, p. 306) proposed that “Startling benefits can be expected from the prophylactic 

use of fly larvae in earthquake or war-stricken parts of the world to substantially reduce 

mortality resulting from wound infection.” However, prior to this study, there appears to 

be no published English language literature that specifically examines MDT in disaster 

medicine or humanitarian aid, apart from the occasional commentary (Fadaak, 2003, 

Grassberger and Fleischmann, 2002, Roy and Sherman, 2014).  

In short, it appears that there is a knowledge-practice gap between the MDT 

literature and information and service needs of practitioners in LMIC settings. For 

example, Fadaak highlighted the knowledge-practice gap that exists regarding MDT 

production, procurement and distribution when he stated in above-mentioned letter that 

he does not know of “… maggot sterile preparation, maintaining its delivery, and 

frequency to these places in case of need …” Fadaak (2003, p. 96). The primary 

literature appears to be confined to a few papers that are concerned with the 

airworthiness of MMs in the military setting (Peck et al., 2015), and the optimal 

temperatures for shipment and storage of MMs prior to MDT (Čičková et al., 2015). In 

addition, a small amount of SC-relevant information has been provided in published 

MDT user guides (Acton, 2007, Chadwick et al., 2015, Hyfywedd and Gyfan, 2013).  

A supply chain (Figure 1) can be understood as “the network of organisations that 

are involved, through upstream and downstream linkages, in the different processes 

and activities that produce value in the form of products and services in the hands of 

the ultimate consumer” (Christopher, 2011, p. 13). In other words, the MDT-SC 

involves upstream the production laboratory and its suppliers, which are linked to 

downstream healthcare providers and patients via transport service providers. Supply 

chain management (SCM) then is “the management of upstream and downstream 

relationships with suppliers and customers in order to deliver superior customer value 

at less cost to the supply chain as a whole” (Christopher, 2011, p. 3). Moreover, a 

supply chain is “the result of deliberate management action and strategic corporate 

investments aimed to procure, develop and configure the appropriate resources, 

processes and metrics that define that firm’s supply chain.” (Melnyk et al., 2014, p. 

1887). 

Given the central role of the SC in the provision of goods and services, it is 

possible that knowledge gaps and other barriers along the SC are responsible for the 

absence of MDT in compromised healthcare setting. Some of these barriers may be of 

technical and others of social nature, but all are necessarily interlinked.  
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Figure 1: The supply chain network.  

Note: Adapted from Christopher (2011, p. 3 and p. 13).  

 

1.2 Research objectives and questions 

The challenges encountered in the provision of goods and services during 

humanitarian relief operations are not dissimilar to those faced by industry supply chain 

managers, particularly those in volatile settings (Tatham and Pettit, 2010). Indeed, it is 

of even greater importance to the beneficiaries of humanitarian aid that they receive 

the right products and services, at the right time, where they are needed (right place), 

and at the right price and quality. The concept of integrated end-to end supply chain 

management, as pursued in industry and commerce, to achieve the five ‘rights’, has 

guided the present research process and resultant research questions (Tatham and 

Pettit, 2010). MDT is an efficacious treatment that is well established in the high-

resource healthcare settings of Europe and North America, with commercial producers 

supplying the market (e.g. www.biomonde.com and www.monarchlabs.com). However, 

the literature on MDT strongly suggests that MDT could also be a useful intervention 

for the treatment of wounds in the compromised healthcare setting, provided that a) the 

wound burden in compromised healthcare settings is sufficiently high to justify MDT 

services, and b) MDT is feasible in compromised healthcare settings (i.e. it is indicated 

for the types of wounds encountered and it can be available for treatment in such 

settings). This speaks to the tenets that SCs need to deliver the right products and 

services at the right place. If there is insufficient wound burden or the wounds are not 

amenable to MDT, then there is no need for MDT in compromised healthcare settings. 

http://www.biomonde.com/
http://www.monarchlabs.com/
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However, as the literature review in Chapter 2 reveals, there appears to be no formal 

examination of MDT in compromised healthcare settings.   

Following the logic flow summarised above, it was first necessary to answer with 

a high degree of confidence whether the wound burden in compromised healthcare 

settings is significant, and to formally establish the feasibility of MDT in such settings as 

expressed via the first two research questions:     

  

RQ1) What is the wound burden in compromised healthcare settings? 

 

RQ2) Is MDT a feasible therapy for wounds in compromised healthcare 

settings? 

 

The systematised literature review in Section 4.2 has revealed a large wound burden in 

the East African Community, and the narrative literature review in Section 4.3 

confirmed that MDT is, indeed, a feasible therapy for the treatment of wounds in 

disasters and other compromised healthcare settings with similar wound aetiologies.   

Having established both the wound burden and feasibility of MDT in 

compromised healthcare settings, the question of why MDT is not widely used in such 

settings arose. The premise of this research is that MDT-SCs and their management 

are key to providing MDT services in the compromised healthcare setting at the right 

time, the right quality and the right price (cost). Consequently, the presence and 

performance of MDT services must be determined to a large part by the structure and 

performance of the supply chain.   

In order to identify barriers that may impact on MDT supply chain performance 

and enablers that may support high-performing MDT supply chains, it was deemed 

necessary to compare an ideal with a compromised MDT-SC. To do so required a 

good understanding of what, firstly, an ideal MDT-SC and, secondly, an actual MDT-

SC in a compromised healthcare setting look like. Research Question 3 formalises the 

resulting research objective:   

 

RQ3)  What are the characteristics of MDT-SCs in compromised healthcare 

settings? 

a) What are the theoretical characteristics of affordable, responsive, 

secure, sustainable, resilient and innovative MDT-SCs in compromised 

healthcare settings? 
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b) What are the actual characteristics of contemporary MDT-SCs in 

compromised healthcare settings? 

 

Finally, identification of both the characteristics of an optimised highly-performing SC, 

and the characteristics of an actual MDT-SC that is servicing a compromised 

healthcare setting, made a comparative analysis possible:  

 

RQ4) What are the enablers of, and barriers to, affordable, responsive, 

secure, sustainable, resilient and innovative MDT-SCs in contemporary 

compromised healthcare settings? 

 

For the purpose of this research Melnyk and colleagues’ (2010) concept of outcome-

driven SCs was adopted in order to define more clearly what is meant by functioning 

SCs. Research questions 3a and 4 therefore include the descriptors ‘affordable, 

responsive, secure, sustainable, resilient and innovative’.  

 

1.3 Significance 

There is a large burden of wounds in compromised healthcare settings as this and 

other studies have found. This merits exploration of alternative therapies such as MDT. 

Although there is a considerable body of work investigating individual aspects of MDT, 

such as specific production and treatment issues, no studies exist that discuss in any 

detail the use of MDT in compromised healthcare settings or that comprehensively 

consider and discuss the entire SC from supplier, producer and distributor to 

healthcare provider and patient including the up- and downstream flows of goods and 

information. The establishment of a theory of MDT-SC design and management and 

the identification of enablers of, and barriers to, MDT-SCs lays the foundation for 

further research. More importantly, it is hoped that the insights of this research provide 

the information needed to improve existing MDT services and to establish new MDT 

programs in compromised healthcare settings. Ultimately it is about the patients for 

whom wounds can be extraordinarily painful, debilitating, ostracizing, and costly. MDT 

is able to alleviate much suffering in compromised healthcare settings provided SCs 

are in place that facilitate the delivery of MDT services.      
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1.4 Outline of thesis 

Chapter 2 presents the main literature review of this thesis which is a root-to-branch 

review of literature relevant to the MDT-SC.  

Chapter 3 is the methods chapter. It explains in Section 3.2 how the wound 

burden and the feasibility of MDT in compromised healthcare settings were confirmed. 

Section 3.3.1 discusses the rationale for the use of an inductive qualitative research 

approach in this study, and Section 3.3.2 develops the argument in favour of exploring 

Research Questions 3 and 4 with a case study. Section 3.3.3 provides the 

methodology for the development of an MDT-SC scenario whilst Section 3.3.4 outlines 

the qualitative research activities undertaken to explore an actual MDT-SC. The 

Chapter concludes with Section 3.3.5 describing the evaluation methodology applied to 

the assessment of both the scenario and actual MDT-SCs.  

Chapter 4 provides the results of the research activities with Section 4.2 and 4.3 

presenting the findings of two literature reviews, which answered Research Questions 

1 and 2, respectively. Section 4.4 develops the theoretical MDT-SC characteristics in 

the form of an MDT-SC scenario, whilst Section 4.5 gives a synthesis of the interviews 

conducted to explore the actual MDT-SC. Finally, Section 4.6 identifies the enablers of, 

and barriers to, MDT supply chains in Kenya.   

Chapter 5 is dedicated to a discussion of the research findings. Section 5.2 

confirms the existence of a large burden of wounds in compromised healthcare 

settings. Section 5.3 concludes that MDT is feasible for the treatment of wound 

aetiologies encountered in compromised healthcare settings. Section 5.4 discusses the 

Kenyan MDT-SC, and this leads to the development of recommendations for Kenyan 

MDT-SC managers in Section 5.5. The extent to which the findings of this study are 

relevant learnings for the establishment and management of MDT-SCs in other 

compromised healthcare settings is discussed in Section 5.6.  

Chapter 6 summarises the contributions that the research has made to 

knowledge in Section 6.2, to theory in Section 6.3, and to practice in Section 6.4, and 

provides directions for future research in Section 6.5.   
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Figure 2: Outline of the research thesis.  

Note: The diagram shows how the core sections in each chapter address the five research 
questions. For ease of navigation and comprehension, this diagram is repeated at the outset of 
each chapter highlighting the respective chapter. 
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CHAPTER 2 – LITERATURE REVIEW  

 

 
Figure 3: Thesis outline highlighting activities in Chapter 2.  

Note: Research Question 1 and Research Question 2 have been informed by dedicated 
literature reviews that are presented in Sections 4.2 and 4.3 and are not part of the main 
literature review in Chapter 2.  
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2 MDT supply chain literature review 

 

2.1 Rationale 

This systematised review explores the literature with regard to SC design and 

management for MDT, both in high- and low-resource healthcare settings. Because SC 

issues for MDT have not been explored comprehensively, the task was to bring 

together disparate, but yet connected lines of inquiry, in order to build a first-pass 

coherent theory of the MDT-SC with currently available information. In so doing, the 

review contributes to, and informs, the research activities that address Research 

Questions 3, 4, and 5.  

The review takes an inter- and trans-disciplinary approach and interrogates 

literature pertinent to each performance cycle of the MDT-SC: production of MMs and 

required supplies; the distribution of MMs; and maggot debridement therapy itself, 

including the final disposal of dressings and used maggots. There is a constant flow of 

information and materials between the performance cycles, and this is the domain of 

logistics within the SC.  

Consequently, the review draws on literature from dipteran-, forensic- and 

medical entomology, wound care and maggot debridement therapy. Moreover, SCM for 

MMs and related products poses challenges similar to those experienced by other 

perishable product lines such as vaccines (Kumru et al., 2014) and blood products 

(Belien and Force, 2012), and this is why some relevant literature from these domains 

has been considered.  

The type of literature consulted for this systematised review was broader than in 

conventional academic literature reviews as it included not only peer reviewed literature 

of all types (Grant and Booth, 2009), but also grey literature and online resources such 

as company websites. It was necessary to cast the net wide because, for some 

aspects of the MDT and related SCs, there was little information available in the 

scientific literature alone. For example, much of the vaccine SC literature consists of 

reports published by the Global Alliance for Vaccines and Immunization, the Program 

for Appropriate Technology in Health (PATH) and other NGOs. Moreover, a review of 

company websites of MM producers provides industry information on current 

production-, product-, service-, and distribution practices in functioning healthcare 

settings.  
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Section 2.2 provides information regarding the methodology employed to identify 

and analyse the relevant literature. Section 2.3 presents a summary and discussion of 

this literature in a logical sequence, which was determined by the MDT supply chain 

structure from upstream production to MDT treatment and the disposal of medicinal 

maggot dressings. The literature review concludes with a critical assessment of the 

literature and further research needs.  

 

2.2 Methods 

In order to comprehensively examine the literature and evidence on the MDT-SC, the 

English language peer-reviewed literature published in academic Journals was 

interrogated in a systematised fashion (Grant and Booth, 2009). Because of the 

interdisciplinary nature of MDT-SC issues, seven discrete searches across five 

academic databases were performed as outlined in Table 1. The search algorithms 

were determined by the need to understand a) the biology of flies currently used for 

MDT and of potential new candidate species, b) fly rearing and MM production and 

distribution practice, and c) maggot debridement therapy practice. Algorithms and 

search field combinations were explored by trial and error to find those that yielded the 

most comprehensive and relevant literature without identifying obviously irrelevant 

literature. Searches of the literature up to June 2017 were conducted at four time points 

between January 2015 and July 2017. 

Search results were collated into EndNote X7™ (Clarivate Analytics), and 

duplicates were removed. Articles were further preselected on the basis of titles and 

abstracts, and a thorough assessment of relevance by reading full texts. Papers were 

scored on a scale of 1 to 5 with one being least relevant and five being most relevant to 

MDT-SC knowledge, and only articles with scores of three and higher were considered. 

Each journal article identified by this systematic search and shortlisting was further 

assessed and its information content systematically categorised in an Excel™ 

(Microsoft) spread sheet, in line with systematic quantitative literature review 

methodology (Pickering and Byrne, 2014).  

Systematic searches of the specific academic literature were complemented by 

targeted searches of the related academic literature for information relating to specific 

issues such as vaccine or blood supply logistics, or general SCM theory and practice. 

As mentioned previously, due to the nature of the topic, much information is held in 

grey literature and organisation websites, and this literature was accessed via targeted 
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Google™ searches. These results along with additional literature from article citations 

also fed into this review with their relevance being assessed as they were retrieved.  

 

Table 1: Database searches. 

Algorithm Pub Med
1
  CINAHL

2
 SCOPUS

3
  ProQuest

4
  Web of Science

5
  

(maggot* OR larva*) AND 
debridement      
(maggot* OR larva*) AND 
(debridement OR wound)      
(rear* OR diet) AND 
Calliphoridae      
(development* OR egg OR 
larva* OR pupa* OR adult) 
AND Calliphoridae 

     

myiasis AND Calliphoridae 
AND human      
myiasis AND human      
myiasis AND Calliphoridae      
 
Note: Database fields searched with algorithms: 1 = all, 2 = all text, 3 = titles, abstracts, 
keywords,  4 = abstracts, 5 = titles.  

 

Review statistics 

The systematised review of the academic literature based on the 7 search algorithms 

across the 5 academic databases has initially yielded 884 unique papers. 414 of these 

were deemed relevant to the subject of MDT-SCs once they had undergone first 

selection by title and abstract and then thorough assessment of the full text. From the 

414 selected and reviewed papers, 314 were in the end cited in the literature review. 

An additional 182 papers were identified through targeted literature searches and via 

citations in selected papers.  

 

Table 2: Search results for systematic academic literature review. 

Statistic to 2014 2015 2016 2017 Total 

Total citations retrieved 4501 285 150 138  

Duplicates 1986 104 31 58 

Unique citations 2515 181 119 80 

Relevant (by title and abstract) 661 98 71 54 

Relevant full text articles reviewed  412 

Articles cited 314 

Additional resources reviewed and 
cited 

182 

Total resources cited 496 
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Analysis of the literature 

This literature review was designed to surface research findings and other information 

that describes MDT-SC characteristics. Inevitably, the process identified a multitude of 

characteristics which emerged from disparate sources of information, from various 

disciplines, and referring to various SC echelons. These were integrated following the 

conceptual organisation of a generic MDT-SC, in order to construct a general theory of 

the MDT-SC. The outcome represents a near exhaustive review of relevant literature 

within the limits set by doctoral research constraints. A detailed critique of individual 

papers was deemed neither feasible nor necessary to the process of first-pass MDT-

SC theory development. Rather, a summary of the findings is included in the relevant 

sections. 

 

2.3 The maggot debridement therapy supply chain  

The literature review results are presented in a sequence that is dictated by the MDT-

SC structure, from upstream production to downstream point-of-care and treatment. 

There are five main sections, three of which discuss, in turn, MM production (Section 

2.3.1), MM distribution (Section 2.3.2), and MDT treatment (Section 2.3.3). Section 

2.3.4 discusses MDT supply chain design and is followed by Section 2.4 which 

presents an analysis of key aspects of the literature including gaps and future research 

needs.  

 

2.3.1 MM production 

2.3.1.1 Introduction  

This review identified four seminal research papers that describe the evolution of MM 

rearing protocols to the present day (Table 3). A brief discussion of these methods 

serves as an introduction to the review of the literature relevant to the production 

echelon of the MDT-SC. 

At its most basic, there are four steps in the production of MMs: 1) the rearing 

and maintenance of a suitable fly species in captivity, 2) the harvest of eggs from these 

flies, 3) the sterilisation of these eggs, and 4) the incubation and hatching of sterile 

eggs to obtain sterile young maggots for treatment.  
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Table 3: Fly rearing protocols used in the maintenance of medical fly colonies and preparation of sterile MMs for MDT.  

Authors Adult rearing Larval rearing Egg harvest and disinfection Sterile larvae 

Baer  
(Baer, 1931) 

 Various species 

 Incubator 75-80
o
F, r/h 50% 

 Cheese cloth covered wire 
frame cage 

 Periodic sunshine (ultra violet 
light) for flies 

 Honey, Fleishmann’s yeast 
and water mixture ad libitum 
 

 Autoclaved minced beef and 
beef liver with Fleishmann’s 
yeast 

 Rearing of larvae in the dark 

 Double container system with 
sand to allow pupation 

 9 am in morning for seven 
hours with cube of beef meat 

 Possible storage of 
harvested eggs in sterile 
water in icebox at 40oF for 
24 hours 

 Wash in water 
Sterilisation: 

 30 min in bichlorid of 
mercury, ethanol and 
hydrochloric acid 

 Wash with sterile distilled 
water 

Q/C: 

 Aerobic and anaerobic 
cultures from hatching 
medium and larvae 

 24 hrs incubation 

 Autoclaved agar, 
Fleishmann’s yeast, pig liver 
cubes  

 75-80
o
F 

 Larvae in culture bottles 
stored in ice box to suspend 
development  

 Harvested larvae with sterile 
water and strained for 
application to wound 

McKeever 
(McKeever, 2008) 

 Various species 

 Incubator  

 200 watt light to supply heat 

 Water pan for moisture 

 Wire cage 

 Honey, yeast and water 
 

 Raw beef, no sterilisation 

 Post-feeding larvae 
transferred to sand for 
pupation 

 Pupae stored on ice for two to 
three weeks and hatched 
when needed in incubator  

 Raw beef every second day 
or so 

 No egg sterilization 

 Medium as above for Baer 
2011  

 Separation of maggots from 
media with water and sugar to 
make them float – then 
strained and washed 

 Were stored up to two weeks 
in icebox 

Sterilisation: 

 Maggot sterilization in 
bichloride of mercury and 
ethanol 
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Authors Adult rearing Larval rearing Egg harvest and disinfection Sterile larvae 

Sherman and Wyle 
(Sherman and 
Wyle, 1996) 

 L. sericata 

 Netting covered wire frame 
cages 30 x 30 x 45 cm 
suspended over water pans 

 250-500 flies per cage 

 Water, sugar and Grainers 
Fuel (protein) 

 Continued adding flies to 
cages  

 26-28
o
C r/h 50% 

 

 Buckets with sawdust and 
paper towelling to hold beef 
liver 

 Rearing chambers were 
stored in large garbage bags 
periodically opened for air 
and replenishment of food 

 Aged chicken or beef liver 
bait covered over to 
encourage oviposition 

 Collection twice per week 
Sterilisation: 

 Separation of eggs: with 
sodium sulphite or sodium 
hypochlorite 

 Sterilisation: 5-6 min in 3% 
Lysol, three rinses sterile 
saline 

Q/C:  

 trypticase soy agar with 5% 
sheep blood 

 24-48 hr incubation time 

 Sterile raw chicken egg 

 3 ml for over 300 sterile 
larvae to second instar 

 Storage at 4
o
C for five days 

possible 

Wolff et al. (Wolff 
and Hansson, 
2005) 

 L. sericata 

 30 x 30 x 45 cm wire frame 
cages after Sherman and Wyle 
but with metal floor and 
surgical dressing netting 

 Caster sugar and human 
dietary supplement powder 

 Fly population discarded after 
six weeks 

 Polyurethane foam and  
aseptic black pudding and 
horse-blood agar layered in 
rearing container 

 Minimal odour  

 No pupation medium 
provided 

 Post feeding larvae 
separated from medium and 
placed in sawdust for 
pupation 

 Storage of pupae at 4
o
C 

possible 

 With meat covered over with 
cup as in Sherman and Wyle 

 Oviposition for one hour 
Sterilisation: 

 Wash with water 

 Three treatments with 0.25% 
chloramine 

 

 Sterilised eggs are transferred 
and incubated in flask with 1 
ml Brain Heart Infusion broth 
and 1 ml EX –Agar Standard 

 Can be stored at 4
o
C for 5 

days 

 Used directly from this flask for 
MDT 
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The earliest paper describing this process is that by William Baer (Baer, 1931). He 

established the basic rearing protocol from which subsequent iterations have evolved. 

McKeever’s protocol (McKeever, 2008) borrowed heavily from Baer’s but the main 

difference between the two is that McKeever’s protocol did not include sterilisation of 

larval rearing medium for flies destined for colony maintenance, and it did not prescribe 

sterilisation of eggs after harvesting. Instead larvae ready for treatment were sterilised 

with bichloride of mercury and ethanol, the same as used by Baer who sterilised the 

eggs and not the maggots. McKeever also described the use of sugar to facilitate the 

floatation of larvae and subsequent harvesting.  

Sherman and Wyle’s protocol (Sherman and Wyle, 1996) is, in essence, the 

same as that established by Baer but with both, improvements made to the component 

parts and the use of L. sericata flies. Furthermore, these researchers did not keep the 

flies and larvae in an incubator cupboard but rather in a dedicated room. Odour control 

was achieved by placing larval rearing containers in garbage bags. Sterilisation and 

quality control protocols were also amended, and sterile larvae were reared on sterile 

chicken egg instead of an autoclaved agar-based diet.  

Wolff and Hansson’s method (2005) takes Sherman and Wyle’s protocol for L. 

sericata and modifies it significantly. In order to control odour more effectively, they 

rear larvae for colony maintenance on aseptic black pudding and blood agar which is 

layered in rearing containers. Like McKeever, but unlike Baer and Sherman and Wyle, 

their protocol requires the mechanical transfer of post-feeding larvae onto sawdust 

which would appear impractical for a commercial production process. Apart from using 

chloramine as a sterilisation agent, another significant difference is that the sterilised 

eggs are placed in a flask containing agar and nutrient broth for hatching and rearing to 

second instar.  

An important consideration here is that these methods were developed for small-

scale production and use in hospitals and not for commercial mass rearing and 

production of MMs for distribution. Whilst rearing methods in contemporary commercial 

MM production can be deduced to some degree from available product information and 

media profiles (Harb, 2015, Monarch Labs, 2015e) but much appears protected and is 

likely to remain unpublished. Nevertheless, the review of the literature that follows 

comprehensively addresses this knowledge gap by collating and synthesising the 

available information on general calliphorid fly biology, life history and rearing 

knowledge. It, thereby, provides the information required for the assessment of 
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production echelon characteristics and the identification of enablers of, and barriers to, 

MM production in MDT-SCs servicing compromised healthcare setting.  

  

2.3.1.2 Medical flies 

Species used for MDT 

A number of fly species have been used for the treatment of intractable wounds (Table 

4), but the most common and widely accepted fly species for MDT is the green bottle 

blowfly L. sericata and, in some countries, the sheep blowfly L. cuprina (Paul et al., 

2009, Tantawi et al., 2010, Yeong et al., 2011). L. cuprina is not usually considered a 

suitable species, but it appears that L. cuprina conveys the same wound care benefits 

as are provided by L. sericata (Paul et al., 2009). Even L. sericata strains have been 

considered differentially aggressive (Sherman and Pechter, 1988).   

 

Table 4: Species of fly other than L. sericata and L. cuprina that have been used in MDT  

Species  Reference 

Calliphoridae 

Calliphora vicinia (Teich and Myers, 1986) 

Lucilia caesar (Baer, 1931, McClellan, 1932) 

Lucilia illustris (Leclercq, 1990) 

Phormia regina (Baer, 1931, Horn et al., 1976, Reames et al., 

1988);  

Protophormia terraenovae (Leclercq, 1990, Nuesch et al., 2002)  

Chrysomya megacephala (Pinheiro et al., 2015) 

Sarcophagidae 

Wohlfahrtia nuba (Grantham-Hill, 1933) 

Muscidae 

Musca domestica (Li et al., 2009) 

Species under investigation for potential use in MDT 

Cochliomyia macellaria (Masiero et al., 2015, Masiero and Thyssen, 2016, 

Masiero et al., 2017, Nassu and Thyssen, 2015) 

Chrysomya putoria (Dallavecchia et al., 2014) 

Sarconesiopsis magellanica (Díaz-Roa et al., 2014, Diaz-Roa et al., 2016, Pinilla 

et al., 2015) 

Note: Table includes references sourced from Sherman et al. (2000). 
 

There is good evidence to suggest that populations of the two species have hybridized 

over time (Tourle et al., 2009, Williams and Villet, 2013), meaning that they have 

inherited traits from each other, including nutritional and feeding preference traits, 
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rendering them more or less aggressive in the wound. Williams and Richardson (1984) 

make population ecological observations that further support the existence of benign L. 

cuprina strains suggesting that a lack of competitor species might allow L. cuprina to 

utilise carcasses and necrotic, rather than living, animal tissue in southern Tasmania.  

Knowledge of these geographic and genetic differences can be utilised when 

considering L. cuprina for MDT.  

A total of 1524 Calliphoridae and 3071 Sarcophagidae species have been 

described (Pape et al., 2009) and it is likely that other species from these families may 

be as suitable as, or superior to, L. sericata and L. cuprina.  

 

Strain improvement 

In addition to selecting suitable species with maggots that are benign and highly 

effective in debriding necrotic tissue, performance could also be improved and new 

therapeutic benefits introduced to MDT if fly strains were to be genetically enhanced.  

Traditionally, such enhancement is done through animal breeding based on 

selecting individuals with favourable characteristics. There is no information in the 

literature on such initiatives for medicinal fly strains. However, Linger et al. (2016) 

employed molecular techniques to create transgenic L. sericata strains that expressed 

human growth hormone PDGF-BB in larval excretions and secretions. Linger and 

colleagues conclude that such genetically modified strains could deliver a variety of 

growth factors and anti-microbial peptides during MDT and, thereby, enhance wound 

healing.  

 

2.3.1.3 Colony establishment  

The first step in the establishment of a laboratory colony is the collection of flies and 

their subsequent maintenance in the laboratory or insectary (e.g. Firoozfar et al., 2011, 

Firoozfar et al., 2012, Sanei-Dehkordi et al., 2016). While in some instances blowfly 

strains have been reared continuously for decades (Leopold et al., 1998), there is 

concern that relatively small population sizes, limited genetic diversity and rapid 

selection and adaptation to the laboratory (Pinilla et al., 2013) may require genetic 

replenishment and rejuvenation of lab colonies with newly caught flies on a regular 

basis to ensure productivity and health of the colonies (Anderson, 2000). Collection of 

phenotypically and genetically divergent stock can be avoided when collecting at the 

same location from where the founder colony was collected (Hwang and Turner, 2009, 

Martínez-Sánchez et al., 2007, Picard and Wells, 2010).   
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Several options are available to the collector of live flies for the establishment of 

laboratory colonies. Female flies can be encouraged to lay eggs on putrid meat or 

other suitable bait (Gallagher et al., 2010), maggots may be hand collected from wild 

carcasses and cadavers (El-Moaty and Kheirallah, 2013, Grassberger and Reiter, 

2001, Warren and Anderson, 2013b), and adult flies can be trapped (Anderson, 2000, 

Klong-Klaew et al., 2014, Lindsay et al., 2012, Warren and Anderson, 2013a).  

Great care must be taken to ensure accurate identification and selection of the 

desired fly species in order to ensure no harmful species is inadvertently selected. 

Morphological characteristics are used for the identification of adult flies (Akbarzadeh 

et al., 2015, Langer et al., 2017, Szpila and Wallman, 2016, Tourle et al., 2009, Vairo et 

al., 2011, Waterhouse and Paramonovo, 1950), larvae (Erzinclioglu, 1989, Niederegger 

et al., 2015, Niederegger et al., 2017, Niederegger et al., 2016), and pupae (Samerjai 

et al., 2014). Holloway (1991) established reliable morphological character differences 

between L. sericata and L. cuprina that could be used by non-specialists since 

previously recommended identifying features exhibited too much variation. In recent 

times a variety of molecular genetic techniques have been employed for taxonomic 

studies and identification of species, including L. sericata, and have been found to be 

more reliable than examination of morphological characters (Olekšáková et al., 2017, 

Salem et al., 2015, Tourle et al., 2009, Williams et al., 2008).  

When collecting flies from the wild, there is always a danger that flies have been 

exposed to toxins, and carry disease or parasites making preliminary quarantine 

necessary. Careless introduction of these newly caught flies into the laboratory 

environment can harm established colonies. For example, Davies et al. (1992) found 

that when dieldrin resistant flies have been exposed to dieldrin, they can excrete 

quantities of the toxin that are lethal to non-resistant flies. Many flies including L. 

sericata are also prone to pupal parasites (Voss et al., 2010) and various 

entomopathogenic fungi and nematodes which must not be introduced into the 

laboratory and insectary (Tóth et al., 2005, Wright et al., 2004).  

 

2.3.1.4 Rearing of Adults  

Temperature modulates activity levels in blowflies, with higher temperatures resulting in 

greater activity but shorter lifespan, and lower temperatures in less activity but a longer 

lifespan (Kelly et al., 2013). In the laboratory a golden middle way has to be determined 

that maximizes the production of eggs over a relatively long period before the adults 

age and die. Reliable and predictable egg production in MM production makes it 
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necessary to avoid any interruptions to reproductive activity. If flies are subjected to 

short day lengths and low temperatures they may enter reproductive diapause and 

cease to mature or lay eggs - a challenge which can be avoided by providing summer 

climatic and photoperiodic conditions meaning sufficiently high temperature and long 

day lengths (Barnes and Gennard, 2013).  

A common regime is to maintain L. sericata adult colonies between 25OC and 

27OC (Clark et al., 2006, Daniels et al., 1991, Gallagher et al., 2010, Gasz and Harvey, 

2017, Moe et al., 2002a, Tachibana and Numata, 2001, Zhang et al., 2009) and at 16 

hours of light per day (Ashworth and Wall, 1995, Barnes and Gennard, 2011, Barnes 

and Gennard, 2013, Bo et al., 2008, Brodie et al., 2015, Cammack et al., 2010, Rosati 

et al., 2015a, Rosati et al., 2015b). However, the maggots perform best when reared in 

complete darkness, leading to the homogeneous emergence of adults (Da Silva Mello 

et al., 2012). 

In the laboratory, adult flies are usually kept in cages that are well ventilated. The 

relative humidity varies between laboratories, for example 30-40% (Brodie et al., 2015), 

50% (Rosati et al., 2015a, Sherman and Wyle, 1996), 60% (El-Moaty and Kheirallah, 

2013), and up to 70% (Gasz and Harvey, 2017, Gosselin et al., 2011, Liu et al., 2016). 

Cage set-ups also vary from wire and gauze cages (Gosselin et al., 2011), cages 

constructed from various containers covered with mesh fabric or nylon stocking (Bo et 

al., 2008, Harb, 2015, Tachibana and Numata, 2001, Zhang et al., 2009), and rearing 

cages offered by specialist entomology suppliers (Barnes and Gennard, 2013, Gasz 

and Harvey, 2017, Liu et al., 2016).  

The size of cages used and, therefore, the space available for flight also varies, 

e.g. 21 × 21 × 21 cm (Moe et al., 2002a), 30 x 30 x 30 cm (Barnes and Gennard, 2013, 

Clark et al., 2006, Liu et al., 2016), 30 x 30 x 45 cm (Sherman and Wyle, 1996, Wolff 

and Hansson, 2005), 35 x 35 x 35 cm, (Gosselin et al., 2011), 50 x 50 x 50 cm 

(Aubernon et al., 2015), 52 x 58 x 60 cm (Crooks et al., 2016), and 120 x 60 x 60 cm 

(Bugelli et al., 2017).  

Flies in the wild occur at low densities with plenty of room to avoid each other, 

which is impractical in captive rearing setups. Therefore, the relationship between fly 

density in cages and performance needs to be considered. Laboratory experiments 

seem to suggest that there is little evidence for adult competition in L. sericata (Moe et 

al., 2002b). It appears that larval density (rather than adult density) determines adult 

longevity and reproductive output. This is because the level of larval nutrition and larval 

size at the point of pupation determines adult body size and the number of eggs a 
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female is able to produce (Moe et al., 2002b). Stocking densities in laboratories vary 

from relatively low to very high and with varying cage sizes. Bugelli and colleagues 

(2017) reported that they kept several hundred adults in 120 x 60 x 60 cm cages, 

Gosselin and colleagues (2011) kept about 200 flies in 35 x 35 x 35 cm cages, and 

Sherman and Wyle (1996) reported keeping 250-500 flies in cages of 30 x 30 x 45 cm. 

Tachibana and Numata (2001) maintained 50-100 flies in small plastic containers 15 

cm in diameter and 9 cm deep. An important consideration in the design of adult fly 

cages is the ease with which they can be washed and disinfected because, over the 

course of a colony’s short lifetime, the cage gets badly soiled with fly faeces (Sherman 

and Wyle, 1996).   

Dietary requirements of adult blowflies are sex dependent with males mainly 

consuming carbohydrates (Hulbert et al., 2004). Without access to energy-rich foods 

either in form of lipids or carbohydrates, L. sericata have been shown to expend all 

their energy reserves within the first four days of emergence and die shortly thereafter 

(Muntzer et al., 2015). In addition, females require protein meals in order to be able to 

mature ovaries and produce viable eggs (Linhares and Avancini, 1989, Wall et al., 

2002, Wardhaugh et al., 2008). 

Under natural conditions blow flies obtain protein from a variety of sources 

including from live animals, carcasses or faeces (Clift and McDonald, 1976, Cook, 

1991, Wardhaugh et al., 2008). Blystone and Hansen (2014) determined the basic 

culture requirements for the adult blowfly L. sericata by comparing nine diets and the 

effects of each on survivorship and fecundity under controlled laboratory conditions. 

Results suggest that a diet containing honey water and bovine liver maximised 

longevity. While male flies can happily subsist on a diet consisting of sugar and water, 

males are more active and live longer when also taking protein (Sanderson and 

Charnley, 1983). 

In laboratories, L. sericata adult flies are fed ad libitum with granulated sucrose 

(sugar) and water to satisfy their carbohydrate needs whilst some researchers also 

offer milk powder and brewer’s yeast (Brodie et al 2015, Gosselin et al 2011, Rosati et 

al 2015). Protein for ovary maturation, egg production and subsequently oviposition is 

generally provided a few days after adult emergence in form of beef or pork liver (e.g. 

El Moaty et al 2013, Liu et al 2016, Anderson 2000, Aubernon et al 2015). 

Zhang and colleagues (Zhang et al., 2009) developed and tested a simple, plant-

based heat sterilizable artificial diet for adult L. sericata. Ingredients included: dried 

yeast, wheat germ, agar powder and water, with or without whole milk powder. 
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Although absence of a high protein meat diet delayed ovary development and 

oviposition, all other performance indices in relation to longevity and reproductive 

success were much the same when compared with a liver diet. This adult diet may be 

used in combination with a plant-based larval diet developed by Tachibana and 

Numata (2001), to exclude any animal product from MM rearing.  

 

2.3.1.5 Egg production 

L. sericata and L. cuprina rely on a protein meal for egg development (Ashworth and 

Wall, 1995, Browne et al., 1987). L. cuprina requires at least 3.6 mg of liver exudate for 

completion of one ovarian cycle (Wall et al. 1992), and it is likely that similar amounts 

of protein are also required by L. sericata. If L. sericata encounters protein limitation as 

females enter reproductive maturity, they have the ability to partially invest in egg 

development by either depositing some yolk in all eggs followed by a pause in oocyte 

development, or further deposition of yolk and the maturation of only a small number of 

eggs (Wall et al., 2002). Irrespective of the two strategies followed by the flies, from an 

insect rearing and egg production standpoint, protein limitation needs to be avoided at 

all times in order to maximize egg production over a female’s lifetime. Reproductive 

output in blowfly females not only depends on the nutrition of the adult fly, but may vary 

in response to nutrition during larval life, for example in the presence of larval 

competition over a limited food source (Williams and Richardson, 1983). 

Females of L. cuprina usually mate only once, storing the sperm required for all 

their eggs (Smith et al., 1988). Males, on the other hand, seek to mate soon after 

emergence and throughout their lifetime (Browne et al., 1987). Consequently, the 

operational sex ratio in L. cuprina is heavily male biased, meaning that there are far 

more males for any one receptive female. In captivity this will lead to increased sexual 

harassment of females. It would be beneficial to skew the sex ratio toward females to 

maximize reproductive output and longevity of females (Queiroz et al., 1996). In 

contrast, Baer suggests a 2:1 male to female sex ratio for optimal breeding (Baer, 

1931). Wolff and Hansson (2005) report that there is a sex-specific difference in pupal 

development with males emerging ahead of females. This could facilitate the removal 

of some males from the colony to establish a more favourable sex-ratio.  

Smith et al. (1988) investigated the reproductive success of L. cuprina and found 

that males transferred an average of 3019 sperm at their first mating and that the 

females produced more than 500 and up to 1703 fertile eggs spread out over several 

laying episodes and egg masses. Rueda et al. (2010) examined the life history 
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characteristics of a strain of L. sericata from Colombia and noted that females laid on 

average 6.44 batches of 184.51 eggs with a mean lifetime fecundity of 1190 eggs. Wall 

(1993) found that a single egg batch of L. sericata reared in the laboratory contains 

approximately 223 +/- 12 eggs, and refers to older literature (Mackerras, 1933) that 

reports up to 13 egg batches per female and lifetime fecundities of up to 2373 eggs per 

female.  

The first batch of eggs in L. sericata requires around 60 day-degrees above 11OC 

and every subsequent egg batch matures in thirty day-degree intervals (Hayes et al., 

1999). Day-degrees are calculated by subtracting the threshold temperature from the 

average daily temperature, provided the average temperature is greater than the 

threshold temperature (Pruess, 1983). In the case of L. sericata rearing under constant 

25OC this means that the day-degrees for one day would be ((25OC+25OC)/2)-11OC, 

which amounts to 14 day-degrees. This means that L. sericata in the laboratory will 

produce their first egg batch at around 4-5 days after emergence, and then at 2-3 day 

intervals, provided nutrition and all other environmental conditions are optimal. This 

resonates with Sherman and Wyle (1996) who reported harvesting of eggs twice per 

week.  

While there is some evidence from forensic entomology that blowflies can lay 

eggs in the dark (Berg and Benbow, 2013, Bonacci et al., 2016, George et al., 2013, 

Singh and Bharti, 2001), blowflies and in particular L. sericata and L. cuprina have a 

diurnal activity pattern and therefore in the laboratory egg harvesting is performed 

during daylight hours (Wooldridge et al., 2007). Ody et al. (2017) have shown 

experimentally that L. sericata females do not lay eggs below 17.5OC but still laid eggs 

at 40OC.  

To harvest eggs, putrid non-sterile protein bait consisting of liver is introduced to 

the adult fly cage for a few hours (Sherman and Wyle, 1996). Gasz and Harvey (2017) 

found that when sterile oviposition material was offered, females did not lay eggs. 

Brodie et al. (2014) found in field and lab experiments that L. sericata females in 

search of oviposition sites are strongly attracted by dimethyl trisulfide emanating from 

carrion and by dark colour resembling such carrion. Because flies like to deposit the 

eggs in dark protected places, the liver should be covered with a piece of tissue or a 

container with holes, allowing fly entry and thus imitating the natural presentation of 

preferred oviposition sites on a carcass (Archer and Elgar, 2003, Sherman and Wyle, 

1996). Furthermore, egg laying in blow flies may be encouraged by the presence of 
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same-species eggs on the bait meaning that after egg laying has been initiated by one 

or a few females, more are attracted to lay eggs (Lima and Von Zuben, 2016).  

Egg development has been studied for a variety of calliphorid fly species as part of 

general developmental studies (Alonso et al., 2015, Byrd and Allen, 2001, Gabre et al., 

2005, Grassberger and Reiter, 2002, Yang et al., 2015). Investigations with L. cuprina 

and L. sericata have shown that optimal embryo development after oviposition and 

subsequent successful eclosion (hatching) of eggs needs to occur in a moist 

environment with relative humidity in excess of 80%, and that relative humidity below 

50% resulted in no eggs hatching (Vogt and Woodburn, 1980, Wall et al., 2001).  

Furthermore, if eggs should dehydrate for some reason, egg hatch is significantly 

increased by rehydrating eggs in water (Vogt and Woodburn, 1980). In L. sericata, as 

in other calliphorid flies, higher temperatures lead to faster egg development post 

oviposition and earlier hatching (Table 5). For L. sericata at 25-27OC Sherman and 

Wyle (1996) observed hatching after 18 hours from ovipositon and sterilization. Vélez 

and Wolff (2008) observed Lucilia eximia embryo development times of 15-16 hours at 

23-25OC. Wall et al. (1992)  report from in vivo studies that, above 30OC egg incubation 

took 10-12 hours, and further note that on sheep the skin surface temperature never 

dropped below 31OC. For rearing of medicinal flies in the laboratory, these findings 

suggest that provided the eggs are kept close to 100% relative humidity, the 

temperture can be varied to suit laboratory work processes and low temperatures down 

to 5OC can be utilised to store eggs for two to three days, with up to 50% mortality to be 

expected at 5OC (Bo et al., 2008, Vogt and Woodburn, 1980).  

 

2.3.1.6 Rearing of maggots 

The captive rearing setup for blowfly larvae has to facilitate their rapid growth and 

feeding over a period of three to five days, and subsequent pupation for which post-

feeding maggots in the wild wander off the larval diet to burrow into soil or leaf litter 

(Gomes et al., 2006a). 

Blowfly maggots have a scrambling exploitative feeding strategy that sees them 

compete intensely for food resources (Von Zuben et al., 2001). Therefore, beyond 

temperature, food limitation is an undesirable consequence of overstocking. Should 

larvae be starved of food they enter the post-feeding stage and pupate prematurely 

which leads to smaller adult flies that produce fewer offspring (Moe et al., 2002b, 

Williams and Richardson, 1983). However, experiments with Chrysomya megacephala  
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Table 5: Summary of developmental times for L. sericata under constant temperatures. 
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Source 

15  
(a) 

Vienna, Austria BL 31 56 70 115 340   GR 2001 

15.8 
(a) 

British 
Columbia, 
Canada 

BL  40.6 
+- 2.8 

94.3 +- 
1.9 

135.7 
+- 6.7 

233.7 
+- 4.3 

382.3 
+- 10.2 

 A 2000  

15.8  
(b) 

British 
Columbia, 
Canada 

BL  44.4 
+- 1.1 

103.3 
+- 8.0 

158.7 
+- 19.7 

246.7 
+- 6.9 

  A 2000  

16  
(c) 

Sacramento, 
USA 

BH  207.5 +- 20.27    G 2010  

16  
(c) 

San Diego, USA BH  185.0 +- 12.66    G 2010  

16  
(c) 

Massachusetts, 
USA 

BH  210.5 +- 44.78    G 2010  

17  
(a) 

Vienna, Austria BH 28 39 54 79 200 442 842 GR 2001 

19  
(a) 

Vienna, Austria BL 24 27 42 60 118 293 564 GR 2001 

20  
(a) 

Vienna, Austria BL 22 24 35 53 108 209 451 GR 2001 

20.7 
(a) 

British 
Columbia, 
Canada 

BL  20.9 
+- 0.4 

52.3 +- 
1.7 

78.3 +-
9.3 

127.9 
+- 3.3 

245.7 
+- 6.1 

 A 2000  

20.7
 

(b) 
British 
Columbia, 
Canada 

BL  23.6 
+- 0.6 

52.3 +- 
1.7 

95.3 +- 
0.9 

145.3 
+- 4.3 

356.9 
+- 14.6 

 A 2000  

21  
(a) 

Vienna, Austria BL 19 23 29 47 103 158 379 GR 2001 

22  
(a) 

Vienna, Austria BL 17 19 26 46 94 137 339 GR 2001 

23.3 
(a) 

British 
Columbia, 
Canada 

BL  21 45 77 145 264  A 2000  

23.3 
(b) 

British 
Columbia, 
Canada 

BL  22 45 77 159.5   A 2000  

25  
(a) 

Vienna, Austria BL 14 16 19 36 87 125 297 GR 2001 

26  
(c) 

Sacramento, 
USA 

BH 76.0 +- 17.03    G 2010  

26  
(c) 

San Diego, USA BH 75.5 +- 2.45    G 2010  

26  
(c) 

Massachusetts, 
USA 

BH 102.8 +- 9.80    G 2010  

28  
(a) 

Vienna, Austria BL 11 11 16 30 87 120 275 GR 2001 

30  
(a) 

Vienna, Austria BL 10 10 15 27 87 119 268 GR 2001 

34  
(a) 

Vienna, Austria BL 8.5 9.5 12 27 82 120 259 GR 2001 

36  
(c) 

Sacramento, 
USA 

BH 64.5 +- 11.38    G 2010  

36  
(c) 

San Diego, USA BH 74.0 +- 10.19    G 2010  

36  
(c) 

Massachusetts, 
USA 

BH 66.5 +- 15.60    G 2010  

Note: (a) average minimum duration for that temperature, (b) average maximum duration, (c) larval 
development time as mode, BL = Beef liver, BH = Beef heart, A 2000 = Anderson (2000), G 2010 = 
Gallagher et al. (2010), GR 2001 = Grassberger and Reiter (2001) 
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have shown that whilst post-feeding as a result of starvation can be reversed, the 

window of opportunity grows shorter with increasing maggot age (Singh and Bala, 

2009). 

 

Many researchers advocate the use of liver as a larval food source, however, Clark and 

colleagues (2006) reared L. sericata larvae on lung, liver and heart from both cows and 

pigs and offered these tissues intact or in liquidized form. They found that pig meat was 

a better diet than cow meat, and that larvae grew faster and larger on lung and heart 

rather than on liver.  Day and Wallman (2006b) also demonstrated inferior performance 

of Calliphora augur and L. cuprina larvae on liver diet. The authors found that sheep’s 

liver, as opposed to brain and meat, produced smaller larvae which moulted later, grew 

slower and, at times, produced significantly smaller pupae. Their findings are also 

confirmed by El-Moaty and Kheirallah’s (2013) experimental observations on L. 

sericata feeding on cow liver, brain, heart, lung, kidney, intestine and minced meat, 

with larvae exhibiting fastest growth and development rate on brain and lung tissue. 

Inferiority of liver was also confirmed in experiments with other species (Beuter and 

Mendes, 2013, Niederegger et al., 2013, Thyssen et al., 2014). 

A forensic study comparing Calliphora vicina growth on pork and human tissue 

concluded that minced pork should be used as a non-human nutrition medium as no 

developmental differences were found (Bernhardt et al., 2017).  

 

Longer-term storage of larval food in the laboratory is clearly desirable for operational 

and supply management reasons. This may be achieved by freezing animal-based 

diets or by the development of artificial diets. Day and Wallman (2006a) compared fly 

larval performance on fresh versus frozen and thawed meat tissue. They found that 

freezing and thawing of sheep liver did not affect larval growth of C. augur.  

Artificial diets for the rearing of blowflies have been developed over the years, not 

least as there was the need to reduce the odour insult associated with larvae rearing 

on putrid raw meat (Sherman and My-Tien Tran, 1995, Sherman and Wyle, 1996). 

Moreover, it has been noted that the plethora of diets used in forensic and medical 

entomology make it difficult to compare results between studies (Rabêlo et al., 2011). 

More recently, research investigating the antimicrobial activity of larval excretions and 

secretions has led to the development of various agar-based artificial diets (Barnes and 

Gennard, 2013). However, the use of sterilisable semisynthetic diets for the aseptic 

rearing of MMs can be traced back to William Baer who pioneered MDT in the 1930’s 
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and 40’s. Semi-synthetic sterilized diets for fly larvae contain animal protein, various 

other nutritional ingredients and an agar base (Sherman and My-Tien Tran, 1995, 

Rabêlo et al., 2011). Autoclaving the pureed liver with agar facilitates handling and 

allows for subsequent mixing of the diet with heat sensitive reagents. Furthermore, the 

diet can be stored at room temperature and does not generate bad odour when used in 

rearing of flies.  

Rearing of large numbers of flies according to established rearing protocols may 

turn out to be rather expensive or impractical if ingredients are unavailable in resource 

constrained settings and this led Okorie and Okeke (1990) to explore alternative diets 

for Lucilia caesar. They found that a diet containing the locally available ingredients 

garri (processed cassava root, Manihot esculenta), soybeans, palm wine and liver 

compared favourably to Snyder’s medium (milk, yeast and bacto agar), both with 

regard to larval and adult morphometrics and fecundity. Importantly, all alternative 

ingredients were readily available and considerably cheaper in their research location 

(West Africa). Likewise, Reddy et al. (2015) developed an artificial media for the 

rearing of Ch. megacephala in India using soya flour, milk powder and egg for protein. 

There was no difference of morphological characteristics between flies grown on the 

artificial diet or fish-based diet. The authors also stated that cost of production for 1000 

flies was Rs30 which equals AU$0.62 (as of 2 Mar 2015). Tachibana and colleagues 

(2001) went a step further and devised a rearing diet completely devoid of meat but 

containing whole milk powder (25g), dried yeast (25g), wheat germ (25g), agar powder 

(7g), propionic acid (2.5ml), and distilled water (500ml). Apart from a slightly longer 

larval development time, the authors found no difference in mortality or pupal weight 

and duration compared with that of a liver diet.  

Calliphorid flies may be positively or negatively affected by the presence of 

microbes in the diet. Proteus mirabilis is a bacterial symbiont in the digestive system of 

L. sericata that produces antibacterial compounds in an acidic environment. Sterile 

maggots recolonise with P. mirabilis from the wound environment (Fleischmann et al., 

2004, Tomberlin et al., 2012). Nevertheless, experiments have shown that neither the 

presence nor absence of microbes (sterility) had an impact on L. sericata maggot 

development in the laboratory (Crooks et al., 2016, Gasz and Harvey, 2017). An 

exception to the rule is Pseudomonas aeruginosa which is toxic to L. sericata maggots 

(Andersen et al., 2010). Interestingly, antibacterial activity in L. sericata was enhanced 

when larvae were pre-treated with bacteria (Kawabata et al., 2010).   
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To control odour, rearing containers have been housed in large air-filled plastic bags 

(Sherman and Wyle, 1996) or the animal-protein diet used to rear larvae has been 

sterilised prior to use (Wolff and Hansson, 2005). Other workers have developed 

artificial meat-free diets that do not produce strong odour in maggot rearing (Tachibana 

and Numata, 2001, Zhang et al., 2009). 

To facilitate pupation in the rearing of maggots, the most convenient method is to 

use a double container system where a smaller open-topped container is placed into a 

muslin- or gauze-covered larger container. The smaller container holds the diet and 

feeding larvae whilst the larger container is partially filled with a pupation medium of 

sorts with suitable soil replacements include sawdust, sand or vermiculite. Larvae will 

remain on the diet and inside the diet container until fully grown or the food is 

exhausted. Upon entering the post-feeding stage of development the larvae leave the 

food and wander up the side of the diet container and drop onto the pupation substrate 

into which they bury ahead of pupation. Wolff and Hansson (2005) mechanically 

removed maggots from the food source and placed them onto pupation substrate when 

they considered the maggots had entered the post-feeding stage. However it has been 

shown by Mai and Amendt (2012) that prolonged wandering of larvae due to 

inaccessibility of pupation medium led to longer development times and smaller adult 

flies. This suggests that in fly production, oviposition material should be presented to 

post-feeding maggots immediately as they leave the larval food source. 

With regard to L. sericata, Wall et al. (2001) observed that “In the laboratory, only 

10% of wandering larvae pupated at 10OC. At above 20OC pupation was consistently 

almost 100%. Percentage emergence increased from 0% at 10OC to about 80% 

between 20OC and 30OC. The upper lethal temperature for pupae was approached at 

35OC.” (p. 328). 

Once most larvae have left the food and have pupated in the pupation substrate, 

the pupae are collected by sieving. The pupae are then stored within the temperature 

controlled insectary environment until hatching. Pupal development is inversely related 

to temperature meaning that the higher the temperature, the faster pupal development 

(Defilippo et al., 2013). Therefore, the pupae can be refrigerated at 4OC in order to 

delay development (Wolff and Hansson, 2005). 

Dehydration is a concern during pupal development particularly where the 

ambient relative humidity is difficult to control, as might be the case on deployment of 

mobile rearing facilities in the field. Research by Rivers and colleagues Rivers et al. 

(2013) explored the water balance characteristics of pupae from several species in 
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relation to larval mass density noting that this may determine pupal size and 

consequently pupal evaporation rate. L. sericata pupae exhibited a water content of 

between 68% and 71% and tolerated up to 28% dehydration.  

Pupae are a convenient life stage for shipment between laboratories or for 

deployment of mobile MM services in a remote location or during disasters. L. sericata 

pupae require 0.2 ml of air per 1 mg of puparium per day (Mądra-Bielewicz et al., 

2017), which needs to be provided either via ventilation or provision of sufficient air 

volume in sealed containers. 

To set up fresh batches of adult flies, pupae are placed into clean fresh adult 

cages along with water and sugar in anticipation of emergence. 

  

2.3.1.7 Production of sterile MMs for MDT 

Rationale 

Flies inhabit many unsanitary environments and utilise microbe-rich food sources 

(Goulson et al., 1999, Lole, 2005). Blowflies can harbour a range of harmful microbes 

that they can introduce to wounds during myiasis (Anza et al., 2014, Barker et al., 

2014, Le Brun et al., 2015, Roudiere et al., 2007, Schröttner et al., 2017) including 

antibiotic-resistant strains (Wei et al., 2014a, Wei et al., 2014b). Aigbodion et al. (2013) 

found that L. sericata from Benin City in Nigeria carried a variety of pathogens of 

medical importance on their body surface, including S. aureus, Escherichia coli, 

Corynebacteria dipththeria, Aspergillus and Fusarium. Fly larvae feeding on natural 

substrates such as carrion are also contaminated with microbial pathogens (Yeong et 

al., 2011). Consequently, there is a need to ensure that fly larvae used for medicinal 

wound treatment are sterile. 

  

Sterilisation methods 

The most convenient and most common sterilization process involves the disinfection 

of the fly egg. A range of successful sterilization procedures have been reported in the 

literature. Some workers advocate the sterilization of only the fly eggs, only the larvae 

or a two-stage process involving sterilization of both the eggs and young larvae. A list 

of sterilization methods and reagents used for various species of fly is given in Table 6 

along with the publication citations. Generally the eggs are first mechanically separated 

from each other and this deaglutination process can be enhanced with chemical 

reagents such as sodium hydroxide, potassium hydroxide or sodium carbonate 

(Berkebile and Skoda, 2002). Sterilization protocols may well be differentially effective 
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with regard to sterilization and egg survival. Brundage et al. (2016) tested various 

commonly used sterilization chemicals and protocols and found that Lysol® (Reckitt 

Benckiser) was more effective in sterilizing fly eggs than other conventionally utilized 

agents, including ethanol, formalin, formaldehyde and bleach, and with the greatest 

survivorship. However, as Stadler (2016a) has pointed out, the experimental protocol 

did not replicate regular sterilisation practice in MM production and the results must 

therefore be considered with caution.  

In line with Good Manufacturing Practice, the entire sterilization process is 

conducted in a Grade A zone clean room which is provided by a laminar flow cabinet 

that prevents contamination of eggs and larvae from germs suspended in the 

laboratory air (PIC/S, 2017a). Each batch of sterilized eggs and emerging sterile larvae 

must be tested for sterility before it can be released for MDT (see the quality control 

section below). 

For the incubation of eggs and rearing of larvae to late first or early second instar, 

the sterilized eggs are placed on a sterile chicken egg-based, semi-synthetic or artificial 

larval diet (Barnes and Gennard, 2013, Daniels et al., 1991, Limsopatham et al., 2017, 

Sherman and My-Tien Tran, 1995, Sherman and Wyle, 1996, Tachibana and Numata, 

2001). For instance, a basic diet consisting of 20 g/l agar, 20% horse blood and added 

yeast provides for L. sericata larval growth comparable to meat diet (Barnes and 

Gennard, 2013, Daniels et al., 1991). Jang et al. (2009) tested eight widely available 

media used in microbiology and noted that while L. sericata larvae hatched equally well 

on all tested media, survival was greatest on blood agar, chocolate agar, sabouraud 

dextrose agar, and brucella blood agar. 

Chicken egg has been used by a number of laboratories in experimental and MM 

production protocols for the rearing of sterile larvae (Limsopatham et al., 2017, 

Sherman and Wyle, 1996). At 25-27OC eggs hatch within 18 hours and reach the 

second instar life stage within 24-48 hours of egg incubation (Sherman and Wyle, 

1996). Therefore, rearing at 25-27OC allows for production coordination with quality 

control testing. In addition, second instar development can be paused, for example to 

await test results or in anticipation of MDT, with refrigeration of maggots at 4OC for up 

to five days, but this should be avoided to maximize viability of larvae (Sherman and 

Wyle, 1996). 

 

 

 

https://en.wikipedia.org/wiki/Reckitt_Benckiser
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Table 6: Some of the sterilization protocols for calliphorid eggs reported in the literature.  

Species Sterilizing agent References Country 

Egg sterilization only 

C. putoria  
C. megacephala 

2% glutaraldehyde (Dallavecchia et al., 
2014) 

Brazil 

L. sericata Phenol 3% or sodium hypochlorite 
0.5% 

(Sherman et al., 
2007) 

USA 

L. cuprina  0.05% sodium hypochlorite followed 
by 5% formaldehyde then washed 
with distilled water 

(Yeong et al., 2011) 
 

Malaysia 

L. sericata 70% ethanol (Barnes and 
Gennard, 2011, 
Barnes and Gennard, 
2013) 

UK 

L. sericata Mechanical separation, saline with 
2.5% formaldehyde and 1% sodium 
sulfite  

(Nuesch et al., 2002) Switzerland 

P. regina 5% Formaldehyde (Horn et al., 1976) USA 

L. sericata 1% sodium sulfite, 5% formalin (Graninger et al., 
2002) 

 

Larvae sterilization only 

L. cuprina 1:1 ratio chlorhexidine and 70% 
ethanol, 70% 
Ethanol 

(Paul et al., 2009) Malaysia 

Egg and larvae sterilization  

L. sericata Egg sterilization: 1% sodium sulfite, 
3% Lysol; Larval sterilization: 3.5% 
formalin, 2% hydrogen peroxide, 5% 
hydrochloric acid 

(Wang et al., 2010) China 

L. sericata Egg sterilization: 1% Sodium sulphite 
in saline containing 2.5%  
formaldehyde; 
Larval sterilization: washed with 
saline and surface sterilized with 
3.5% formalin in saline 

(Mumcuoglu et al., 
1999) 

Israel 

 

 

Recently, Gasz and Harvey (2017) experimentally explored the possibility of 

rearing L. sericata throughout the entire life cycle under sterile conditions. They 

achieved this and demonstrated feasibility of sterile rearing for experimental studies 

that investigated the role of bacteria in fly biology. However, female flies in the sterile 

environment did not lay eggs when offered sterile oviposition substrate. This suggests 
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that successful multi-generation rearing and egg production is unlikely to succeed 

under completely sterile rearing conditions. 

 

Testing of sterility 

Testing of sterility occurs at all stages of the sterilisation and rearing process for 

maggots destined for MDT in order to ensure that the eggs and maggots are free of 

any microbial contamination. In line with aseptic laboratory practice, all sterilization 

processes are undertaken in the laboratory inside a laminar flow cabinet with sterile 

reusable or disposable laboratory equipment and consumables in order to minimize 

contamination of solutions, media and eggs via the laboratory air (pers. observation).  

The sterility of eggs and maggots is tested directly after the sterilization of eggs 

and then again after the hatching of larvae. Graninger et al. (2002) tested sterilized 

eggs and larvae on trypticase soy agar for 48 hours. Sherman and Wyle (1996) 

suggest testing sterility of sterilized eggs, larval media and hatched larvae on trypticase 

soy agar with 5% sheep blood for 24-48 hours. Nuesch and colleagues (2002) reported 

bloodstream infections due to MDT, and subsequently modified their quality testing 

procedure to better screen for contamination. After sterilization, egg samples were 

tested for 24 hours on different media including blood agar, cooked blood agar and 

thioglycolate. In cases of contamination the batch of eggs was discarded. Hatched 

larvae were again tested 24 hours post sterilization. Larvae were stored at 6-8OC while 

this second sterility test was under way. The agar plate on which the eggs were 

hatched was also incubated and checked for contamination.  

  

Perishability of MMs 

Medicinal maggots are a highly perishable commodity both in terms of their 

vulnerability to adverse environmental conditions such as hot or very cold temperatures 

or low humidity, but also with respect to their rapid growth and energetic requirements 

at that early stage of the fly lifecycle. As a whole living organism they continue to 

develop depending on temperature, which makes them similar to mushrooms which 

are subject to post-harvest quality evolution (Lukasse and Polderdijk, 2003). This has 

far reaching implications for production scheduling, supply management, distribution, 

and clinical practice. 

Amorim and colleagues (2013) have reviewed the literature on perishability in the 

supply chain and propose a new framework for classifying perishability. They propose 

the following definition:  
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“A good, which can be a raw material, an intermediate product or a final one, is 

called ‘‘perishable’’ if during the considered planning period at least one of the 

following conditions takes place: (1) its physical status worsens noticeably (e.g. 

by spoilage, decay or depletion), and/or (2) its value decreases in the perception 

of a(n internal or external) customer, and/or (3) there is a danger of a future 

reduced functionality in some authority’s opinion.” (Amorim et al., 2013, p. 395).  

Applied to the MDT-SC, MMs can be considered perishable and this perishability is 

derived from all three instances defined by Amorim and colleagues (2013). In respect 

of criterion (1), if environmental conditions are not conducive, or if nutrition is withheld 

from the maggots for too long they will lose vitality and efficacy and may even die. In 

respect of criterion (2), the longer MMs are held in cold storage and transit, the less 

time is available to the healthcare provider to arrange for treatment in the clinical 

setting which reduces convenience and thus value. Finally, regarding criterion (3), in 

order to safeguard against the use of lesser quality MMs and associated reputational 

damage, and also to assist in treatment scheduling, producers set a safe expiry or 

best-before-date (BioMonde, 2015) which also influences perishability and its 

implications for supply chain management. For example, BioMonde notes on an 

application guide and daily care plan that BioBags “Must be applied by expiry date, 

usually the day after delivery, for optimal results” (BioMonde, 2015, p. 4).  

In food, shelf-life is defined as: “the time during which the food product will: (i) 

remain safe; (ii) be certain to retain desired sensory, chemical, physical and 

microbiological characteristics; (iii) comply with any label declaration of nutritional data, 

when stored under the recommended conditions.” (Kilcast et al., 2000, p. 2). Shelf-life 

therefore refers strictly to the period for which the producer guarantees the desired 

characteristics of the product while perishability is a broader concept considering the 

actual or perceived decrease of quality or value over time.  

Against the backdrop of a fluctuating demand, MM producers are likely to 

maintain surplus production stock and produce a surplus of eggs – in other words 

adopting an ‘agile’ rather than ‘lean’ supply chain model. As discussed earlier, females 

lay egg batches over several weeks. What requires careful management in order to 

secure seamless delivery of MMs to healthcare providers is the sterilisation and quality 

control process. Hence these sterilisation and quality control procedures potentially 

form a bottleneck in the production of sterile maggots. If sterility testing with agar plates 

is to be performed on sterilised fly eggs at the time of sterilisation as well as on hatched 

larvae and the hatching medium, then sterile maggot production from egg harvest to 
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shipment of maggots takes two to three days (Baer, 1931, Sherman and Wyle, 1996, 

Wolff and Hansson, 2005). Wolff and Hansson (2005) have provided a table outlining 

the production tasks to be conducted from Monday to Friday in order to obtain sterile 

larvae for treatment on Tuesdays and Fridays.  

Given that larval growth is rapid and can take less than 2 days under hot and 

favourable conditions, there is a need to refrigerate first or second instar larvae ready 

to be used for MDT in order to arrest their development until sterility is confirmed. 

Likewise, maggots are shipped overnight at between 6OC and 25OC to healthcare 

providers and may be stored within this temperature range for up to 24 hours at the 

point of use (BioMonde, n.d.-a, Čičková et al., 2015, Nuesch et al., 2002). A production 

and treatment schedule based on this literature is provided in Section 2.4.  

 

Management of MM supply  

All life stages in blowflies are known to be cold hardy as cold resistance experiments 

have shown (Block et al., 1990). Therefore, storage can be achieved by lowering the 

ambient temperature to levels that arrest development temporarily but do not kill the 

eggs or larvae. For example, Bo et al. (2008) investigated the short-term cold storage 

of L. sericata eggs specifically with maggot debridement therapy in mind. They 

achieved hatching rates of >50% for late embryonic egg stages stored for 72 h at 5OC, 

and for early embryonic stages stored for 66 h at 12.5OC.  

Cryopreservation of blood for delivery of fragile blood products to remote 

locations and in the military setting is now feasible (Holley et al., 2013). There is also 

considerable interest in cryopreservation of fly eggs and other complex biological 

systems (Fahy et al., 2006, Rajamohan et al., 2014). However, efforts to date have not 

resulted in useful protocols for cryo-storage of fly eggs (Berkebile et al., 2000, Fahy et 

al., 2006, Nelson and Leopold, 2003).  

The storage of pupae may be desirable in order, for example, to coordinate 

production colony maintenance or long-distance transport of fly stock. Leopold et al. 

(1998) achieved survival rates of 50% for L. cuprina and 80% for L. sericata pupae 

stored at 10OC for 90 days when cold storage was interrupted weekly by a short 4 hour 

recovery period at 28OC.  
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2.3.1.8 Quality control other than sterility 

Counterfeiting 

Counterfeit medicines are a growing problem particularly in developing countries 

(Hollein et al., 2016). They imitate the original product and apart from being an 

intellectual property infringement, counterfeit medicines may be of poorer standard and 

potency. Because flies are relatively easy to produce, MDT is vulnerable to 

counterfeiting in LMICs, with the real danger of poor quality or harmful maggots being 

used for treatment.  

The food and pharmaceutical industries seek to prevent counterfeiting with radio 

frequency identification (RFID) and one- and two-dimensional barcode technologies, 

which in turn allows track and trace monitoring of batches throughout the SC (Rotunno 

et al., 2014). The Guidelines for Bar Coding in the Pharmaceutical Supply Chain (GS1, 

2017, HDMA, 2011) set out best practice barcode use in the pharmaceutical SC. In 

addition to authentication of products, such bar coding can facilitate the back-tracing of 

production batches in case of an adverse event during treatment. For example, the 

Australian Red Cross Blood Service is a bio-medical product SC that successfully uses 

bar code identification and tracking of blood products throughout the SC from collection 

to transfusion (Australian Red Cross Blood Service, 2016). However, RFID and other 

tracking technologies come at an extra cost, which has to be borne by the SC and, 

ultimately, the customer. This includes, for example, the initial investment for RFID-

enablement, and operational costs such as “maintenance costs for RFID devices, cost 

for RFID tags, monthly fees for renting an on-demand solution” (Schapranow et al., 

2012, p. 286).  

In Nigeria, mobile phone solutions are available for patients to detect counterfeit 

drugs. A short code found on the packaging is sent via text message to the service 

provider who then verifies authenticity of the medicine (Taylor, 2011). In addition, the 

packaging technology itself can assist with identification of authentic medication and, in 

the current context, with identification of authentic MMs. Solutions include packaging 

design features, security labels, coding, printing and graphics, holograms and forensic 

markers (Zadbuke et al., 2013).      

Invisible marking could, perhaps also be applied to quality reared and tested 

MMs as a way of ensuring that counterfeit maggots do not enter the legitimate 

healthcare market. Rosati et al. (2015b) investigated the use of fluorescent fingerprint 

powders to mark and track L. sericata maggots. Topical application or low 

concentrations of ingested GreenWopTM had minimal adverse effects. Feasibility of this 
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methodology to secure the MDT-SC is, as yet, unclear because the effect of 

GreenWopTM-treated maggots on patients and wound healing would need to be tested. 

 

Colony and MM performance 

Blowflies in general, and L. sericata and L. cuprina in particular, have proven to be well 

suited for laboratory maintenance as they tolerate a wide variety of diets and rearing 

conditions, as explained in earlier sections of this chapter. Nevertheless, because in a 

production context, reliable and consistent colony performance is required, there is a 

need to monitor life history parameters on a regular basis. Vinogradova (2011) reports 

a decline in laboratory strains of C. vicinia and Phormia regina kept at constant 

conditions, which manifested in reduced fecundity, cessation of egg production and 

abnormal pupation. Species-specific characteristics such as morphological- and life-

history, physiological-, and genetic characteristics can all be used to monitor colony 

performance (Allen et al., 2004, Allen and Scholl, 2005). The sampling regimen and 

measures to obtain these performance measurements is a critical consideration 

(Bugelli et al., 2017, Richards and Villet, 2008, Richards and Villet, 2009, Wells et al., 

2015).  

The capacity of MMs to debride necrotic tissue may also differ from fly strain to fly 

strain or over time. Currently debridement efficacy has been assessed experimentally 

with meat-based assays (Blake et al., 2007, Čičková et al., 2015, Wilson et al., 2016). 

In order to achieve more reliable results in the MM production context and to support 

good manufacturing and laboratory practice, Pickles and Pritchard (2017, p. 201) 

developed a fast, simple and inexpensive “radial diffusion enzymatic assay (RDEA) 

which permits the rapid throughput of multiple samples following the standardized 

collection of […] all substances formed and utilized by the larvae”. The authors believe 

that this assay can monitor the rearing and manufacturing process to ensure high 

quality efficacious maggots are produced. 

 

2.3.1.9 Occupational health and safety 

The health and wellbeing of insectary and laboratory workers throughout the rearing, 

quality control and packaging process is of utmost importance. Occupational health 

and safety (OH&S) considerations specific to the rearing of medicinal flies include the 

potential to be impacted by occupational allergies and/or fly-borne diseases. Fishermen 

are routinely exposed to fly allergens from handling bait maggots and it has been 

shown that they can develop allergies (Carreno et al., 2009). Sherman and Wyle 



 
MDT supply chain management in compromised healthcare settings  |  Page 39 

 

(1996) suggest suspending fly cages over trays of water in order to catch fly-generated 

dust that contains allergens.  

Adult calliphorid flies are potential animal and human disease vectors and may 

deliver pathogens via their body surface or excretions including anthrax, C. botulinum, 

and the causal agents for paratuberculosis and avian influenza (Blackburn et al., 2014, 

Böhnel, 2002, Fischer et al., 2004). Long-term culturing of flies in captivity should, over 

time, lead to less harmful bacterial burdens, particularly when synthetic and semi-

synthetic diets are used in the rearing of larvae. Nevertheless, it is important to 

minimize the potential for transmission of fly-borne diseases with good insectary and 

laboratory hygiene and protective clothing. 

   

2.3.2 Distribution of MMs 

2.3.2.1 Ordering, lead-time and shipment in commercial MM production 

Order fulfilment and lead-time 

BioMonde, a commercial producer of MMs in Europe and the USA is able to fulfil 

orders for next day delivery if they are made before 3pm the day before clinical 

application (BioMonde, 2014b). On their online order page BioMonde state that “Orders 

are taken from 8am to 6pm EST Monday through Friday. Overnight shipping is 

standard. Delivery is available Monday through Saturday. Order by 3pm (EST) on 

Friday for Saturday or Monday delivery” (BioMonde, n.d.-b).  

Monarch Labs, based in California, USA, also ship overnight, Monday to 

Thursday for Tuesday to Friday delivery. They use FedEx courier services and 

customers can choose between standard overnight (arrival by 3:30pm), priority 

overnight (arrival by 10:30am), first overnight (arrival by 8:30am), delivery via Midnight 

Express for immediate delivery. Weekend deliveries and international delivery to 

Canada are also possible (Monarch Labs, 2014b).  

BioMonde offers a useful tool to support planning and ordering for MDT. In 

addition to their general MDT user guide, customers are given a diagram illustrating the 

four-day treatment cycle which identifies the 72 h mark as the time for assessment of 

wounds and reordering if necessary, so that one day later newly delivered BioBags are 

at hand for re-application at dressing change (BioMonde, 2014a, BioMonde, 2015).   

Roy and Sherman (2014, p. 643) point out infrastructure and logistics constraints 

as barriers to the uptake of MDT in southern hemisphere countries:  

“The return on that investment is not only dependent on the demand for product, 

but also on the capacity to get that perishable product to market… that is, the 
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infrastructure to deliver the maggots to the end-user within 48 h of production. 

Thus, the economic calculations for turning the production of medicinal maggots 

into a commercial success are probably much more favourable in Europe than 

they are for starting the same venture in most developing countries”.  

This means that, in order for MDT to be considered an alternative wound care option 

and for it to become available to patients in LMICs, affordable, reliable and efficient 

logistics infrastructure and services are critical. 

  

Rapid air transport  

The short window of opportunity for shipment of MMs means that, in many cases, high-

speed air transport over long distances will be necessary. As a result, overnight 

delivery using air and land transport is the standard for MM distribution in the US and 

Europe (Monarch Labs, 2014b, BioMonde, n.d.-a).  

Research at the Walter Reed Army Institute of Research demonstrated that MMs 

can also withstand airlift in transport and military aircraft (Peck et al., 2015) and that 

‘Golden Hour Containers’ for military use (Pelican BioThermal, 2015) successfully 

maintained red blood cells at 1-10OC during shipment and protected red blood cells 

during airlift to above 1000 ft altitude and on airdrops (Macdonald et al., 2005). This 

suggests that MMs could also be delivered via airdrop to remote inaccessible locations 

in humanitarian aid and disaster response, or in rural and remote care situations. 

Emergent remotely piloted aircraft systems, otherwise known as ‘drones’, may offer an 

additional flexible and cost-competitive alternative for MM shipment to rural and remote 

healthcare centres and during disasters response (Tatham et al., 2017).   

  

2.3.2.2 Packaging 

Temperature control 

The upper lethal temperature threshold for L. sericata larvae has been established as 

47.5OC (Richards et al., 2009), a temperature easily reached during summer in 

vehicles without appropriate air conditioning. Therefore temperature control is clearly 

critical for maintaining the viability and quality of MMs in transit. 

Forensic entomologists, in particular, are concerned with the developmental 

times of blow flies and have explored lower thresholds for forensically important 

species below which no development takes place (Ames and Turner, 2003, Donovan et 

al., 2006, Myskowiak and Doums, 2002) . In MDT practice, second instar L. sericata 

larvae have been stored at 4OC for up to 5 days (Baer, 1931, Sherman and Wyle, 
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1996) without unsustainable mortality. Mumcuoglu et al. (1999) kept sterile MMs for up 

to five days at 7-8OC while maintaining their vigour. However, Čičková et al. (2015) 

simulated various transport and storage conditions and measured subsequent viability 

of larvae when placed into a simulated wound model. They found that, after 24 hours of 

simulated transport at a temperature of between 9-17OC, MMs should not be stored 

more than for a further 24 hours because longer storage led to over 50% mortality and 

reduced growth in the early hours of inoculation. Moreover, the experiment showed that 

storage at ambient temperature (24OC) reduced mortality, but survival still declined 

unsustainably beyond 24 hours of storage. These results are in line with a 

manufacturer’s recommendations (BioMonde, 2014c). Hence there is a trade-off to be 

considered between the quality of MMs as expressed by their vitality and ability to 

debride the wound, and a reduction in perishability to facilitate lengthy transport to 

locations at a distance from the production facility.  

MM suppliers in Europe and the US ship by overnight courier. Monarch Labs 

recommend application as soon as the MMs arrive or within 24 hours of receipt 

(Monarch Labs, 2015e). BioMonde advises the use of its BioBag product line on arrival 

or within the expiry date (which is generally the day after arrival). They also 

recommend that the MMs are stored in their transit container at between 6-25OC before 

application, and that they should not be refrigerated or frozen (BioMonde, 2014c, 

BioMonde, 2015).  

There are some indications as to how BioMonde ships MM and dressing products 

across Europe. MacDougall and Rodgers (2004) and Acton (2007) published images of 

LarvE kits provided by ZooBiotic a forerunner to Biomonde. At that time, maggots were 

shipped in what appears to be a polystyrene box within an outer cardboard box, along 

with all essential dressing materials for MDT and guidelines for application. The 

maggots themselves were held in a labelled plastic vial.  

 

Temperature monitoring 

It is possible to monitor MM transport routinely or sporadically with temperature 

monitoring solutions similar to those employed for vaccine quality control. Vaccine vial 

monitors are used to ensure that vaccines are not exposed to damagingly high 

temperatures and to ensure that only potent vaccine is administered (Martin and Lloyd, 

2005, Nelson et al., 2004). However, there are doubts regarding their accuracy and 

reliability (Jain et al., 2003, Shrivastava et al., 2012). Modern electronic temperature 

monitoring systems such as data loggers and electronic time-temperature devices are 
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more accurate than vaccine vial monitors, particularly when it comes to the detection of 

freezing events (Kartoğlu et al., 2010, Schlumberger et al., 2011, Wirkas et al., 2007, 

Zweig, 2006). The Program for Appropriate Technology in Health (PATH) has 

developed an overview of temperature monitoring devices for each stage of the 

vaccine SC from international vaccine shipment to last mile delivery, and they include 

vaccine vial monitors, cold chain monitor cards, various electronic temperature 

monitoring systems for shipping, cold rooms, refrigerators, and cold boxes (PATH, 

2013a). PATH has also been exploring the use of remote alarm systems and 

continuous monitoring of temperatures using electronic monitoring systems and mobile 

phone technology (PATH, 2012)  

 

The vaccine and blood supply chain 

The acceptable temperature range for MMs in transit, and short-term storage ahead of 

MDT, appears to overlap with that of many heat- and freeze-sensitive vaccines, which 

must be stored at all times between 2OC and 8OC (Lloyd et al., 2015), and red blood 

cell products which must be stored between 1-10OC (Webster et al., 2008). Thus, the 

management of vaccine and blood SCs faces the same challenges as MM distribution, 

albeit that the vaccination SC has many more distribution points than the MDT-SC 

(Yadav et al., 2014) which must ensure delivery directly from producer to treating 

health centre.   

A review of the academic and grey literature suggests that vaccine and blood 

cold chains can be unreliable in both developed (e.g. Lippi et al., 2011, McColloster 

and Vallbona, 2011, Thielmann et al., 2015, Webster et al., 2008) and developing 

regions (e.g. Murhekar et al., 2013). Ineffective cooling with temperatures rising beyond 

recommended levels has been observed for blood product shipping containers (Lippi et 

al., 2011, Webster et al., 2008). In the vaccine cold chain, however, accidental freezing 

of vaccines is a serious problem and one of the most frequent reasons for vaccine 

wastage. Matthias et al. (2007) conducted a literature review of freezing in vaccine cold 

chains and found that, in studies looking at the entire cold chain, 75-100% of vaccine 

shipments were exposed to freezing temperatures, and up to 35% of refrigerators or 

transport shipments exposed vaccines to freezing temperatures.  

It appears that vaccine cold chains fail because healthcare workers are 

insufficiently trained, and/or cold storage and transport equipment is inadequate, and/or 

there is an unreliable power supply or other disruptions to refrigeration equipment 

(Samant et al., 2007). In compromised healthcare settings these conditions may be the 
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result of socio-economic disadvantage or armed conflict (Obradovic et al., 2014), but 

they are also encountered in high-income healthcare settings. It is a common 

observation that there are significant awareness and training gaps in health workers 

and cold chain system inadequacies, in both HICs and LMICs, and that these put 

vaccine potency at risk (Ayaya et al., 2007, Barber-Hueso et al., 2009, Berhane and 

Demissie, 2000, Naik et al., 2013, Ortega Molina et al., 2002, Rogie et al., 2013, 

Yakum et al., 2015). For example, it was found that employment of general practice 

nurses at general practices in Australia, resulted in 98% maintenance of cold chain 

integrity whereas only 42% of practices without nurses were able to ensure cold chain 

integrity (Carr et al., 2009). Improved training and education, and implementation of 

equipment upgrades, improved systems and standards, can lead to significant 

improvements in cold chain management (Fernando, 2004, Mallik et al., 2011, Turner 

et al., 2011).  

State-of-the-art new vaccine transport container designs utilize passive cold 

storage which employ  sophisticated insulation, cooling elements using phase changing 

materials, and precise temperature monitoring and regulation technology (Chen et al., 

2015). For example, Nano-Q (Savsu Technologies) is a high-performing passive cold 

storage device that uses regular ice. It can provide up to seven days of cooling at 

ambient temperatures of 32OC, however, it has been shown that internal temperatures 

can drop below 2OC at times which is outside the safe range for many vaccines (PATH, 

2013b, SAVSU, 2015). Only very recently, PATH announced that the first commercially 

available freeze-free vaccine carrier will begin introductory field trials in Nepal. The 

vaccine carrier is made in India and passed WHO Performance, Quality, and Safety 

laboratory tests for User Independent Freeze Prevention. It specifically prevents freeze 

damage during last-mile delivery of vaccines (PATH, 2018).  As such it would also be 

an appropriate carrier for MMs and, in addition, it is a re-usable design which would 

increase cost-effectiveness and sustainability of operations as will be explained in the 

next section.  

 

Packaging sustainability 

Heat sensitive pharmaceuticals, chemicals and biologics in HICs are generally shipped 

using disposable cold-chain packaging (Forcinio, 2014). Commercial MM suppliers also 

appear to use disposable packaging solutions in Europe and the US. However, in 

recent times, multi-use cold chain packaging solutions have been developed which 

ensure superior thermal protection using phase changing materials (Forcinio, 2014).   
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One such reusable cold chain packaging solution is the Credo Cube™ packaging 

system from Pelican BioThermal™. It comes as the Credo Duracube series with a 

durable outer shell (Pelican BioThermal, n.d.), and the Credo Cube™ system (Pelican 

BioThermal, n.d), both with payload volumes between 2 and 96 litres and internal 

temperature specifications (2-8OC and 15-25OC) that meet MM shipment requirements 

(6-26OC).  

There are economic and environmental considerations when deciding on the best 

packaging solution for MMs. Reusable packaging systems have been shown to save 

money and significantly reduce waste and carbon emissions when compared to 

disposable packaging (Forcinio, 2014, Hartman, 2008). These are important issues to 

consider when establishing a SC in LMICs because distribution inefficiencies and 

product price discounting may demand tighter cost management. Furthermore, 

pharmaceutical waste has been identified as a significant environmental issue in LMIC 

health system management (Oke, 2008, Patwary et al., 2011, Sartaj and Arabgol, 

2014).  

The benefit of reusable packaging in the cold and cool chain has been 

demonstrated by Eli Lilly who implemented the Credo system of reusable packaging 

(Pelican, 2015) and closed-loop reverse logistics for cold chain shipments using four 

sizes of shippers. As a result they reduced the number of shippers per order, achieved 

a shipper return rate of 96% (against the 71% required for return on investment), 

reduced waste by 424,400 lb in the first year, and saved $2 million annually (Mohan, 

2013). 

 

2.3.3 Maggot Debridement Therapy 

2.3.3.1 Clinical decision making and guidelines for the use of MDT 

MDT is but one of several debridement methods available to wound care providers 

(Benbow, 2011, Edwards and Stapley, 2010). The UK consensus on effective 

debridement provides clinicians with the information required to understand and 

choose the most suitable option, including a decision pathway for nurses considering 

debridement (UK, 2013). A similar decision pathway that integrates MDT is provided by 

Chadwick and colleagues (2015). Efforts have been made to provide clear clinical 

guidance on indications for, and clinical application of, MDT (Fear, 2004, Hyfywedd and 

Gyfan, 2013, Mexican Association for Wound Care and Healing, 2010, Wound Healing 

and Management Node Group, 2014). These guidelines are evidence-based and cover 

all relevant information for the appropriate use application and removal of MMs 
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including indications and contraindications, and practical advice regarding dressing 

application. For example, the ‘Mexican’ guidelines clearly state the literature review 

process underpinning the guidance provided. In addition, a number of authors have 

published reviews (Flores da Silva and Caino Teixeira Marchiori, 2013, Hinshaw, 2000, 

Sun et al., 2014, Wood and Hughes, 2013) and overviews on MDT, its benefits and 

application (Benbow, 2008, Blueman and Bousfield, 2012, Brocklesby, 2002, Carlson, 

2006, Chernin, 1986, Church and Courtenay, 2002, Claxton et al., 2003, Collier, 2010b, 

Geary and Russell, 2004, Geary et al., 2009, Jones, 2009, Jones and Thomas, 2000, 

Klaus and Steinwedel, 2015, Krajacic, 1998, Pechter and Sherman, 1983, Robinson, 

2010, Thomas et al., 2001).  

Of assistance in the coordination of clinical activities are producer decision-

making tools such as application and ordering guides (BioMonde, n.d.-a, BioMonde, 

2015), and calculators to assist in deciding how many maggots are required for a given 

treatment (Hyfywedd and Gyfan, 2013). Commercial producers also offer clinical 

helpline support for practitioners (BioMonde, 2015). 

Providing MDT services in the community setting has its own challenges which 

have been discussed by Fear (2004). The experiences in setting up an MDT service at 

the UK’s Blackpool Teaching hospital in 2011 have been summarised by Perricone et 

al. (2013). Integration into the overall wound care program and pharmaceutical 

ordering processes are discussed, together with the need for MM producer-supported 

staff education and training services to overcome initial aversion to the treatment, to 

upskill nurses and to facilitate the extension of services to the community setting. 

 

2.3.3.2 MDT indications, contra-indications and complications 

MDT indications  

The general indication for MDT is an acute or chronic wound with substantive 

devitalized necrotic tissue. BioMonde’s ‘instructions for use’ pamphlet for its BioBag 

range of MMs (BioMonde, 2014c, p. 1) lists “debridement of non-healing necrotic skin 

and soft tissue wounds, including pressure ulcers, venous stasis ulcers, neuropathic 

foot ulcers, and non-healing traumatic or post-surgical wounds” as indications for 

treatment with MDT. The literature is less hesitant and also points out the infection 

controlling properties of MMs, including against MRSA (Beasley and Hirst, 2004, Bonn, 

2000, Laurie, 2010, Thomas et al., 1999). Treatment guides for MDT (Chadwick et al., 

2015, Mexican Association for Wound Care and Healing, 2010) list the following 

indications:  
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 Moist, sloughy/necrotic wounds  

 Wounds unresponsive to other debridement methods 

 Infected wounds 

 Patients not suitable for surgical debridement 

 Patients with peripheral arterial disease 

 Patients at the end of their life 

 Patients who have expressed a preference for MDT and it is clinically indicated 

The wider literature on MDT discusses a range of wound types on a variety of body 

areas that have successfully been treated with MDT (Table 7), with the most commonly 

treated indications for MDT to date being ulcers of various aetiologies. In addition,  

there is literature that describes the use of MDT in the treatment of burns, traumatic 

injury, post-operative complications, various infections including osteomyelitis, and 

even for unusual conditions such as carcinomas and elephantiasis. Unfortunately, the 

literature on case reports is not as comprehensive as it should be given the broad 

applicability of this therapy to a wider range of wound complications. More case studies 

for wound aetiologies other than diabetic and venous ulcers would add to the evidence 

base in favour of MDT. (Stadler et al., 2016) have noted this deficiency for disaster-

related wounds and have encouraged practitioners to step up and publish case reports 

for MDT in trauma and post-surgical wound treatment.  

Only a few studies report MDT for malignant wounds (Gilead et al., 2012, Jones 

et al., 1998) while others report on unintended infestations of malignant wounds with 

maggots (Biradar et al., 2015, Bunkis et al., 1985, Cavuşoglu et al., 2009, Demirel-

Kaya et al., 2016, Jain et al., 2007, Jensen, 2011, Kamal et al., 2012, Kwong et al., 

2007, Reames et al., 1988, Rowicki and Pietniczka-Załęska, 2015). There is also 

evidence from experimental observation that malignant tumours are particularly 

nutritious to calliphorid fly larvae (De Carvalho et al., 2007). Malignant wounds are 

listed as an indication for MDT by the British Columbia Provincial Nursing Skin and 

Wound Committee (British Columbia Provincial Nursing Skin and Wound Committee, 

2014) but guidelines in the UK do not endorse MDT for malignant fungating wounds 

(Parnham, 2011).  
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Table 7: A literature survey of wound types successfully treated with MDT. 

Indication Publication 

Burns (Akhtar et al., 2011, Edwards, 2006, Li et al., 2009, Namias et al., 
2000, Sherman et al., 2007, Thornton et al., 2002) 

Ulcers including diabetic, 
venous, ischaemic and 
pressure ulcers 

(Armstrong et al., 2005, Campbell and Campbell, 2014, Čičková et al., 
2013, Courtenay et al., 2000, Gilead et al., 2012, Gottrup and 
Jorgensen, 2011, Hawthorne and Davidson, 2010, Hunter et al., 2009, 
Jiang et al., 2013, Jukema et al., 2002, Lodge et al., 2006, Marineau et 
al., 2011, Maeda et al., 2014, Mudge et al., 2014, Mumcuoglu et al., 
1998, Mumcuoglu et al., 1999, Nishijima et al., 2017, Paul et al., 2009, 
Sherman et al., 1996, Sherman, 2002b, Sherman, 2002a, Sherman, 
2003, Sherman et al., 2007, Steenvoorde et al., 2006, Steenvoorde et 
al., 2007a, Semple, 2003, Tanyuksel et al., 2005, Wang et al., 2010, 
Wolff and Hansson, 2003, Wollina et al., 2002) 

Necrosis and infection 
including fasciitis and 
osteomyelitis 

(Baer, 1931, Biscoe and Bedlow, 2013, Chaffey, 1997, Dunn et al., 
2002, Jukema et al., 2002, Matsuda, 2011, McKeever, 2008, Preuss et 
al., 2004, Sherman et al., 2007)  

Traumatic injury and post-
operative complication 
including infection 

(Fenn-Smith, 2008, Gericke and Pitz, 2008, Gericke et al., 2007, 
Hwang et al., 2011, Husain and Fallat, 2003, James, 2007, MacDougall 
and Rodgers, 2004, Trudgian, 2002, van Veen, 2008, Wollina et al., 
2005) 

Carcinoma (Jones et al., 1998) 

Elephantiasis (Borst et al., 2014) 

 

MDT contra-indications 

MM producers list contraindications in their product information material (BioMonde, 

2014c, Monarch Labs, 2015e), and these are in line with published treatment guides for 

MDT (Chadwick et al., 2015, Hyfywedd and Gyfan, 2013, Mexican Association for 

Wound Care and Healing, 2010) which list the following contraindications:  

 Clean, granulating wounds 

 Patients suitable for surgery 

 Wounds that present with dry, hard eschar/callus (requires removal or 

softening) 

 Wounds that tend to, or are in danger of, bleeding e.g. wounds in close 

proximity to a large blood vessel and wounds in patients on anticoagulants 

 Patients with insufficient home support 

 Patients at risk of falls 

 When patients reject MDT or have insufficient level of understanding or mental 

capacity 

 Complex wounds such as sinuses (known as fistulae)  
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 Patients with hypersensitivities to larvae or components of the manufacturing 

process 

Steenvoorde and Oskam (2005) observed mild bleeding in 10% of patients treated in 

their hospital between August 2002 and January 2004, and one case of severe 

bleeding (Steenvoorde and van Doorn, 2008). They conclude that regular assessment 

is required during MDT in patients with bleeding disorders and those receiving 

anticoagulant or antiplatelet therapy. Extremely high numbers of MMs on large wounds 

can lead to hyperammonemia (Borst et al., 2014). Depending on the type of wound and 

patient predisposition, pain is a common side effect of MDT. Mumcuoglu et al. (2012) 

analysed the treatment of 435 patients receiving free-range or bagged MDT and found 

that 38% reported increased pain, but that only 5 patients requested discontinuation of 

the treatment due to pain despite pain control. These authors recommend adequate 

pain control along the spectrum of available options to support patients through MDT. 

While MMs are attracted to microbe-rich necrotic tissue, wounds infected by P. 

aeruginosa are not suitable for MDT because the microbe is toxic to L. sericata 

maggots (Andersen et al., 2010). Ulcers due to pyoderma gangrenosum may also be 

unresponsive to MDT (Renner et al., 2008). 

Patients requiring MDT often have a medical history of co-morbidities requiring 

medication, while wound care itself may necessitate the use of antibiotics, analgesics 

and topical wound care products (Bell and McCarthy, 2010, Mumcuoglu et al., 2012, 

Nishijima et al., 2017, Steenvoorde et al., 2007b). Patients suffering from chronic 

wounds may also be users of illicit drugs. It is necessary, therefore, to know whether 

drugs and other interventions used alongside MDT have the potential to negatively 

impact MM activity and viability in the wound (Table 8). Wounds may be treated with 

antiseptics prior to MDT which could potentially harm MMs upon treatment. However, 

in vitro experiments exposing L. sericata maggots to commonly used wound antiseptics 

suggest that they may be resilient to short-term exposure (Daeschlein et al., 2017).  

 

Patient compliance 

At times patients do not understand the fragility of MMs and, as a result, they may walk 

or roll onto dressings and squash the maggots (Mumcuoglu et al., 1998). Drowning and 

suffocation of larvae can also occur when dressings are not applied properly and 

wound exudate cannot drain freely (Wound Healing and Management Node Group, 

2014), or when dressings are submerged during bathing. In the context of forensic 

investigations, Singh and Bala (2011) have shown that larvae of Ch. Megacephala and 
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Ch. rufifacies were able to survive submergence in water for up to five hours and that 

older larvae are more resilient in the event of submergence than young larvae. This 

suggests that accidental submergence of MDT dressings does not necessarily lead to 

the death of larvae and interruption of therapy, provided remedial action is taken after 

the event. 

 

2.3.3.3 Patient and healthcare worker attitudes toward, and perceptions of, MDT  

The demand for MMs depends both on whether healthcare professionals accept MDT 

as an efficacious therapy that is equal to, or better than, other conventional options, 

and also on the perception and attitudes of patients. Reviews of the growing body of 

case study literature have, over the last decade, confirmed the safety and efficacy of 

MDT (Arabloo et al., 2016, Davydov, 2011, Gupta, 2008, Hall, 2010, Parnés and 

Lagan, 2007, Whitaker et al., 2007, Wound and Management Node, 2012, Zarchi and 

Jemec, 2012), and producers of MMs inform and educate their customers, the health 

practitioners and patients via material on their websites (BioMonde, 2013, BioMonde, 

2014d) and the mainstream media (Harb, 2015, Veterans Affairs Research 

Communications, 2015). 

On the other hand, Sherman et al. (2001) reported practitioner hurdles regarding 

patient acceptance of MDT therapy, sourcing of MMs and lack of administrative 

support. Patients, in turn, were concerned with maggot escapes, lack of clinical support 

in the outpatient setting, and pain.  

Even though the authors reported escapes, as well as odour and pain in some 

patients, no patient discontinued treatment. Indeed, most patients are very open to 

MDT and are able to overcome possible feelings of repulsion because of their strong 

desire to heal, particularly when ulcers are unresponsive to other treatment options 

(Dickinson, 2016, McCaughan et al., 2015). Patients are only disappointed and 

disillusioned with MDT when unrealistically high expectations are not met (McCaughan 

et al., 2015). Rafter (2010) reported on the perceptions throughout the healing journey 

for a single patient treated with MDT. Faced with a non-healing wound, the patient 

appreciated the opportunity of MDT although she reported that it required some mental 

strength to accept maggots but the threat of losing a foot was a strong motivator. While 

she followed the healing progress and work of the maggots with excitement, the nurses 

had mixed feelings – some were interested whilst others were somewhat nervous. 
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Table 8: Selection of studies investigating the influence of pharmaceuticals and illicit drugs on 
fly development.  

 Species Impact on development or morphology 

1
st

 2
nd

 3
rd

 Pupal Adult Outcome 

Antianxiety drugs 

Diazepam 
(Carvalho et al., 
2001) 

Chrysomya 
albiceps 

+ + + - - Larval development accelerated 
but pupal dev and adult 
emergence delayed 

Diazepam 
(Carvalho et al., 
2001) 

Chrysomya 
putoria 

+ + + - - Larval development accelerated 
but pupal dev and adult 
emergence delayed 

Nordiazepam (Pien 
et al., 2004) 

Calliphora 
vicinia 

0 0 0   no significant effect of 
nordiazepam on larval 
development performance 

Antispasmodics  

Butylscopol- 
amine bromide 
Buscopan (Oliveira 
et al., 2009) 

Chrysomya 
megacephala 

- - -   Decreased development rate, 
smaller body weight and length 
of larvae, increased larval 
mortality 

Opiates 

Codeine 
(Kharbouche et al., 
2008) 

Lucilia sericata + + +   Codeine stimulates growth of L. 
sericata larvae  

Methadone 
(Gosselin et al., 
2011) 

Lucilia sericata - - - 0 - Slight deceleration of larval dev 
at high concentration only. 
Increased mortality observed 
but no statistical trend.  

Methamphetamine 
(Mullany et al., 
2014) 

Calliphora 
stygia 

+ + + +/- + Accelerated development, 
increased size of all life stages, 
increased pupal devel time by 
78h 

Anaesthetics  

Ketamine 
hydrochloride  
(Lü et al., 2014) 

Chrysomya 
megacephala 

- - - +  Prolonged development of 
larval and pupal stages 
particularly at low temperatures. 
Pupal development slightly 
shorter. 

Ketamine 
(Zou et al., 2013) 

Lucilia sericata + + +   Dosage dependent promotion of 
growth through reduced 
movement and increased 
feeding 

Note: Most study the impact of drug exposure on the developmental biology of forensically 
important fly species in order to determine the consequences for post mortem interval 
determination.  + positive effect, - negative effect, +- both positive and negative effect, 0 = no 
effect, blank = no data. 
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Steenvoorde et al. (2005a) surveyed patients who received MDT and their findings 

suggested that the so called ‘yuk factor’ or repulsion of patients regarding MDT is not a 

major issue. The authors emphasised the importance of providing patients, their social 

environment and healthcare practitioners with information regarding MDT to address 

concerns and avoid aversion to the therapy.  Morris (2008) discussed the role of 

healthcare practitioners during MDT and the need for them to support patients 

undergoing the therapy, with the conclusion that informing the patient is critical. The 

consensus report for the appropriate use of MDT is also explicit about the key role of 

patient information and consent (Chadwick et al., 2015). The overall acceptance and 

willingness to consider MDT is high in people with chronic wounds which had not 

previously received MDT, and there is no evidence of widespread patient resistance to 

MDT (Petherick et al., 2006, Spilsbury et al., 2008).  

In the military setting Heitkamp et al. (2012) found that Army physicians did not 

use MDT because they did not perceive the need, had not been trained in MDT or did 

not know how to access MMs. They did not hold any aversion against the therapy per 

se, although they thought patients would have objections. 

 

2.3.3.4 Cost and cost-effectiveness of MDT 

The socio-economic impact of diseases that can be treated with MDT has been 

discussed by (Klobucky et al., 2015). In a healthcare environment that is marked by 

steady cost increases, MDT has a competitive advantage if it is more cost-effective 

than other comparable wound care interventions.  

For the purpose of modelling the cost-effectiveness of wound debridement 

interventions in the UK, MDT has been estimated to cost £234 per application (Bennett 

et al., 2013). According to a Daily Mail article (Harb, 2015), BioMonde Ltd charged 

between £200 and £300 for bagged maggots, and between £150 and £200 for free-

range maggots. In Australia, the Department of Medical Entomology at Westmead 

Hospital, which is not a commercial producer as such, sells 100 sterile free-range 

maggots for AU$80 (£53) +10% GST and shipment costs (M. Geary, personal 

communication, 18 July 2017).  

In order to test the cost-effectiveness of MDT in chronic wound care, a decision-

tree model was developed to represent the typical treatment of a single patient in 

clinical practice over 12 months (Bennett et al., 2013). The modelling results suggested 

that initiating treatment with MDT is less costly and more effective than other wound 
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treatments, and similar outcomes were maintained under all scenarios tested in a 

range of sensitivity analyses (Bennett et al., 2013). 

In the Thai chronic wound care environment, it has been shown that MDT leads 

to faster healing and substantive cost savings compared to conventional treatment 

(Eamkong et al., 2010, Wilasrusmee et al., 2013). Wayman and colleagues (2000) 

found MDT to be cost effective for the debridement of venous ulcers, but when Soares 

et al. (2009) compared MDT with hydrogel treatment of leg ulcers until healing, they 

found that treatment cost did not differ statistically. However, in a Canadian study MDT 

was outperformed in terms of cost-effectiveness by sharp debridement and enzymatic 

debridement (Woo et al., 2015). 

The most comprehensive clinical trial on MDT to date, the VenUS II randomised 

controlled trial of larval therapy in the management of leg ulcers, clearly demonstrated 

that MDT leads to faster debridement but not to faster rate of healing in venous ulcers 

(Dumville et al., 2009b). However, from a cost point of view speed of debridement 

matters as was shown by Campbell and Campbell (2014) who established a 67% 

reduction in nursing cost for foot and leg ulcers in the week after MDT. Thomas and 

Jones (2001) also came to the conclusion that MDT is faster and that this has cost 

implications in respect of subsequent savings on care.  

In summary, while anecdotal evidence and some studies point toward cost 

savings due to MDT, the available evidence is not conclusive, and more research is 

needed to explore the economics of MDT in different healthcare settings for different 

wound aetiologies.  

 

2.3.3.5 MDT dressings 

Maggot confinement strategies and their efficacy 

While L. sericata maggots have a tendency to aggregate in order to increase their food 

consumption efficiency (Boulay et al., 2013), they do not feed continuously which 

creates constant movement inside the larval mass (Charabidze et al., 2013). Moreover, 

larvae will actively explore their food source and seek optimal environmental 

conditions, and after having matured, seek to leave the food source, disperse and bury 

themselves for pupation (Gomes and Von Zuben, 2005b, Gomes et al., 2005, Gomes 

and Von Zuben, 2005a, Gomes et al., 2006a, Gomes et al., 2006b, Gomes et al., 2007, 

Gomes et al., 2009, Turpin et al., 2014, Vogt and Woodburn, 1982). Charabidze et al. 

(2008) have established in laboratory tests the crawling speed of P. terraenovae 

maggots which is dependent on maggot length and temperature: speed in cm/min = 
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5.45 x log [length (mm)] + 0.66 x temperature (OC) – 12.8. Supposing that crawling 

capacity and speed is similar in L. sericata and that a mature L. sericata maggot is 

approximately 12 mm long after 70 hours of feeding (Moffatt et al., 2016) and it 

escapes from the dressing indoors at 25OC room temperature, then this maggot may 

crawl at a speed of approximately 9.6 cm per minute and could cover almost a metre in 

just ten minutes.  

Consequently, maggots have to be reliably retained in the wound during 

treatment and be prevented from wandering. MMs are currently applied to the wound 

either directly with a containment cage that closes the wound off and retains the 

maggots inside (e.g. Acton, 2007, Monarch Labs, 2015b, Sherman, 1997), or within a 

sealed pouch of porous material that allows the maggots to feed without being able to 

escape the confines of the bag (BioMonde, 2015, Chadwick et al., 2015, Grassberger 

and Fleischmann, 2002). The choice of containment strategy has implications for the 

efficacy with which MMs are able to debride the wound. The remainder of this section 

is dedicated to the dressing methods practised in MDT, their relative benefits and 

disadvantages, and some unique adaptations relevant to the low-resource setting.  

 

Free-range maggot dressings and their application 

The first clinical containment dressings for MDT were developed by William Baer 

(1931). He used adhesive plaster to protect the wound edge and constructed a cage lid 

with wire mesh and sponge rubber sewn together and glued with adhesive plaster to 

the plaster barrier on the skin. Additional strapping secured the cage to the respective 

body part.  

Today, the clinical guidelines from commercial manufacturers of MMs provide 

step-by-step instructions for the application of free-range larvae. Particularly instructive 

are the illustrated application guides for free-range applications in the All Wales 

Guidance for the use of Larval Debridement Therapy (Hyfywedd and Gyfan, 2013), the 

pictorial guide in Acton’s Technical Guide (Acton, 2007), and the Clinical Practice 

Guidelines of the Mexican Association for Wound Care and Healing (Mexican 

Association for Wound Care and Healing, 2010). BioMonde information material is now 

mainly concerned with the BioBag product line (discussed below), although loose 

maggots and whole-of-limb dressing systems are still offered (BioMonde, 2014b). 

Monarch Lab’s product application guides are text only and therefore lack explanatory 

and educational power (Monarch Labs, 2015a, Monarch Labs, 2015b, Monarch Labs, 

2015c, Monarch Labs, 2015d). An older fact sheet from the Department of Medical 
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Entomology and the Institute of Clinical Pathology and Medical Research at Westmead 

Hospital, Sydney, Australia, uses pictures and text to illustrate the dressing application 

process, but fails to present a clear step-by-step sequence of images (Department of 

Medical Entomology, 2005). Figure 4 summarises these guidelines and also provides a 

list of dressing materials and equipment needed for MDT dressing application. 

 

Figure 4: Dressing materials and equipment needed for MDT application. 

All Wales Guidance (Hyfywedd and Gyfan, 2013) list following dressing materials: 

 Sterile wound cleansing materials 

 Sterile saline for cleaning / irrigation of wound and to remove maggots from transport vial 

 Hydrocolloid dressing 

 Netting to retain the larvae in the wound 

 Impermeable Plastic adhesive tape (e.g. Leukoplast
®
 Sleek

®
, BSN medical)  

Mexican Association for Wound Care and Healing (2010) list of materials: 

 One or two hydrocolloid adhesive dressings (e.g. DuoDERM
®
 CGF™, ConvaTec; Ultec Pro

®
, 

Covidien; Replicare™ Ultra, Smith&Nephew, Restore Hydrocolloid Dressing, Hollister; 
Tegaderm™ Hydrocolloid Dressing, 3M™; Comfeel

®
, Coloplast; Exuderm™, Medline, etc.)  

 Marker pen  

 clear plastic sheet or hydrocolloid dressing packaging for wound tracing  

 sterile scissors to cut the dressings and other materials 

 fine mesh fabric (organza or a contact nylon dressing (e.g. Tegaderm™ Contact, 3M™) 

 Cyanoacrylate glue and applicator (e.g. Instant Krazy Glue
®
, Krazy Glue) 

 Cotton tipped applicators, tongue depressors or similar (they will be needed to scoop out the 
maggots from the container and apply them on the wound) 

 Hypoallergenic adhesive tape 
Department of Medical Entomology, Westmead Hospital (Department of Medical Entomology, 
2005): 

 Hydrocolloid dressing (e.g. DuoDERM
®
 Transpatent, ConvaTec, or Comfeel

®
, Coloplast) 

 Sterile saline and moist sterile gauze 

 Manually-perforated film dressing (e.g. Tegaderm™ Hydrocolloid Dressing, 3M™; Tegapore™, 
3M™; OPSITE™, Smith&Nephew)  with 10 holes per 5 cm

2
 

 Water resistant tape (e.g. Leukoplast
®
 Sleek

®
, BSN) 

 Dry gauze to capture exudate 

 Orthopaedic wool (e.g. Soffban®, BSN medical) or crepe bandage 
 

Both, BioMonde and Monarch Labs recommend netting to retain the maggots 

and also to provide excellent ventilation and to allow exudate to drain freely. In the 

Mexican guidelines, the mesh is fixed to hydrocolloid gel with glue, whereas the Welsh 

guidelines recommend attachment of netting with impermeable plastic adhesive and 

the transfer of maggots directly onto the netting. This latter process greatly simplifies 

the dressing application procedure and reduces amount of material required. By 

contrast, the Department of Medical Entomology (2005) user guide suggests retaining 

maggots with a hand-perforated membrane such as Tegapore™ (3M™), Tegaderm™ 

(3M™), or OPSITE™ (Smith&Nephew) rather than netting.   

Further improvements to the application of loose maggots have been made with 

the development of all-in-one dressings LeFlap™ and LeFlap DuJour™ (Monarch 

Labs), combining hydrocolloid dressing, adhesive and netting in one hinged unit 
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(Monarch Labs, 2015b, Monarch Labs, 2015c, Sherman, 2013). In case where fingers, 

toes, or the entire limb or circumferential sections of the limb, require MDT treatment 

then stocking or hose-type dressings are necessary to keep maggots in place. The 

application of such dressings does not differ in principle from those described above. 

Hydrocolloid is applied circumferentially around the leg or foot. The maggots are 

introduced to the wound and retained by a nylon stocking instead of a mesh sheet 

(Monarch Labs, 2015a). The stocking is cut to create a hose section that can be 

secured in the aforementioned manner to only a section of the limb (Sherman et al., 

1996). Commercial producers in general, but Monarch Labs in particular, offer a range 

of other dressing paraphernalia to support clinicians in the application of MDT 

(BioMonde, 2014b, Monarch Labs, 2014a).  

 

Bagged maggot dressings and their application 

The need for convenient, safe and aesthetically more pleasing MDT has led to the 

development of bagged MDT dressing systems. Fleischmann and Grassberger 

(Fleischmann, 2004, Grassberger and Fleischmann, 2002) developed a polyvinyl 

alcohol hydrosponge pouch subsequently marketed by BioMonde Laboratories as 

Vitapad™, in which they sealed the maggots for application to the wound (Opletalová 

et al., 2012). Today a variety of nylon netting bag solutions are used for the bagged 

application of maggots (Čičková et al., 2013, BioMonde, 2014c). 

Application of free-range maggots is more labour intensive requiring two 

healthcare workers at a time (Blake et al., 2007), whereas application of bagged 

maggots is convenient and quick, and there is no need to create an escape proof 

wound dressing as is the case for free-range maggots (Gilead et al., 2012). This is 

particularly important where MMs are applied to wounds adjacent to body cavities or 

organs (Gericke et al., 2007, Gericke and Pitz, 2008). The lack of bag containment 

systems in the United States was lamented by Attinger and Felder who noted that  

“The major barriers to the wider adoption of LDT in the US are logistical. Unlike in 

European countries, systems do not exist to arrange for the application of LDT in 

the home or outpatient setting, where it is most cost-effective. Dressings are a 

specific difficulty, particularly for large or complex wounds, because contained 

'net-pouch' larvae are not available on the US market, meaning that patients and 

community nurses would have to deal with the unruliness of 'free range' larvae, 

which are prone to escape.” (Expert Commentary by Christopher E Attinger, MD, 
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John M Felder III, MD, Center for Wound Healing, Georgetown University 

Hospital, Washington, DC, U.S. in Pyatt (2011, p. 27)). 

 

Impact of dressing technology on efficacy 

Although MDT with bagged maggots is more convenient, there is evidence that free-

range maggots debride more efficiently than bagged maggots (Steenvoorde et al., 

2005b, Thomas et al., 2002). In contrast, Blake et al. (2007) tested debridement on a 

porcine wound model and found that debridement activity in both bagged and free-

range maggots was similar, and that direct access to the wound was not necessary. 

The VenUS II randomised controlled leg ulcer trial involving 267 patients provided a 

more comprehensive clinical comparison between the two application methodologies. 

In this trial, free-range maggots were significantly quicker with a median time to 

debridement of 14 days versus 28 days for bagged maggots and 72 days for hydrogel 

(Dumville et al., 2009a). That said, the potential performance deficit of bagged (versus 

free-range) maggots appears to be an acceptable trade-off for the sake of convenience 

and treatment acceptance. The two dressing methods are briefly discussed below, 

particularly with regard to procurement and SC considerations for practitioners and 

medical centres offering this therapy.  

 

MDT dressing innovation and solutions for the austere healthcare setting 

While the above listed dressings and medical consumables are standard in developed 

country wound care, they may be unaffordable or unavailable to healthcare providers in 

LMICs (Shepherd et al., 2010). Where resources are scarce and even the most basic 

dressing materials are in short supply, makeshift dressings may be constructed that 

perform adequately at a fraction of the price of commercially available solutions. 

DeFazio and colleagues (2015) briefly outline a low-cost MDT dressing that can cover 

a large body area and is made from a biohazard bag for retaining maggots and 

exudate, and a disposable cup fitted with netting for ventilation.  

Free-range application of MMs has its technical limitations with regard to a) the 

surface and body area that can be treated, b) the cost of dressings, and c) the general 

convenience of applying maggots in a busy hospital setting. Felder and colleagues 

(2012) modified vacuum-assisted closure (VAC) technology for MDT application to 

achieve coverage of irregular and extensive wound areas. Indeed, this hybrid 

MDT/VAC dressing may be used without prior sharp debridement due to the unique 

wound healing properties of MMs. Such technology would be useful in response to 
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injuries caused by industrial and petroleum disasters that are far too common in LMICs 

and result in large numbers of patients with horrific burns (Agbenorku et al., 2010, 

Fadeyibi et al., 2011). In such settings, emergency services and medical facilities are ill 

prepared for a surge in burns patients, and often lack surgical resources, anaesthetics 

and antibiotics (Fadeyibi et al., 2011, Jeng et al., 2014, Wachira and Smith, 2013).  

  

Dosage 

The capacity of maggots to debride and treat problematic wounds is dependent on the 

larval density, the amount of excretion and secretion produced by larvae, and the 

amount of necrotic tissue and slough present. While wound-specific conditions are 

difficult to control, physicians can, however, determine the density of maggots to be 

applied to the wound (Wilson et al., 2016). Barnes et al. (2010) suggest that larval 

densities recommended by commercial producers may be an overestimate of what is 

actually required for effective debridement. Indeed, recommendations in clinical 

guidelines and academic literature range from 5-30 maggots per cm2 (Table 9).  

 

Table 9: Maggot application densities from the literature and guideline documentation. 

Academic literature Guidelines and user manuals 

Larvae 
per cm

2
 

Reference Larvae per 
cm

2
 

Reference 

5-10 (Igari et al., 2013, Wang et al., 2010) 4-6 
(BioBag) 

(BioMonde, 2014c)  

10 (Gottrup and Jorgensen, 2011, Paul 
et al., 2009) 

5-8 (Hyfywedd and Gyfan, 2013) 

10-15 (Gilead et al., 2012) 3-10 (Mexican Association for Wound Care 
and Healing, 2010) 

12-30 (Turkmen et al., 2010) 5-10 (Monarch Labs, 2015b) 

 

L. sericata is able to debride approximately 0.15 g of necrotic tissue per day and 

thus a standard dose of 100 maggots debride 50 g of necrotic tissue during a typical 

treatment (Blake et al., 2007). Wilson et al. (2016) determined experimentally that 

debridement rate for L. sericata does not increase beyond an ideal density of 5–7.5 

larvae per cm2. In comparative debridement experiments, Blake and colleagues (2007) 

found  that the survival of bagged maggots and in free-range application is in the order 

of 85-90%, which means that a mortality rate of approximately 10-15% could be 
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compensated for by overstocking bags or recommending 15% overstocking in free-

range application (Stadler, 2016b).  

BioMonde BioBags come in a variety of sizes from 25 x 40 mm to 100 x 100 mm 

and are correspondingly seeded with between 50 and 400 larvae, which equates to 

densities of between 4 and 6 larvae per cm2 (BioMonde, 2014c). BioMonde is also 

offering a free-range larvae calculator (BioMonde, 2014b) to identify the number of 

maggots needed. An ordering guide also provides advice on selection of sizes, 

application, storage and disposal of BioBag products (BioMonde, n.d.-a, Hyfywedd and 

Gyfan, 2013). 

Ideal densities of larvae used in MDT may vary markedly between medical fly 

species employed. When experimentally created wounds in a rat model were treated 

with C. macellaria larvae at various densities, greater vascularization of the wound bed 

was observed when 25 larvae per cm2 were applied compared to lower densities. The 

authors suggest that more maggots may need to be used in MDT when using this 

species compared to currently used MDT species (Nassu and Thyssen, 2015).   

 

Application of eggs instead of first or second instar larvae 

It is standard practice in MDT to apply second instar larvae of medical flies to wounds 

(e.g. Igari et al., 2013). Recently, the feasibility of egg application in MDT instead of 

first or second larval instars has been demonstrated by Bohac et al. (2015) who have 

applied L. sericata eggs enclosed in a mesh bag to debride a traumatic hand injury and 

control a fungal infection in the same wound. The eggs were sealed into the bag and 

placed onto the hand wound. Wound contact and a moist environment were achieved 

by placing saline moistened gauze on top of the bags and securing this dressing 

system to the hand. 

In nature, necrophagous and myiasis-causing flies lay their eggs directly onto the 

larval food source but not into wet wounds (Charabidze et al., 2015). This is because 

blowfly eggs are susceptible to longer inundation in liquids but storage on wet substrate 

such as filter paper or a sponge does not negatively affect egg survival (Charabidze et 

al., 2015, Čičková et al., 2014). Therefore, direct application of eggs to the wound 

would require a dressing system that prevents complete inundation of the eggs in the 

wound exudate. 

However, there are potential logistic benefits to the application of fly eggs as they 

are more resilient to storage at low temperatures for extended periods of time, and 

would therefore be more suitable for shipment over longer distances or where the 
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distribution system is particularly slow due to transport interruptions – for example 

during times of war, disaster or simply dysfunctional infrastructure. Bo et al. (2008) 

found that, at 12.5OC, L. sericata eggs took 66 hours to develop and that late 

embryonic eggs could be stored at 5OC with survival rates of over 80%. The greater 

resilience of late embryonic eggs to cooling has also been confirmed in M. domestica 

eggs stored for 24 hours at 5OC, but storage at 10OC for 24 hours was possible with no 

detrimental effect on any age class.  

     

Treatment length, and dressing change and disposal 

The length of application and the number of repeats per wound and patient differ 

depending on the wound aetiology and presentation. For example, the consensus 

recommendation for diabetic foot ulcer treatment concludes that most diabetic ulcers 

would be fully debrided after two-three applications (Chadwick et al., 2015). Free-range 

maggots may remain on wounds for as little as 48 hours and up to five days depending 

on progress (BioMonde, 2014c, British Columbia Provincial Nursing Skin and Wound 

Committee, 2014, Chaffey, 1997, Hyfywedd and Gyfan, 2013, Parnham, 2011). 

BioMonde provides a diagram of the treatment timeline that explains how long to apply 

BioBags or free-range maggots, and when to re-order so as not to interrupt the 

treatment process (BioMonde, 2014a, BioMonde, 2014b). It is recommended by 

BioMonde that BioBags remain on the wound for four days and free-range maggots for 

up to three days. The diagram indicates that wounds and maggots should be assessed 

the day before the end of the treatment cycle to determine whether reordering is 

necessary. This is because orders for overnight delivery have to be made the afternoon 

of the day before intended application (BioMonde, n.d.-a, BioMonde, 2014b). 

There is advice on the application and removal of wound dressings in the nursing 

literature for a variety of dressings (e.g. Anderson, 2010), and the aforementioned 

nursing guidelines for MDT provide comprehensive guidance. Maggots are highly 

active when entering the post-feeding stage because they want to leave the wound in 

search of a suitably protected pupation habitat (Gomes et al., 2006a). This can make 

removal of maggots a challenging exercise for healthcare providers. In free-range 

application, the dressing is removed and the maggots wiped out of the wound or the 

wound is irrigated to wash all the maggots, but maggots may be difficult to wash out of 

remaining necrotic tissue or recesses. In this case manual removal with gauze wipes, 

applicators or forceps may be necessary (Derby City Primary Care Trust, 2010, 

Mexican Association for Wound Care and Healing, 2010, Parnham, 2011). Authors 
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have also reported on other methods of maggot removal, usually in the context of 

myiasis, using for example Yankauer suction or chemical wound cleansing treatments 

that aim to kill the maggots (Elder and Grover, 2013, McIntosh et al., 2011, Sherman et 

al., 2005). Dressing changes with bagged maggots are simply a case of removing the 

secondary dressing and the bag that contains the maggots, and disposing of it 

altogether as clinical waste (BioMonde, n.d.-a).  

Used maggots and soiled dressing materials are deemed infectious waste and 

must be disposed of accordingly (Hyfywedd and Gyfan, 2013, Mexican Association for 

Wound Care and Healing, 2010). In the hospital setting there are procedures and 

facilities in place that accommodate disposal of clinical waste (WHO, 2014b). However, 

when MDT is practised in home care settings by, for example, visiting community 

nurses, immediate disposal is unlikely to be possible (Fear, 2004). Transport of clinical 

waste must take place according to local hazardous materials guidelines and 

regulations. The Biosurgical Research Unit (Princess of Wales Hospital in Bridgend, 

Wales, UK) developed a larval therapy carrier that also acted as a disposal unit for 

MDT clinical waste including used maggots. It can be transported by clinicians and 

community nurses to the patient and back to the healthcare centre for appropriate 

disposal (Fear, 2004). 

In vitro microbiological research by Daeschlein et al. (2015) showed that freezing 

for more than sixty minutes at -20OC kills the maggots but does not eliminate the 

bacterial burden. They recommend careful checking of biological hazard bags for 

intactness before disposal. To achieve full hygienic control, they also suggest disposing 

used free-range maggots in screwcap vials, a measure that may not be convenient for 

practitioners. 

 

Treatment schedule 

Application time for MMs ranges between 2 and 4 days and depends on the 

practitioner and whether free-range or bagged maggot dressings are used (BioMonde, 

2014c, Čičková et al., 2015, Maeda et al., 2014). Blake and colleagues (2007) have 

shown that there is more tissue debrided after 4 days than after 3 days, and they 

therefore advocate that maggots should be left for 4 days on the wound but also 

concede that this might interfere with the weekly application and ordering cycles of 

three and four days. They suggested that delivery on Friday and storage of maggots at 

4-6oC over the weekend is possible. However, Čičková et al. (2015) determined 

experimentally that refrigeration after delivery beyond 24 hours is harmful to MMs and 
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reduces their survival. They also recommend that free-range maggots should remain 

on the wound for 40-48 hours and bagged maggots for 48 to 72 hours. BioMonde 

recommends a four-day treatment cycle with application of maggots on day 0, 

assessment of debridement progress on day 3 and reordering on that day if necessary 

for overnight delivery and MDT dressing change and re-application on day 4 

(BioMonde, 2014a). 

 

2.3.3.6 The SC-wide MDT regulatory environment  

MDT is one of only a handful of medical interventions that use live organisms and 

therefore it is difficult for healthcare regulators to categorise and incorporate MMs into 

the overall regulatory framework. This brings about classification discrepancies across 

jurisdictions and SC interruptions as in the case of Canada who, in 2009, changed their 

classification from ‘device’ to ‘drug’, making importation of maggots from the US 

prohibitively cumbersome (Anonymous, 2010b, Collier, 2010a). This section provides 

an overview of key regulatory frameworks and issues relevant to MDT internationally.   

In 2004, the Food and Drugs Administration in the USA granted Monarch Labs 

permission to supply MMs as a prescription only device (FDA, 2007, Monarch Labs, 

n.d.). In the same year, the UK National Health Service endorsed the use of maggot 

therapy (Geary et al., 2009), and in Australia, medical  maggots have become available 

from the Department of Medical Entomology at Westmead Hospital, Sydney (Geary et 

al., 2009). However, to date (2018), they are not registered with, or approved by, the 

Australian Therapeutic Goods Administration, but made available to healthcare 

professionals under authorized prescriber provisions (TGA, n.d. ).  

Like other medical fields, wound care has its own national and international 

representative bodies which, among other things, develop guidelines and standards, 

e.g. Wounds Australia (formerly Australian Wound Management Association), the 

European Wound Management Association (http://ewma.org/) or the World Alliance for 

Wound and Lymphedema Care. Wounds Australia developed Standards for Wound 

Management (AWMA, 2010) and in partnership with the Joanna Briggs Institute it also 

develops evidence-based best practice guidelines for specific aspects of wound 

management, including best practice guidelines on MDT (Wound Healing and 

Management Node Group, 2014).  

Jurisdictions, such as the UK, that have had a longer history of MDT have, 

sometimes in collaboration with commercial MM producers, developed detailed and 

sophisticated guidelines for MDT (Acton, 2007, Fear, 2004, Hyfywedd and Gyfan, 

http://ewma.org/
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2013, Mexican Association for Wound Care and Healing, 2010). While these can 

provide excellent templates for local guideline development in LMICs, Ehrhardt and 

Meyer (2012) suggest that the adoption of treatment guidelines developed in high-

resource settings may need to be adjusted and modified to meet the needs of the new 

LMIC setting.  

The World Alliance for Wound and Lymphedema Care was asked by the WHO to 

write a white paper on Wound and Lymphedema Management (Macdonald and Geyer, 

2010) in which it scopes the global wound care environment and provides guidance for 

best practice chronic wound management for both low- and high-resource settings. The 

title Where there is no doctor: a village health care handbook is in its third edition, and 

provides essential healthcare guidance where there is no or limited access to 

healthcare, and it addresses many aspects of wound care (Werner et al., 2009).  

 

There are a number of harmonization initiatives that seek to achieve common 

regulatory approaches for medicines and other medical products but, until recently, 

they were driven by highly developed economies with little consideration for the 

developing world. Key organizations include the International Medical Device 

Regulators Forum (with the Medical Device Single Audit Program) and the International 

Pharmaceutical Regulators Forum, that work toward international harmonization of 

pharmaceutical and device regulations (IMDRF, n.d. ).  

Across Africa, harmonization is coordinated through the African Medicines 

Registration Harmonization (AMRH) initiative. It is a partnership between the WHO, the 

World Bank and the New Partnership for Africa’s Development, with the WHO leading 

the initiative. The EAC was the first of the Regional Economic Communities in Africa to 

engage in a memorandum of understanding with the AMRH to establish the EAC 

Medicines Registration Harmonisation project (WHO, 2014c). However, the situation 

appears less positive with regard to regulation of medical devices which is still a 

neglected area and authorities do not have the capacity necessary to undertake the 

harmonization work (Rugera et al., 2014).  

International standards play a big role in the regulation of therapeutic goods 

manufacturing. Of particular relevance to MM production are standards and guidelines 

arising from the International Organization for Standardization (ISO) and the 

Pharmaceutical Inspection Co-operation Scheme (O'Leary, 2015). The latter is a non-

binding, informal co-operative arrangement between Regulatory Authorities in the field 

of Good Manufacturing Practice (GMP) of medicinal products for human or veterinary 

http://www.imdrf.org/index.asp
http://www.imdrf.org/index.asp
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use (PIC/S, 2017b, PIC/S, 2017c), but many LMIC jurisdictions have not yet 

participated in the GMP harmonization process.  

Of the many ISO standards relevant to medicines and medical devices, 

ISO9001:2015 Quality management systems and ISO13485:2016 Medical devices – 

Quality management systems – Requirements for regulatory purposes are of particular 

importance. ISO 9001 specifies requirements for consistent delivery of products and 

services according to statutory and regulatory requirements.  

While regulatory compliance can be a large burden, it is nevertheless necessary 

and can be of benefit. For example, ISO 9001 enforces consistency and efficiency of 

processes which increases quality and reduces errors; customers and international 

regulators look to ISO 9001 as a quality assurance for supplied products and 

accreditation can convey competitive advantage; and implementation of ISO 9001 will 

assist in solving and avoiding problems in the manufacturing process and will lead to 

leaner more efficient companies (Robitaille and ebrary, 2010). For example, in the 

Malaysian context, Hamimi and colleagues (2009) suggest that medical device 

manufacturers had successfully adopted ISO 9001:2000 but were forced by the need 

to have access to harmonized export markets of Europe and elsewhere to transition to 

ISO 13485:2003 which “specifies requirements for a quality management system 

where an organization needs to demonstrate its ability to provide medical devices and 

related services that consistently meet customer and applicable regulatory 

requirements.” (ISO, n.d.). They also provide a reference model for transition to, and 

implementation of, ISO 13485:2003 by Malaysian SMEs.  

Other MDT production relevant standards relate to the establishment and running 

of laboratories, in particular ISO15189:2012 Medical laboratories -- Requirements for 

quality and competence (Mok et al., 2013).  

 

The health of laboratory personnel in Australia is safeguarded by work health and 

safety acts and the AS/NZS 2243 and AS 2982 Safety in Laboratories standards. In 

order to ensure appropriate and safe use of chemicals, there is an international system 

of Safety Data Sheets for all chemicals and products that contain potentially harmful 

chemicals, including chemicals used in biological and medical laboratories (Monash 

University, 2011, Griffith University, 2014). A 16-heading MSDS format has been 

internationally harmonized and adopted by the European Union, the ISO and the 

International Labour Organization and documented in the American National Standards 

Institute Standard Z400.1-1993 (ECHA, 2015, CCOHS, 1996).  
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The WHO publication Safe management of wastes from health-care activities, or 

the ‘Blue Book’ as it is also known, is the authoritative international manual for medical 

waste management (WHO, 2014b). While the Blue Book provides advice and 

guidance, it is incumbent on national governments to develop relevant legislation, 

regulation and guidelines for medical waste management.  

The WHO Blue Book suggests that in “…low-resource settings, the infection-

control or medical personnel should determine whether waste from non-isolation ward 

patients should be classified as infectious waste” (WHO, 2014b, p. 5). Clinical 

guidelines for MDT suggest disposal of used MDT dressings and MMs via the 

infectious clinical waste stream (Hyfywedd and Gyfan, 2013, Mexican Association for 

Wound Care and Healing, 2010).  

 

Finally, it is incumbent on anyone who engages with, uses, or exploits animals in any 

manner for food, fibre, research or companionship to consider the well-being of these 

animals. The 8th edition of the Australian code for the care and use of animals for 

scientific purposes (National Health and Medical Research Council, 2013, p. 3) defines 

animals as “any live non-human vertebrate (that is, fish, amphibians, reptiles, birds and 

mammals encompassing domestic animals, purpose-bred animals, livestock, wildlife) 

and cephalopods”. However, it is the author’s view that invertebrate animals including 

MMs (which are not covered by this code) should also be afforded similarly humane 

treatment. Moreover, the Joanna Briggs Institute’s Recommended practice: wound 

debridement – larval therapy recognised the need for humane treatment for MMs and 

suggested that practitioners should place MMs in the freezer to kill them prior to 

disposal (Wound Healing and Management Node Group, 2014). According to Close et 

al. (1996, p. 295) the  

“primary criteria for euthanasia in terms of animal welfare are that the method be 

painless, achieve rapid unconsciousness and death, require minimum restraint, 

avoid excitement, is appropriate for the age, species, and health of the animal, 

must minimize fear and psychological stress in the animal, be reliable, 

reproducible, irreversible, simple and safe for the operator, and, so far as 

possible, be aesthetically acceptable for the operator.”.   

However, the knowledge base for humane treatment of invertebrates in zoos, research, 

and elsewhere is still poor and there is, as yet, an absence of reliable knowledge as to 

whether invertebrate animals perceive pain as do vertebrate animals and humans 

(Cooper, 2011). 



 
MDT supply chain management in compromised healthcare settings  |  Page 65 

 

In a study of the development times of forensically important blowflies, Richards 

and Villet (2009) use alcohol to kill the maggots ahead of measurement. Elsewhere in 

forensic laboratories, maggots are swiftly killed by immersion in hot water (Rabêlo et 

al., 2011). The Institute for Laboratory Animal Research has published a special edition 

dedicated to invertebrate animals. There, Cooper (2011) recommends anaesthesia for 

terrestrial invertebrates using isoflurane (5–10%), sevoflurane, halothane (5–10%), or 

carbon dioxide (CO2; 10–20%), and for aquatic invertebrates he recommends Tricaine 

(Sigma) and benzocaine. Lewbart and Mosley (2012) review methods for anaesthesia 

and analgesia for selected invertebrate taxa including molluscs, arachnids, 

echinoderms, and insects. As for insects, they reflected on the use of CO2 for 

anaesthesia and suggested the need for improved methodology using perhaps 

isoflurane or sevoflurane.  

 

2.3.4 MDT-SC design  

2.3.4.1 Introduction 

Previous sections in this review have discussed MM production, distribution and MDT 

treatment. However, in addition to understanding activities and management 

considerations for each echelon, it is critical to the establishment and management of 

MDT-SCs to understand how the MDT-SC is best planned with MM product 

characteristics and desired supply chain performance outcomes in mind.  

In an ideal world, the product and its supply chain are designed in parallel, a 

concept that has been coined ‘concurrent product and supply chain design’. However, 

according to Gan and Grunow (2016) who have reviewed the relevant literature, there 

is frequently a disconnect between product design and supply chain design. This 

approach is further limited in the case of MDT-SC design by the fact that the freedom 

to design the product is significantly curtailed because MMs are living organisms which, 

for now at least, cannot be designed via genetic modification, for reasons of regulator 

and consumer acceptance. Although one recent study demonstrated quite clearly the 

utility of such an approach as it showed that the efficacy of MMs can be increased 

through molecular techniques (Linger et al., 2016). This places greater emphasis on 

the design of the supply chain itself and in particular, technologies and systems that 

are tailored to the specific characteristics of MMs and thereby achieve the desired 

supply chain performance targets. Consequently, this review acknowledges that at this 

stage concurrent product and supply chain design is not yet feasible for the MDT-SC 

and instead attention is directed toward the alignment of the MDT-SC with the 
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characteristics of MMs. Fortunately, the MM product is non-complex in the sense that it 

does not require the assembly of many parts, as in automobile manufacturing, and this 

significantly reduces both the supply chain vulnerability and the design challenge 

(Inman and Blumenfeld, 2014).  

It follows a brief discussion of historical and more recent SC-alignment theory 

and how this applies to MDT-SC alignment. Finally, Melnyk and colleagues’ (2010) SC 

outcomes model is introduced that suggests that desired SC performance or SC 

outcomes should inform SC design.        

 

2.3.4.2 MDT-SC alignment to achieve SC outcomes  

The unique characteristics of a given product ought to shape and give rise to specific 

SC solutions. However, as Fisher (1997) pointed out, this is rarely the case with 

misalignments between product characteristic and its SC being very common. Fisher 

suggested that products could be classified either as functional or as innovative 

depending on the reliability of demand for a given product. Lee (2002) built on Fisher’s 

framework and included supply uncertainty. Lee proposed four SC strategies to match 

the combination of demand and supply uncertainty (Table 10).  

 

Table 10: SC strategy matrix. 

 

 

 

 

 

 

Note: After Lee (2002). 

 

Since Fisher’s paper there has been further work by other researchers in this 

field. For example, Harris and colleagues (2010) sought to validate Fisher’s framework 

and have shown that, for both extremely functional / stable products and for extremely 

innovative / variable products, the framework holds true but that products in the middle 

of this continuum fall into a Hybrid Solution Space. As Table 11 illustrates, MMs and 

MDT fall into this hybrid zone because they share characteristics with both functional 

and innovative product groups, particularly in the LMIC setting where also cost 

minimization imperatives weigh in. 
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Table 11: Demand and SC characteristics for functional and innovative products.  

Functional Versus Innovative Products: Differences in Demand 

Aspect of demand Functional products 
with predictable 
demand 

Innovative 
products with 
unpredictable 
demand 

MMs / MDT 

Product life cycle > 2 years 3 months – 1 year Basic dressing range 
including free-range and 
simple biobags – years to 
decades  

Contribution margin = 
[(price–variable 
cost)/price] 

5% - 20% 20% - 60% Due to packaging and 
courier costs, variable costs 
likely to be high and 
therefore contribution 
margin low 

Product variety Low High Low – varying unit sizes. 
There are R&D opportunities 
to increase product variety  

Average margin of error 
in forecast at time 
production is committed 

10% 40% to 100% Margin of error potentially 
high  

Average stockout rate 1% - 2% 10% - 40% Very low stockout rate 

Average forced end-of-
season markdown as 
percentage of full price 

0% 10% - 25% Not applicable to MDT 

Lead time required for 
made-to-order products 

6 months – 1 year 1 day – 2 weeks MMs are always made to 
order and lead time is at its 
shortest around 20- 24 
hours (overnight delivery)   

 

Physically efficient versus market-responsive SCs 

SCM considerations Physically efficient 
process 

Market-responsive 
process 

MMs / MDT 

Primary purpose supply predictable 
demand efficiently 
at the lowest 
possible cost 

respond quickly 
to unpredictable 
demand in order 
to minimize 
stockouts, forced 
markdown, and 
obsolete inventory 

Demand may be highly 
unpredictable and stockouts 
must be avoided for care 
continuity, inventory (unsold 
maggots) may be obsolete 
or may be diverted to colony 
maintenance 

Manufacturing focus Maintain high 
average utilization 
rate 

Deploy excess 
buffer capacity 

Production will need to run 
surplus eggs due to poor 
storage and impossibility to 
hold inventory. In event of 
disaster and high demand, 
excess production capacity 
mobilisation within days 
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Physically efficient versus market-responsive SCs 

SCM considerations Physically efficient 
process 

Market-responsive 
process 

MMs / MDT 

Inventory strategy  Generate high turns 
and minimize 
inventory throughout 
the chain 

Deploy significant 
buffer stocks of 
parts or finished 
goods 

Perishable product, 
inadvisable to hold inventory 
beyond a couple of days 
due to mortality rates and 
deteriorating quality  

Lead-time focus  Shorten lead time for 
cost and quality 

Invest aggressively 
in ways to reduce 
lead time 

Lead-time is by necessity 
already minimized  to the 
extreme 

Approach to choosing 
supplies 

Select primary for 
cost and quality 

Select primary to 
reduce lead time 

Cost and quality are of most 
concern. Lead-time 
determinants are mainly 
treatment schedule and 
quality control imperative 

Product design strategy Maximize 
performance and 
minimize cost 

Use modular design 
in order to postpone 
product 
differentiation for as 
long as possible 

For basic MDT, free-range 
or basic biobags, 
performance maximisation is 
overriding goal 

Note: After Fisher (1997) and applied to MMs and MDT. Pink shading highlights characteristics 
that apply to MMs and MDT. 

 

Supply chain planners have an interest in identifying product characteristics and 

the classification of products according to these characteristics with the aim of 

understanding how to better align a product and its SC. Harris and colleagues (2006) 

reviewed this literature and distilled 129 characteristics down to 15 key characteristics 

based on their frequency and acceptance in the academic literature. These are: 

Demand, Cost, Quality, Product, Financial, Lead Time, Inventory, Flexibility, Delivery, 

Uncertainty, Life Cycle, Customer, Production, Design, and Standardisation. In his 

thesis Harris notes that the product characteristics (now referred to as attributes) most 

often cited in the literature are: forecast error, demand variability, volume, contribution 

margin, on time delivery, quality, and variety (Harris, 2007). In addition, Randall et al. 

(2003) demonstrated empirically that SC managers make product and SC decisions 

based on market conditions at the time of market entry. 

Recently, Morita and colleagues (2015) reviewed the two streams of literature on 

the alignment between product characteristics and the SC process: 1) what kind of 

relationship between the two is desirable, and 2) how to align them. They confirm the 

importance of linking product characteristics and SC processes but point out that 

neither the desired relationships nor implementation of alignment have been resolved. 
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Their own research resulted in the concept of an ‘absolute SC orientation strategy’ or 

ASCOS, which involves perpetual improvements to lead-time, just-in-time control, 

quality and demand variability in order to achieve alignment, but which still needs to be 

verified with real-life observation of firm culture and SC performance. This contradicts 

Fisher’s suggestion that products can be divided into functional and innovative 

products depending on their demand characteristics and that corresponding SCs 

should, respectively, be either efficient/lean or responsive/agile.   

As in the case of Fisher’s (1997) approach, the ASCOS seems not to meet the 

alignment demands of MDT-SCs either. For a start, MMs are a highly perishable 

medical product that cannot be held for extended periods as inventory and needs to be 

delivered within 24-48 hours in order to guarantee application to the wound within 48 

hours from dispatch (Čičková et al., 2015).This means that tight lead time and just-in-

time delivery are non-negotiable. In other words, demand for MMs pulls production 

instead of production pushing product out to customers (Christopher, 2011). Likewise, 

the product has to meet stringent pharmaceutical quality standards, which leaves very 

little room for quality variation. There is certainly room to establish regular demand for 

chronic wound treatment such as for diabetic ulcers but unforeseen events like 

disasters and an associated rise in wound burden escape demand management 

control.  

 

Melnyk and colleagues (2010) argue that SCs should be outcomes-focused and put 

forward six such outcomes: cost, responsiveness, security, sustainability, resilience 

and innovation (Table 12). In this framework, SC managers are advised to blend these 

outcomes at different points along the SC rather than focus on one or all outcomes at 

any given SC step. They discussed the advantages and difficulties of blending 

outcomes and presented key design traits that can be employed to meet the outcomes 

objectives. For the purpose of MDT-SC design, the outcomes model is sufficiently 

flexible to accommodate MDT-SC peculiarities, whilst still demanding a firm focus on 

desired SC performance. Importantly, there is no conceptual barrier that would prevent 

incorporation of the earlier discussed SC alignment concept on the basis of product 

characteristics.      

For MDT-SCs, alignment of product characteristics, SC outcomes and processes 

can be achieved through SC design which in the minds of Melnyk and colleagues 

(2014) involves the drawing up of the SC architecture, i.e. the planning of the SC, and 

the execution of these plans via design. They went on to identify three dimensions that 
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shape SC design: influencers, design decisions and building blocks. Influencers set the 

environmental parameters in which the SC operates, design decisions shape the 

structure of the SC, and building blocks are investments and inputs necessary to build 

the SC.  

 

Table 12: SC outcomes and objectives.  

Outcome Objective 

Cost Reduce product costs, ensure timely and reliable delivery and maintain quality. 

Responsiveness Respond to changes in demand (volume, mix, location) quickly and at reasonable 
cost. 

Security Ensure that supplies coming through the SC are protected from disruption because 
of external threats. Protect product integrity and consistency. 

Sustainability Provide products through a SC that ensures controlled and minimal resource 
impact, both today and in the future.  

Resilience Develop a system that can identify, monitor and reduce SC risks and disruptions, as 
well as react quickly and cost-effectively. Offer the critical customer “peace of mind.” 

Innovation Provide critical customers with a stream of products and services that not only are 
new but also address needs that competitors have neglected or not served well. 
Provide new ways of producing, delivering or distributing products. 

Note: Adapted from Melnyk and colleagues (2010, p. 37). 
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2.4 Analysis of literature review findings 

This section provides a summary and synthesis of the reviewed literature with 

particular reference to the practical implications for supply chain coordination in 

production and treatment scheduling. The summary of findings has been organised, as 

in Sections 2.3.1 to 2.3.3 and in line with the MDT-SC model that emerged from the 

literature (Figure 5).  

 

 

 

 

 

 

 

 

 

 

Figure 5: Generic MDT-SC from production to treatment and disposal of used dressings.  

 

 

2.4.1.1 Production  

Colony maintenance 

There are few publications fully dedicated to the rearing of maggots for medicinal 

purposes. The earliest papers on the subject of rearing MMs and their application in 

wound care are by Baer and McKeever, which were republished in recent years (Baer, 

2011, McKeever, 2008). Subsequent publications on MM production lean heavily on 

these seminal works, and offer methodological improvements rather than radical 

changes. Research has focused on the refinement of rearing techniques. For example, 

noteworthy effort has been made in recent years in the testing of new fly species for 

MDT in addition to the widely used L. sericata and L. cuprina; the development of 

artificial diets for both adult and larval flies; the development of efficacy assays for 

MMs; the potential for sterile rearing of flies from egg to adult; and the development of 

transgenic L. sericata to enhance MDT wound healing properties. However, whilst 

much information on the rearing of L. sericata and other calliphorid flies comes from the 

forensic and other entomological literature, there is considerable variation in rearing 

setups and conditions depending on the nature of study, species of fly and field of 

research.  

Production Distribution Treatment & Disposal 
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It is no surprise that there is so little literature on mass production of MMs. This is 

because for small-scale production in hospital laboratories and for local MDT even 

antiquated and inefficient rearing methods may suffice, provided the sterility of maggots 

is ensured. More importantly, large-scale commercial producers are expected to guard 

their current production methods and any production innovations in order to maintain 

competitive advantage and make market entry for competitors difficult.    

Of critical importance to the reliable and responsive production of sufficient 

quantities of sterile maggots for MDT is a thorough knowledge of the reproductive and 

developmental performance of medicinal fly species and strains. Under constant 25OC 

rearing conditions, female L. sericata are able to lay eggs 4-5 days after emergence 

and then every 2-3 days thereafter under favourable conditions. Females in the 

laboratory can produce in excess of 10 egg batches with around 200 eggs per batch, 

which amounts to a fecundity of around 2000 eggs per female and a useful lifespan of 

22-32 days after which colonies would need to be replaced. Harvested eggs can be 

used for MM production or diverted into rearing of flies for colony propagation.  

Development of embryos, larvae and pupae depends on species, strain, nutrition 

and temperature among other things, but the most important factor is temperature - the 

higher it is, the faster the development. Bearing this multi-factorial variation in mind, the 

literature suggests following ballpark development times at around 25OC (Figure 6). 

The embryo development takes about 18 hours, larval development 3.5-4 days, the 

post-feeding period is about 4 days and pupal development 5-6 days.  

 

 

 

Figure 6: Approximate development times for L. sericata at around 25
O
C.  
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Conservative application of these development rates at 25OC suggests that a full 

cycle from egg to egg takes around 20 days. This time span is important if, for 

example, due to the impact of a disaster, demand forecasts or sudden demand 

fluctuations need to be met with increased production. It demonstrates that, in the 

absence of long-term egg storage technology, the response time for a single facility to 

increase production is probably in excess of 20 days, unless the facility maintains 

production capacity buffer in form of surplus fly stock of all development stages. This 

incurs additional costs in feed and maintenance which under a lean production strategy 

would have to be avoided. It is then a matter for the producer to reconcile the benefits 

of responsiveness and agility with the additional costs incurred by the maintenance of 

surplus inventory in form of fly stock. This agrees with Melnyk and colleagues’ (2010) 

suggestion that in real life supply chain outcomes need to be adjusted and blended 

rather than optimised across the board.  

   

MM production 

Eggs diverted for MM production are surface sterilised and there are a number of 

disinfection methods and reagents used for this purpose. Sterility testing is performed 

on both the newly sterilised egg and the hatched larvae, and takes 24-48 hours. 

Because embryo and larval development is rapid, the slow testing of sterility presents a 

bottle neck in production. However, it is typically managed by temporary cool storage of 

hatched larvae until quality clearance is given, after which they can be packaged and 

shipped.  

Commercial producers appear to be very responsive, and orders for next-day 

delivery of MMs are fulfilled provided they arrive in time for processing and shipment.  

Once packed for shipment, MMs are highly perishable and, given current production 

and distribution practices, must be distributed and applied to the wound within 48 

hours. This means that MM producers must be highly responsive to demand 

fluctuations and be able to produce required quantities of sterile MMs at short notice. In 

future, it would be desirable to store eggs, pupae or adult flies over extended periods of 

time which would equate to the holding of buffer inventory of completed product or 

product components in conventional production (Christopher, 2011). This would 

support supply and demand management of MMs, particularly with regard to demand 

fluctuations and rapid demand spikes in the aftermath of, for example, a mass casualty 

event which would bring about many injuries amenable to MDT (Stadler et al., 2016). 

Unfortunately longer-term cold storage or cryopreservation is not yet possible.  
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Based on the production cycle information from the literature, possible weekly 

schedules are given in Table 13 and Table 14. The first considers 7-day production 

weeks and assumes that courier and distribution services are available on the 

weekend. In this case MMs can be delivered on a daily basis for application on any day 

of the week. However, adherence to a Monday to Friday working week would interrupt 

production and dispatch. Treatment on Mondays would not be possible as is 

demonstrated in Table 14.  

 

Table 13: Sterile maggot production schedule for 7-day production operations and no prolonged 
cool storage of maggots over the weekend.  
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Treatment T T T T T T T 

Note: H = harvest of eggs and sterilisation; S = Q/C clearance and shipment; T = treatment. 

 

Table 14: Sterile maggot production schedule for 5-day production operations with cool storage 
of maggots over the weekend. 
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Treatment T T T (T)  T T 
 

Note: H = harvest of eggs and sterilisation; S = quality control clearance and shipment; 
Storage

M 
= cool storage of maggots in-house; (S) = potential shipment and (T) = potential 

treatment, provided courier service is available for delivery on Saturday and customer is willing 
to pay surcharge. 
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In practice, variations to these schedules are likely. For example, BioMonde in 

the USA take orders Monday to Friday and deliver Monday through to Saturday. It is 

unclear how workflows are arranged but it appears that clerical staff who coordinate the 

sales work Monday to Friday, and Monday delivery is made possible by production 

staff possibly working on weekends and shipping maggots on Sunday. 

 

2.4.1.2 Distribution and packaging 

There is very little information and discussion in the literature regarding packaging 

requirements and solutions for MM distribution, but examination of the wider medical 

cool chain related literature highlights the existence of a range of cool chain packaging 

systems that are available for the distribution of perishable medical goods. These 

include disposable expanded foam packaging or packaging systems designed for 

multiple re-use in closed-loop reverse logistics operations. To a producer and 

distributor, reverse logistics can offer significant greenhouse gas savings, prevention of 

substantial amounts of healthcare-related waste, and significant financial savings. The 

primary specification for the safe distribution of MMs is the internal temperature range 

of 6-25OC irrespective of environmental temperature conditions. In this regard it will be 

appreciated that the performance demands on cool chain packaging increase under 

the harsh and hot environmental conditions that are often found in developing 

countries. In this respect, there are similarities between the MDT and vaccine SC. 

Although there is no literature reporting on the shipment of MMs under harsh 

environmental conditions, the lessons learned from vaccine logistics suggest that many 

existing cool and cold chain solutions would also be applicable in MDT logistics 

provided accidental freezing as is often the case with vaccines can be avoided. 

 

2.4.1.3 Clinical decision making and practice 

Apart from the forensic and biological aspects of fly development and nutrition, the 

clinical literature is most instructive. There is a growing body of literature reporting on 

MDT case studies, and studies examining the efficacy of MDT based on larger patient 

cohorts. Likewise, the principle mode of action of maggot excretions and secretions on 

wound healing and bacterial pathogens is also under close scrutiny. However, these 

aspects of MDT were only noted on the sidelines because the main focus of this study 

was the MDT-SC. What emerges is a significant potential market size represented by a 

wide spectrum of chronic and acute wounds qualifying for MDT, with chronic ulcers 

being the prime indication. The broad spectrum of indications and the triple benefit of 



 
MDT supply chain management in compromised healthcare settings  |  Page 76 

 

debridement, infection control and tissue regeneration conveyed by MDT also 

highlights its usefulness for wound care in compromised healthcare settings. 

Contraindications for, and side effects of, MDT are well understood and can be 

managed effectively.  

There are now numerous review and overview articles on MDT published in the 

academic and nursing literature, and a number of nursing guidelines have been written 

on MDT. In addition, commercial producers offer training programs, information 

material and clinical helplines to support practitioners. There is also solid evidence that 

patients are responsive to information and welcome MDT despite minor downsides 

such as increased pain, increased odour and occasional maggot escapes from free-

range dressings.  

 

Maggots can be applied in two ways. One is the free-range application of maggots 

directly to the wound with a containment dressing that keeps the maggots in place, 

allows for exudate drainage and for oxygen supply to maggots. The other is the 

application of maggots which are sealed within a mesh bag that can be fabricated from 

a variety of materials. The porous bag allows maggots to feed on necrotic tissue while 

preventing escapes and making application and change of dressings more convenient. 

This point of difference conveys a competitive advantage over free-range application 

but, from a clinical standpoint, there is evidence that debridement is more effective with 

maggots that are not bagged and have free access to necrotic tissue. 

There is also solid research and experiential evidence from practitioners and the 

industry suggesting that the ideal dosage of maggots is in the order of 4-8 per cm2 of 

wound applied for 48 to 72 hours depending on progress and application technology. 

Maggots can be re-applied multiple times if necessary. Treatment schedules for two-, 

three- and four-day application cycles are given in Table 15. Flexibility regarding the 

application duration allows for the bridging of supply interruptions if, for example, 

suppliers do not deliver on weekends (see the production and shipment schedule in 

Table 14 above). Alternatively, if seamless re-application is not possible then MDT may 

be paused for a day or two.   

There is no consideration for the humane treatment of medicinal flies throughout 

production and distribution, and little attention is paid to humane euthanasia at the end 

of treatment. Given that MM dressings at the end of their application are soiled with 

body fluids and maggot excretions, it is widely accepted practice to dispose of them in 
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the clinical waste stream. The prime consideration here is clinical safety and infection 

control.  

 

Table 15: Two- to four-day application cycles advocated by commercial suppliers and 
researchers. 

Dressing 
application 

Day (day 1 can be any day of the week) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

4 daysB  A   O D   O D   O D  

3 daysB A  O D  O D  O D  O D  

2 daysF A O D O D O D O D O D O D O 

 

Note: A = initial application of MDT; D = dressing change and reapplication; O = assessment of 

progress and reordering, B = bagged maggots, F = free-range maggots. 

 

Unfortunately, animal ethics considerations and the humane euthanasia of MMs 

after treatment have not been discussed widely. This is to a large part because 

invertebrate animals have not been included in research ethics guidelines, and it is 

widely believed that they do not experience pain as vertebrate animals do. Ethical 

considerations regarding humane research of invertebrate animals, particularly with 

regard to analgesia, anaesthesia and euthanasia, have received little attention to date 

and there is thus limited knowledge of pain perception in invertebrates, let alone 

guidance on effective pain control and euthanasia. Much research clearly remains to 

be conducted in order to determine practical and humane disposal protocols for MMs. 

  

2.4.2 Gaps and future research needs 

MDT is a therapy that has been used for thousands of years in tribal medicine and 

since the 1930’s in modern medicine. There is sound and mounting evidence from 

clinical research that MDT is efficacious in the debridement of wounds, the control of 

wound infection, and the promotion of wound healing. Yet there are still surprising 

knowledge gaps in the academic literature with regard to supply chain relevant 

information. As noted earlier, commercial producers and practitioners of MDT may hold 

proprietary knowledge that is not shared in the literature. Regardless, a bimodal 

distribution of knowledge along the MDT-SC has emerged, with the production and 

treatment echelons of the SC receiving most attention.  
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While there are only few papers discussing the production of MMs 

comprehensively, the literature on calliphorid flies and their developmental biology is 

considerable. However, rearing methods vary, and the emphasis is mostly on 

forensically relevant development parameters such as minimum development times, 

whereas in relation to production, the aim is to achieve uniformity of development 

across the population. Apart from one recent study exploring whether genetic 

modification can enhance therapeutic benefits of MMs (Linger et al., 2016), there 

appears to be no literature regarding conventional breeding and genetic improvement 

of L. sericata or L. cuprina fly strains and lab populations in order to maximise their 

performance. A sizable body of knowledge is, however, available regarding the 

nutritional requirements of medicinal and allied fly species and the development and 

performance of artificial diets. There also appears to be a steady interest in quality 

control, the improvement of sterilisation methodologies, and the viability and 

therapeutic performance of medicinal flies. In summary, there is substantive relevant 

knowledge that applies to MM production, albeit dispersed across disciplines (e.g. 

forensic science, agricultural science and ecology).   

In contrast, there is very little published literature regarding the distribution and 

transport logistics for MMs. Most information on this MDT echelon comes from 

producers themselves via product information material and the general cool chain 

management literature in respect of, for example, vaccines. Noteworthy exceptions are 

the recent papers by (Peck et al., 2015) who tested the airworthiness of MMs, Tatham 

et al. (2017) who explored the use of drones for distribution of MMs, and (Čičková et 

al., 2015) who examined the performance and survival of bagged and free-range 

maggots in relation to their storage duration at a treatment facility after delivery.  

 Regarding the disposal of MMs and dressings, guidelines are precise about the 

need to safely dispose of dressings and used maggots in the clinical waste stream, but 

no research has been conducted looking at the ethical aspects of disposal including 

anaesthesia or euthanasia of MMs after treatment.  

 

Notwithstanding the above-mentioned exceptions, the MDT literature has not yet 

discussed the provision of MDT services in the conceptual and disciplinary framework 

of supply chain management, neither in current practice, nor in compromised 

healthcare settings. Apart from the present study, there appears to be no MDT supply 

chain research that explicitly and holistically connects all echelons of the MDT supply 

chain. Instead, the literature to date has focused on isolated discussions of echelon 
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specific issues such as diet improvement and sterilisation protocols in the production 

process (e.g. Blystone and Hansen, 2014, Limsopatham et al., 2017, Thyssen et al., 

2013, Zhang et al., 2009), or the relative effectiveness of MM application method in the 

treatment echelon (e.g. Čičková et al., 2013, Steenvoorde et al., 2005b).  

As for the production of MMs, it is difficult to ascertain from the literature how 

sophisticated commercial producers are, and the extent to which they have improved 

the basic production methods reported in the literature. Regardless, it appears that 

there is room for additional research in respect of the testing and domestication of new 

fly species for MDT, the breeding of laboratory strains to improve production and 

clinical performance, and cold storage of fly eggs to better manage demand 

fluctuations and improve agility of production. 

Because there is little knowledge in the public domain regarding the distribution 

of MMs, there is also a clear need to explore the relevance of distribution technologies 

and practices applied in other health care domains such as vaccine and general 

pharmaceutical cool chain management. This is particularly important if MDT is to be 

provided in the austere healthcare setting.  

MDT knowledge across the treatment echelon is generally substantive. However, 

more research regarding patient attitudes and effective sensitisation and information 

programs for patients and healthcare workers is necessary. To date the application of 

young maggots is the norm but investigation of the supply and application of unhatched 

sterile eggs may make MDT more flexible and less constrained by time. As mentioned 

earlier, further research is required to develop more humane disposal methods that 

anaesthetise or euthanize MMs after use, and prior to their disposal in the clinical 

waste stream.   

The provision of MDT services in compromised healthcare settings is likely to 

necessitate adjustments to the methods, processes and practices across the MDT-SC. 

This is, as yet, uncharted territory and in need of a multi-disciplinary research effort that 

draws on general logistics and SCM, humanitarian logistics, MDT and other relevant 

lines of enquiry.  
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CHAPTER 3 – METHODS 

 

 
Figure 7: Thesis outline highlighting activities in Chapter 3. 
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3 Methods 

  

3.1 Introduction 

The study aimed to 1) determine the wound burden in compromised healthcare 

settings, 2) to determine whether MDT is a feasible therapy for wounds in 

compromised healthcare settings, 3) to describe the characteristics of MDT-SCs in 

both a theoretical and actual compromised healthcare setting, and 4) to identify the 

enablers of, and barriers to, affordable, responsive, secure, sustainable, resilient and 

innovative MDT-SCs in contemporary compromised healthcare settings. In order to 

achieve the stated objectives, a mixed methods approach was necessary which 

included desk-top literature reviews, and optimising scenario development (Börjeson et 

al., 2006), and qualitative research methodology. This qualitative research was 

conducted with observations, a stakeholder workshop and semi-structured interviews 

which, in turn, were held either face-to-face, online or via email. Likewise, a set of 

analytical tools were applied to the data, such as documentary methodology after 

Trautrims (2012), coding of interview data (e.g. Sankar and Jones, 2007), and logic 

model methodology (Gugiu and Rodríguez-Campos, 2007, W.K. Kellogg Foundation, 

2004). It follows a brief overview of the methods employed to answer each research 

question before a detailed discussion of the methodology in the subsequent sections of 

this chapter.    

The question as to what the burden of wounds in compromised healthcare 

systems might be (Research Question 1) was answered with a systematised literature 

review of the wound burden in the EAC. In order to determine whether MDT is a 

feasible therapy for wounds in compromised healthcare settings (Research Question 

2), a narrative literature review was conducted of MDT in disaster medicine. The latter 

has been published in Prehospital and Disaster Medicine (Stadler et al., 2016).  

Research Question 3 asks for the characteristics of MDT-SCs in compromised 

healthcare settings. It has two sub-questions that seek to determine a) what the 

theoretical characteristics of affordable, responsive, secure, sustainable, resilient and 

innovative MDT-SCs in compromised healthcare settings are and b) what the actual 

characteristics of contemporary MDT-SCs in compromised healthcare settings are. An 

optimised MDT supply chain scenario for the EAC has been developed utilising the 

information provided by the main literature review (Chapter 2), and additional literature 

as needed. Section 3.3.3 describes the methodology that was employed to design the 
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resulting theoretical supply chain, based on supply chain alignment and supply chain 

outcomes theory (Melnyk et al., 2010) .  

What an actual MDT supply chain in a compromised healthcare system looks like 

has been explored with a case study of the Kenyan MDT and MDT-like supply chains. 

The methodology for the observations and semi-structured interviews with participants 

embedded in Kenyan MDT and MDT-like supply chains, is described in Section 3.3.4.    

Both, the optimised SC scenario and the qualitative research results were 

modelled with logic model methodology which permitted internal evaluation of the 

actual MDT supply chain and comparison with the optimised scenario. Section 3.3.5 

explains how Research Question 4 was answered by the systematic modelling of 

activities, outputs and outcomes to determine the supply chain performance and to 

identify the enablers of, and barriers to, MDT supply chains in Kenya.  

Figure 8 below illustrates the research process employed in this study. A more 

detailed discussion of each activity is given in the following sections. 

 

 

 

Figure 8: Illustration of the case study research process.  
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3.2 Confirmation of the wound burden and feasibility of MDT in 

compromised healthcare settings 

It was important to underpin this research first with a confirmation of the wound burden 

in compromised healthcare settings (Research Question 1) and confirmation of the 

feasibility of MDT in compromised healthcare settings (Research Question 2). In order 

to achieve these objectives, two literature reviews were conducted - noting that, to 

date, neither of these has been presented in the academic literature. In both cases the 

reviews considered a discrete compromised healthcare setting to answer the research 

question, rather than considering the compromised healthcare setting as a whole.  

A systematised review of the wound burden in the EAC addressing Research 

Question 1 can be found in Appendix 1 and results are summarised in Section 4.2. It 

examined both the published literature and the Global Burden of Disease 2013 data 

(2016) for wound-causing diseases across the EAC. The EAC is a low- and middle-

income region with significant healthcare system disadvantages. Section 4.3 reports 

the findings of the narrative review of maggot debridement therapy in disaster 

medicine. This review addressed Research Question 2 by scoping the wound care 

needs in disasters, and comparing the commonly encountered disaster wound 

aetiologies with records of successful MDT of such wounds.  

Literature reviews can be categorised using the typology of Grant and Booth 

(2009) and, according to Cooper (1988), it is possible to classify literature reviews with 

a taxonomy based on the following categories: focus, goal, perspective, coverage, 

organisation, and audience. Table 16 provides a description of the two literature 

reviews based on Grant and Booth’s typology, and Cooper’s taxonomy. The main 

literature review of the MDT supply chain in Chapter 2 was also included for 

comparison and comprehensiveness. 

As far as review methodology employed for these reviews is concerned, it was 

deemed most appropriate not to separate the methods sections from the respective 

reviews. This means that the methods for the main literature review have been 

reported in Section 2.2 and the methods for the wound burden review in Appendix 1. 

The report on MDT in disaster medicine was conducted as a narrative review for which 

the identification of the relevant literature was an iterative process which does not 

require the reporting of review methodology.  
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Table 16: Taxonomy of two literature reviews conducted to answer Research Questions 1 and 
2, and the main literature review presented in Chapter 2.  

Categories  

 

Wound Burden in the 

EAC 

MDT in Disaster Medicine MDT-SC 

Type  Systematised literature 
review 

Narrative literature review Systematised literature 
review 

Focus Research findings, i.e. 
prevalence of wounds in 
the EAC 

Wound aetiologies and 
methods of treatment 

MDT-SC characteristics 

Goal Identification of the wound 
burden in the EAC and 
criticism of research and 
data collection approaches  

Demonstration of feasibility 
and integration of MDT in 
disaster medicine. 

Integration of disparate 
sources of information to 
construct a theory of the 
MDT-SC. 

Perspective Neutral Espousal of position Neutral 

Coverage Exhaustive to the point that 
all literature meeting the 
stringent selection criteria 
was considered. 

Representative - key 
papers illustrate feasibility 
of MDT in disaster 
medicine 

Exhaustive review of 
relevant literature within 
resource constraints  

Organization Conceptual organisation 
around wound causes / 
aetiologies encountered in 
the EAC. 

Conceptual organisation 
around wound aetiologies 
encountered in disaster 
medicine and documented 
MDT cases. 

Conceptual organisation 
following the architecture of 
a general MDT-SC.  

Audience Specialised and general 
scholars interested in LMIC 
wound epidemiology, and 
healthcare policy makers.  

Specialised and general 
scholars with an interest in 
MDT, physicians, and 
disaster medical response 
teams. 

Specialised scholars, MDT 
practitioners, MDT-SC 
managers, healthcare 
policy makers.  

Note: After Cooper (1988) and Grant and Booth (2009). 

 

3.3 Study of MDT supply chain characteristics, barriers and enablers in 

compromised healthcare settings 

3.3.1 Inductive qualitative research 

The existing literature does not permit the formation of robust theory with regard to 

MDT and MDT-SCs in humanitarian aid and other compromised healthcare setting. 

Stake (1995) suggests that “quantitative researchers have pressed for explanation and 

control; qualitative researchers have pressed for understanding the complex 

interrelationships among all that exists.” (p.37). Therefore, in the absence of solid data 

and established theory regarding MDT supply chain management in compromised 

healthcare settings, this research undertook to develop such theory using a qualitative 

inductive approach (Figure 9). In this respect, induction provides for the collection and 

analysis of data to build hitherto non-existent understanding and theory (Brewer, 2003). 

This study generated for the first time theory and understanding of MDT-SC design and 

management in both general terms and also in a compromised healthcare setting.  
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Moreover, MDT supply chains are human constructs and managed by humans. 

Therefore, many aspects, and in particular supply chain design and management 

issues, require qualitative research approaches because there will be strong social 

drivers which would, potentially, escape quantitative analysis. In short, it is argued that, 

in the initial inductive phase of MDT supply chain research, qualitative methods are 

called for in order to illuminate the social dimensions that shape MDT supply chains 

and their management. 

 

 
 

Figure 9: Interplay between inductive (qualitative) and deductive (quantitative) research.  
 
Note: Adopted from Golicic and Davis (2012, p. 731).   
 

3.3.2 Case study research for the investigation of MDT-SCs in compromised 

healthcare settings  

The review of the literature on MDT-SCs in Chapter 2 concluded that there is 

considerable research on the production and treatment echelons in MDT-SCs. 

However, the literature is largely silent on distribution related issues in MDT-SC 

management and entirely devoid of studies discussing MDT in compromised 

healthcare settings – for example in disasters or the LMIC setting. It was therefore 

necessary to gain an understanding of actual MDT or MDT-like SCs in such settings. 

Moreover, compromised healthcare settings are common place world-wide and 

comprehensive investigation of a representative sample would have been impractical. 

In addition, by their very nature SCs are complex and intricate social systems, 
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established and governed by people and shaped by their manifold interactions. 

Exploration of complex social systems demands a research strategy that is capable of 

capturing in detail the social determinants of system structures and their performance. 

When considering these factors, it was decided that the case study is the most 

appropriate approach for the investigation of MDT and MDT-like supply chains in 

compromised healthcare settings. This decision is supported by Stake (1995) who 

points out that case studies are appropriate when investigating bounded systems, 

when the emphasis lies on truly understanding and particularizing a study object, and 

with the aim of interpreting rather than generalizing. Holism as a hallmark of the case 

study is similarly supported  by Padgett (2012).  

With particular relevance to this study, Denscombe (2010) established the 

rationale for case study research in supply chain management and logistics as he 

emphasised the importance of processes and how understanding these can explain 

process outcomes:  

“End-products, outcomes and results all remain of interest to the case study 

researcher, but if attention were not given to the processes which led to those 

outcomes, then the value of the case study would be lost. The real value of a 

case study is that it offers the opportunity to explain why certain outcomes might 

happen – more than just find out what those outcomes are.” (Denscombe, 2010, 

p. 53).  

This emphasis on the processes and the causes of outcomes makes the case study 

approach particularly suitable for research into the characteristics of MDT supply 

chains. After all, the objective of the study was to not only assess the performance of 

an MDT-SC but also to determine why it performs the way it does; i.e. what are the 

enablers of, and the barriers to the studied MDT-SC. 

Stake (1995) defines a case study according to the importance of the research- 

or issue question underpinning the study. He suggests that when the question is more 

important than the case itself one might speak of an ‘instrumental’ case study. 

Moreover, he suggests that cases may be chosen freely but that oftentimes cases are 

imposed on the researcher. With regard to the relative importance of the overarching 

research questions posed by this study and the fact that there has been freedom to 

choose cases that are best suited for providing answers to these questions, the present 

project is to be understood as such an instrumental case study. It is further argued that 

a single case with multiple units of analysis would provide the best opportunity to gain 

an understanding of what the enablers of, and barriers to, MDT-SCs might be in 
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compromised healthcare settings (Stake, 1995, Yin, 2012). In short, the case study 

methodology was also suitable because “The real value of a case study is that it offers 

the opportunity to explain why certain outcomes might happen – more than just find out 

what those outcomes are” (Denscombe, 2010, p. 53).  

 

3.3.2.1 Case selection rationale 

The literature reviews emphasised that disasters, war and conflict as well as general 

poverty all result in compromised healthcare settings with a high burden of wounds. 

However, according to Stake (1995) the case to be studied need not be representative 

of a larger population. The overall aim is to study and understand the particularity of a 

case and to maximise what can be learned from it (Stake, 1995). With this in mind, an 

LMIC country was chosen as a particular case of a compromised healthcare setting.  

The selection of the case was based on a number of criteria:(1) the case study 

country had to exhibit a compromised healthcare system as defined earlier; (2)  the 

country had to be either a low- or middle-income country as reflected in the World Bank 

country rating (World Bank, 2017); (3) the World Bank logistics performance index for 

the case nation had to be distinctly inferior compared to a high income country  such as 

Germany (World Bank, n.d.); (4) the political and security situation of the case country 

had to permit free access to informants, and to enable those informants to speak their 

mind freely; (5) fieldwork and data collection had to be safe for the researcher; (6) the 

pool of potential research participants across the SCM sector had to speak English, 

and (7) it was considered advantageous if the case study country already hosted an 

MDT supply chain.        

 

3.3.2.2 Case study Kenya 

The case country and its supply chain were purposely chosen because much of Kenya 

meets the criteria of a compromised healthcare setting, with the exception of the very 

small private hospital healthcare sector, as is explained in the country profile below.  

Although other LMICs would also have qualified, Kenya stood out as the preferred case 

because of the already existing fledgling MDT program in place.  

The Kenya Health Policy 2014-2030 (Kenya Ministry of Health, 2014) notes 

improvements in overall health status of the country, but still describes a compromised 

healthcare system with poor life expectancy, a high absolute poverty rate, gender 

inequality and armed conflict affecting parts of the country making access to healthcare 

difficult. According to Mwangi (2013) ”Among the Kenyans who are ill and choose to 
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seek care, 44% were hindered by cost and corruption. Another 18% were hindered by 

the long distance to the nearest health facility.” (p3). In 2015 and 2016 the Australian 

Department of Foreign Affairs and Trade advised travellers to Nairobi and the western 

parts of Kenya to exercise a high degree of caution but did not issue a sterner warning 

to reconsider the need for travel or a travel ban (DFAT, n.d. ).     

The national language of the Kenyan Republic is Kiswahili, and the official 

languages of Kenya are Kiswahili and English (KLRC, n.d.). This means that Kenyans 

with supply chain management roles relevant to this study are likely to have sufficient 

command of the English language. Finally, Kenya stands out among those candidate 

countries because it has a fledgling MDT supply chain. Small-scale operations include 

a Kenyan government research organisation that has established a fly production 

laboratory, and a metropolitan referral hospital that is treating patients while regulatory 

approval and a wider roll-out is pending.   

The CIA World Fact Book (CIA, 2016) gives following statistics on Kenya. It is an 

East African country on the shores of the Indian Ocean and surrounded by Somalia, 

Ethiopia, South Sudan, Uganda and Tanzania. Its landmass is 569,140 km2 with 3,457 

km of land boundaries. Kenya’s climate varies from tropical to arid and its terrain is 

characterised by low plains rising to the central highlands, the Great Rift Valley and a 

fertile western plateau. 

It has a population of some 46 million people with a mix of ethnic groups 

including Kikuyu, Luhya, Luo, Kalenjin, Kamba, Kisii, Meru, and other Africans and 

non-Africans. The median age is 19.3 years and the population growth rate is 1.93%. 

As of 2013, Kenya spent 4.5% of its GDP on health, and there were 0.2 physicians 

(2013) and 1.4 hospital beds (2010) per 1000 population.  

The CIA World Fact Book (CIA, 2016) also provides an overview of economic 

country characteristics. Kenya’s economy is growing between 5 and 6% each year. 

Kenya’s GDP in 2015 was US$143.1 billion which amounts to US$3300 per capita. As 

a nation, Kenya has a budget deficit of around 6% per year and a public debt of 48.6% 

of GDP in 2015. In 2015, Kenya imported around US$16.2 billion and exported only 

US$5.7 billion. Although Kenya is a lower middle-income country, unemployment 

stands at around 40%, and 43.4% of the population lived below the poverty line in 

2012. The informal sector created the majority of new jobs in recent years and many 

more than the formal sector(KNBS, 2016).  

Logistics infrastructure statistics provided by the CIA World Fact Book (CIA, 

2016) are also telling. Of 160,878 km of road in 2013, only 11,189 km were paved. 
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Likewise, of 197 airports in 2013, 16 had paved runways and 181 were unpaved. 

Kenya has a 3,334 km of narrow gauge railway system but no significant waterways 

network. 

In summary, Kenya is classified a lower-middle-income country with $1006 to 

$3955 gross national income per capita (World Bank, 2017) and its logistics 

performance index, while improving over recent years, still falls significantly short of 

that of Germany, a developed nation and the economic powerhouse of Europe, 

renowned for a culture of efficiency and productivity (Figure 10). 

 

 

 
Figure 10: Logistics Performance Index (LPI) 2014 and 2016 computed using the World Bank 
Country Score Card generator  

 
Note: The tool was accessed 17 September 2015 and 7 December 2017. Kenya’s performance 
is represented by the red/pink spider diagram and Germany’s by the black/grey spider diagram. 

Tracking and tracing 

Timeliness 

LPI 

Custom

Infrastructure 

International shipments 

Logistics 

competency 

Tracking and tracing 

Timeliness 

LPI 

Custom

Infrastructure 

International shipments 

Logistics 

competency 

1 

5 

1 

5 

LPI 2014 

LPI 2016 

http://lpi.worldbank.org/international/scorecard/radar/254/C/KEN/2014/C/DEU/2014#chartarea


 
MDT supply chain management in compromised healthcare settings  |  Page 90 

 

3.3.3 Development of the optimised East African Community MDT supply chain 

scenario 

Scenario development is widely recognised and practised to plan for the future (Amer 

et al., 2013, Varum and Melo, 2010). Scenarios are employed when the aim is to find 

out “what will happen, what can happen, and/or how a predefined target can be 

achieved” (Börjeson et al., 2006, p. 723). So-called normative scenarios are used when 

the aim is to achieve future targets (Börjeson et al., 2006). In this study, a normative 

optimising scenario of the MDT-SC was developed. The resultant optimised MDT-SC 

was then used for the comparative evaluation of an actual MDT-SC, in order to identify 

the enablers of, and barriers to, MDT-SC in compromised healthcare settings. While 

the present study is limited in scope to the identification of barriers and enablers, the 

objectives of the normative scenario are ultimately realised when interventions are 

developed that overcome the SC barriers and leverage the enablers, and thus move 

the SC closer to the optimised scenario state. 

 

The process of building the scenario required consideration of supply chain design 

principles. The literature review (Section 2.3.4) showed that good supply chain design 

should be aligned with product characteristics and SC outcomes and processes. 

Melnyk and colleagues (2014) identify three dimensions that shape SC design: 

influencers, design decisions and building blocks. Influencers set the environmental 

parameters in which the SC operates, design decisions shape the structure of the SC, 

and building blocks are investments and inputs necessary to build the SC.  

To build the MDT-SC scenario, the SC alignment and design frameworks were 

amalgamated into a scenario development support tool (Section 4.4.2, Table 20) that 

allowed the systematic development of a hypothetical MDT-SC for a compromised 

healthcare setting. The MDT-SC design elements emerged through the identification of 

critical influencers and SC objectives as defined by Melnyk and colleagues (2010, 

2014), and by considering the MM and dressing characteristics that necessarily 

determine SC requirements (Fisher, 1997, Harris et al., 2010, Morita et al., 2015). In 

other words, the design of the optimised SC that emerged from this process can be 

considered a compromise between customer-driven performance demands on the one 

hand and product limitations on the other (Figure 11)  
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Figure 11: Model for the design constraints and demands that shaped the optimal MDT-SC. 

 

The EAC was chosen as the setting for the MDT-SC scenario because Kenya, as the 

case study, is a member of the EAC, and the wound burden review focused on the 

EAC, too. While scenarios are usually generated with the input from surveys, 

workshops and Delphi methodology (Börjeson et al., 2006), the optimised MDT-SC 

scenario for the EAC was initially generated with the information collated by the 

literature review (Chapter 2). An early draft of the scenario was presented in a 

workshop to a group of African and international palliative care experts at the 2016 

International African Palliative Care Conference, Kampala. This scenario-based 

workshop was conducted to obtain stakeholder verification (see next section). The 

optimal SC scenario was then amended based on i) workshop feedback, ii) information 

that emerged from interviews, and iii) deeper consideration of MDT product 

characteristics, SC influencers and emerging SC design implications. The refined 

scenario is described in Section 4.4.3. 

 

In order to verify the draft MDT supply chain scenario for the EAC, the author 

presented a workshop on 17 August 2016 at the International African Palliative Care 

Conference in Kampala, Uganda. Upon arrival, all participants were given an 

infographic illustrating the major elements of the EAC supply chain scenario, and a 

more detailed description of the scenario. In its original format, the event would have 

included a presentation followed by two workshop sessions. Due to significant time 

constraints, this was not possible and, as a result, a much-abbreviated workshop was 

held.  

After the presentation on maggot therapy and the optimal SC scenario, the 

participants were split into four groups representing (1) regulation, (2) production, (3) 

distribution, and (4) treatment, with the aim that each group would critique the specific 

scenario aspect assigned to them. Note paper sheets were handed out, clearly marked 

verbally and with a symbol illustrating the above the SC step. The aim of this exercise 

was to list, on the left-hand column of a table, what aspects of the scenario were 
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unrealistic while identifying on the right-hand column the specific barriers that make the 

scenario unrealistic.  

Each group had the opportunity to share their findings with all other participants 

in a summary session. The researcher summarised the overarching key barriers as the 

groups were presenting. Note paper sheets were collected for collation of feedback.  

The workshop attracted 30 participants from organizations based in 11 African 

and 2 European countries, despite being scheduled at the end of a long conference 

day, and also despite change of presentation date (Table 17). This is an indication of 

the general interest in MDT among an audience without prior exposure to the therapy 

and the session provided valuable feedback that improved the understanding of the 

challenges for MDT in Kenya. 

 

Table 17: Workshop participant by country and EAC membership. 

Country Participants Country Participants Country Participants 

Uganda 8 (EAC) Mauritius 1 DRK 2 

Tanzania 3 (EAC) Zambia 1 France 1 

Kenya 3 (EAC) Botswana 1 UK 2 

Malawi 3 Sierra Leone 1   

Ghana 2 Senegal 2   

 

 

3.3.4 Investigation of the Kenyan MDT supply chain 

3.3.4.1 Data collection  

Observation 

Observation of SC activities is a rich additional source of valuable data. Such 

observations could also serve as one way to triangulate the qualitative research 

findings obtained from interviews. Denscombe (2010) provides a good discussion of 

observation as a research method for social research and he argues that observations 

may be supported by the use of created images.  In other words, images taken during 

the process of observation. However, there are a number of considerations around the 

use of created images (Denscombe, 2010) namely technical considerations, social 

acceptability, legal and security limitations, and behavioural changes in response to 

being photographed or filmed.  
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Unfortunately, due to regulatory and bureaucratic delays and constraints, there 

was no opportunity to collect observational data in Kenya. Instead, the researcher had 

the opportunity to visit a European MM production laboratory and observe both 

laboratory practice and treatment in the hospital setting. This company and its director  

were selected for field inspection because they led the development of an MDT 

laboratory in Kenya which, from the outset, motivated the study of the Kenyan case - 

an MDT-SC in a compromised healthcare setting.   

One observation was made on 1 August 2016 when the director and his assistant 

provided access to the laboratory and the production setup and demonstrated the 

preparation of sterile MMs. On the same day, the other two observations were made of 

ulcer treatment with MDT in a European hospital and a nursing home in that city. In 

both cases, access to medical staff and patients were facilitated by the director who 

also provided the MMs for the treatment. 

   

Semi-structured interviews 

Semi-structured interviews differ from other interview methodology in the extent to 

which they are structured. On the one hand there are fairly unstructured ethnographic 

and in-depth interviews, and on the other, there are tightly structured surveys. Semi-

structured interviews fall in between the two extremes, as they use leading questions 

but also afford the interviewee greater freedom to explore the topic and to probe for 

more information (Sankar and Jones, 2007). According to Stake (1995) “…each 

interviewee is expected to have had unique experiences, special stories to tell. The 

qualitative interviewer should arrive with a short list of issue-oriented questions,…”. In 

this research, the semi-structured interview questions were constructed to draw out the 

information necessary for the development of a logic model of the actual MDT-SC in 

Kenya. To that end interview question design was guided but not dictated by Gugio and 

colleagues (2007) (see Section B below). Importantly, semi-structured interviews 

offered the greatest potential to generate, within the given study period, the data 

required for the development of MDT-SC theory (Brewer, 2003).    

This study adopted a purposive selection protocol after Miles and Huberman 

(1994) and Curtis et al. (2000). Units of sampling (samples) are in this study the 

informants that have been interviewed. Participants were drawn from a hierarchy of 

potential units of analysis (Figure 12) with SC echelons representing the top-tier unit of 

analysis, and sampled individuals across echelons of the medical supply network 

representing the bottom-tier (Trochim, 2006) 
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CASE: The actual and potential SC for MDT in Kenya  

 UNIT OF ANALYSIS: Echelon  

 UNIT OF ANALYSIS: Organisation / Business  

 UNIT OF ANALYSIS: Department / Work Area / Role / Position  

 SAMPLE: Manager / Worker / Client 

 
Figure 12: Hierarchy of units of analysis from which samples were drawn. 

 

Despite significant difficulties in recruiting Kenyan stakeholders from afar and 

without the customary personal contact, it was possible to engage between July 2016 

and February 2017, thirteen participants for semi-structured research interviews. In 

addition, one European and two Australian stakeholders with MDT and MDT-relevant 

healthcare expertise were interviewed in this period. Their similarity and relationship to 

each other in terms of SC echelon and role is explored in Table 18. Note that 

participants may be part of one echelon but have been able to provide much 

information about the practices in other echelons due to SC connection and interaction.  

Furthermore, participants formed distinct clusters that arose from their activities 

and expertise in the SC (Table 18, column 5). Five participants (Participants 4, 5, 8, 10 

and 11) form a SCM cluster as they are closely involved in SCM in healthcare, 

development aid or general logistics. There is a WOUND cluster of four nurses and 

wound care providers (Participants 1, 2, 6 and 14). The HOSPITAL cluster is 

comprised of Participant 13, the director of a rural Kenyan hospital, two other 

participants (Participants 14 and 16) who also work at the hospital, and Participant 9, a 

development consultant advising on hospital and healthcare management. Four 

participants form a LAB cluster because they have general medical laboratory 

experience (Participant 3, 7, 8 and 15) and with the exception of Participant 8, who has 

no prior exposure to MM production, the other three have also intimate understanding 

of MM production. With Participant 6, who has a dual role (infection control consultant / 

self-employed wound care nurse, they constitute a MM production cluster (MMP). 

Finally, Participant 12 has suffered from a chronic wound in the past and is the partner 

of a patient with other illnesses. She therefore complements the information provided 

by P16, P6 and the SCM cluster. The identification of clusters of participants assisted 

with triangulation of research results.  

     

Interview process 

Flexibility was also required with regard to the interview format. The two Australian and 

the one overseas participant were interviewed face-to-face. However, fieldwork in 
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Kenya could not commence as scheduled due to persistent delays in Kenyan research 

ethics approval and research clearance. Therefore, interviews needed to be conducted 

from Australia. Both the research plan and ethics approval were adjusted to allow for 

online Skype-facilitated interviews and email interviews. Skype™ (Skype Technologies 

S.A.R.L) was chosen because of its ubiquitous accessibility and affordability for African 

stakeholders. Skype™ video teleconferencing was too demanding on the low 

transmission bandwidth available to Kenyan participants which meant that interviews 

were conducted via audio function only.  

Face-to-face and Skype™ interviews were recorded using an Olympus® digital 

voice recorder, model WS-833 (Olympus Corporation). Recordings were then uploaded 

to N-Vivo (QSR International) for transcription and analysis. In line with the ethics 

approved data management policy, the recordings were destroyed after transcription 

and data analysis. Participants were also given the option to engage via email if a 

continuous interview was not possible or if technical issues prevented Skype 

communication. Under the given circumstances, and based on the literature discussing 

the virtues and particularities of email interviews, it was decided that email interviewing 

was an entirely appropriate alternative to teleconference interviews (e.g. Au and Marks, 

2013, Benford and Standen, 2011, Ison, 2009, James, 2015).  

The following issues with regard to research ethics were considered and 

implemented. (1) Consent forms were forwarded electronically. Participants had the 

option to scan the completed and signed consent form or to photograph it with their 

mobile phone, and return these copies/images in place of the physical copy. On a 

couple of occasions technical difficulties made even this impossible. In these cases, 

the participant was encouraged to send a dedicated email listing the consent form text 

and express provision of consent in the participant’s own words. The researcher was 

entirely comfortable that this consent was fully informed and freely given by the 

participant. This consent process applied also for Skype interview participants. (2) 

Participants were free to discontinue the email interview at any time. When participants 

did not reply to an interview question for some time a friendly reminder and enquiry 

was sent to the participant (Benford and Standen, 2011). No participant chose to 

discontinue. (3) As suggested by Benfors and Standen (2011) the end of the interview 

was usually foreshadowed with relevant remarks. (4) Participant privacy is a concern in 

email interviews (Cook, 2009). 

A purposely created email address was used for this study. The email account 

was password protected using best practice password choice (at least 6 characters, 
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containing both alphabetic and numeric characters). The email content was extracted 

and saved in an MS Word (Microsoft) document that de-identified the participant and 

any other revealing information such as the names of organisations and people. Emails 

and identifying information was deleted directly after extraction of the content. A list of 

participant and organisation identification codes and email addresses was stored 

securely and separately from the de-identified emails. Researcher responses to emails 

were treated in the same way as emails from participants, in other words they were 

cleaned and added to the de-identified interview conversation in MS Word, and the 

original email deleted. Informants were encouraged to use private as opposed to 

company email accounts.  

Human Research Ethics and Research Clearance  

This study was of a qualitative nature and did not involve any experiments or trials, on 

animals or humans. Most research involved conversations with informants (semi-

structured interviews). Core ethical considerations were the minimisation of harm that 

may arise from participation in this research, as well as privacy considerations, and full 

informed consent of all participants. Harm may include the breach of privacy or the 

discrimination or punishment of an informant because of his or her participation in the 

research. Therefore, full consent of organisations as well as the involved staff was 

sought, and all reasonable precautions for the protection of informants’ privacy were 

implemented.  

Full human research ethics approval to conduct this study was obtained from 

Griffith University Human Research Ethics Committee (GU Ref No: 2016/067) and the 

Kenyatta National Hospital & University of Nairobi Research Ethics Committee 

(P546/07/2016). In addition, this research required clearance from the Kenyan National 

Commission for Science, Technology and Innovation which was obtained before the 

interviews commenced (NACOSTI/P/16/82480/13055). 

Research ethics clearance for the scenario-based research workshop at the 2016 

International African Palliative Care Conference, Kampala, was obtained from Griffith 

University Human Research Ethics Committee and the African Palliative Care 

Association also approved of its members and conference delegates to participate. 

Moreover, workshop participants were made aware that the workshop would serve to 

collate feedback and how participants’ privacy would be protected. All participants had 

the opportunity to leave the workshop at any time without repercussions. The research 

was conducted in accordance with the approved protocols. There were no complaints 

received and no withdrawals of consent. 
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Table 18: Research participants, their roles and types of organisation they work for.  

Participant Echelon Type of organisation Role / Position Cluster 

P1 Treatment Australian health charity in Kenya (O6) Wound care nurse and nurse volunteer 
WOUND 

P2 Treatment Australian health charity in Kenya (O6) Nurse volunteer 

P3 
Production European MM production company (O10) Director 

LAB and MMP 
Production Government research organisation in Europe (O7) Researcher 

P4 Distribution Kenyan courier company (O12) Courier operations manager SCM 

P5 Distribution International aid agency (O16) Regional SC Manager SCM 

P6 
Treatment Kenyan referral hospital (O3) Infection control consultant 

WOUND 
Treatment Private care provider Wound care nurse 

P7 Production Kenyan government research institute (O2) MM production manager LAB and MMP 

P8 Production International public health consultancy (O37) Technical advisor LAB and SCM 

P9 Cross-cutting African development consultancy  Director HOSPITAL 

P10 Distribution International public health consultancy (O37) Technical Advisor SCM 

P11 Distribution / Treatment  Vaccine immunization program (O38) 
Vaccine depot manager and vaccine cold chain 
trainer 

SCM 

P12 Treatment  Kenyan resident healthcare consumer / patient Cross-cutting 

P13 Treatment Faith-based community hospital (O14) General manager HOSPITAL 

P14 Treatment Faith-based community hospital (O14) Nurse 
HOSPITAL and 
WOUND 

P15 Production Kenyan government research institute (O2) Director LAB and MMP 

P16 Treatment  Faith-based community hospital (O14) Pharmacist HOSPITAL 

 

Note: Research ethics guidelines specify that participants must be de-identified and their privacy protected. HOSPITAL = cluster of participants working 
in faith-based health care; LAB = cluster of participants with medical laboratory experience/expertise; MMP = cluster of participants involved in 
medicinal maggot production; SCM = cluster of participants with SCM expertise;  WOUND = cluster of participants caring for wounds. 
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3.3.4.2 Interview data analysis 

Interview notes and reflection 

The researcher was cognisant of the need for reflexivity in semi-structured qualitative 

research that was undertaken. After each interview, he made notes on the interview 

process including observations regarding progress over time, any technical difficulties, 

and the researcher’s first impressions of participants, their engagement and the 

information they provided. This reflexive engagement informed the rephrasing and 

analysis process, but the researcher stopped short of explicitly embedding the reflexive 

account in the analysis as, for example, in Ibrahim and Edgley (2015). 

 

Transcription 

To prepare interview data for analysis, the mp3 files of the recorded interviews were 

transcribed by the researcher using the NVivo transcription functionality. At the time of 

transcription, interview texts were de-identified to remove participants’ personal 

information such as their names and organisations and, within reason, any other 

identifying information. Such identifying information was removed and replaced. 

Participant names were replaced with codes prefixed ‘P’ for participant, organisation 

names were replaced with codes prefixed ‘O’ for organisation, names of persons 

mentioned by participants were replaced by codes prefixed ‘S’ for subject, and 

numbers were used to distinguish between persons and organisations, e.g. P1, O12, 

S2. Participant descriptions and their code are given in Table 18 above and a complete 

list of organisations, participants and subjects is given in Appendix 2 without revealing 

their identity. While they all appear in transcripts, only those most relevant to the 

communication of findings have been included in this thesis. 

  

Triangulation of qualitative research data 

In qualitative research it is not at all certain that information provided by participants is 

correct. Since the aim of this research was to identify factual characteristics of the 

MDT-SC in Kenya and across the EAC, it was necessary to verify the data by 

triangulation with other sources of information (Figure 13). In this case, additional 

information sources that were consulted include literature reviews, targeted literature 

searches, online resources and grey literature, observations, and qualitative data from 

other participants.  
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Figure 13: Parallel sources of information for triangulation of qualitative data.  

Note: Four triangulation configurations were used to validate the accuracy of the qualitative 
data. Each of the pink triangles indicates one potential triangulation configuration. Data provided 
by interview participants was used to validate other participants’ information, hence ‘participants’ 
are given as an additional data source.  
  

Rephrasing 

All raw transcript and email interview text was reviewed and rephrased by the 

researcher. This engagement with the data has been adopted from the documentary 

research method for qualitative data analysis (Bohnsack et al., 2010, Nohl, 2007). 

Rephrasing of the interview raw data involves clear but truthful representation of what 

has been said. The documentary research method was adapted by Trautrims and 

colleagues (2012) for logistics research noting that it places more emphasis on the 

rephrasing interpretation step. Whilst this modified documentary method is mostly 

concerned with micro-practices in logistics, the nature of the present study is such that 

interviews did not explore in detail any SC processes. This made it impractical to adopt 

the entire documentary method. Nevertheless, the rephrasing step was adopted and 

proved invaluable in preparing the data for subsequent coding and further analysis. It 

should be noted that the documentary method as discussed here is not to be confused 

with the study of documentary evidence such as books, letters and other written 

records (Mogalakwe, 2009). 

 

Coding 

The objective of these interviews was to solicit information from SC stakeholders that 

would allow the determination and mapping of MDT and MDT-relevant SC 

characteristics in Kenya, for the entire SC from upstream suppliers to the end user and 

Academic Literature 

Participants 
Qualitative 

Data 

Online & Grey 
Literature 

Observation 
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the disposal of dressings. Therefore, coding of rephrased text sought to bring order to 

the data and categorise it along SC echelons, related sub-processes, and apparent 

characteristics as they emerged from the data. Figure 14 illustrates by way of an 

example how nested hierarchies of themes emerged in the coding process.  

 

Synthesis of the MDT-SC in Kenya 

In this analysis step, the categorised information parcels were re-assembled and 

synthesised but this time into a coherent portrait of the Kenyan MDT-SC from the 

viewpoint of interviewed participants and the researcher’s observation of MM 

production at O10. This synthesis also resulted in internal triangulation between 

participant clusters of the reported SC characteristics. 

 
 

Production 

Business operations 

Partnership and collaboration history 

Laboratory accreditation and regulation 

Management 

Demand management 

Laboratory landscape in Kenya 

Overview 

Faith-based  

Private 

Public 

MM production 

Laboratory set-up 

Lab manuals 

Fly rearing and MM production 

MM production cost   

 
Figure 14: Excerpt of nested hierarchy of themes that emerged from the coding of interview 
data.  

Note: This example has only been reproduced to the third level of hierarchy but sub-groups 
such as ‘Demand management’ contain further nested information categories. 
  

3.3.5 Logic model evaluation of the optimised theoretical and actual MDT-SCs 

The design of an optimal MDT-SC scenario has been a significant step toward building 

a theory of MDT-SCs in compromised healthcare settings. However, both, the scenario 

development support tool and the optimal MDT-SC scenario lacked the power to 

explain systematically how desired SC outcomes were to be achieved. In addition, the 
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comparison of the optimal with the actual MDT-SC required sound conceptual and 

methodological underpinning. A methodology was, therefore, needed that supported 

both the articulation of SC theory and provided the framework for benchmarking and 

comparison of MDT-SCs. Moreover, the methodology had to integrate seamlessly with 

Melnyk and colleagues’ (Melnyk et al., 2010) framework of outcomes-focused supply 

chain management that guided this research.  

To reiterate, a supply chain is the flow of materials and information from the 

upstream production of goods and services to the downstream end users of these 

goods and services. A number of distinct echelons define the major steps along the 

supply chain. In other words, a SC is an interlinked and interacting number of work 

programs, each made up of activities that require inputs, produce outputs and generate 

outcomes. The outcomes of each echelon contribute to the overall SC outcome (Figure 

15). 

 

Figure 15: Echelon contribution to overall outcome of the MDT-SC. 

 

Hence there is great similarity between SC management and program management, 

as it is understood in the public service or the not-for-profit sector, for example, where 

networked collaboration gives rise to complex network structures and processes 

(Herranz, 2010). This similarity between SCs and social service programs permitted, 

and indeed recommended, the adoption of program logic modelling. In the words of 

Millar and colleagues (2001, p. 73),    

“Logic models are word or pictorial depictions of real-life events/processes that 

depict graphically the underlying assumptions or bases upon which the 
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undertaking of one activity is expected to lead to the occurrence of another 

activity or event. […] Logic models show causal relationships as they relate to 

one another – a systems approach to portraying the path toward a desired 

reality.”  

In the context of program planning and evaluation, a logic model explains how program 

outcomes are achieved by illustrating the causal connection between inputs, activities 

and program outputs and the resultant intermediate and long-term outcomes (W.K. 

Kellogg Foundation, 2004). In line with United Way of America (1996) and the W.K. 

Kellogg Foundation (2004) these logic model elements can be defined as follows: 

inputs are resources such as materials, facilities, financial etc. required to perform 

activities, and to achieve goals; activities are actions and processes performed to affect 

change, or to deliver goods and services; outputs are direct products of activities and 

may be the amount and type of services provided, products distributed, or people 

served; outcomes are benefits derived by program clients, which may be further 

subdivided into short-term, intermediate and long-term outcomes; and contextual 

factors are program constraints. 

 

Great flexibility is granted to logic modelling. Logic models can be used to plan and 

design programs, they can assist implementation, or be a tool for program evaluation 

(Spaulding, 2014, W.K. Kellogg Foundation, 2004). This flexibility permitted the 

development of MDT-SC theory in compromised healthcare setting and the evaluation 

of an actual MDT-SC in a compromised healthcare setting. A logic model was 

developed for the optimal MDT-SC in the EAC based on the data that emerged from 

scenario development activities. However, output information was omitted from this 

model because of the highly theoretical nature of the modelling and the multitude of 

possible outputs that could be envisaged. This optimal SC logic model served as a 

benchmark for the analysis of the actual MDT-SC. Semi-structured interviews 

generated the data with which the logic model of the actual MDT-SC in Kenya was 

built.  

As suggested by Gugiu and Rodríguez-Campos (2007), the interview questions 

were constructed to generate data regarding SC inputs, activities, outputs and 

outcomes, and participant-specific contextual information. The semi-structured 

interview approach permitted the tailoring of questions to maximise echelon-specific 

and participant-specific information.  
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Logic models are usually graphical, schematic or pictorial representation of a 

program (Cummings, 1997) but in the case of the optimal and actual MDT-SC the 

emergent models are too complex to clearly articulate in a diagrammatic manner. 

Instead, tabular representation of the linkages between inputs, activities, outputs and 

outcomes have been developed. This does not preclude the extraction of particular 

causal relationships and sub-models of interest for the purpose of later supply chain 

planning-, implementation-, or evaluation purposes. The supply chain echelons already 

provide a natural division of the logic model into sub-models.  

While outputs are generally expressed in quantitative terms, there was 

insufficient data to permit such quantification. Hence outputs were described in more 

general terms, e.g. ‘frequent stockouts’, ‘cumbersome procurement’, ‘lengthy order 

fulfilment cycle’, for which appropriate measurement metrics can be identified at a later 

stage, e.g. ‘frequency and length of stockouts’, ‘number of procurement steps’ and 

‘time to order fulfilment’. 

     

3.4 Study limitations and mitigation 

This section discusses constraints and limitations imposed on this research beginning 

with the literature review components.  

The main literature review presented in Chapter 2 had to include grey literature 

and MDT information released by MM producers because of a lack of peer-reviewed 

research directly addressing MDT supply chain issues. This departs from the traditional 

format of an academic literature review but was necessary to obtain a sufficiently deep 

insight across the entire MDT-SC. In addition, the breadth and scope of this review did 

not permit a critical appraisal of each and every publication cited. The objective was 

rather to achieve a comprehensive mapping of all echelons of the MDT-SC based on 

the knowledge that is available in the public domain. The review of the burden of 

disease in the EAC suffered from lack of literature that met the selection criteria. In 

addition, the studies identified and included in the review were heterogeneous with 

regard to the reporting of disease data. Whilst the study results still indicate a large 

wound burden in the EAC, it was not possible to provide a comprehensive quantitative 

assessment of the total wound prevalence. Finally, the narrative review of the literature 

on MDT in disaster medicine was successful in demonstrating the relevance and 

feasibility of MDT in this compromised healthcare setting and the wounds that are 

prevalent in disasters. However, the study would have benefited from more case 

reports of maggot therapy in the disaster setting. Consequently, the review concluded 
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with an appeal to wound care practitioners and researchers to publish more case 

studies of MDT for wounds with aetiologies similar to those found in disasters.      

Administrative and regulatory barriers delayed permission to conduct research in 

Kenya and made it impossible to conduct timely qualitative research in the field. This 

required repeated changes to the research design before the study could be finalised 

and executed by way of remotely held interviews with Kenyan MDT supply chain 

stakeholders via Skype™ and email. Despite these challenges a total of 16 participants 

were engaged and interviewed. While a greater number of participants would have 

been desirable, the author did observe data satiation and it is doubtful whether a 

greater number of participants would have added any more depth to the data that had 

already been accumulated.   

It was observed that the Kenyan stakeholders generally had a positive outlook on 

the issues that were discussed in the semi-structured interviews. In contrast, the 

Australian participants P1 and P2 as well as the development consultant P9 with 

European background were far less optimistic and more critical. This suggests that 

taking the accounts of Kenyan participants on face value would have introduced bias 

into the evaluation of the Kenyan MDT-SC. Awareness of this potential flaw and data 

triangulation as outlined in Section 3.3.4 safeguarded to a large extent against biased 

evaluation.    
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CHAPTER 4 – RESULTS  

 

 
Figure 16: Thesis outline highlighting activities in Chapter 4. 

  



 
MDT supply chain management in compromised healthcare settings  |  Page 106 

 

4 Research results 

 

4.1 Introduction 

This section presents the results of the empirical research component of this study. It 

begins with a summary of the literature review of the wound burden in the East African 

Community in Section 4.2. The complete review can be found in Appendix 1. Section 

4.3 presents the narrative review of MDT in disaster medicine and Section 4.4 presents 

the development of the theoretical characteristics of an MDT-SC in a compromised 

healthcare setting using the East African Community as an example of such a setting. 

This is followed by the characterisation of the actual MDT- and MDT-like SCs in Kenya 

in Section 4.5. Both, Section 4.4 and 4.5 conclude with the construction of logic models 

of the respective theoretical and actual MDT-SC. Finally, Section 4.6 identifies enablers 

of, and barriers to, the Kenyan MDT-SC.     

 

4.2 The wound burden in a compromised healthcare setting – the East 

African Community 

4.2.1 Introduction 

Consideration of the factors that influence MDT supply chain management in 

compromised healthcare settings rested on the assumption that there is a large and 

unmet need for effective wound care in compromised healthcare settings. In order to 

test this assumption, this literature review sought to determine the actual wound burden 

in a compromised healthcare setting. To constrain the scope of the task, the EAC was 

chosen as the target jurisdiction for a review of published studies and data on the 

prevalence of wounds.  

The scientific literature and Global Burden of Disease Study 2013, were mined 

for prevalence data on diseases that classify as wounds or for which wounds are 

common sequelae. A systematized review of the wound burden across the EAC was 

undertaken according to Grant and Booth (2009). The review selected 30 articles and 

data from 14 wound-related disease categories in the Global Burden of Disease Study 

2013. It was hoped that these two lines of enquiry would yield a reliable estimate of the 

prevalence of wounds in the EAC. 

Because of its considerable length and detail, the full review of the wound burden 

in the EAC has been placed in Appendix 1. It follows a brief summary of findings.  
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4.2.2 Summary of findings 

The aim of this review was to determine the prevalence of wounds in the EAC. 

Appendix 1 provides a detailed discussion of the data and review findings. Reliable 

quantification of the total wound prevalence for the EAC was made impossible due to a 

lack of eligible studies, their differing methodologies and prevalence measures, and 

poor data on the proportion of cases for each examined disease that actually result in 

wounds.  

Irrespective of these limitations it can be undoubtedly concluded from the 

literature that the wound prevalence across the EAC is high and that it must place a 

significant burden on communities and fragile healthcare systems. With respect to 

Research Question 1, the review findings establish a high prevalence of wounds, and 

therefore emphasise the importance of access to efficacious wound care, in the 

compromised healthcare setting. The review findings call for more epidemiological 

studies to determine the exact prevalence and burden of wounds in the EAC and other 

compromised healthcare settings, and for harmonisation of study and reporting 

protocols to enable meta-analysis and reliable quantification.  

 

4.3 The feasibility of treating wounds with MDT in compromised 

healthcare settings 

4.3.1 Rationale  

Research Question 2 asked whether MDT is a feasible therapy for wounds in 

compromised healthcare settings. The disaster setting was chosen as an example of a 

compromised healthcare setting, and an exploration of the relevant literature was 

conducted to clarify whether MDT is indicated and feasible for the treatment of wounds 

in disaster medicine. As the review demonstrates, there is a significant overlap in 

wound aetiologies between the LMIC and the disaster setting which strengthens the 

validity of this narrative review and the relevance of its findings. The review resulted in 

a special report titled Maggot Debridement Therapy in Disaster Medicine that was 

published in Prehospital and Disaster Medicine (Stadler et al., 2016). Section 4.3.3 

presents an integrated version of this paper. 
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4.3.2 Statement of contribution to co-authored published paper  

This chapter includes a co-authored paper. The bibliographic details of the  

co-authored paper, including all authors, are: 

 

Stadler, F., R. Z. Shaban and P. Tatham (2016). "Maggot Debridement Therapy 

in Disaster Medicine." Prehosp Disaster Med 31(1): 79-84. 

 

Contribution to the paper 

Frank Stadler identified the need for this narrative literature review, and in particular the 

need to establish the clinical feasibility of MDT in the compromised healthcare setting. 

Mr Stadler conducted all research aspects from data collection to analysis (literature 

search, disaster wound burden, comparison of wound aetiologies, and identification of 

MDT case reports) and discussion of findings. He drafted the paper which was 

subsequently reviewed by both supervisors before submission to the journal. 

 

 

 

______________________  31 May 2018 

Frank Stadler 

 

 

______________________   31 May 2018 

Frank Stadler  

(Corresponding author of paper) 

 

 

______________________  31 May 2018 

Prof Peter Tatham 

(Co-author and Supervisor)  

 

 

______________________  31 May 2018 

Prof Ramon Shaban 

(Co-author and Supervisor)  
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4.3.3 Maggot Debridement Therapy in Disaster Medicine 

4.3.3.1 Introduction  

In modern clinical practice within developed regions, patients with traumatic injuries 

can look forward to good outcomes thanks to high quality care. However, the picture is 

quite different in developing countries, especially when natural or man-made disasters 

strike. They can easily overwhelm already fragile healthcare systems and challenge the 

capacity of national and international aid agencies to provide humanitarian relief. For 

example, six of the seven most deadly earthquakes between 2001 and 2011 occurred 

in low- or middle-income countries directly affecting 58.2 million people (Zhang et al., 

2012). The global trend toward urbanisation means that, in the event of disasters such 

as earthquakes, tsunamis, floods or storms, a large number of people may be affected 

in a given locality. Typhoon Yolanda made landfall on 8 November 2013 and 

devastated Leyte, a relatively confined region of the Philippines, killing 6,293 and 

injuring another 28,689 (Republic of the Philippines, 2014). Similarly, when a 

magnitude 7.0 earthquake levelled Port-Au-Prince on 12 January 2010, three million 

people were killed, injured, displaced or otherwise affected (Jobe, 2011). These 

statistics highlight an important consideration for the management and development of 

disaster relief medical surge capacity. There are on average about three times more 

injured than dead in an earthquake, and this may be similar in other disasters 

depending on circumstances (Phalkey et al., 2011). Self-evidently, it is the living 

wounded that require immediate attention and medical care.  

Natural disasters damage a country’s built infrastructure including transport, 

communication, utility and medical infrastructure (Chapin et al., 2009). The resultant 

interruptions to the SCs for medications and consumables can severely influence the 

care that is provided (Chu et al., 2011, Missair et al., 2013). Indeed, even if regional 

clinics are operational, the patient burden may stretch resources beyond breaking point 

as exemplified by the 2004 tsunami in Thailand, where those impacted were treated in 

hospitals that were structurally unaffected but lacked sufficient operating facilities, 

human resources and equipment (Prasartritha et al., 2008). 

Thus, despite a rapid and comprehensive deployment of national and 

international medical assistance teams, the number of patients requiring treatment can 

be overwhelming – even for the most experienced and best resourced agencies. 

Médecins sans Frontières treated over 55,000 Haitians in the ten weeks after the 2010 

earthquake, a figure that includes over 4,000 surgical interventions(Chu et al., 2011). 

Indeed, although the total injury figures for this disaster vary widely, they are estimated 
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by Doocy and colleagues to lie somewhere between 110,000 and 300,000 (Doocy et 

al., 2013d). In such compromised healthcare environments, wound care options are 

required that are relatively cheap, in ready supply, easy to use and have multiple 

therapeutic benefits. Maggot debridement therapy (MDT), also known as larval 

debridement therapy, is one such option which may prove to be an invaluable tool in 

the treatment of complex wounds in the aftermath of disasters.  

Current MDT practice employs the larvae of the green bottle blowfly Lucilia 

(Phaenicia) sericata Meigen (Diptera: Calliphoridae) to remove necrotic tissue from 

wounds, to control infections, and to stimulate tissue regeneration and wound healing; 

although other species have been used successfully (Baer, 2011, Sherman et al., 

2000). In the 1930s and 40s MDT was used for the treatment of intractable wounds 

and osteomyelitis, but it fell out of fashion with the advent of sulphonamides, penicillin 

and new antiseptics (Whitaker et al., 2007). Over the past three decades, however, 

MDT has emerged once again as a treatment for chronic non-healing wounds, necrotic 

and infected trauma injuries, burns, and post-operatively complicated wounds (Church, 

1996, Church and Courtenay, 2002, Kruglikova and Chernysh, 2013, Pechter and 

Sherman, 1983, Wollina et al., 2000). Maggots are applied either in cage like 

containment dressings that cover the wound and permit maggots direct access to 

necrotic tissue (free-range), or in small sealed pouches made of a porous material such 

as polyvinyl alcohol that allow maggots to feed and debride but not explore the wound 

freely (Čičková et al., 2013). 

Some of the earliest accounts of beneficial wound infestations by maggots come 

from the battle fields of the Napoleonic and First World War (Baer, 2011). The US Army 

Special Forces Medical Handbook from 1982 describes under the heading of ‘Primitive 

Medicine’ how to use wild flies for infection control and debridement in the field (US 

Army, 1982), although the use of wild unsterilized fly eggs and maggots is a measure of 

last resort in the total absence of medical care, and under austere conditions. While 

modern military medical science has not yet refined and operationalised this therapy for 

deployment in the theatre of war, recent research at the Walter Reed Army Institute of 

Research (WRAIR) and elsewhere is addressing this knowledge gap. For example, 

Heitkamp and colleagues surveyed 180 US army physicians and although 83% were 

aware of MDT, only 10% had ever used it (Heitkamp et al., 2012).  

In parallel, Peck and Kirkup investigated the effect of antimicrobials, including 

antibiotics and antifungals, on MMs (Peck and Kirkup, 2012). These researchers found 

that antimicrobials can be used in combination with MDT without diminishing the 
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therapeutic activity of the MMs. Most relevant to the application of MDT in disaster 

medicine is the latest research emerging from the WRAIR where Peck and colleagues 

tested the resilience of MMs during transport in US military aircraft (Peck et al., 2015). 

The authors have shown that MMs can withstand conditions that exist during military 

evacuation and transfer flights and could, therefore, be used in the treatment of 

wounds during the evacuation process. These results also suggest that MMs could be 

sent to disaster zones on a needs basis using military and other aircraft.   

Given that military medical innovation often paves the way for civilian applications 

(Glassberg et al., 2014), the research conducted at the WRAIR supports the 

fundamental contention of this article that the use of MDT in disaster medical aid has 

potential merit. Furthermore, a review of the literature, using five electronic databases 

(PubMed, CINAHL Plus with full text, SCOPUS Life Sciences & Health Sciences, 

ProQuest, and Web of Science BIOSIS) from inception to December 2014, suggests 

that MDT in disaster medical aid has not previously been investigated.  

 

4.3.3.2 Aim 

With this introduction in mind, the aim is to demonstrate how MMs could contribute to 

the treatment of intractable wounds in disaster medicine. To achieve this aim, the 

paper will firstly offer an overview of the wound burden of natural disasters, followed by 

a discussion of current treatment approaches for various injury categories, and the role 

MMs could play in their treatment. The article concludes with research gaps emerging 

from this initial investigation. 

 

4.3.3.3 Discussion 

Disasters reflect a broad range of causalities that include the impact of earthquakes, 

tsunamis, floods, cyclones, typhoons and hurricanes, and man-made technology-

related events.  Wounds are a common consequence of disasters. Table 19 presents a 

summary of such disasters, their injury mechanisms and resulting wound types.  

The presence of necrotic devitalised tissue and wound infection are prime 

indications for the use of MDT in the clinical setting. It is safe to assume that this is also 

the case in an austere health care setting such as in the aftermath of disasters and 

other emergencies. Indeed, the ability of MMs to control the microbial burden in 

wounds under the most extreme conditions is remarkable, and suggests that MDT can 

debride wounds and stimulate wound healing under such circumstances, and without 

the need to close wounds for fear of infection. For example, Terterov and colleagues  
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Table 19: Common disaster and emergency categories, their injury mechanisms and resulting 
wound types. 

Disaster or Emergency Injury Mechanisms Wound types  

Earthquakes  

(Clover et al., 2014, Doocy et 
al., 2013b) 

Falling buildings, rubble and 
debris  

Musculoskeletal and soft tissue 
injuries, open wounds, lacerations, 
fractures and crush injuries - often 
requiring fasciotomies and 
amputation  

Tsunamis and floods  

(Ciottone and Elsevier, 2006, 
Doocy et al., 2013a, 
Prasartritha et al., 2008, 
Tempark et al., 2013) 

Impact force of fast moving water 
and suspended debris,  water-
borne pathogens 

Lacerations, abrasions, fractures, 
wounds, wound and skin infections, 
musculoskeletal injuries 

Storms 
 

(Doocy et al., 2013c) 
High-energy events mobilising 
objects,  demolition of 
infrastructure 

Lacerations, abrasions, cuts, 
scratches, blunt trauma, penetrating 
trauma, spinal injuries and burns 

Post disaster activity 

(Benedict and Park, 2014, 
Ciottone and Elsevier, 2006, 
Edsander-Nord, 2008, 
Garzoni et al., 2005, 
Prasartritha et al., 2008) 

Medical interventions, rescue 
and clean-up related accidental 
injury  

Minor scratches to more serious 
injuries, surgical interventions; high 
incidence of acute wound 
infections, abscesses and other 
infections appearing weeks and 
months after disaster 

Mass gathering events  

(Turris et al., 2014, Wachira 
and Smith, 2013) 

fire, crushing, trampling, smoke 
inhalation and drowning 

Burns, trauma wounds, wounds 
resulting from surgical treatments 
such as fasciotomies and the 
setting of fractures    

Industrial disasters 

(Arturson, 1987, Carlson et 
al., 2014, Dechy et al., 2004, 
Fadeyibi et al., 2009, Kumar, 
2013, Wachira and Smith, 
2013, Woltering and 
Schneider, 2002) 

Liquefied petroleum gas 
explosions, oil and petroleum 
explosions, fire 

Extensive burns  

Nuclear warfare and 
terrorism  

(Goffman, 2011, Hammond et 
al., 2011, Kartchner and 
Larsen, 2014, Knebel et al., 
2011, Matsunari and 
Yoshimoto, 2013, Radchuk, 
2010, Ross et al., 2011, 
Williams and O'Malley, 2010, 
Wolbarst et al., 2010) 

Heat, physical impact, flying 
debris, radiation exposure 

Extensive burns, trauma, radiation 
illness, bone marrow syndrome, 
infections 

Pressure wounds in the 
aftermath of disaster  

(Edsander-Nord, 2008, 
Medical Advisory Secretariat, 
2009, Sato and Ichioka, 2012, 
Smith et al., 2012) 

Prolonged immobilisation and 
incapacitation, unsuitable 
surfaces and bedding  

Pressure ulcers 
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document a case of human cerebral myiasis which, in all likelihood, saved the life of an 

assault victim (Terterov et al., 2010). The patient lay abandoned in a ditch for two 

weeks with severe facial injuries, including a skull fracture and maggot infestation of 

the left frontal lobe. To the surprise of the authors, the patient did not succumb to 

meningitis or encephalitis and this they attributed to the antimicrobial properties of the 

maggots.  

It should be stressed, however, that the infestation of wounds by wild flies should 

be avoided, particularly if treating physicians are not familiar with medical entomology 

and alternative MDT species. This is because some fly species like the New World 

screwworm Cochliomyia hominivorax feed on living flesh, and if left in the wound they 

would cause further harm (Lindsay et al., 2010). Myiasis can also lead to additional 

contamination of the wound with fly-borne pathogens (Roudiere et al., 2007).  

The next section discusses current wound treatment approaches in disaster 

medicine and suggests how the use of purpose-bred, sterile MMs could advance the 

treatment of such wounds.  

 

4.3.3.4 Natural disasters 

In response to the devastating 2010 earthquake in Haiti, a US medical team sponsored 

by the NGO ‘Partners in Health’ was assigned to Hospital St Nicholas in St. Marc, 80 

miles outside the capital. In the first 7-8 days post injury, the team performed critical 

soft tissue interventions and amputations. From day 9 to day 14 after the quake, 

external fixations of fractures were undertaken. Surgical debridement and amputations 

were performed from day 7 onward as many patients had developed critical wound 

infections. Wound closures were performed from day 11 onward. Sepsis, compartment 

syndrome and the presence of necrotic wounds were significant indicators of 

amputation (Smith et al., 2012).  

In extremity crush and compartment syndrome the decision to perform a 

fasciotomy appears to be influenced, in part, by the actual and perceived risk of wound 

infection and the danger of necrosis and muscle damage if the fasciotomy is not 

performed. Following the 1999 Marmara earthquake in Turkey, trauma to the 

extremities and particularly the lower limbs was most common (Sever et al., 2002). 

Crush syndrome resulted in high incidence of fasciotomy and amputation but 24.8% of 

fasciotomies developed sepsis, while 13% of non-fasciotomized injuries also suffered 

sepsis. Moreover, late fasciotomies often have poor outcomes resulting in high 

infection and amputation rates (Ritenour et al., 2008). Follow-on complications from 
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infection in a crushed limb after fasciotomy are considered worse than muscle fibrosis 

and contracture (Smith et al., 2012, Finkelstein et al., 1996). Fasciotomy is 

contraindicated when compartment syndrome in closed lower limb injuries exists for 

more than 8-10 hrs. Instead, conservative treatment of late compartment syndrome is 

recommended to preserve skin and avoid infection. Any corrective surgery and late 

excision of necrotic muscle can occur at a later date (Finkelstein et al., 1996). 

However, experience with combat patients suggests that fasciotomy revisions and 

delayed compartment release is associated with a significant increase in mortality, a 

two-fold increase in amputation and a three-fold mortality rate (Ritenour et al., 2008). 

With respect to the management of a fasciotomy wound, Duman and colleagues 

advocate monitoring for infection, timely debridement, antibiotic treatment and 

amputation if necessary (Duman et al., 2003), while the consensus view advises 

against amputation of crushed limbs (Greaves and Porter, 2004). 

MDT can successfully control some wound infections and associated necrosis, 

and could play an important part in the prevention of amputation when fasciotomy has 

been performed. MacDougall and Rodgers document the successful treatment of a 

non-healing fasciotomy wound with MDT in the community setting (MacDougall and 

Rodgers, 2004). MDT has been also highly successful in the treatment of postsurgical 

wound infection after scoliosis correction (Hwang et al., 2011). Consequently, infection 

concerns may not influence the decision to perform a fasciotomy if MDT was freely 

available to treat some wound complications. It follows that MDT could support both the 

decision to perform an emergency or a delayed fasciotomy. This is because infections 

can be treated successfully with MDT as well as tissue necrosis in compartment 

syndrome, where fasciotomy has been performed too late or not at all. Indeed, 

compartment syndrome may no longer be considered a limb threatening injury because 

the window for effective surgical treatment and limb salvage has become much larger 

with MDT.  

The option to apply maggots directly or in bags also allows for a tailored 

application depending on which wound closure strategy is used. Vacuum-assisted 

closure (VAC) has been used to assist in the closure of fasciotomy wounds (Saziye et 

al., 2011). However, it is unlikely that VAC will be widely available to responders of 

mass casualty disasters unless they receive patients in well-equipped regional 

hospitals; and even there, the high patient load may outstrip the availability of 

specialised equipment. Other standard treatment modalities are saline soaked gauze 

packing and the application of dermatotraction (Eid and Elsoufy, 2012, Matt et al., 
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2011), and it appears that maggots are quite compatible with the latter treatment 

options. Indications for the use of bagged maggots suggest they may be used in open 

fasciotomy wounds either in combination with, or in place of, saline soaked gauze. 

Debridement of necrotic tissue and control of infection in wounds obstructed by 

dermatotraction systems is probably best achieved with maggots that are applied 

directly into the wound (free-range) and are contained by a cage-like dressing. In this 

case, periodic removal of maggots would be simply a matter of irrigating the wound 

with saline. Furthermore, free range MDT would allow the dermatotraction device to 

remain in place and maintain wound closure gains while necrosis and infection is 

treated. In addition, free-range maggots have been shown to be more effective in 

debriding necrotic tissue particularly in wounds with uneven wound edges, undercuts 

and a complex mix of necrotic and viable tissue (Steenvoorde et al., 2005b, Thomas et 

al., 2002).  

The limb-saving potential of MDT is not restricted to fasciotomy wound 

management. Severe injuries to limbs are often deemed unsalvageable under austere 

conditions, but case reports of successful interventions with MDT, including extreme 

degloving injuries (Chan et al., 2012, Husain and Fallat, 2003) and chronic infections 

(Mumcuoglu et al., 1999), demonstrate that MDT can debride extensive necrosis and 

effectively control wound infections, and save limbs. Consequently, MDT has the 

potential to reduce the amputation rate in victims of disasters. 

Premature closure of wounds sustained in disasters is not desirable but happens 

too often (Doung-ngern et al., 2009, Edsander-Nord, 2008, Prasartritha et al., 2008). 

For example, many of the Swedish citizens injured in the 2004 tsunami required further 

corrective treatment upon their return to Stockholm. Primary closure performed in 

Thailand had to be reversed, and wounds had to be excised and left open for delayed 

closure (Edsander-Nord, 2008). Because MDT targets only dead necrotic tissue it is 

ideally placed to precisely debride complex wounds with a mixture of viable and 

necrotic tissue in the case of unsuccessful premature closure (Fenn-Smith, 2008). 

Moreover, the effects of natural disasters typically impact survivors many months 

after. Latent or complicating infections with progressing and migrating abscesses have 

occurred due to mycobacterial and fungal infection (Edsander-Nord, 2008). While large 

wounds pose the highest risk of infection, small scratches, punctures, pricks and 

lacerations also allow bacterial and fungal pathogens to pass the skin barrier, and 

these can cause severe infection of underlying tissues. Such minor wounds can 

deteriorate within days and become life-threatening sources of sepsis (Prasartritha et 
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al., 2008). MDT has been used successfully in the treatment of such cases in a non–

disaster context. For example, Chaffey documents the treatment of a small insect bite 

that deteriorated and led to a severe infection and tissue necrosis on the leg (Chaffey, 

1997). MDT successfully debrided the wound and promoted granulation and healing.  

 

Pressure wounds are a little recognised secondary injury source in sudden-onset 

disasters and may affect the geriatric population, the disabled and the immobilised 

wounded. Impaired mobility is the primary cause for pressure ulcers (Medical Advisory 

Secretariat, 2009). Victims of disasters that suffer spinal cord injuries or any other injury 

that restricts mobility are also at high risk of developing pressure ulcers (Edsander-

Nord, 2008). Moreover, because of the austere conditions prevailing in the aftermath of 

disasters, the immobilised victims may necessarily rest on hard and unsuitable 

surfaces which can contribute to the development of pressure ulcers (Smith et al., 

2012). 

This potential source of injury is exacerbated by the likelihood of interruptions to 

power supplies and SCs for healthcare provision. This was evident in the aftermath of 

the great East Japan (Fukushima) earthquake in 2011 when there was a surge of 

elderly people in home care and evacuation centres developing pressure ulcers. 

Alternating-pressure air mattresses failed without power, and other devices for 

pressure ulcer prevention could not be distributed in time (Sato and Ichioka, 2012). Of 

course the best treatment for pressure ulcers is prevention, but it appears unlikely that 

pressure ulcers can be avoided altogether when disaster strikes.  

MDT should be considered for the treatment of pressure ulcers in austere 

settings, and in response to a surge in the incidence of pressure ulcers in the 

community. Sherman reports complete debridement in 80% of pressure wounds 

treated with MDT, while in the same study only 48% debridement was achieved with 

traditional wound care methods. Sherman also notes the rapid growth of granulation 

tissue which is a vital sign of healing and tissue regeneration (Sherman, 2002b). 

Importantly, in a disaster situation it is unlikely that pressure ulcers will receive 

focussed attention from surgeons who would, in all probability, be concerned with more 

pressing interventions. Access to MDT would, thus, allow non-physician healthcare 

workers to take the lead in debridement of pressure ulcers and infection control.  
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4.3.3.5 Technological disasters 

As far as technological disasters such as building collapses and mass transport 

accidents are concerned, many of the injuries are likely to be similar to those sustained 

in natural disasters. However there are injury categories unique to particular human 

activities. Some of the most catastrophic man-made disasters involve industrial 

explosions - particularly gas, oil and petroleum explosions (Arturson, 1987, Dechy et 

al., 2004, Kumar, 2013). Likewise, the impact of the two atomic bombs detonated over 

Hiroshima and Nagasaki suggests that a thermo-nuclear attack on any densely 

populated centre would have catastrophic consequences with thousands of victims 

suffering from severe burns and complex trauma.   

Burns are among the most challenging injuries encountered and demand 

significant healthcare resources if the patients’ clinical needs are to be met and 

suffering is to be minimized (Atiyeh et al., 2013). Of immediate concern are fluid-loss or 

shock, as well as airway obstruction and immune-compromise and coincidental trauma, 

while escharotomies may be necessary to prevent further tissue damage (Jeng et al., 

2014). The risk of bacterial and fungal infection of burn wounds is also significant 

(Branski et al., 2009, Struck and Gille, 2013). The disaster impact itself introduces dirt 

and debris into the wound and leaves large amounts of dead tissue. Extensive burns 

continue to be vulnerable to contamination during first aid, emergency fasciotomy or 

escharotomy (Kennedy et al., 2010), and during burns care at the hospital (Hassen et 

al., 2012). Once the patient is stabilised, infection prevention is initiated and includes 

whole body cleaning, shaving, and microbiological monitoring. Surgical debridement 

under general anaesthesia is performed to prepare the wound for skin grafting (Struck 

and Gille, 2013). After a pipeline explosion in Abule-Egba, Nigeria, badly burnt patients 

were treated at Lagos State University Teaching Hospital. Wound care included 

escharectomies and escharotomies, scrubbing, closed wound dressings, monitoring of 

microbial load, tailored antibiotics, skin grafting and contracture release (Fadeyibi et al., 

2009). 

In mass burn disasters analgesics, anaesthetics and antibiotics may not be 

available, or may be in short supply, particularly in austere healthcare settings and 

resource constrained low-income countries. In such settings patients may benefit from 

MDT as it has proven to be effective in the treatment of burns (Edwards, 2006, Namias 

et al., 2000, Thornton et al., 2002). The ability of maggots to perform extensive 

debridement equal to surgical intervention has been demonstrated by Akhtar and 

colleagues who had success in debriding full thickness burns in patients that were not 
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fit for anaesthesia and surgery (Akhtar et al., 2011). Likewise, Namias and colleagues 

achieved remarkable recovery of fourth degree burns to both legs with MDT (Namias et 

al., 2000). In China, MDT has been used to treat a patient with horrendous hot-crush 

injuries (Li et al., 2009) where Li and colleagues used M. domestica, a species of fly 

not normally used in MDT, but achieved good results with complete debridement and 

wound closure.  

The affected body surface area in disaster burn victims is often extensive, which 

makes the application of MDT dressings difficult. To overcome this problem Felder and 

colleagues modified VAC technology to accommodate MMs (Felder et al., 2012). 

According to these authors, this technology allows coverage of irregular and extensive 

wound areas and may be used for the removal of extensive burn eschar. Moreover, 

they suggest that such a combined VAC/MDT dressing may be applied to wounds 

without prior sharp debridement due to the unique wound healing properties of MMs. 

This would greatly facilitate the rapid treatment of mass casualties in burn disasters. 

However, the use of VAC technology might be problematic in austere environments 

due to the need for reliable power supply to run vacuum pumps.  

 

4.3.3.6 Conclusion  

Natural and man-made technological disasters will remain an ongoing concern for the 

international emergency and disaster management community. Such events frequently 

lead to a surge of casualties that can overwhelm first responders and medical 

assistance teams. While waiting for treatment, patients can deteriorate rapidly and 

limbs may be prematurely amputated for fear of sepsis. Victims may also present late 

with neglected and infected wounds. The standard approach to such complex traumatic 

wounds and wound infection is surgical debridement, but this is time consuming and 

has to be performed by trained physicians. Furthermore, antibiotics may not be 

effective in controlling resistant infections. Consequently, wound care options are 

needed that are efficacious, can free up physicians to perform vital surgical 

interventions, and allow nurses to manage wound debridement and infection control – 

regardless of the clinical environment, location or patient burden. 

With this in mind, it is suggested that MDT could play a significant role in meeting 

this wound care need in disaster medical aid. MDT is highly precise, provides infection 

control against a broad spectrum of microbes, stimulates healing and prepares the 

wound bed for grafting or closure. In addition, MDT can be performed by nurses 

without the need of a physician.  
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However, there are social, medical and logistic hurdles to be overcome before 

MDT can be added to the tool box of disaster medical aid teams. For instance there 

remains an aversion among the medical profession to the use of maggots in wound 

care, and a belief that current approaches to wound care are appropriate (Heitkamp et 

al., 2012, Sherman, 2009). Therefore, it is argued that the benefits of MDT in trauma 

care should be further explored. To this end, physicians and nurse practitioners are 

encouraged to publish case reports of successful maggot therapy in trauma care. In 

addition, research is needed to support the establishment of reliable SC networks for 

MDT, and to understand (and, where possible, overcome) the logistic barriers that may 

prevent the successful use of MDT.   

 

4.4 The theoretical characteristics of an affordable, responsive, secure, 

sustainable, resilient and innovative MDT-SC in a compromised 

healthcare setting 

4.4.1 Introduction 

Section 4.4.2 describes the design process underpinning the scenario of an MDT-SC 

across the East African Community, and the scenario itself is presented in 4.4.3. In 

order to develop the theoretical SC, the first task was to identify the MM product 

characteristics and supply chain design characteristics. The resultant first iteration of 

the supply chain scenario was shared with African palliative care experts for validation. 

Finally, Section 4.4.3 describes the theoretical optimised MDT-SC for the EAC in the 

form of vignettes, backed by information that supports the design choices made.     

   

4.4.2 Design of the MDT-SC scenario 

4.4.2.1 Product characteristics 

The design of a SC is necessarily shaped by the unique characteristics of the product 

to be produced and distributed. It follows a description of key product characteristics 

using the characteristics most frequently referred to in the relevant literature. The 

literature review of MDT-SCs (Section 2.3) provided the source information for this 

characterisation of MMs and related dressings. Citation of literature sources has been 

largely omitted because the characteristics below are the result of considerable 

synthesis.  

 

Demand. Demand will be initially determined by marketing efforts. Once the therapy is 

established, demand is likely to fluctuate around a baseline but might spike in response 
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to mass casualty disasters (Stadler et al., 2016). Demand will vary between the two 

dressing systems (bagged and free-range as discussed in Section 2.3.3.5) depending 

on their popularity with medical professionals, the proficiency of nurses and the nature 

of wounds. 

 

Cost. In high-resource settings, the cost of maggots and dressings offered by 

commercial producers is similar to other advanced wound care dressing solutions 

(Section 2.3.3.4). However, there is scope to reduce the cost in LMIC markets, in 

particular if low- or not for profit business structures are implemented.  

 

Quality. The two key quality measures for MMs are sterility and therapeutic 

performance. Quality for both has to meet highest regulatory standards (Section 

2.3.3.6). Sterility and efficiency are also paramount for dressings, especially in relation 

to the bags used for bagged maggot application. The selling point there is to safely 

contain maggots. Maggot escapes would be damaging to the reputation of the product 

and producer, and undermine confidence in therapy (Section 2.3.3.5). 

 

Product. MDT uses live animals and it is therefore an unusual and difficult to 

categorise medical treatment, and this may cause difficulties for approval by Ministries 

of Health, and for the marketing of the product. MMs are also highly perishable 

requiring protection and rapid distribution (Section 2.3.2). Dressing products for MDT 

and MM application are available, especially for free-range application of MMs. Various 

containment systems, from all-in-one cage systems for free-range application to bags 

for bagged application, have been developed but are under intellectual property 

protection and may not necessarily be available in compromised healthcare setting, or 

accessible to new MM producers (Fleischmann, 2004, Sherman, 2013). Nevertheless, 

there is still room for improvement and innovation. In summary, even though free-range 

application is most effective, bagged systems are more convenient but may be 

unavailable in some markets. 

 

Financial. The initial costs for set-up and regulatory approval of breeding and 

production facilities is high, as are human resource costs for production and marketing. 

However, the variable costs of production per MM are relatively small because of the 

sheer volume that can be reared and sterilised with few consumable resources 

(Section 2.3.1.7). Bag-dressing systems may or may not be manufactured by the MM 

producer. Most dressing consumables for free-range application are part of the wound 
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care range and can be purchased by the healthcare provider either directly or via the 

maggot supplier (Section 2.3.3.5). 

 

Lead time. MM producers take orders the afternoon before the product is shipped 

overnight to the customer. Hence the lead-time is as short as 18-24 hours (Section 

2.3.2.1). Dressing materials without maggots can be stored for extended periods of 

time and held as inventory both by the maggot producer or the healthcare provider. In 

this case, lead-time constraints are less of an issue. 

 

Inventory. The short window of time for storage due to the highly perishable nature of 

maggots means that holding inventory of the finished product is not feasible. Food 

components may be kept in stock for extended periods as inventory. The supply of 

quality control products such as for the preparation of blood agar plates may not be 

reliable, in which case inventory must be held to bridge supply gaps. Costs of holding 

inventory are not high as large warehouses are not needed. 

 

Flexibility. In terms of MMs there is little flexibility, as currently there are only two 

species that are recognised widely and used to produce MMs. In the long-term this is 

likely to change with additional species being added to the product range (Section 

2.3.1.2). Local regulatory authorities may, however, make approval of additional 

species difficult thus limiting flexibility. Production methodology can be adjusted 

because a range of foods from meat-based and meat-free diets are suitable for 

production. This allows for culturally sensitive product offerings to, for example, Muslim 

or Jewish patients (Section 2.3.1.6). 

From a treatment point of view, there is flexibility regarding the dressing 

methodology and timing of application cycles. Depending on wound aetiology and the 

healthcare provider and/or patient preference, MDT may be conducted with free-range 

or bagged maggots. Dressing solutions have been trialled that combine MDT with 

negative pressure dressings for large wound areas, and for low resource settings 

dressings can be improvised with easily accessible consumer items such as plastic 

cups, plastic bags and tape (Section 2.3.3.5).    

 

Delivery. Delivery and distribution of MMs is a time critical and temperature sensitive 

process due to the perishability of the product. It usually requires overnight distribution 

via courier and subsequent application to the wound within 48 hours from shipment. A 

range of cool chain packaging solutions are available to suit environmental conditions. 
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Dressing products are non-perishable and do not require cool chain transport (Section 

2.3.2).   

 

Uncertainty. From a production perspective, uncertainty must be minimised to ensure 

timely and reliable provision of MDT. In the LMIC setting product uncertainties may 

arise due to logistics or supply interruptions. In addition, in volatile regions with a 

history of violence or mass casualty disasters, the possibility of demand spikes can 

also introduce uncertainty (Stadler et al., 2016). 

 

Product life cycle. Maggot therapy might be replaced by the development of topical 

wound pharmaceuticals based on the excretions and secretions of medicinal fly 

maggots (Pöppel et al., 2015). However, drug development is a lengthy process. 

Besides, the initial cost of such topical medicines may be prohibitive for patients in 

LMICs which would leave the demand for MDT unaffected in these markets. For the 

foreseeable future L. sericata and L. cuprina will remain the main species used for 

MDT although others may be developed for local markets. Moreover, strains may be 

improved through breeding and genetic modification. The life cycle for the basic 

dressing range, including free-range and bagged maggot dressings, is probably long 

(decades). There is room for innovation and improvement.  

 

Customer. MMs and dressings should, if at all possible, be used by trained healthcare 

providers at healthcare organisations or in the community care setting. They are 

unsuitable for over-the-counter purchase and self-administration by patients. That said, 

MDT has been performed successfully by lay care providers in the austere and low-

resource environment (Mirabzadeh et al., 2017). 

 

Production. Production of stock colonies is low-tech but current production 

methodology for MMs require investment in laminar flow work stations, autoclaves, 

incubators and other laboratory supplies to satisfy good manufacturing practice and to 

ensure the sterility of the MMs (Section 2.3.1). Dressings are usually sourced from 

medical suppliers, but if bags for bagged application are produced in-house, then 

manufacturing and quality control regulation for medical devices may need to be 

followed (Section 2.3.3.6). 

 

Design. MMs are living organisms and therefore offer fewer options for design and 

customisation, although there have been efforts to genetically enhance the therapeutic 

benefit of L. sericata. Selective breeding may offer similar benefits (Section 2.3.1.2). All 

aspects of MDT from production to distribution and treatment offer opportunities for 
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design and process improvements. However, much of R&D is probably hidden from 

view. Bags for bagged application are the most visible design component. Multipurpose 

laboratory plastic vials are used for primary packaging of MMs.   

 

Standardisation. Production strain performance may exhibit some variations where 

uniformity of development would be desirable, e.g. all females mature at the same 

time, all larvae pupate at the same time etc. Standardisation / regulation is an issue in 

quality control procedures where there is the need to ensure the product is safe and 

efficacious and that it delivers consistent therapeutic benefits (Section 2.3.1.8). 

The basic range of dressing products is standardised. The need for some 

flexibility and customisation in bagged application has been achieved by the offering of 

a variety of bag sizes that can be combined to suit the wound area and shape. If bags 

are produced in-house there is the opportunity for customisation of shape and area if 

technically feasible (2.3.3.5). 

 

4.4.2.2 Supply chain design characteristics  

In general concordance with Melnyk et al. (2010) the optimal MDT-SC would be cost-

effective, responsive, resilient, secure, sustainable and innovative. Table 20 

summarises the specific characteristics that would ensure such performance outcomes 

for the envisaged MDT-SC. It is necessary to keep in mind when perusing the table 

that: (i) The desired SC outcomes require a multitude of SC measures and practices 

that are too numerous to discuss in this context, and instead the focus is on 

characteristics that are specific to MDT; (ii) the SC design features include political, 

policy and other measures and conditions that a SC manager may be able to influence 

but not determine (because this is an optimised scenario, this is permissible); (iii) not all 

MDT-SC echelons contribute equally and/or overtly to the delivery of SC outcomes. For 

example, there is little to say about how disposal practices ensure responsiveness or 

adaptability of the MDT-SC.   
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Table 20: Summary of SC influencers and objectives and how they may be met for each of the MDT-SC echelons. After Melnyk et al. (2010, 2014) 

Note: This table is divided into 6 sub tables concerned with the influencers, objectives and corresponding design and performance characteristics of the 
MDT-SC with regard to 1) the health system, 2) socio-political dimensions, 3) socio-economic dimensions, 4) socio-cultural dimensions, 5) the 
regulatory environment and 6) outcomes. 
   

1) Health system  

Influencer Objective 

Corresponding SC Design and Performance Characteristics 

Supply Production Distribution MDT Disposal 

Business  Provide MMs at 
affordable costs 

 Provide employment 
opportunities and 
fair wages to East 
Africans  

 In order to deliver affordable and equitable MDT services across the EAC, a social franchise was established with 
production franchisees in five of the six EAC nations. 

 The franchise provides SCM support where needed and where central coordination is most effective e.g.  bulk purchase 
of supplies, demand coordination across the region, marketing, education and sensitisation, regulatory oversight, quality 
control, and risk management.  

Structure  Make MDT available 
at all levels of the 
public healthcare 
system  

 MDT is provided at 
all healthcare 
facilities concerned 
with wound care 
including private, 
faith-based and 
public 

  Franchise caters for healthcare provider ordering, procurement and 
distribution logistics requirements and provides appropriate 
communication channels, e.g. mobile phone-based technology for 
ordering and payment  

 

    Training and sensitisation provided across 
the healthcare system from referral hospital 
to community nurse    

Insurance  MMs and MDT are 
covered by 
healthcare 
insurance 

    The franchise has 
demonstrated the 
need and cost-
effectiveness of 
MDT.  

 Public and private 
insurance schemes 
cover MDT 
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2) Socio-political dimensions 

Influencer Objective 

Corresponding SC Design and Performance Characteristics 

Supply Production Distribution MDT Disposal 

Geography  Provide MDT to 
patients in all six 
EAC countries. 

 Some supplies are 
sourced locally but 
the bulk of 
equipment and 
consumables are 
purchased centrally 
through the 
franchise and 
distributed to 
producers   

 A network of 
producers including 
mobile production 
units across the 
EAC ensure region-
wide access to MDT  

 Cross-border 
shipment of MMs is 
minimised which 
ensures speedy 
distribution using 
local couriers and 
transport  

 Healthcare 
professionals 
across EAC are 
made aware of and 
trained in MDT 

  

 

The franchise works with all healthcare systems to achieve integration of MDT services 

Politics  Ministries of Health 
and other 
government 
regulatory agencies 
support MDT 
services  

  Frequent 
engagement and 
cooperation with 
regulatory 
authorities  

 Compliance with 
licencing and other 
regulations 

  Frequent 
engagement and 
cooperation with 
regulatory 
authorities  

 Compliance with 
licencing and other 
regulations 

 

Harmonization  All EAC states 
support operation of 
the MDT-franchise 

 All EAC member 
states harmonize 
MDT regulation to 
facilitate EAC-wide 
supply and 
treatment 

 The franchise lobbies and cooperates with the African Medicines Registration Harmonization initiative and the East 
African Community Medicines Registration Harmonisation project to achieve regulatory and licencing harmonization for 
MM production and MDT 
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3) Socio-economic dimensions 

Influencer Objective 

Corresponding SC Design and Performance Characteristics 

Supply Production Distribution MDT Disposal 

Poverty  Make MDT 
affordable and 
accessible to all 
patients that could 
benefit irrespective 
of wealth. 

 The franchise model ensures low-cost 
production of MMs through bulk purchasing of 
supplies and cost-effective production 
practices.  

 Not-for profit social enterprise status ensures 
that cost savings are passed on to the patient  

 The most cost-
effective distribution 
services are chosen 
while ensuring 
logistics safety and 
reliability  

 The franchise works 
with aid 
organisations to 
ensure integration of 
MDT in their 
operations 

 Low-cost MMs are 
offered to all wound 
care providers 

 

Development 

and Aid 

 Maximise the reach 
of MDT services to 
include conflict-, 
refugee- and 
development aid  

  Producers 
coordinate 
management of 
demand from aid 
agencies in times of 
crisis 

 The franchise 
coordinates and 
integrates 
distribution of MMs 
with aid organisation 
logistics processes 

 Trainers and educators work closely with 
development and aid organisations to 
ensure MDT competence and awareness 
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4) Socio-cultural dimensions 

Influencer Objective 

Corresponding SC Design and Performance Characteristics 

Supply Production Distribution MDT Disposal 

Acceptance  MDT is accepted 
and welcome by 
both patients, their 
families and 
healthcare providers  

    The franchise works 
with healthcare and 
education 
organisations to 
sensitise nurses and 
physicians as well 
as patients 

 

Faith  Patients of all faiths 
have access to 
MDT 

  Upon request, MMs can 
be reared kosher or halal 
or generally meat-free to 
cater for Jewish, Muslim 
or Hindi patients. 

   

Ethnicity  All ethnic groups 
have access to 
MDT and 
appropriate 
treatment 
information 

  Distributed production allows provision across EAC 

 Customer service officers including sales and 
clinical help line operators speak English and 
Swahili 

 The franchise works with government 
Ministries of Health to develop and deliver 
multilingual information material and 
sensitisation programs 

Law and 

integrity 

 Only authentic high-
quality MMs enter 
the market 

 Prevent corrupt 
conduct in the MDT-
SC 

  Counterfeiting countermeasures are implemented to ensure authentication 
and tracking of product is possible using barcodes or RFID 

 

  Cross-border 
transport of product 
is minimized, 
reducing exposure 
to corrupt border 
personnel and non-
tariff charges 

 Reliably available 
and affordable 
authentic MMs 
remove the need to 
source counterfeit 
product on the black 
market  
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5) Regulatory environment 

Influencer Objective 

Corresponding SC Design and Performance Characteristics 

Supply Production Distribution MDT Disposal 

Approval  Compliance with 
regulations  

 Franchise worked closely with the relevant local Ministries of Health and the East African Community Medicines 
Registration Harmonisation project to overcome approval and licencing barriers and to expedite processing of 
applications 

Standards  Achieve best-
practice operations 
and inspire 
confidence in MDT 

 The franchise ensures that all aspects of production and distribution 
are conducted in concordance with relevant international standards 
particularly Good Manufacturing Practice, ISO9001:2015 Quality 
management systems, ISO13485:2016 Medical devices – Quality 
management systems – Requirements for regulatory purposes, and 
ISO15189:2012 Medical laboratories – Requirements for quality and 
competence 
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6) Outcomes 

Influencer Objective 

Corresponding SC Design and Performance Characteristics 

Supply Production Distribution MDT Disposal 

Affordable  Reduce product 
costs, ensure timely 
and reliable 
delivery, and 
maintain quality. 

 Producers use 
franchise bargaining 
power in price 
negotiation with 
suppliers   

 Minimal trade 
barriers within the 
EAC and with other 
trading partners 
outside the EAC 

 MMs are produced 
by a social franchise 
across the EAC 

 MMs are offered 
near cost and any 
profit is reinvested in 
research, 
development and 
wound prevention   

 Franchise 
bargaining power 
allows for 
negotiation of best 
courier transport 
fees 

 Decentralised 
network of 
producers across 
the EAC reduces 
distance between 
producer and 
customer and 
therefore shipment 
costs 

 Producer 
engagement with a 
variety of transport 
operators ensures 
selection of most 
cost-effective 
service 

 MDT is either 
covered by EAC 
member country 
national healthcare 
insurance schemes 
or heavily 
subsidised.    

 MDT allows 
treatment of 
wounds in rural and 
remote areas which 
saves patients 
costly travel to, and 
stay in, hospitals 

 MDT facilitates 
wound healing and 
reduces the length 
of hospital stay and 
need for  surgical 
debridement  

 MDT is integrated 
with general 
hospital waste 
management.  

 Primary packaging 
is disposed of but 
cool chain 
packaging is 
returned to 
producer if at all 
possible.   

Responsive  Respond to 
changes in demand 
(volume, mix, 
location) quickly 
and at reasonable 
cost. 

 Cross-SC 
coordination 
systems are in place 
to ensures that 
suppliers are aware 
of current and future 
demand, and that 
contingency plans 
are in place for 
demand surges  

 Coordination 
between producers 
allows for seamless 
pooling of resources 
in case of supply 
interruptions, 
shortages and 
demand surges 

 Producers can 
produce and supply 
culturally acceptable 

 The EAC distribution 
system as a whole 
is highly diverse and 
responsive.  

 Effective 
coordination 
between producers, 
customers and 
transport operators 
ensures that MDT 
transport needs are 

 24-48 hour order 
fulfilment time 
makes it a feasible 
therapy in clinical 
practice across the 
EAC 

 MDT is used widely 
for wounds 
requiring 
debridement and 
infection control  
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Influencer Objective 

Corresponding SC Design and Performance Characteristics 

Supply Production Distribution MDT Disposal 

MMs  met.   MDT is offered both 
‘free-range’ or in 
‘bagged’ form  

 

Resilient  Develop a system 
that can identify, 
monitor and reduce 
SC risks and 
disruptions, as well 
as react quickly and 
cost-effectively.  

 Offer the critical 
customer “peace of 
mind.” 

 Suppliers need to 
demonstrate 
disaster 
preparedness and 
business continuity 
plans  

 Risk assessment 
and risk 
management 
frameworks are in 
place across the 
franchise 

 Contingency and 
business continuity 
plans are in place 
and reviewed 
regularly 

 The franchise model 
affords temporary 
production 
redundancy and 
therefore increasing 
overall supply 
guarantee  

 The diverse 
transport system in 
the EAC has large 
redundancies built in 

 The more 
sophisticated courier 
companies have 
reliable contingency 
and business 
continuity plans in 
place to overcome 
transport 
interruptions   

 healthcare 
providers freely 
administer a variety 
of drugs including 
antibiotics 
alongside MDT 

 Even in remote area 
clinics and austere 
conditions,  
healthcare 
providers are able 
to use MDT to treat 
wound infections  

 

Safe  Ensure that 
supplies coming 
through the SC are 
protected from 
disruption because 
of 
external threats. 

 Protect product 
integrity and 
consistency. 

 Suppliers are 
obliged to abide by 
product/service 
safety guidelines 
and industry 
standards and are 
audited from time to 
time 

 All aspects of 
production are 
integrated in an 
overall quality control 
framework 

 Producers follow the 
international 
standards ISO 
9001:2015 and  ISO 
15189:2012 and 
adhere to GMP 

 Anti-counterfeit 

 Fast delivery within 
48 hours ensures 
that the cool chain is 
maintained between 
producer and 
customer and MMs 
arrive at the clinic in 
good condition 

 Protective cool 
chain packaging and 
passive cooling of 
MMs during 

 With a shortage of 
trained physicians 
with surgical skills, 
MDT allows nurses 
to debride wounds 
safely and 
effectively  

 Secure bagging of 
MDT waste 
prevents escape of 
used and 
potentially 
infectious maggots 

 Used MDT 
dressings are a 
potential biological 
hazard. 
Incineration 
mitigates against 
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Influencer Objective 

Corresponding SC Design and Performance Characteristics 

Supply Production Distribution MDT Disposal 

measures 
implemented  

shipment this risk to human 
health  

Sustainable  Provide products 
through a SC that 
ensures controlled 
and minimal 
resource impact, 
both today and in 
the future.  
 

 Suppliers are 
selected based on 
their sustainability 
credentials 

 Production facilities 
and processes are 
designed to minimise 
energy and water 
use, and minimise 
waste, without 
compromising quality 

 Optimal well-being of 
fly colonies to ensure 
long-term strain 
viability in the 
laboratory/insectary 

 Single-use primary 
packaging of maggot 
products reduced to 
a minimum and 
recyclable. External 
cool chain packaging 
and cool elements 
recyclable or re-
usable via reverse 
logistics 

 Couriers facilitate 
reverse logistics 
service, returning re-
usable cool chain 
packaging to the 
producers at 
favourable cost 

 Thanks to the 
availability of MDT it 
is possible to treat 
many wounds in the 
community and 
healthcare centres 
increasing the 
sustainability of 
rural communities 

 Effective alternative 
to antibiotics, thus 
reducing the 
reliance on 
antibiotics against 
backdrop of 
antibiotic 
resistance. 

 Low toxicity of 
MDT dressings 
and MMs, and 
ease of disposal 

 At dressing change 
used MMs are 
chemically 
euthanized during 
the process of safe 
storage prior to 
disposal   
 

Adaptable 

(Innovation) 

 Provide critical 
customers with a 
stream of products 
and services that 
not only are new 
but also address 
needs that 
competitors have 
neglected or not 
served well.   

 Suppliers work with 
franchise to 
continually innovate 
and improve 
products and 
services 

 Suppliers are 
preferred that can 
demonstrate high 
organisational 

 Producers invest 
collaboratively in 
innovation and 
continuous product 
improvement, e.g. 
new fly species 
domestication 

 Operations embrace 
adaptive 
management 

 Access to a diverse 
network of transport 
operators from 
courier companies 
to self-employed 
motorbike taxis 
conveys high 
adaptability  

 Clinicians are 
engaged in 
research and 
development to 
tailor MDT services 
to EAC wound care 
needs e.g. austere 
environment wound 
care, burns care 
and traffic accident 

 



 
MDT supply chain management in compromised healthcare settings  |  Page 132 

 

Influencer Objective 

Corresponding SC Design and Performance Characteristics 

Supply Production Distribution MDT Disposal 

 Provide new ways 
of producing, 
delivering or 
distributing 
products. 

resilience and 
responsiveness 
because they are 
indicators of a 
supplier’s capacity 
to adapt  

 Franchise business 
model enables 
adaptability, 
resilience and 
responsiveness  

injury care. 
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4.4.2.3 Stakeholder validation  

Introduction  

It had been envisaged that participants would address the SC issues for one SC 

echelon per group. However, on the day, groups did not adhere to this guidance and 

provided feedback across the whole SC. Participants noted that it was difficult for them 

to clearly distinguish between unrealistic aspects of the scenario and the barriers that 

were responsible, and thus that their comments would be relevant to both. The 

feedback presented here takes this into account and treats the issues raised without 

offering a clear distinction between the unrealistic aspects and the barrier. The findings 

are a synthesis of the workshop feedback that was provided via notes on butcher’s 

paper and in group discussion (Figure 17).   

 

 

Figure 17: Workshop notes provided by participants during group sessions.  

 

Key issues and potential barriers flagged by workshop participants 

Production. With regard to MM production, participants had concerns about the 

identification of the right fly species for treatment, possible quarantine limitations 

imposed on the introduction and use of theses flies, and the complexity of the rearing 

and sterilisation processes. Participants believed that sterility of the medicinal maggots 

was, potentially, difficult to maintain. From this followed questions regarding regulatory 

matters and the quality control of medicinal maggots. Participants also questioned the 

economic viability of medicinal maggot production in the EAC in light of the cost of 

production. One participant also raised the issue of funding and where it might come 

from – an issue that is clearly worth of consideration because delegates are used to 
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operating under cash constrained circumstances and understand the dependence of 

health interventions on adequate funding. 

   

Distribution. Unfortunately, participants did not raise many issues around distribution, 

presumably because it was outside their field of expertise even though medical SC 

issues would affect palliative care provision in Africa on a daily basis. Infrastructure 

barriers were raised and one comment that was made during group work questioned 

the virtue of central production facilities and suggested local production and therefore 

shorter transport distances - no doubt in recognition of poor transport infrastructure 

across Africa. Participants also suggested that there could be a lack of acceptance and 

willingness on behalf of transport providers to carry and deliver medicinal maggots. The 

lack of storage was given as a potential barrier to MDT, which in itself suggests the 

need for more education than was possible in the workshop.  

 

Treatment. Participants clearly considered perception issues to be barriers for maggot 

therapy. Wide acceptance of maggots by patients and healthcare providers was 

mentioned as unrealistic, and that there was a potential for MDT to be rejected 

because maggots are perceived to be dirty. Moreover, it was pointed out that the name 

‘maggot therapy’ was off-putting and that a more pleasant name should be found and 

that branding needs to be considered to overcome negative perceptions. Alternatives 

to maggot therapy such as honey or sugar were also mentioned and MDT was likened 

to these alternative treatment methods.  

There were concerns regarding the professional expertise and experience with 

maggot debridement therapy in the clinical setting and how the necessary skills could 

be learned. In general, participants raised the need for information, awareness–raising 

and training efforts to up-skill health care professionals in order to make maggot 

therapy acceptable among both healthcare providers and patients. 

Treatment specific issues in relation to patient wound care needs, 

contraindications, side effects, dosage and pain, as well as specific patient needs were 

also raised, implying that there were large question marks in participants’ minds around 

clinical aspects of maggot therapy. This is partly because the presentation leading the 

workshop did not touch on all clinical aspects of maggot therapy and participants did 

not have the information that would have eased those concerns. Participants also 

suggested that more research was needed to demonstrate that MDT was able to 

relieve suffering in cancer patients. Interestingly, patient compliance with the treatment 
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regimen was also mentioned to be a barrier to successful MDT, which in all likelihood is 

rooted in participants’ own experience with non-compliant patients.  

 

In summary, this workshop helped to identify a number of concerns and perceived 

barriers to maggot therapy in the East African region. A key outcome of the workshop 

was that it confirmed the need for extensive awareness raising, information campaigns 

and training of health care providers in order to bridge the knowledge and skills gap, 

and to break down negative attitudes and perceptions of maggot therapy. For example, 

there were a number of concerns and barriers around the clinical aspects of maggot 

therapy which could have been largely addressed with a more detailed presentation of 

current MDT knowledge and practice. A longer workshop with more time to engage 

with, and address all aspects of, the MDT-SC would have elicited more feedback on 

the distribution logistics. Besides, it is not surprising for participants from the palliative 

care community to have limited expertise in SC management and to be more interested 

in MDT treatment issues.  

As will become apparent in Section 4.5, the interviews with participants from all 

echelons of the MDT supply chain have been more informative and yielded a wealth of 

information that paints a more positive picture of the Kenyan (and East African) MDT 

supply chain, whilst still emphasising a plethora of barriers that need to be overcome 

before MDT services can be offered across Kenya and the region. 

 

4.4.3 The optimized MDT-SC scenario for the East African Community 

4.4.3.1 Introduction 

This section synthesises the product characteristics and their influence on supply chain 

design as developed in Section 4.4.2. It describes a theoretical optimised MDT-SC 

across the EAC that is affordable, responsive, resilient, safe, sustainable and 

adaptable. The scenario is presented as vignettes followed by explanatory notes which 

elaborate the design rationale for a given SC feature and scenario storyline.  

 

4.4.3.2 The model 

Organizational structure of the SC 

Vignette 1: EAC-wide MM producer franchise  

With government and donor support and in collaboration with the private sector, a MM 

production social franchise has been established with a network of franchisee 

production laboratories across the EAC. The producer network has been established 
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and is governed with the aim of providing sustainable employment opportunities for its 

staff and affordable wound care for all patients. To achieve this, the social franchise 

structure allows producers to easily share resources, bulk purchase, provide education 

and training, undertake R&D, liaise with regulators, monitor risk management, and 

effectively market their product. It also allows the producers to offer MMs much more 

cheaply than a business aiming to maximise profits would be able to. The moderate 

profits earned by the franchise are re-invested into research and development in order 

to improve the production, products, the delivery of MDT and disease prevention. 

There are five metro-based franchisees, in Nairobi (Kenya), Kampala (Uganda), 

Juba (South Sudan), Dar es Salam (Tanzania) and Kigali (Rwanda). An additional two 

mobile production facilities are deployed to where the need is great or when regular 

SCs are interrupted, e.g. to remote locations or to disaster and armed conflict zones, 

for example the north-western parts of South Sudan or the south-western parts of 

Tanzania (Figure 18).  

 

 

Figure 18: Scenario for geographic distribution of franchisee production laboratories across the 
EAC.  
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The network of fixed and mobile MM production facilities across the EAC ensures 

almost complete coverage of all healthcare facilities giving access to MMs for MDT 

within three days of ordering. MMs are shipped on the day of ordering or the next day 

and arrive at healthcare facilities within 48 hours of dispatch. 

 

Social franchise. The scenario suggests a social franchise model for MM producers. 

Social franchising has been defined by Crawford-Spencer (2015, p. 172) as:  

“The grant of a right, usually in the form of a license, to exploit another’s business 

model, including the system or marketing plan and trademark, that may involve 

payment of a fee. There is control exercised and/or assistance provided by the 

franchisor and, for one or both franchisor and/or franchisee, social purpose 

prevails over the aim of delivering profit to shareholders. Organizational culture, 

structure, management, processes, and resources are likely to be less 

centralized than those of strictly commercial enterprise. Imperatives to 

collaborate prevail over market competition and there is greater complexity in the 

involvement and interests of stakeholders/customers.” 

It is a model that can be highly effective in the delivery of underprovided healthcare 

services in developing countries. For example, it is how Marie Stopes International and 

Population Services International deliver their family planning program in numerous 

LMICs including Kenya, Tanzania and Uganda (Thurston et al., 2015).  

 

Location. When deciding on manufacturing locations, Bhatnagar and Sohal (2005, p. 

443) argue that, from an operations point of view, it is not sufficient to consider cost 

alone, but also qualitative aspects such as “labour, infrastructure, business 

environment, political stability, proximity to markets, proximity to suppliers, key 

competitors’ location, SC uncertainty and broad manufacturing practices”. This is 

particularly true for MDT-SC planning across the EAC where overriding objectives 

should be the delivery of an accessible, affordable and high quality wound care 

product.   

In the EAC region there are distinct population centres and regions with higher 

road connectivity, and there are other regions with poor infrastructure and few urban 

centres. Given the perishability of MMs, this may demand a two-pronged approach to 

production and distribution utilising a model of fixed and mobile production facilities. 

Fixed production facilities would be strategically located to maximise access to the 

largest markets and, thereby, reduce distribution cost while increasing supply reliability. 
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However, such population centres may not necessarily be the geographic centres of 

EAC countries or regions. For example, Dar es Salaam is the most populous city in the 

EAC but is located in far-Eastern Tanzania on the shores of the Indian Ocean. This 

means that remote areas and regional centres will need to be supplied with MMs via 

highly effective and efficient distribution networks. Alternatively, such remoter locations 

may be serviced by means of a transportable laboratory and associated insect-rearing 

units.  

An educated and well-trained workforce is required to produce high quality MMs 

for treatment of human patients and this also needs to be considered when selecting 

manufacturing locations. It is likely that proximity to markets and access to an educated 

workforce overlap because population centres provide better educational and career 

opportunities than provincial locations.   

 

Vignette 2: SC coordination and management 

MDT is widely used across the EAC and healthcare providers depend on MDT for the 

management of traumatic and non-healing wounds. As the focal organisation in the 

SC, the franchise coordinates integration of SC activities from supplier to healthcare 

provider. As a consequence, the East African MDT-SC is highly integrated. SC wide, 

the franchise coordinates risk monitoring and management activities and sustainability 

initiatives to reduce the environmental footprint of operations.  

 

On the supply side, the franchise:  

 actively manages and nurtures its relationship with suppliers  

 negotiates favourable terms and purchases in bulk on behalf of producers 

 ensures that suppliers are aware of downstream events and resulting demand 

fluctuations as far as they are visible to the franchise 

 selects suppliers on the basis of quality, industry best practice, sustainability 

credentials and contingency planning 

 works with suppliers and other SC partners to improve SC-wide sustainability 

 works with suppliers to innovate and improve products and services. 

 

On the production side, the franchise: 

 monitors supply, production and demand and coordinates seamless pooling of 

production redundancies to bridge local supply interruptions or demand surges 

 coordinates research and continuous product improvement, e.g. diet 
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refinements, fly species domestication, packaging, etc. 

 

On the distribution side, the franchise: 

 works closely with logistics providers to coordinate distribution and negotiate 

terms and conditions 

 coordinates marketing and sales  

 assigns customer orders to closest production facility and most suitable logistics 

provider, thus reducing distance between producer and customer and ensuring 

affordable and timely delivery 

 engages a variety of logistics providers, especially at last mile, which conveys 

resilience through redundancy. 

 

On the treatment side, the franchise: 

 works with healthcare education and training providers to develop MDT 

education resources and programs   

 maintains an adverse treatment outcomes register and healthcare providers 

report adverse outcomes. 

 

Critical to franchise operations across the EAC has been the establishment of the EAC 

Common Market in 2010 which has greatly facilitated the establishment and operation 

of the integrated MDT-SC by enabling cross-border coordination of supply, production, 

distribution and MDT treatment services. The Common Market ensures the free 

movement of goods, persons, labour, services and capital across the EAC. For the 

MDT program, this meant streamlined establishment of MM laboratories, free 

movement of trained personnel and unhindered import and export of goods and 

services across the EAC, including laboratory supplies and MMs for MDT.  

 
SC integration. SCs are said to be integrated when the flow of materials and 

information up and down the SC is coordinated and managed (Christopher, 2011). The 

generic MDT-SC is relatively simple when compared with, for example, car 

manufacturing SCs. This ought to facilitate integration of suppliers, franchise, logistics 

providers, healthcare providers and patients. Because of its central role in the overall 

MDT-SC, the franchise is best placed to coordinate such integration.  

According to the literature reviewed by Alfalla-Luque et al. (2013) there are many 

reasons for SCM integration both internally as well as with suppliers and customers. 
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Integration may entail activities that seek information integration, coordination and 

resource sharing, and organisational relationship linkage. Rather than individually 

describing these activities in the scenario context, it is assumed that a level of 

integration has been achieved that maximises above mentioned outcomes.  

 

Trade harmonization across the EAC. There was an earlier version of the EAC in 

form of a free trade area between 1967 and 1977 but this is collapsed for a number of 

reasons including partnership inequalities, personality challenges and undemocratic 

decision-making processes (Muluvi, 2014). The EAC website outlines four pillars of 

regional integration for the current EAC, namely 1) Customs Union, 2) Common 

Market, 3) Monetary Union and 4) Political Federation. The website also notes that 

while monetary union and political federation appear largely aspirational at this stage, 

good progress has been made in the areas of customs and market harmonisation 

(http://www.eac.int/integration-pillars [accessed 07 June 2016]). However, as Muluvi 

(2014) points out, the full economic potential of the EAC remains to be realised as 

membership in the EAC has not yet translated into economic growth. This is directly 

relevant to cross-border collaboration and trade between MM producers. Muluvi (2014, 

p. 10-11) suggests the following reasons for low intra-EAC trade which would, in all 

likelihood, also hinder successful MDT SCM across the EAC:  

“Inefficient trade facilitation systems covering transport logistics, administrative 

entry and exit procedures, processes, operations and transit regulations. […] The 

proliferation of non-tariff barriers (NTBs) since the reduction of tariff barriers 

following the formation of a customs union in 2005, […] low capacity of the 

manufacturing sector, undiversified production, weak infrastructures, weak 

institutional policies, weak financial and capital markets, and failure to implement 

trade protocols.” 

 

Vignette 3: Regulations, standards and risk management 

There is a franchise-wide quality management framework in place and all franchisees 

have implemented ISO 9001:2015 Quality Management Systems – Requirements and 

ISO 15189:2012 Medical laboratories – Requirements for quality and competence. 

Because MDT is regarded by EAC medical regulators as a drug therapy, maggot 

producers also follow GMP. Individual batch processing and barcode labelling of 

batches in the production process and final barcoding of sold MM units (fixed quantities 

of e.g. 100, 500, or 1000 maggots free-range or in bagged format) allows for seamless 

http://www.eac.int/integration-pillars
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quality control and traceability of batches, in line with international best practice and 

HDMA Guidelines for Bar Coding in the Pharmaceutical Supply Chain. 

In order to ensure continuous operation and the production of safe high-quality 

MMs, the franchise audits franchisee operations and risk management and 

contingency plans (see also Vignette 7 for demand management).  

 

Quality management standards and guidelines. Implementation and adherence to 

international guidelines and standards by laboratories in the EAC is poor or patchy at 

best (Elbireer et al., 2013) but there are initiatives such as the Stepwise Laboratory 

Improvement Process Toward Accreditation developed by the WHO and others 

specifically for clinical laboratories in LMICs (Datema et al., 2012b, Masamha et al., 

2014). It has been suggested by Datema and colleagues (2012a) that medical 

laboratories should align their quality management with national regulatory standards 

and that a laboratory should not only  adopt the stipulated standards, but also use the 

relevant guidelines that describe how quality management is best integrated in 

laboratory operations (e.g. Mok et al., 2013). For the scenario it was assumed that the 

social franchise has successfully implemented best practice quality management in line 

with the general ISO 9001:2015 and medical laboratory specific ISO 15189:2012 

standards, as well as GMP (PIC/S, 2017b, PIC/S, 2017c). This is reasonable given that 

it was assumed the social franchise had been established with government, NGO and 

private sector support, and therefore had appropriate quality management guidance. 

GMP is the gold standard for drug manufacture. 

 

RFID tagging and bar coding. RFID tagging, linear bar coding and more recently 2D-

bar coding technology have become best-practice technologies for the labelling and 

tracking of pharmaceuticals. In this scenario, it has been assumed that the franchise of 

MM producers would closely follow the state-of-the-art Guidelines for Bar Coding in the 

Pharmaceutical Supply Chain (GS1, 2017, HDMA, 2011). This would inspire 

confidence in healthcare professionals regarding the quality of labelled MMs and make 

counterfeiting far more difficult. In the scenario, bar coding is also used to track batches 

of MMs through the production and quality control process, which would increase 

production transparency and batch traceability. For example, the Australian Red Cross 

Blood Service is a bio-medical product SC that is successfully using bar code 

identification and tracing of blood products throughout the SC from collection to 

transfusion (Australian Red Cross Blood Service, 2016).  
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Production 

Vignette 4: Facility design and sustainability 

The network of production facilities includes fixed facilities and mobile production units 

that are deployed to particular areas in need, e.g. conflict or disaster zones. In some 

cases fixed facilities have been established in purpose built buildings and in other 

cases existing buildings have been retrofitted to accommodate an insectary, laboratory 

and offices. Each mobile facility consists of two truck-mounted standard 20-foot high-

cube shipping containers that have been modified to accommodate self-sufficient 

laboratory, office and insectary facilities. Production facilities and processes meet best-

practice laboratory design and operations standards.  

Production facilities minimise the use of energy, water and raw materials such as 

fly food and lab chemicals. Where feasible, equipment and materials are re-used, e.g. 

lab glassware, maggot rearing containers, and adult food dishes. Depending on local 

regulations and conditions, consumables and disposables are recycled or safely 

disposed of in the local municipal waste stream or managed on-site according to local 

and WHO waste disposal guidelines.   

 

Facility design. The MDT-SC literature review in Chapter 2 discusses at length the 

MM production process as well as the required infrastructure and equipment for 

production. Moreover, Participants P3 and P7 have outlined the infrastructure and 

equipment established for the fledgling Kenyan MM production venture (Section 

4.5.3.2). All production facilities including the mobile facilities follow a common design 

principle, physically separating insectary, production laboratory and office 

infrastructure. This is to support the maintenance of a clean laboratory environment 

where sterilisation, packaging, and quality control are undertaken. The concept of 

mobile production facilities is grounded in the successful development of shipping 

container-based laboratory facilities for austere environments (Boubour et al., 2016, 

Bridges et al., 2014).     

 

Sustainability. Resource conservation and sustainability have been considered in the 

LMIC context. Clean water, reliable energy and ready supply of equipment and 

consumables, as well as the presence of a reliable municipal waste service is not 

guaranteed, especially in the case of remote locations. Therefore, water saving, 

storage and purification, as well as energy efficiency and solar energy generation, are 
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envisaged. Given financial constraints and, at times, unreliable laboratory supplies, the 

scenario assumes that equipment is re-used where possible.  

Insectary operations that use meat as a feed stock for maggots generate odorous 

and potentially harmful solid and liquid waste that must be disposed of accordingly. 

Laboratory operations will also produce some relatively harmless liquid and solid 

waste. It has been assumed that the franchise follows at a minimum the Safe 

management of wastes from health-care activities guidelines (WHO, 2014b) and/or 

local laboratory management guidelines where they exist. 

 

Vignette 5: The species of medical fly used 

Across the East African Community, the fly species used for MDT is L. sericata. The 

early medical fly colonies originated from fly stock introduced from Europe when the 

first EAC medical fly laboratory was established in Kenya. Since then, EAC MM 

producers have domesticated African strains of L. sericata, which are well adapted to 

the tropical climate conditions of East Africa. MM producers and EAC universities have 

entered into research and development agreements and collaborate in research that 

seeks to enhance the therapeutic performance of L. sericata and to progress the 

domestication and clinical use of alternative medical fly species. Fly stock colonies are 

maintained at optimal conditions and colony performance is regularly monitored to 

detect trait shifts, fitness declines or efficacy changes.    

 

Blowfly species are potential livestock pests and it is therefore important not to 

introduce species that are not endemic to a particular region. Within the EAC region, 

the most likely candidate species for MDT is L. sericata. It is the medical fly species of 

choice for MDT within Europe and North America. Furthermore, this fly species has a 

world-wide distribution (including in Africa) and is already used to treat patients in 

Kenya.   

Domestication of African strains of L. sericata should be seriously considered 

because this would maximise the fitness of MMs to the local environmental conditions. 

It is known that fly development is temperature dependent and speeds up as 

temperature increases up to a threshold temperature beyond which development is 

negatively impacted and may even lead to death (Grassberger and Reiter, 2001) (see 

also Section 2.3.1.6). While the laboratory and insectary conditions can be regulated, 

the wound temperature during treatment may be difficult to control. Average chronic 

wound temperature has been reported to be 32OC under German climatic conditions 
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(Blake et al., 2007). Ambient atmospheric conditions in tropical East Africa may lead to 

a significant increase in wound temperature. Therefore, it may be necessary to develop 

locally collected fly strains that are adapted to higher developmental temperatures than 

European strains. 

Research is under way in South America to explore the use of regionally endemic 

fly species (Diaz-Roa et al., 2016), and in Malaysia local strains of Lucilia cuprina are 

used for MDT (Paul et al., 2009). Such investigations should also take place in Africa 

with local blowfly species. The development of alternative medical fly species 

decreases reliance on only one species (thereby improving the SC’s flexibility), and 

may improve therapy if new species are shown to exhibit advanced therapeutic activity. 

 

Vignette 6: Culturally sensitive and patient compatible MMs   

The EAC is home to many different religions with Christianity and Islam being the 

dominant ones. Therefore, all regular MMs produced in the EAC and for use in EAC 

healthcare centres are halal certified so that they are acceptable to Muslim patients. In 

addition, all suppliers are able to meet specific requirements for minority groups on an 

‘as needed’ basis, including hypoallergenic maggots for allergy sufferers, maggots 

reared on plant-based diets for Hindus, and kosher maggots for Jewish populations in 

the region.  

 

The therapeutic use of living organisms poses cultural and religious challenges. In 

order to make the treatment acceptable to the widest possible patient cohort, it is 

critical that cultural and faith appropriate MMs are available. For example, in an 

interview with the Scientific American, the CEO of Malaysian Biotechnology 

Corporation Iskandar Mizal Mahmood emphasised halal appropriate technologies as a 

differentiator for Malaysian biotech firms (Anonymous, 2011). Moreover, allergic 

reactions to flies themselves, as well as to the dietary ingredients on which the flies 

have been reared, may occur (BioMonde, 2014c, Carreno et al., 2009). In an ideal 

world, producers should be able to offer allergen-free MMs on demand. It is also 

advisable that MM producers maintain excellent customer relationship management 

systems and stay in close contact with medical practitioners, in order to obtain 

feedback on MM quality, performance and adverse reactions. Should clusters or 

patterns of complications and allergic response be identified, then alternative rearing 

methods may be used and quality control improvements made. 
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Vignette 7: Demand management 

Due to the life history of calliphorid flies, it is difficult to scale down and ramp up 

production of MMs at short notice. In order to avoid continuous overproduction in each 

of the production laboratories, the franchise has established an integrated demand 

management approach. Coordination between producers allows for seamless pooling 

of resources whereby sudden demand spikes due to disasters or civil unrest or 

production interruptions can be met with additional supply from partner producers 

across the EAC.  

When an oil pipeline fire engulfed a Nairobi slum, killing over one hundred 

people and injuring as many with severe burns, the Kenyan MM supplier was able to 

source additional MMs from neighbouring Tanzania and Uganda to provide Kenyatta 

National Hospital with sufficient MDT dressings for emergency wound care and 

infection control.  

 

Although MM breeding is relatively straight forward, demand management and 

planning can be difficult because neither medical fly eggs nor early instar maggots can 

be stored for extended periods of time. More research is therefore required to explore 

the potential for cool storage and cryopreservation. For the time being, regular demand 

fluctuations of foreseeable magnitude can be planned for through ‘just-in-time’ 

production of MMs, but unforeseen sudden demand spikes are difficult to manage. For 

individual non-cooperating producers the only option would be to overproduce fly stock 

and eggs to ensure occasional peak demand can be met.  However, this is an 

inefficient approach that could result in a significant increase in the overall cost of MDT. 

Alternatively, producers would work together to support each other during peak 

demand periods. Such collaboration would be much easier if producers across the 

EAC are institutionally and legally associated via a company or franchise structure. 

However, even independently operating businesses can cooperate on this basis if the 

benefits are clear and mutual trust is maintained.   

The scenario suggests an oil pipeline disaster demanding emergency wound 

care to hundreds of injured Kenyans. It has been modelled on the Mukuru-Sinai slum 

fuel spill and fire in 2011 (Kenya Red Cross, n.d.). Indeed, oil and petroleum mass 

casualty events are not uncommon in sub-Saharan Africa. While they appear to be 

largely concentrated in Nigeria, such catastrophes have also been reported for other 

countries in the region, including Kenya (Carlson et al., 2014).  
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Another source of unforeseeable demand for MMs would be upsurges of military 

conflict and civil unrest. For example, the United Nations Office for the Coordination of 

Humanitarian Affairs (OCHA) noted an increase in violence and conflict in parts of 

South Sudan, Sudan, Burundi, and Somalia (OCHA, 2015). According to OCHA, these 

conflicts are partly driven by El Niño climate patterns and a general economic downturn 

affecting oil-dependent South Sudan and aid-dependent Burundi are fuelling conflict. In 

addition, elections in EAC nations frequently lead to internal conflict and violence 

(OCHA, 2015) which will add many penetrating and musculoskeletal injuries and an 

increased demand for wound care to the already fragile healthcare systems of these 

countries.  

 

Vignette 8: Quality control and anti-counterfeiting  

Producers have quality control programs in place to ensure that each batch of MMs 

produced and shipped has been tested for sterility, and that regular in vitro efficacy 

tests are conducted to ensure their therapeutic potency. Producer quality management 

activities are monitored and overseen by the franchise quality control manager 

reflecting the importance of quality to the reputation of the therapy and therefore the 

viability of the franchise. 

As maggot therapy has become popular for the treatment of wounds across the 

EAC, a black market trade of counterfeit MMs has sprung up in particular to cater for 

wound care needs of the poorest patients. Some dealers sell L. sericata maggots but 

others are less discerning and rear any number of fly species irrespective of their 

medical properties. Some patients sustain secondary infections and additional tissue 

damage from illegally sourced MMs. In order to combat this black market trade, 

producers have stepped up marketing, product branding, and tagging and labelling of 

both packaging and MMs themselves, so that regulators and customers can at all times 

check the provenance of the product. In addition, producers cooperate with Ministries 

of Health, NGOs and healthcare providers in the provision of heavily discounted MDT 

services to the poor.  

 

Particularly in resource constrained healthcare settings, counterfeiting and black 

market trade of pharmaceuticals is common (Hollein et al., 2016). There is good reason 

to assume the same will be true for MMs once they are widely used in LMICs, perhaps 

even more so because it is easier to breed flies in backyard operations than to produce 
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authentic looking pharmaceuticals. To the untrained observer, it would be impossible to 

verify the species or the sterility status of MMs.  

There are a number of measures that could be employed to minimize the danger 

of counterfeiting, for example through clear identification and official accreditation of 

producers, branded packaging, batch bar code labelling, and the use of RFID tags 

(Baldini et al., 2012, GS1, 2017, HDMA, 2011) and in the future, potentially the use of 

blockchain technology (Kshetri, 2018). Fluorescent dies and marker technology may 

also be used to mark the MMs themselves to ensure only high-quality legal maggots 

are used in healthcare (Handler et al., 2009, Rosati et al., 2015b). Irrespective of these 

measures, it is poor patients receiving care from unqualified healthcare providers who 

are the most likely targets for counterfeit MMs. Heavy discounting of MM products and 

MDT through a means-tested payment schedule or other financial support from 

governments and NGOs may be more effective than policing because, if the poor are 

given access to affordable high-quality MMs and MDT, there is little incentive to use 

risky illegal alternatives.  

 

Vignette 9: Customer service / ordering process 

Healthcare providers in the EAC, whether government medical centres, hospitals, 

referral hospitals or NGO healthcare providers, can order and pay for MMs and 

relevant dressing materials via the phone, online via a smart phone app, or computer. If 

the order is received before 3 pm it will be dispatched on the same day by courier. 

Coordination of production facilities and courier service providers across the EAC 

ensures that MM shipments are dispatched from production facility nearest to the 

customer and reach customers within 48 hours of ordering.  

The ordering process is facilitated by clear dosage guidance and product 

application instructions. All producers offer a customer service hotline and online 

platform that can be accessed for advice regarding indication specific dosage, 

application modality, dressing technology, and advice in the event of adverse reactions.    

 

While most patients receiving MDT present with chronic wounds and the application of 

MMs is not very urgent, many wounds will nevertheless require speedy attention to 

stem the progression of infection, for example. Therefore, a highly responsive SC is 

needed that is able to minimize the time it takes from ordering to the application of 

MDT to the wound.  
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Ordering systems must be in place that allow clients to use various 

communication means to lodge an order. There has been an explosion in the uptake of 

mobile phone technology in sub-Saharan Africa (GSMA, 2014). MM producers will 

have to utilise this communication platform and develop applications that facilitate the 

use of smartphones for customer engagement including customer support, ordering 

and online / telephony payment. For example, in Kenya, mobile phone-based payment 

platform M-Pesa is used by close to 100,000 National Hospital Insurance Fund clients 

to pay their monthly insurance premiums (USAID, 2014).  

Healthcare providers need to be fully supported by producers with regard to 

general business transaction management and with product and clinical advice. Even if 

extensive professional education campaigns were to be rolled out, healthcare 

professionals would need ongoing support to make the correct treatment decisions, 

e.g. how many maggots to order and apply, what type of dressing technology to use, 

what wound indications are amenable to MDT, and what are the contraindications? 

This information can be delivered online but well-trained customer service officers 

speaking both English and the native languages should be available for phone support. 

Again, EAC MM producers could collaborate and share in the resourcing and running 

of an EAC-wide customer call centre that could also double as a central order 

coordination and clearing house which assigns orders to the production facilities that 

are nearest to a particular location, keeping delivery costs low.        

Same-day dispatch and overnight delivery for orders received before an 

afternoon cut-off time is the standard in the European and North American setting and 

sets the bar for the East African scenario (BioMonde, 2015, Monarch Labs, 2014a).  

 

Distribution / logistics 

Vignette 10: Safe, timely and affordable distribution of MMs 

MM producers in the EAC use high-performance cool chain packaging to ship their 

product, maintaining the internal temperature at between 6-25OC for up to a 48 hour 

transit time. Regular and repeat customers receive shipments in re-usable packaging 

that they periodically return to the supplier. Couriers and air freight operators 

contracted for the distribution of MMs are suitably equipped and qualified to ensure 

cool chain conditions in transit. The cool chain is maintained during last mile delivery 

thanks to the superior performance of the packaging system.  

Thanks to the economic and trade freedom that EAC member countries enjoy, 

MM producers can ship product freely across borders to fellow EAC countries without 
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lengthy customs delays, whilst customs authorities are made aware of the time critical 

nature of these shipments and provide priority clearance should inspections occur.  

The EAC distribution system as a whole is highly diverse and responsive and has 

large redundancies built in. The franchise has developed a sophisticated distribution 

network utilising both large courier companies as well as unconventional and relatively 

informal transport operators, particularly for the last mile, including owner-driver 

motorbike taxis and couriers. However, in order to minimise service disruptions, the 

franchise engages primarily with courier companies that have reliable contingency and 

business continuity plans in place.  

Distribution costs are kept to the minimum because the franchise bargaining 

power allows for negotiation of best courier transport fees and the decentralised 

network of producers across the EAC reduces distance between producer and 

customer and therefore shipment costs.  

 

Cool chain. Suppliers in Europe and the US ensure cool conditions during transport. 

Temperature control packaging and cool packs keep temperatures between 6-25oC 

until application to wounds. The very same logistics standards are assumed in an ideal 

East African MDT-SC. More so than in temperate Europe, the tropical climate demands 

protective packaging and an effective cool chain. Highly functioning cool chains from 

dispatch to hospital are achieved through a combination of high performance insulated 

packaging, passive cooling and cool-chain freight forwarders. In the western setting, 

MMs are routinely shipped via airfreight. Military research in the US has shown that 

MMs also cope with pressure changes during transport in rotary- or fixed wing military 

aircraft (Peck et al., 2015). Partnerships with logistics providers in the health and food 

sectors could be considered for integrated distribution but overall, MDT-SCs are likely 

to be stand-alone and operate on a fast 48 hour delivery window.  

Sustainability of operations is an important consideration both in terms of cost 

and environmental impact. In general, thermal protection packaging is bulky and 

resource intensive, using plastics, expandable foams and cold packs (Ashokan, 2011, 

Forcinio, 2014). A variety of packaging solutions are used in the ideal SC scenario 

depending on distance to client, likely environmental conditions in transit and existing 

reverse logistics arrangements. 

Disposable and recyclable packaging solutions are sensible for shipment to 

occasional customers and in situations where return of packaging is unlikely. However, 

suppliers may consider using re-usable packaging for dispatch to regular healthcare 
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customers who will return packaging to suppliers via established reverse logistics 

arrangements (Allen, 2012, Menesatti et al., 2012, Pelican, 2015, Spinner, 2013) 

provided cost savings are realised. In the case of MM shipments, only outer thermal 

protection packaging would be returned to the supplier. The sterile plastic vials holding 

MMs are single use and disposed of once the maggots are removed for MDT.    

 

Distribution system and operators. The EAC logistics landscape is diverse with a 

multitude of operators from multinational operators such as DHL (e.g. 

http://www.dhl.co.ke/en.html, accessed 8 May 2017) to large local companies like 

Fargo Couriers (http://www.fargocourier.co.ke/, accessed 8 May 2017) down to owner-

driver motorbike taxis and couriers. As a consequence there is a patchwork of capacity, 

service quality and geographic reach. The challenge for MM producers across the EAC 

will be to partner with a few larger and reliable service providers for day-to-day 

business to the main distribution nodes in major population centres, but to utilise 

unconventional providers of transport and courier services for last mile delivery where 

the larger players cannot or will not deliver for technical or security reasons 

(Participants P4, P9 and P12, Section 4.5.3.3). The franchise may consider 

outsourcing of the coordination and distribution logistics but if aiming for EAC-wide 

coverage under the given circumstances, there remains the need for in-house 

coordination down to the last mile.  

A major barrier to efficient movement of goods across EAC borders is the 

bureaucratic and non-tariff impositions on transporters that can delay delivery 

significantly and increase the overall cost of business (Participant P10, Section 

4.5.3.3). In this scenario, it is assumed that trade harmonization between the EAC 

member countries has resulted in free and speedy cross-border transport of goods 

which is vital for the shipment of MMs across borders because MMs are highly 

perishable live organisms.  

 

Distribution cost. Distribution cost is a major component of total MDT cost even in the 

US with MonarchLabs having to charge between US$50 to US$120 for overnight air 

transport (Monarch Labs, 2014b) and this component could easily exceed 50% of 

overall cost depending on distance and accessibility of the customer / patient. In the 

scenario, it is assumed that decentralisation of production facilities reduces the 

distance between producers and customers, and therefore the cost of treatment for 

http://www.dhl.co.ke/en.html
http://www.fargocourier.co.ke/
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patients. In addition it is envisaged that the franchise is able to negotiate favourable 

deals with major courier companies across the EAC. 

 

Treatment with MDT 

Vignette 11: EAC-wide approval of MDT and MM production 

Scenario. Through the processes and efforts of the EAC Medicines Registration 

Harmonisation project (EAC MRH), MDT has been approved as an essential drug. The 

franchise has been licenced and authorised by all EAC Ministries of Health to produce 

and supply MMs to healthcare providers across the EAC. MDT is either covered by 

EAC member country national healthcare insurance schemes or heavily subsidised.   

 

Harmonization. Depending on whether MMs are classified as a drug or a medical 

device, different sets of regulation will govern their production in the EAC, as 

elsewhere. There is good progress in harmonisation of essential medicines regulation 

across the EAC. The African Medicines Registration Harmonization (AMRH) initiative is 

a partnership between the WHO, the World Bank and the New Partnership for Africa’s 

Development with the WHO leading the initiative. The New Partnership for Africa’s 

Development commissioned a situation analysis of medicines regulatory harmonisation 

in the EAC which identified major differences between EAC country healthcare 

systems and the capacity of their governments through national medicines regulatory 

authorities to appropriately regulate medicines (Kamwanja et al., 2010). Nevertheless, 

there is a common desire to implement a harmonized medicines regulatory system to 

which end the study highlighted the challenges and made a number of 

recommendations. The EAC was subsequently the first of the Regional Economic 

Communities in Africa to engage in a memorandum of understanding with the AMRH to 

establish the EAC Medicines Registration Harmonisation project (EAC MRH) (WHO, 

2014c). Its objectives are to: 

“develop and maintain a “common documentation package” defining common 

technical requirements as a basis for other harmonization activities; build 

evaluator capacity to ensure adherence to agreed standards; streamline 

management systems and processes, with risk-based approaches to use 

available resources where it matters most; develop systems and processes to 

share regulatory information within and outside EAC countries; and conduct joint 

dossier assessments and manufacturing site inspections as a basis for national 

registration decisions.” (WHO, 2014c, p. 12) 
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After the harmonization guidelines had been established and approved, the first 

joint medicines assessment session was held in October, 2015. An initial eight 

medicinal product applications for registration submitted to the EAC MRH were 

assessed. The 2016 calendar of EAC MRH events includes training sessions in all 

EAC countries, Good Manufacturing Practices Inspections and field visits to 

manufacturing sites, all suggesting that the harmonisation program is well under way 

(EAC, n.d.-b). EAC-wide rollout of MDT services is likely to require that MMs and their 

production are submitted to the EAC MRH process to ensure full harmonisation and 

minimal SC disruption due to regulatory differences across EAC healthcare systems.   

In this scenario it is assumed that MDT will be regarded and regulated by EAC member 

countries as a drug therapy and not a device, not least as the situation for devices 

appears a little bleaker across the EAC (Rugera et al., 2014). 

 

Health insurance. Across sub-Saharan Africa and the EAC, a number of health 

insurance  schemes are in place including mandatory national / social health insurance, 

community-based health insurance and private health insurance (Spaan et al., 2012). 

As an example, Kenya has a compulsory National Health Insurance Fund for workers 

earning a monthly threshold wage of Ksh1000 or more and is aiming for a National 

Social Health Insurance Fund to provide hospital cover and other health related costs 

incurred at dispensaries and health centres by patients from all socio-economic 

backgrounds (Hsiao and Shaw, 2007, Muiya and Kamau, 2013). In an ideal world such 

insurance options would be available to the vast majority of East Africans and the 

scenario also assumes that insurers would cover MDT on the basis of its proven 

efficacy and cost-effectiveness in the Kenyan setting.   

 

Vignette 12: MDT and the need for low-cost wound care 

Scenario: While communicable diseases dominate the Kenyan health agenda it is 

recognised that road traffic related injuries, diabetes-related chronic ulcers and surgical 

wounds are highly prevalent. As a consequence, wound care has received 

considerable resources and attention with the development and implementation of 

effective and affordable interventions. Access to modern wound care technologies, 

advanced dressings and medication is improving but these modalities and 

pharmaceuticals are still unaffordable for most. Instead, the EAC invests in injury and 

wound prevention programs and low-cost sustainable wound care solutions including 

maggot debridement therapy. MDT has become a highly cost-effective treatment, 
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shortening the hospital stay of patients significantly while reducing the amount of 

antibiotics and surgical debridement required for wound management.  

 

Wound burden. The review of the wound burden literature in the East African 

Community in Section 4.2 demonstrates the large burden that wounds place on EAC 

healthcare systems. Interviews conducted in this study also confirm a high prevalence 

of problematic poorly healing wounds in Kenya due, for example, to traffic accidents 

and caesarean sections (e.g. P9 and P14, Section 4.5.3.4).  

 

Investment into disease monitoring and prevention. The EAC has in place a 

disease prevention and control unit with strategic objectives of  

“Establishing EAC regional information exchange system for communicable and 

non-communicable diseases; Establishing a supranational regional reference 

public health laboratory and strengthening national public health laboratories; 

Strengthening promotive, preventive, curative and rehabilitative health services 

for non-communicable diseases; and Strengthening the capacity of EAC Partner 

States to diagnose and treat communicable and non-communicable diseases. 

(EAC, n.d.-a) 

 

Cost-effectiveness of MDT. While MDT has not been approved yet by any of the EAC 

Ministries of Health, there are research initiatives planned or under way in Kenya to 

demonstrate the cost effectiveness of MDT in the Kenyan setting (pers. communication 

with Participant P6). A proof-of-concept study conducted as part of the approval 

process for MDT in Kenya, has shown that the therapy is highly effective in the 

treatment of difficult wounds in a Kenyan referral hospital (Participants P7 and P15).  

 

Vignette 13: Acceptance and use of MDT across the EAC 

Scenario:  MDT is a widely known wound care modality and accepted by the general 

public and the healthcare profession alike. All EAC Ministries of Health, and the major 

NGOs and faith-based healthcare providers endorse the use of MDT for wounds that 

are amenable to this therapy. MDT training is a standard part of the nursing and 

medical practitioner curriculum in the EAC. In order to achieve this broad acceptance 

and understanding, each EAC region provides culturally and linguistically tailored 

information material for patients and education resources for healthcare practitioners.  
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A 24-48 hour order fulfilment time achieved by the franchise makes MDT a 

feasible and widely used therapy in clinical practice across the EAC for wounds 

requiring debridement and infection control, including those in rural and remote areas 

which saves patients costly travel and stay in city hospitals. Moreover, MDT facilitates 

wound healing and reduces the length of hospital stay and need for surgical 

debridement. Because it is a safe and robust complementary therapy healthcare 

providers freely administer a variety of drugs including antibiotics alongside MDT 

without detrimental effect on MDT performance. Due to a shortage of trained 

physicians, nurses use MDT to debride wounds safely and effectively.  

 

Multiple sources of evidence including the literature (Heitkamp et al., 2012), the 

researcher’s personal experience, the workshop discussed in Section 4.4.2.3, and 

interviews with research participants (Section 4.5.3) all suggest that large healthcare 

provider knowledge deficits and image problems persist with regard to MDT, both in 

advanced western healthcare systems and in East Africa. In the scenario, the 

knowledge gaps have been overcome and negative image issues no longer hinder the 

use of MMs for wound treatment. The workshop in Kampala and interviews with 

Kenyan informants have also highlighted that widespread uptake of MDT depends on 

demonstrated efficacy of the treatment, endorsement by the medical profession and 

patients, its accessibility, and affordability or cost effectiveness.  

Maggot producers in Europe and the US are heavily engaged in research, 

professional development and information dissemination to both healthcare 

professionals and the patient cohort (see Biomonde website http://biomonde.com/us/, 

accessed 8 May 2017), which mirrors the general marketing approach of medical and 

pharmaceutical companies. This has been critical given the competitive wound care 

environment that is dominated by multinational companies such as Hartmann, Smith & 

Nephew and Mölnlycke. The large African market for wound care has not gone 

unnoticed by these companies making it necessary for any emerging MM producer and 

MDT provider to remain competitive in terms of price, quality, efficacy and healthcare 

provider support. 

 

Vignette 14: Availability of dressing solutions and treatment R&D 

Scenario: Both the ‘free-range’ and ‘bagged application’ methodology for MMs is 

offered by suppliers across the EAC enabling tailored and indication-specific treatment 

http://biomonde.com/us/
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of wounds. In particular access to bagged MMs has increased the use of MDT because 

of their ease of application and the inoffensive visual appearance of the dressing.   

As in Europe, the US and elsewhere, medical researchers in the EAC are actively 

involved in the development of locally relevant MDT improvements and adjustments; 

for example, in the care of burns, which are common in the EAC but are comparatively 

rare in the western clinical setting, and the use of MDT in acute musculoskeletal 

injuries in the austere environment as a result of armed conflict and traffic accidents.   

 

The scenario assumes the availability of the two dominant dressing technologies in 

MDT, the caged application of maggots directly to the wound, also known as ‘free-

range’ application, and the bagged application of maggots (Grassberger and 

Fleischmann, 2002). MDT is still a relatively new and low-tech therapy and there is 

ongoing R&D to improve the application technology, to develop new fly species and 

strains, and to explore the biochemical properties of maggot excretions and secretions 

(Masiero et al., 2015, Kruglikova and Chernysh, 2011, Linger et al., 2016). No two 

healthcare systems are alike especially as far as the EAC is concerned. It is therefore 

plausible, and indeed critical, that MDT producers, researchers and therapists continue 

healthcare system relevant research and development in order to maximise the benefit 

of MDT in the EAC. For example, maggot debridement therapy in affluent countries is 

predominantly used in the treatment of chronic leg ulcers (Klobucky et al., 2015, Sun et 

al., 2014), whereas EAC countries are still faced with a significant wound burden from 

interpersonal violence, road traffic accidents and injuries including burns. It therefore 

makes sense for those researching MDT in the EAC to work on cost reduction 

innovations and improvements in MDT for musculoskeletal acute injuries and burns.  

 

Disposal 

Vignette 15: Disposal of packaging, dressings and MMs 

All MM shipments come with disposal instructions. The cool chain shipper boxes and 

cool packs are either returned to the producer via reverse logistics arrangements or, if 

not, they are disposed of in the recycling and / or general waste stream. The sterile 

primary packaging in which MMs are held during shipment is disposed of in the general 

waste stream or recycled. Where possible, reuse and recycling alternatives are 

implemented for packaging material. Used MMs and soiled dressings are disposed of 

in accordance with Ministry of Health guidelines for hazardous clinical waste.  
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In addition, all MDT practitioners understand that MMs are living sentient beings 

deserving of humane treatment. There are well established and convenient euthanasia 

procedures in place ahead of disposal into the clinical waste stream. Secure bagging of 

MDT waste prevents the escape of non-euthanized and potentially infectious maggots. 

 

Safety is clearly an important consideration as far as clinical waste is concerned. Used 

MDT dressing material and MMs need to be treated as hazardous clinical waste due to 

blood and exudate contamination and the risk of infectious disease (Daeschlein et al., 

2015). This is particularly an issue in sub-Saharan Africa where HIV/AIDS and other 

communicable diseases are highly prevalent. The WHO has developed guidelines for 

the disposal of clinical waste that outline safe waste management options for LMIC 

healthcare providers (Chartier et al., 2014). The MDT literature for practitioners 

suggests secure bagging of soiled dressings and used MMs and disposal in the health 

care facility’s hazardous waste stream (e.g. Fear, 2004). The Wound Healing and 

Management Node Group (2014, p. 49) recommends:  

“To remove maggots use gloves and/or forceps and place in a sealable plastic 

waste bag. Dispose of maggots as per local quarantine instructions. Consider 

placing them in the freezer (within the sealable plastic waste bag) prior to 

disposal for humane reasons.”  

However, the scenario assumes more sophisticated euthanasia options including 

humane invertebrate-specific anaesthetic and killing reagents provided along with 

disposal bags and instructions.    

 

4.4.3.3 Logic model of the optimised East African Community MDT-SC 

Based on the optimised supply chain developed in previous sections this section 

presents in Table 21 the logic model of the optimised theoretical MDT-SC in the EAC. 

Note that the conventional logic model illustrates by way of graphs the causal 

relationship between inputs, activities, outputs and outcomes. In this case a pictorial 

representation has been replaced with a tabular documentation of the model because 

of the richness of information contained within. Outputs were also omitted in the logic 

model because they would have required more informed speculation than the 

researcher was prepared to offer at this early point of theory development. Besides, the 

sheer volume of outputs for an optimised MDT-SC would have been overwhelming and 

beyond the objective of this exercise.    
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Table 21: Logic model of the optimised EAC SC. 

Input Activity Outcome 

SUPPLY   

 Franchise purchasing 
department with 
supplier relationship 
manager 

 EAC common market 

 Efficient and 
transparent customs 

Franchise actively manages and nurtures 
relationship with suppliers 

AFFORDABILITY 

MDT is affordable and 
accessible to all patients  

Franchise negotiates favourable terms and 
purchases in bulk on behalf of producers  

 Supplier relationship 
manager 

 Communications 
infrastructure 

Franchise ensures that suppliers are aware 
of downstream events and resulting demand 
fluctuations  

RESPONSIVENESS 

MDT-SC can respond to 
changes in demand 
quickly 

As the focal organisation in the SC, the 
franchise coordinates vertical integration and 
SC communications 

 Franchise supplier 
relationship manager 

 Franchise risk 
manager 

Suppliers maintain disaster preparedness 
and business continuity plans and capability 
for implementation 

RESILIENCE 

The MDT-SC is resilient 
to risk  

Franchise coordinates SC-wide risk 
monitoring and management activities 

 Franchise quality 
control manager 

 Qualified suppliers 

 Skilled workforce 

 Laboratory, dietary 
and other production 
supplies 

Franchise selects suppliers on the basis of 
quality and implementation of industry 
standards and best practice.  

SAFETY 

MDT-SC ensures reliable 
supply and product 
integrity and safety 

Franchise audits supplier quality 
management systems 

 Franchise 
sustainability manager 

Suppliers are selected based on their 
sustainability credentials 

SUSTAINABILITY 

MDT-SC is sustainable 

Franchise works with suppliers and other SC 
partners to improve SC-wide sustainability. 

 Franchise R&D 
manager 

Franchise works with suppliers to innovate 
and improve products and services. 
 

INNOVATION 

MDT-SC is innovative 
and adapts to the needs 
of healthcare providers 
and patients 

PRODUCTION   

 Social franchise 
producing MMs for 
MDT  

 Social impact 
investment 

MM products are offered at or near cost and 
any profit is reinvested in research, 
development and wound prevention   

AFFORDABILITY 

MDT is affordable and 
accessible to all patients  
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Input Activity Outcome 

 Communications 
infrastructure 

 Franchise SC 
manager 

 Suppliers for halal, 
kosher and meat-free 
dietary ingredients 

Franchise monitors supply, production and 
demand and coordinates seamless pooling 
of resources in case of local supply 
interruptions, shortages and MM demand 
surges. 

RESPONSIVENESS 

MDT-SC can respond to 
changes in demand 
quickly 

As the focal organisation in the SC, the 
franchise coordinates vertical SC integration 
and communication 

Producers tailor production methods to suit 
the cultural/religious preferences of patients 

 Franchise risk 
manager 

 Franchise production 
manager 

Franchise coordinates SC-wide risk 
monitoring and management activities 

RESILIENCE 

The MDT-SC is resilient 
to risk  

Franchise maintains contingency and 
business continuity plans for production.  

The franchise mobilises production 
redundancies to bridge local supply 
interruptions or demand surges  

 Regulatory certainty 

 Franchise quality 
control manager 

 Production quality 
control managers 

 Approval of MDT for 
clinical use 

 High quality supplies 

 Skilled workforce 

Producers follow the latest international 
standards ISO 9001  and  ISO 15189 and/or 
adhere to Good Manufacturing Practice.  

SAFETY 

MDT-SC ensures reliable 
supply and product 
integrity and safety 

Producers implement and franchise audits a 
MM sterility and therapeutic efficacy quality 
control program in line with international 
standards. 

Franchise coordinates the SC to mitigate 
risks and meet demand.   

Anti-counterfeit measures implemented 

 Modern  buildings, 
equipment and 
facilities 

 Green infrastructure 
e.g. insulated 
buildings, solar 
technology, rainwater 
capture, waste 
recycling services, etc. 

 Production quality 
control manager 

Producers employ production methods and 
work practices that minimise energy and 
water use, and minimise waste, without 
compromising quality. 

SUSTAINABILITY 

MDT-SC is sustainable 

Producers establish reverse logistics 
arrangements with regular customers for 
outer cool chain shippers. Producers use 
recyclable materials for primary packaging 
and single use shippers. 

Producers maintain fly stock colonies under 
optimal conditions to ensure long-term strain 
viability, production performance and 
therapeutic benefit. 

 Franchise R&D 
manager 

 Universities and 

Producers invest collaboratively through the 
franchise in innovation and continuous 
product improvement, e.g. diet refinements, 
fly species domestication, packaging, etc.   

INNOVATION 

MDT-SC is innovative 
and adapts to the needs 
of healthcare providers 
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Input Activity Outcome 

researchers 

 Research funding 

Franchise collaborates with universities in 
R&D 

and patients 

Franchise can mobilise and coordinate 
resources for collaborative R&D with 
suppliers and healthcare providers. 

DISTRIBUTION   

 Franchise logistics 
manager 

 Logistics service 
providers 

 Air 

 Land 

 Last mile 

 Franchise sales 
department 

Franchise and producers work closely with 
logistics providers to coordinate distribution 
and negotiate terms and conditions.  

AFFORDABILITY 

MDT is affordable and 
accessible to all patients  

Producer engagement with a variety of 
transport operators ensures selection of 
most cost-effective service and supply 
reliability. 

Franchise coordinates marketing and sales 
and assigns customer orders to closest 
production facility, thus reducing distance 
between producer and customer and 
therefore shipment costs. 

 Logistics service 
providers 

 Franchise sales 
department  

 Franchise sales 
manager 

Producers engage a variety of logistics 
providers for MM distribution depending on 
circumstances.  

RESPONSIVENESS 

MDT-SC can respond to 
changes in demand 
quickly 

Franchise coordinates sales and distribution 
and can engage / pool distribution resources 
where they are needed. 

 Logistics service 
providers 

The franchise engages a variety of logistics 
providers, especially at last mile, which 
conveys resilience through redundancy. 

RESILIENCE 

The MDT-SC is resilient 
to risk  

Courier service providers maintain and 
implement contingency and business 
continuity plans to overcome transport 
interruptions.   

 Communication 
infrastructure 

 Insulated shippers and 
cool elements 

Franchise sales department matches 
customer with producer and logistics 
provider for rapid order fulfilment within 48 
hours. 

SAFETY 

MDT-SC ensures reliable 
supply and product 
integrity and safety 

MMs are shipped with protective cool chain 
packaging and passive cooling which 
maintains required temperature range. 

 Re-usable insulated 
shippers 

Couriers facilitate reverse logistics service, 
returning re-usable cool chain packaging to 
the producers at favourable cost. 

SUSTAINABILITY 

MDT-SC is sustainable 
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Input Activity Outcome 

Access to a diverse network of transport 
operators from courier companies to self-
employed motorbike taxis conveys high 
adaptability 

INNOVATION 

MDT-SC is innovative 
and adapts to the needs 
of healthcare providers 
and patients 

TREATMENT   

 National Health 
Insurance cover for 
MDT 

 Trained nurses and 
doctors 

Healthcare practitioners in public, private and 
faith-based hospitals provide affordable 
MDT.  

AFFORDABILITY 

MDT is affordable and 
accessible to all patients  

Rural and remote healthcare clinics and 
community nurses provide MDT to patients 
too sick or too poor to travel and stay in 
regional and metro referral hospitals. 

The franchise works with healthcare 
education and training providers to develop 
MDT education resources and programs.   

 The franchise and producers fulfil orders 
within 24-48 hours.  

RESPONSIVENESS 

MDT-SC can respond to 
changes in demand 
quickly Producers supply both ‘free-range’ or 

‘bagged’ MMs and culturally sensitive MMs 
on demand.  

 Communication 
infrastructure 

 Telephone banking 

The franchise works with healthcare 
education and training providers to develop 
MDT education resources and programs.   

RESILIENCE 

The MDT-SC is resilient 
to risk  

Franchise offers flexible ordering and 
payment services to ensure that healthcare 
providers have ready access to MMs. 

 Adverse outcomes 
register 

Healthcare providers only source MMs and 
related dressings from the franchise and its 
producers. 

SAFETY 

MDT-SC ensures reliable 
supply and product 
integrity and safety 

The franchise maintains an adverse 
treatment outcomes register and healthcare 
providers report adverse outcomes. 

 Reverse logistics 

 Reusable shippers 

Healthcare providers recycle primary 
packaging and return external packaging to 
producers via reverse logistics.  

SUSTAINABILITY 

MDT-SC is sustainable 

 Healthcare providers participate in research 
and development to tailor MDT services to 
EAC wound care needs e.g. austere 
environment wound care, burns care and 
traffic accident injury care. 

INNOVATION 

MDT-SC is innovative 
and adapts to the needs 
of healthcare providers 
and patients 
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Input Activity Outcome 

DISPOSAL   

 Recycling services 

 Re-usable shippers 

Healthcare providers recycle primary 
packaging and return shippers to producers 
via reverse logistics.   

AFFORDABILITY 

MDT is affordable and 
accessible to all patients  

 Clinical waste services 

 Incinerator 

Healthcare providers securely collect free-
range maggots and soiled dressings at 
dressing change and bag them escape 
proof. Ideally maggots are euthanized in the 
process ahead of disposal. 

SAFETY 

MDT-SC ensures reliable 
supply and product 
integrity and safety 

Healthcare providers dispose of used 
dressings in the infectious clinical waste 
stream. 

 Re-usable shippers 

 Recyclable packaging 

 Environmentally 
friendly materials 

Healthcare providers recycle primary 
packaging and return shippers to producers 
via reverse logistics.   

SUSTAINABILITY 

MDT-SC is sustainable 

Franchise seeks to minimise environmental 
footprint through ongoing efforts to improve 
packaging sustainability.   

 Euthanasia protocol Used MMs are chemically euthanized during 
the process of safe storage prior to disposal.   

 Healthcare providers and the franchise 
participate in research and development on 
waste disposal and removal / euthanasia / 
disposal of MMs. 

INNOVATION 

MDT-SC is innovative 
and adapts to the needs 
of healthcare providers 
and patients 
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4.5 The actual characteristics of a contemporary MDT-SC in a 

compromised healthcare setting – Kenya     

4.5.1 Introduction 

The actual Kenyan MDT-SC has been explored with 3 observations and 16 semi-

structured interviews. This section presents the results of this empirical research. 

Section 4.5.2 summarises the observation findings and Section 4.5.3 presents the 

results of the interviews with key stakeholders. The resultant characterisation of the 

Kenyan MDT-SC and MDT-like supply network has been synthesised via a process of 

rephrasing and coding of interview data, and subsequent re-arrangement of information 

in a coherent sequence from upstream to downstream activities. Section 4.5.4 presents 

the logic model for the Kenyan MDT-SC. 

 

4.5.2 Observation summary  

4.5.2.1 MDT treatment of an outpatient and an aged care facility resident 

As mentioned earlier, MDT treatment of two patients with a pressure ulcer on their 

buttock was observed and treatment notes were made. In summary, both patients 

requested MDT rather than a doctor recommending it. Treatment involved the 

application of bagged maggots which was quick and uncomplicated. The healthcare 

providers did not use zinc cream or hydrocolloid to protect the peri-wound area 

because MMs are confined to the bags. Nevertheless, the buttock and anal region 

posed some challenges which made dressing application appear a little cumbersome. 

Unfortunately, in both instances only the first application of maggots was observed and 

consequently neither data on the removal of used dressings and maggots nor the 

healing progress could be collected. Having had prior experience with MDT, both the 

medical doctor at the hospital (Observation 1) and the nurse at the aged care home 

(Observation 3) appeared to be comfortable in using the therapy on these patients.  

 

4.5.2.2 MM production 

The second observation (Observation 2) was made when visiting O10’s office and lab 

where a modest MM rearing operation was being maintained. The small scale of this 

operation is because MDT is not a government-subsidised treatment in this European 

country, making MDT prohibitively expensive for those consumers prone to chronic 

wounds, which are also those most often in need of this therapy (P3). Consequently, 

the low demand levels would make a larger-scale production facility unprofitable.   
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It was important to understand whether the production and treatment protocols at 

O10 differed in any way from those implemented at O2 in Kenya. P3 confirmed on 

several occasions that this is not the case and that the methods and protocols adopted 

by the Kenyan lab are identical to those used at O10. Overall, the rearing and MM 

production protocols employed by O2 and O10 do not differ significantly between each 

other and are, with a few exceptions, broadly similar to those discussed in the literature 

(Sherman and Wyle, 1996).  

 

Fly cages and stock colony rearing conditions 

Large custom-made aluminium framed fly cages (approximately 800 x 800 x 600 mm) 

are being used for the maintenance of colonies at O10. At the time of visit only two 

cages were in use with about 200-300 flies in each. If fully stocked, the cages could 

probably hold up to 1500 flies. The cage design differs from cage solutions adopted in 

other laboratories and particularly by O42 who appear to use plastic tubs covered by 

nylon netting (Harb, 2015). The researcher himself has used nylon panty hoses and 

plastic tubs in a similar set-up for insect colony maintenance including fly rearing, 

before being aware of O42 cage design. At O10, water is provided to flies by a 

polyvinyl chloride pipe and sponges. Sugar, protein food and egg laying substrate need 

to be placed by hand into the cages via a sleeved entry hole. The cage design 

suggests that cleaning of the cage is more difficult when compared to a simpler plastic 

tub and nylon stocking design. It is the researchers own experience that after a period 

of three to four weeks, the span of a fly generation, cages are substantially soiled and 

require very thorough cleaning.  

It was also noticed that the cages were set up in an alcove of the room that 

received little natural light and only ambient artificial light from fluorescent tubes. 

Blowflies are diurnal insects that are dependent on natural photoperiods and UV 

exposure for healthy development (Section 2.3.1.4). In the long run this set-up may not 

be viable without additional lighting. According to the research assistant at O10, the 

flies enjoy a 12 hour day and night cycle, a constant 25oC ambient temperature and 

60% humidity. The generation time is 3 weeks, and females will produce around 1500-

2000 eggs each. 

 

Summary of adult and larval diets 

Adult flies receive a diet of raw sugar, yeast and vitamin B medium and for oviposition 

a mix of liver and wheat bran is offered to females with developing eggs. Water is 
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provided ad libitum. Those larvae destined for MDT are hatched on an egg yolk and 

water medium, and those reared for colony replenishment receive a liver and wheat 

bran medium (see also P7’s description of the identical rearing protocol)  

 

Egg harvesting and sterilisation 

Adult female flies are fed a protein rich diet consisting of vitamin B and yeast mix 

served in a petri dish to initiate egg development. Eggs are harvested with a wheat 

bran and liver substrate. It is covered over with a container with holes that allow fly 

entry and exit and provides the right environmental cues for females to lay eggs (see 

also interview P7 for a description of the same process at the Kenyan laboratory). Eggs 

are removed from the oviposition medium and sterilised with three Chloramine T 

treatments, 20 minutes each. Complete egg sterilisation is ensured by mechanical 

separation of eggs. Each sterilisation step is followed by several rinses with H2O. 

Sterilised eggs are plated onto a medium made of dried egg yolk and water to provide 

hatching first instar larvae with food. The eggs on egg yolk medium are placed in an 

incubator for 24 hours at 26OC. The emerged and already growing first instar maggots 

are then washed off the medium with water, counted and placed in mesh bags.  

Bags are constructed with a nylon fixed weave mesh. The sides are soldered at 

210OC. Several heat seals are soldered to safeguard against failure. Completed bags 

with one side open are sterilised for 24 hours under ultra violet light.  

The egg yolk is dry sterilised at 120oC and distilled (rather than autoclaved) 

water is used to make up hatching medium. The lab does not perform any sterility 

testing of the eggs, the first instar larvae, the bags, or the egg yolk medium. According 

to P3 and his team, this was done in the past but is no longer considered necessary 

because there was never a problem in this regard.  

First instar maggots are bagged in lab-fabricated bags, and these are sealed and 

placed into a larger takeaway container, which is sandwiched between two gel cool 

packs and placed into an envelope for transport. A local courier company guaranteeing 

24 hour delivery is hired for distribution if the maggots are not directly delivered by O10 

staff. The lab provides MMs to 15 hospitals but there is only demand for 2-3 cases per 

week.       
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4.5.3 The Kenyan MDT-SC 

4.5.3.1 Introduction 

Over the course of this research, 16 interviews were held with stakeholders involved in 

MDT- and MDT-related SC activities. In this section, the qualitative research results 

have been synthesised as outlined in Section 3.3.4.2 to construct an echelon by 

echelon portrait of the Kenyan MDT and MDT-like supply chains. It must be noted that 

not all information that fed into this SC portrait is about MDT or MM production. 

Instead, organisations and participants have also been selected because their activities 

and experience would inform the researcher’s evaluation of the Kenyan health care 

and SC landscape and its capacity to implement and maintain an MDT-SC. This is also 

due to the fact that the Kenyan MM production and MDT-SC are still in their infancy.  

 

4.5.3.2 Production 

This section explores MM production efforts in Kenya including the characteristics of 

the wider Kenyan medical laboratory supply network.  

 

Laboratory landscape in Kenya 

The medical laboratory landscape in Kenya is sculpted by the tiered Kenyan health 

system. As P8 outlined, the public system operates reference laboratories, county 

referral hospital laboratories, sub-county hospital laboratories and research 

laboratories. Reference laboratories engage in research and testing for specific 

conditions such as HIV, TB and malaria. County referral hospital laboratories conduct a 

broader range of tests for a large number of patients. The equipment available to these 

laboratories allows for advanced pathology such as viral load testing and 

immunochemistry. Sub-county hospital laboratories perform basic testing but not 

parasitology, bacteriology, chemistry or haematology. Health centres perform only very 

basic rapid tests in line with maternal and child health programs. Research laboratories 

specialise in human, animal or environmental research. 

Overall laboratories receive little funding from the government. Public laboratories 

are generally supported by partners such as The United Sates President’s Emergency 

Plan for AIDS Relief (PEPFAR), which is the biggest donor, and which funds system 

strengthening and capacity building through the Centre for Disease Control.  

Faith-based organisations have better labs than the government equivalents, 

which means that the majority of patients seek healthcare services from faith-based 
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providers if they can. There are also smaller and larger private labs for medicine and 

pathology in Kenya, mainly for the high-end market.  

O2, the host institute for the Kenyan MM production program is part of O1, a 

larger Kenyan government research organisation and is therefore subject to the same 

budgetary constraints as described for other public laboratories.  

The participants’ characterisation of the laboratory landscape in Kenya is in broad 

agreement with information provided online by the National Public Health Laboratory 

Service (http://www.nphls.or.ke/?page_id=351) and with other sources discussing the 

Kenyan healthcare system in general and medical laboratories in particular (KHF & 

TFHC, 2016, Slotved et al., 2017). Kenyan public laboratories do indeed receive 

support from PEPFAR, e.g. through the Labs for Life partnership (PEPFAR, 2017). 

 

MM production background and program establishment 

There was close agreement between participants P3, P7 and P15 as to the genesis of 

the Kenyan MDT program. O2 scientific staff went on a technical exchange program to 

O7 in Europe in order to improve their insect mass rearing skills. Whilst seconded, they 

learned about MM mass rearing and MDT activities at O10, a private company led by 

P3 who also oversaw the tsetse fly mass rearing at O7. The seconded Kenyans 

recognised that MDT would also be useful in the Kenyan context. P3 and a respected 

local surgeon went to Kenya and gave presentations on maggot therapy and visited 

some hospitals. The Kenyan stakeholders then agreed to future collaboration. A joint 

grant application was successful and funding was received from a European national 

grant agency to establish a ready-to-use sophisticated L. sericata mass rearing facility 

for the supply of MMs to Kenyan hospitals. An online search for grant details revealed 

that the total project budget was €236,183 with €26,237.58 co-funding from O10. 

Since completion of the earlier grant work and establishment of the rearing 

facility, O2 and O7 sought unsuccessfully to obtain a new grant for the identification of 

Kenyan fly species suitable for MDT. The Kenyan research institute continues to seek 

funding for this work in line with the institute’s program of bioprospecting.  

The MDT program also demanded close collaboration with a medical institution 

and physicians willing to support clinical trials in order to demonstrate efficacy and 

safety and obtain regulatory approval for MDT by the Kenyan Pharmacy and Poisons 

Board. The proof of concept study to support the approval process was conducted at a 

Kenyan referral hospital with the support of a plastic surgeon from that hospital. P6, 

who works at the hospital as an infection control consultant and privately provides 

http://www.nphls.or.ke/?page_id=351
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wound care services in the community was also brought in to the project team to 

support the clinical trial and approvals process.   

Affiliation with University Hospitals was sought in order to ensure participation of 

institutions that are involved in wound care. During the grant-funded establishment of 

the MDT program in Kenya, a surgeon from one hospital was trained at O7 and O10 in 

Europe. P15 did not go into details but it appears that differing organisational priorities 

have led to discontinuation of this collaboration. She also indicated that the institute 

was keen to partner with other similar hospitals in anticipation of approval and full-scale 

production.  

When reflecting on full commercialisation, she believed that, in future, the MM 

facility ought to become a separate entity, a business unit or company at arm’s length 

from the overall operations of the parent organisation and the institute. Contrary to her 

suggesting earlier that MDT was a good fit with the institute’s regular research 

program, she argued for the organisational split on the grounds that the host 

organisation and institute have quite different programs of research and development. 

These two viewpoints can be reconciled by considering that the institute may well have 

been suited for initial establishment but may be ill prepared for long-term operation and 

commercialisation of an MM production business. 

 

Organisational support  

Institutional support for the MDT program has been waxing and waning. In the early 

days, some fellow scientists from O1 believed the MDT program stood outside the 

organisation’s role. This attitude changed when critics reflected on the day-to-day 

biomedical work the institute is involved with, and its achievements in MDT. According 

to P15 (Director, O2), the suitability of the institute for the MM production program was, 

indeed, considered and deemed appropriate because the production of medical grade 

maggots is well within its remit. This is because, prior to a recent restructure, O2 had 

already had an animal and human health focus through sleeping sickness research 

and treatment. MDT, and its alternative application for animal wound care, were 

therefore perceived to be relevant to the institute’s work.   

Top down, the previous director general of O1 had been very supportive, 

however, after a recent change in management, support is somewhat uncertain. P15 

suggested that internal lobbying and the commercialisation of MM production at the 

institute can change that because MM production can generate income.  
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Human resources 

The institute has four staff trained in MM production. Two staff from O1 (P7 and S4) - 

were trained hands-on at O7 and O10, and this included production of MMs and 

treatment. Upon return to Kenya, P7 supervised production, conducted treatment, and 

trained medical doctors in MDT treatment. S4, the other trainee was responsible for the 

mass rearing of MMs. After overseas training, P7 and S4 were able to train two other 

colleagues and would be able to conduct further training if MDT operations were to be 

expanded. However, at the time of this study (2016/17) only one person was required 

to maintain operations at any given time.  

The institute customised its own standard operating procedures (SOP) based on 

the manual for production and clinical use of MMs that was developed by O10 and their 

affiliated hospitals. By contrast, the Kenyan hospital that uses MDT adopted the 

treatment guidelines as they are described in the provided manual. Overall, few 

modifications were made by the institute, and the customization of the production and 

treatment manual mainly involved the preparation of summary documents with 

production-relevant information used for training of lab technicians to make the 

information more accessible. According to P3, staff were well trained for MM 

production. In addition, P7 reflected on working with tsetse flies as they are much 

harder to rear and considered that it was good preparation for MM production. This is 

echoed by P3 who expressed his confidence in the staff running the facility in Kenya 

and their capacity to produce MMs appropriately and to conduct MDT. 

An independent perspective in relation to the Kenyan laboratory workforce was 

provided by P8 who confirmed that Kenyan laboratories have a highly skilled 

workforce, some with bachelor and master degrees. There is a high capacity for 

adopting new practices as evidenced by a smooth transition from CD4 to viral load 

testing for AIDS diagnosis. In pathology laboratories, a large proportion of specimens 

had been rejected in the past because of poor paperwork or poor-quality samples. 

However, training on best practice specimen management, such as triple packaging, 

resulted in a significant decrease of rejection levels.  

 

Current demand and production 

Research activity at O2 varies depending on funding levels and, in the case of the 

maggot therapy program, on the approval of MDT by the Pharmacy and Poisons 

Board. At the time of the interview there was not much activity, but the participant and 

her colleagues hoped that this will change once the government approves MDT. 
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Only three hospitals, O3, O4 and O5 have ever used MDT in Kenya through 

doctors based at O3. For the proof-of-concept study that was conducted for approval 

purposes, MDT was only performed at O3 and by P6 in his private practice. P7 said 

that the institute was supplying MMs to two hospitals, O3 and another hospital at the 

outskirts of Nairobi, as well as to P6 for private practice. The number of maggots 

required by O3 depends on clinical demand. While injuries due to motorbike accidents 

are on the increase across the country, with entire wards full of patients, the use of 

MDT at O3 is still very limited because of the pending approval by the Pharmacy and 

Poisons Board. This is also a barrier to the roll-out of MDT beyond O3 to hospitals 

across the country. In the meantime, P6 has to take personal responsibility if he wants 

to use MDT at O3 or in his own practice which means that only a few patients were 

recruited and used for data collection under the umbrella of proof-of-concept research.  

At the time of the interviews, around three patients per week were treated and the 

MM laboratory at O2 met this demand with some over production. This has not always 

been the case. P6 reported past delays in egg production and therefore maggot 

production. This happened when the production facility maintained a minimal number 

of flies to save on expenses which in turn led to a production lag when maggots were 

required. Although O2 is completely equipped and has the capacity to produce MMs for 

Kenyan hospitals, it is mostly maintaining a stock colony of flies with a few MM bag 

dressings produced for the little demand there is from O3. This is because, in the 

absence of regulatory approval (which would translate into significant sales), the lab 

lacks the income for ongoing operations e.g. purchasing of insect diet, staff cost to run 

insectary and laboratory, transport costs, and maggot preparation costs including 

labour and materials. 

All participants from the MDT cluster were convinced that there is a large demand 

for MDT in Kenya. P7 mentioned that this had become apparent when the media 

reported on the institute’s MDT activities and an overwhelming number of calls were 

received. Moreover, during the time when the MDT program was being established O2 

and the European team visited O11, a faith-based hospital, and gave a seminar to the 

medical staff there. The concept of MDT was received with much interest, and there 

was intention to use MDT once approved by the Pharmacy and Poisons Board. The 

participants’ views on wound prevalence and the need for MDT are explained in more 

detail in Section 4.5.3.4.  
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Facility design and construction 

The grant-funded project was led and coordinated by P3 and his colleague S3. The 

collaborative arrangements with O1 were agreed and documented in the grant 

proposal which clarified their mutual responsibilities. P3 and his team were responsible 

for sourcing and shipping the laboratory equipment, fly stock and essential 

consumables as well as training of the staff. P15 and O2 were responsible for 

overseeing construction and refurbishment of the laboratory spaces.  

There were no suitable facilities available at O1, only an old space that had to be 

completely refurbished. The facility was designed and planned as an up-scaled copy of 

the existing facility and technology at O10, although it was not designed with a specific 

production quota or capacity in mind. Nevertheless, P3 was confident that the facility 

has sufficient capacity to meet future needs. 

The production laboratory has rooms to accommodate the different production 

work processes. The maggot sterilisation and packaging area is furnished with a 

laminar flow cabinet for sterile handling procedures. The insectary contains fly cages 

with colonies and the larval rearing set-up. The washing area is for washing and 

disinfection of equipment, and for preparation of larval food media. It also houses 

incubators and fridges. Access to the MM laboratory is restricted and completely 

separate to the rest of the institute facilities.  

 

Both P3 (Director, O7/O10) and P15 (Director, O2) reflected positively on the shipment 

and installation of equipment from Europe. They suggested that the logistics of 

transporting equipment and setting up the facility had not posed a problem. According 

to P3, collaborators were in close weekly contact via Skype and the lab was set up and 

equipment installed by an experienced technician from O7/O10 without any incidents or 

problems. However, it appears that equipment importation was held up for months by 

customs and that this disrupted the project to a greater extent than initially suggested 

by these participants. Whilst P15 considered this a normal processing period, this view 

was not shared by P7. She said that setting up the maggot rearing facility had not been 

an easy undertaking, and the main problem encountered had been lengthy and 

onerous Kenyan customs clearance processes and import taxation impositions. Even 

though the Director General of O1 and European consular staff intervened, importing 

the equipment for the maggot facility took approximately eight months. Later on P15 

acknowledged and appreciated in particular the attentiveness of the European diplomat 

and his daily contact throughout the project.  
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 At the time of the interview the production facility was co-located with O2 

facilities close to Nairobi. However, P6 was of the opinion that there would be merit in 

establishing production facilities across the country, e.g. in Nairobi, Mombasa, in Meru 

(eastern Kenya), in Eldoret (western Kenya), in Nakuru (Rift Valley), and in Kisumu. He 

stated that delivery of MMs within 2 hours would facilitate clinical planning, and 

complementary facilities would increase supply security. At the same time he noted 

that he had transported MMs up to 80 km in private practice and that cold storage 

should allow for long distance transport to any part of the country. When discussing 

facility models including the feasibility of mobile MM production facilities, P8 considered 

the idea favourably. He said that maternal and child health programs already use 

mobile health care facilities. 

 

Regulatory environment 

The technical advisor P8, with expertise in strengthening African laboratory services, 

envisaged that the regulatory framework under which a MM production laboratory 

would need to operate would include Pharmacy and Poisons Board approval of MDT, 

the implementation of a quality management system (e.g. ISO 15189 Medical 

laboratories – Requirements for quality and competence, and ISO 17025 General 

requirements for the competence of testing and calibration laboratories), registration 

under the Laboratory Act as regulated by the Kenya Medical Laboratory Technicians 

and Technologists Board, and accreditation for ISO 17025:2005 by the Kenya National 

Accreditation Service. 

He also mentioned that while many laboratories had started to implement quality 

management systems, as of 2016 fewer than thirty laboratories had actually been 

accredited. Accreditation to ISO 15189:2012 is offered through the Kenya Accreditation 

Service. In 2013, 4 private and 4 research laboratories in Kenya were accredited 

(Schroeder and Amukele, 2014). Given that the interview with P8 was conducted in 

2016, it is highly likely that fewer than 22 additional laboratories achieved accreditation 

in the intervening three years, which supports his assessment. 

Regulations and regulatory authorities with which the MDT project has engaged 

match closely those described by P8. The director of O2 confirmed that regulatory and 

legal obligations would be dictated by the Pharmacy and Poisons Board, and could turn 

out to be simply a requirement to adhere to the GMP which applies to drug 

manufacture. The institute has experience with quality management standards for 

drugs and at the time of the interview it had already been accredited for, and was 



 
MDT supply chain management in compromised healthcare settings  |  Page 172 

 

meeting quality management system standards of, ISO 9000 and 9001:2008, and was 

in the final stages of accreditation for ISO 17025:2005 General requirements for the 

competence of testing and calibration laboratories. While accreditation for ISO 15189 

Medical laboratories – Requirements for quality and competence, is not out of the 

question, it had not yet been sought because of the expense required to achieve 

accreditation and compliance with ISO 15189, and the uncertainty around its benefit to 

operations over and above that provided by other standards. 

In addition to the above-mentioned agencies and regulations, the importation of 

L. sericata flies from Europe in pupal stage, required approval from the National 

Commission for Science, Technology and Innovation and the maintenance of fly 

colonies also required approval from the Kenyan National Environmental Management 

Authority.   

 

Standard Operating Procedures 

The manual for MM production provided by O7 as part of the MDT project is followed 

by O2 to a large extent with few modifications being made. Customization of the 

production and treatment manual mainly involved the extraction of production-relevant 

information and the preparation of abbreviated instructions used for training of lab 

technicians with the aim of making information more accessible. P7 reiterated that the 

institute customised its own SOPs. The Kenyan hospitals using MDT adopted the 

treatment guidelines as they are described in the manual that had been provided. 

Unfortunately, neither P3 nor P15 forwarded a copy of the guidelines, or customised 

SOPs even though the researcher expressed an interest in viewing this material.    

 

Stock colony maintenance and MM production 

Information regarding the MM production process came chiefly from P7, the lab 

manager at O2. However, both P3 and P15 confirmed that the O2 laboratory produces 

MMs in line with the guidelines and protocols provided by P3. Allegedly, all materials 

and consumables can be sourced in Kenya and L. sericata is also found in Kenya and 

could be sourced from wild populations, but their suitability would need to be 

established before being used in MDT. The following is a summary of P7’s description 

of the laboratory protocol used at O2 for the maintenance of fly colonies and production 

of MMs.  
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Rearing protocol for stock colony 

P7 compared MM rearing with tsetse fly rearing and noted that male and female L. 

sericata flies are not separated, as distinct from tsetse flies. They mature within 15 to 

20 days after hatching (from the egg). Adult flies are fed sugar, yeast extract, vitamins 

and water ad libitum.  

 

Rearing protocol for colony propagation 

Mature flies are offered an oviposition substrate for egg laying, and this consists of 

minced bovine liver, and wheat bran to give it a firmer consistency. Bovine liver is 

bought at quantity, minced with an ordinary kitchen mixer and stored frozen until use. 

When needed, the liver is thawed and mixed with an equal amount of wheat bran and 

placed in petri dishes. For oviposition, the petri dishes are placed into the fly cages and 

covered with a plastic container that has been furnished with holes that give flies 

access to the oviposition mixture. Within 2 hours flies have deposited egg masses onto 

the mixture. After two hours the oviposition mixture is removed, and the eggs 

harvested.  

In order to rear fly maggots, the eggs are placed on larval food which also 

consists of equal amounts of minced liver and wheat bran. The food mixture is placed 

in a container and this container is yet again placed inside a larger container whose 

floor has been lined with cardboard. Both containers are covered with netting to 

prevent larvae from escaping.  

Larvae hatch within a day. The rearing containers are checked daily to ensure 

correct moisture levels – they ought to be dry enough to prevent maggots from 

drowning and wet enough to allow maggots to move freely. After approximately eight 

days the maggots have fully matured and are ready to pupate. They leave their food, 

climb out of the container and hide under the cardboard for pupation. The pupae are 

then collected and poor-quality pupae which are too small are discarded so that the 

new colony is founded with good stock. The pupae are placed into a new cage and 

within a week or so adults emerge.    

   

MM production protocol 

The adult rearing and egg harvesting process is repeated but eggs are not placed on 

liver food mix. Instead, eggs are surface sterilised and reared on sterile egg yolk. The 

institute requires 24-hour notice to produce a batch of sterile maggots in custom-made 

application bags. In preparation, application bags are fabricated according to the size 
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of the wound and equipment such as beakers, forceps and water are sterilised. The 

laminar flow cabinet is also UV sterilised for two hours while egg collection is under 

way. Sterile egg yolk is produced inside the laminar flow cabinet using powdered egg 

yolk and water to a consistency that is not too wet and not too dry. This mixture is 

placed in petri dishes awaiting the eggs. The eggs are surface sterilised with 10% 

sodium hypochlorite in a Falcon tube. Note that this departs from sterilisation at 

O7/O10 where Chloramine T is used. The eggs are washed three times in sodium 

hypochlorite for about half a minute each time and rinsed with sterile water. Eggs are 

stirred vigorously to ensure that they are separated and completely surface sterilised.  

The eggs are placed on the sterile egg yolk and incubated overnight at 27 to 28OC. 

Next morning the larvae have hatched and are placed, under sterile conditions working 

in the laminar flow cabinet, into mesh bags for treatment. This involves washing 

maggots off the medium onto a net fabric spanned across a beaker. Only active fast-

moving maggots are selected and placed in previously sterilised MDT application bags. 

Bags are heat sealed after sterile newly hatched MMs are inserted. 

        

Bag construction 

Newly hatched and ready to use MMs are placed into application bags that are 

constructed in-house from monofilament plastic mesh cloth, like at O10, and as 

described in the guidelines. In the establishment phase, O10 provided sufficient 

material to construct the containment and application bags for some time and the 

Kenyans have not had any need to source replacements due to low treatment and 

production volumes. The materials and design for the bags is identical to that used by 

O10.  

According to P7, it takes time to teach staff how to properly construct the bags 

and it takes practice to manufacture the bags so that the seams do not come apart 

resulting in maggots escaping during treatment.   

When asked whether there are patent protection issues around the use of MM 

application bags, no participant of the MDT cluster was aware of such patent 

limitations. According to P15, the bag material was provided by P3 and O7/O10 and 

has not been a problem for them. P15 believes that the materials and procedure 

provided by O7 to construct and use MMs in bagged form are legal and can be freely 

used by O2. She was also of the opinion that a patent is meant to protect an innovation 

and that the patent holder would then commercialise the innovation and make it 

available to consumers.     
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Quality control 

P7 mentioned from experience problems that can arise during production in relation to 

supply and demand coordination. For example, flies may be too young and immature to 

produce the desired quantities of eggs when they are needed. Also, when the incubator 

used for egg maturation breaks down, the maggots will not have hatched overnight in 

time for packaging and distribution the following morning. In relation to application 

bags, when they are poorly fabricated they have faulty seams allowing very agile and 

active maggots to escape during treatment.  

At the institute, the aim is to stock 1500 flies per cage, with any greater number 

leading to poor quality flies and poor egg production - but according to P7 this has not 

been a problem. P7 also suggested that failing to provide adequate amounts of food 

and water to adult flies results in mortality. In order to ensure high quality flies in stock 

colonies, the technicians select only the largest pupae to replenish stock. Early on, the 

institute used to estimate the average weight of produced pupae, but this is no longer 

deemed necessary 

This last observation indicates some relaxation of quality assurance procedures 

which is also evident from P7’s description of lab practices that provide insight into how 

cultural norms and attitudes inform work practices. She described that Africans had 

perfected estimation of quantities and that the technical staff at the lab had perfected 

the skill of placing the right amount of eggs into the rearing dishes without having to 

carefully measure quantities. Likewise, eggs and hatched MMs are not tested for 

sterility. Instead it is believed that the maggots are sufficiently sterile for treatment of 

already infected wounds. However, it is important to note that the sterilisation protocol, 

and the associated absence of sterility quality control, has been adopted from O7/O10 

and is not a Kenyan modification to SOPs. During the researcher’s observation of 

O7/O10 laboratory operations, P3 and his laboratory technician explained that sterility 

testing had been conducted in the past, but that consistently high levels of sterility 

made sterility testing no longer necessary.    

On sterility testing in the healthcare system, P8 had concerns around the 

capacity of government laboratories to perform such testing as prescribed in the 

Pharmacopoeia (WHO, 2015), with the exception of microbiology reference 

laboratories and O22. However, he confirmed that sterility testing with blood agar 

plates, as has been described in the literature for best-practice MM production (e.g. 

Sherman and Wyle, 1996), is available to laboratories down to sub-county hospital 

level. Unfortunately, the supply of blood agar ingredients is not consistent, and 
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laboratories are sometimes forced to use human blood to make blood agar. 

Consequently, shortages of quality control supplies may compromise MM quality.  

When packaging MMs into application bags, only the healthiest most active 

maggots are selected, and during shipment, MMs are cooled to slow down their 

metabolism.   

With regard to counterfeiting of medicines it was P9’s opinion that while 

counterfeiting of MMs would be mostly a commercial problem, it could be to the benefit 

of the public health system because it would provide access to cheap MDT. P9 

reflected on his personal experience in the Congo and confirmed that medical fly 

species are known to locals and informal MDT is practised successfully.  

His general observation was that multinational big pharma have an interest in 

preventing counterfeiting for commercial reasons and that, despite the availability of 

low quality and falsified medicines on the market, many counterfeit drugs are of high 

quality and affordable, and therefore save lives.  

 

Packaging and distribution 

To date, MMs for MDT have been transported from the production laboratory to the 

point of care in hospitals and the community via institutional or private vehicles and not 

with a courier service. In preparation for transport, the application bags with MMs are 

moistened with cool saline and placed into rectangular plastic containers. These 

containers are placed between two ice packs and the complete package is placed into 

an envelope, which is then transported in a cool box. The researcher observed the 

same packaging and cool chain method at O7/O10, albeit refrigerated gel packs were 

used to keep maggots cool.   

 

Supply and procurement 

P15 appeared confident that, provided the institute has the necessary finances, it has 

access to suppliers and is able to procure all the resources for production of MMs. 

While the institute does charge for MMs, the very low volume of orders (at the time of 

the interview) means that there is not enough income generated. However, once 

regulatory approval has been granted and more customers use MDT, mass production 

will be more cost effective to the institute.   

P7 was less certain and suggested that, at the time of the interview, the 

laboratory still used the materials and consumables provided by O7/O10 during its 

establishment. She conceded that full operationalisation of MM production may be 
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impacted by supply shortages. In particular, the fabric for application bags may not be 

available in Kenya, and a supplier for powdered yeast extract could not be identified. 

Likewise, no efforts had been made to identify a Kenyan supplier of dried egg yolk for 

sterile maggot production. Having pointed these problems out, she also admitted that, 

to date, there has been no need to look for suppliers and that financial constraints are 

more of an issue than actual access to suppliers.  

This observation resonates with P8’s description of procurement by public 

medical laboratories in Kenya. Standard operating procedures are sometimes ignored, 

and more stock is ordered because of supply insecurity. P8 explained that this is 

because O19, the government supplier, only supplies stock that the county has paid for 

in advance. Consequently, lower tiered hospital laboratories face stockouts for around 

50% of the year, with fewer stockouts in higher level laboratories. The literature 

confirms the problem of stockouts and supply insecurity in Kenya: “Prevalence of 

stock-outs ranged from 16% to 77%. Primary causes for drug stock-outs were found to 

include poor inventory management, delays in order submission, inaccurate order 

quantities, and unfulfilled orders.” (Qiu and Dungca, 2015, p. 197). Another study in 

Nakuru County found that a “majority of the essential medicines that include common 

antibiotics, common analgesics, antihypertensives, emergency drugs and pediatric 

formulations were found to be stocked out. Stockouts were caused by poor distribution 

(91.2%), issues of funding (58%), inappropriate selection (58%), and irrational use 

(56%) of essential medicines.” (Wangu and Osuga, 2014, p. 438)  

P8 described the procurement process for hospital laboratories. The laboratory 

conducts monthly stock-take of supplies and establishes consumption. Supply needs 

are established in accordance to defined minimum and maximum stock levels. The 

laboratory orders through the county pharmacist and the county pharmacist 

consolidates orders from labs, other departments and pharmacies. Then the county 

pharmacist sends the order to O19, which procures and delivers the supplies to the 

hospital central store. The laboratory picks up the supplies from the central store for 

storage in the laboratory store until use. 

In conversation with P8, this researcher also raised the issue of supplies for 

mobile laboratories. In the case of mobile clinics servicing remote areas in Kenya as 

part of the Maternal and Child Health program, supplies are sourced from nearby 

hospitals or from Nairobi.  
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Costing and pricing 

This research was conducted when the MDT program was still an experimental 

operation and therefore maggots were provided on a somewhat arbitrary cost basis. 

For a 4 x 6 cm wound, O2 charged US$40 dollars (or KSh4000), of which half was for 

the product itself and half for delivery. According to P7, pricing varies depending on the 

size of the wound and number of treatments required. Once full-scale production 

commences, costings would need to be revised to ensure the sustainability of 

operations. Despite these charges, the production of MMs is not yet commercially 

viable, and every effort is made to keep the fly stock colony small and production of 

eggs to a minimum to avoid consumption and waste. P15 was confident that once 

approval for MDT is granted, demand will increase and production will become viable. 

   

4.5.3.3 Distribution  

Operations planning and coordination 

The logistics of getting the MMs from the production facility to health care providers 

was not considered when setting up the MDT program. P3 was of the opinion that that 

was the responsibility of O2 and the Kenyan maggot laboratory because they would 

understand the local situation and would be better placed to identify logistics solutions. 

Indeed, according to the MDT cluster, there is no operational planning for 

distribution of MMs across Kenya let alone the EAC. However, it was anticipated that 

courier companies will be engaged for the distribution of MMs from the production 

facility to the healthcare facility. Information provided by P4, the operations manager of 

a major Kenyan courier company (O12), suggests that courier operators such as O12 

have become highly sophisticated in fleet management, network planning, contingency 

management and consignment/delivery tracking.  

Moreover, P9 saw the widespread access and use of mobile phone technology 

as an opportunity to engage with unplanned, organically grown distribution networks, 

which is particularly relevant to the last mile distribution challenge which conventional 

courier services do not reach – although he observed that such SCs would have to 

appear alien to graduate public health logisticians with a desire for supply chain 

transparency. To his mind the SC must be understood as a complex system with many 

inbuilt redundancies that allow the system to function even if component parts fail. 

Both aid agencies like O16 and couriers like O12 have to plan for contingencies. 

In the case of O12, a contingency plan is in place stipulating actions and resource 

deployments in the case of a service interruption. O16 conducts intelligence surveys to 
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establish costs and other challenges involved in conducting a particular operation. For 

example, P5 explained that trucking goods into Somalia requires crossing three 

borders, each with different rules. He also noted that officials in some countries are still 

corrupt and that this needed to be considered and controlled in planning and costing. 

Roads in the area may also be impassable. As a result, what should be a three to four 

day trip from Nairobi to Somalia can stretch out to two months.  

 

Regulations and guidelines 

Activities in the logistics and distribution echelon of the MDT-SC are also regulated, as 

is the case for production and treatment. In general terms, the production, trade, 

transport and use of medicines and other medical products is governed by the Ministry 

of Health, and the Pharmacy and Poisons Board is the regulatory and licencing 

authority for producers, traders, distributors and prescribers of medicines, and for 

practitioners. Licenced distributors are expected to comply with good distribution 

practice, which specifies fleet characteristics, as well as the storage and packaging 

practice of goods in transit. Pathology specimen transport is regulated by specimen 

referral guidelines. Moreover, the Guidelines for Good Distribution Practice explain 

that: “Wholesale distribution and retail forms part of the SC of manufactured 

therapeutic goods. Wholesalers are responsible for effective, efficient and safe 

handling, storage and distribution of such products. On the other hand retailers are the 

final/contact personnel with the clients/patients. As such, these guidelines set out 

appropriate steps for meeting these responsibilities. “ (Pharmacy and Poisons Board, 

2006, p. 2).   

According to P11, who is responsible for the distribution of vaccines at the sub-

county level, her operations are regulated by the Bureau of Standards and national-

level government agencies including the Kenya Medical Practitioners and Dentists 

Board and the Pharmacy and Poisons Board, which are charged with 

pharmacovigilance of medicines in the community. Closer inspection of the remit of 

above mentioned authorities reveals that the Ministry of Health has the responsibility 

for the provision and coordination of all routine vaccination services in Kenya (Ministry 

of Health, 2013). Its main arm of governance is the Pharmacy and Poisons Board. The 

Kenya Medical Practitioners and Dentists Board is a statutory authority created to 

regulate the practice of medicine and dentistry in the country 

(http://medicalboard.co.ke/, accessed 11 July 2017). The Kenya Bureau of Standards 

provides standardization and conformity assessment services through amongst other 

http://medicalboard.co.ke/
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activities, the promotion of standardization in commerce and industry, product and 

system certification (KEBS, n.d.). Consequently, it is indeed likely, as was described by 

P11, that each of the listed organisations is relevant to delivery and oversight of 

immunization services and the workforce that delivers these services. 

 

Human resources 

As noted by P11, from a vaccine supply chain point of view, the Kenyan governance 

system is in the process of being devolved to 47 counties. Thus, any public service 

employment matters need to be discussed with the county governors, and at the time 

of the interview there was a freeze on employment of new staff which led to a large 

shortage of personnel in the public service, including medical SC specialists.  

From an international aid organisation’s standpoint, P5 also noted difficulties in 

the availability and retention of trained SC staff in Africa. However, he observed there 

is access to a sufficiently qualified workforce in Kenya, Uganda and Tanzania and parts 

of Rwanda, but not in South Sudan, North Sudan, Ethiopia and parts of Burundi. 

Because of protective labour regulations it is not possible for the NGO to maintain a 

permanent foreign workforce in these countries. Instead O16 is bringing in temporarily 

staff from elsewhere to train local staff and to develop the local workforce. Many of 

those who have been trained in this way leave O16 for other organisations that can pay 

more but don’t invest in developing and training their own staff, which is an observation 

that was echoed by P11.  

P11 acknowledged that students coming out of medical schools are highly 

trained. Those she engages with enjoy extra training with her on medical SCM for 

immunisation programs. In addition there are new training courses like a medical SCM 

course held in Rwanda that P11 participated in herself, as well as other refresher 

courses. The training is supported by the governments of Rwanda and Kenya, as well 

as O25 and O39.   

P10 had a somewhat different view of the quality and skill level of SCM workers 

in Kenya. He remarked that the private SC sector has a more skilled workforce, but that 

there is still a large skills gap. Most programs run by the Ministry of Health use 

pharmacists without specific SC training. While some institutions like O19 are starting 

to embrace professionalization of the workforce, challenges still remain. 
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Quality control 

Cold chains may fail as a result of vehicle breakdowns and the inability to maintain a 

safe temperature range without backups in place, which is linked to workforce and 

training deficits. When reflecting on SC monitoring and evaluation, P10 noted that it is 

not well developed in Kenya. O19 is attempting to utilise suitable metrics such as order 

fulfilment time and consignment tracking. In the case of MMs which are a very sensitive 

product, there would be a requirement to define clear metrics for suppliers, distributors 

and practitioners, particularly regarding timeliness and cold chain performance. 

P4 outlined the quality control mechanisms that are in place at O12, a Kenyan 

courier company. O12 has recently implemented a track and trace system in line with 

new regulations introduced by the Communications Authority of Kenya which has 

resulted in improved efficiency and customer confidence. There are no specific key 

performance indices but service level agreements between O12 and customers ensure 

timely delivery. Moreover, automated systems allow tracking of shipments and provide 

performance details. Deviations are captured, followed up and corrective action is 

taken. Customer satisfaction is surveyed on a regular basis and analysed, with 

corrections to operation being implemented where necessary. O12 endeavours to 

deliver within given time frame of 24-48 hours with the exception of remote areas which 

are prone to delays beyond the courier company’s control. A Business Continuity Plan 

outlines the measures taken in the event of service delivery (e.g. blocked roads due to 

rains and floods, or riots and civil unrest).  

P5 explained that tracking of shipments for his international aid organisation is 

achieved by the contracted third-party providers and the delivery status can be 

accessed online. In-house tracking at O16 is low-tech via Excel (Microsoft) spread 

sheets. Monitoring and evaluation metrics include cost efficiency, order fulfilment cycle, 

the capacity of staff to fulfil their roles, the capacity to replenish supplies as quickly as 

possible, order levels, and inventory turnover. Human resource quality, capacity and 

turnover are a major concern at O16.  

P11 was concerned about contamination of MMs in case they were not packaged 

in separate containers that prevent cross contamination upon retrieval of maggots for 

treatment. She also proposed that there was a need for training of the health workers 

(including logistics personnel) prior to implementation so that transport temperatures 

are maintained at recommended levels. 
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For most areas in Kenya, the normal daytime temperature is between 20 and 25OC, but 

some hard-to-reach areas can be extremely hot (40OC). So there is a need to maintain 

cool conditions during transport. When asked about O18 motorbike couriers 

transporting goods in metal carrier boxes on the back of their bikes and whether that 

would be a suitable transport solution for MMs, P9 was concerned. He explained that 

these boxes are not ventilated nor temperature controlled, and that they get very hot 

when parked in the sun. In the highlands this would be feasible for MM transport but 

not in the warmer parts of Kenya. However, MMs could be shipped in such courier 

boxes if they were cooled with ice packs or other phase change cooling devices.  

Currently O3 ensures MM viability on the short trip across Nairobi by placing the 

plastic containers holding the maggots between two ice packs inside an envelope. P12, 

a family carer, recounted successfully transporting heat-sensitive Rifamycin antibiotic 

for three hours without a cool box. A cool pack and the medicine package were placed 

in a plastic bag, and this bundle was further wrapped in dampened newspaper and 

placed in second plastic bag. 

There was general awareness among participants of how difficult it can be to 

maintain cool chain conditions during the transport of perishable products such as 

vaccines and other medicines. They suggested that cold chains may fail as a result of 

poor road networks that delay delivery, or vehicle break downs without backups in 

place. At the other end of the SC, client equipment for cold or cool storage of medical 

commodities may also not operate optimally and thus reduce the quality of the 

medicine. Moreover, the well understood issue of vaccines freezing during transport 

due to contact with ice packs is still a problem. P9 recognized that freezing of MMs as 

a result of contact with ice packs would also be fatal. If icepacks, instead of phase 

change materials with a melting point above 0OC were to be used, then a buffer would 

have to be created around the MM primary packaging.  

Managing a sub-county vaccine distribution centre, P11 noted that the vaccine 

cold chain is maintained at about 6-8OC using cool boxes lined with thawed, as 

opposed to frozen ice packs, which incidentally should also provide the right conditions 

for transport of MMs. She also explained that vaccines are separately packaged and 

transported depending on the temperature requirement for safe storage. For vaccines 

that are sensitive to cold, only thawed ice packs are used; but for others like polio 

vaccine, frozen ice packs are used. Phase-change gels for cooling are mostly used at 

national level and seldom at sub-county/district level, because it is difficult for 

healthcare workers to gauge their phase state and temperature accurately.  
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Commercial couriers do not take responsibility for cool chain conditions during 

transit although they will avoid exposure to extreme heat and minimize delays in 

handling and delivery. P4 noted that the customer is obliged to ensure adequate 

temperature control, with timely delivery being the role of the courier company. He said 

that heat damage during transit can be prevented by using ice-laced transport cartons, 

late evening collection and priority delivery. Likewise, O12 does not supply packaging 

solutions for cool chain transport. While P4 was not able to provide prices for such 

packaging solutions, he believed they are affordable.  

P10 also remarked that cool chain packaging is widely used now to carry 

refrigerated or temperature sensitive products like ice cream or poultry, and is readily 

available within Kenya from supermarkets and medical suppliers. This should also 

include small volume polystyrene boxes and cool gels. However, cool chain shipping 

boxes may not be as easily available as claimed by P10. The only supplier in Kenya for 

expandable polystyrene boxes that could be identified online is ASL Packaging (ASL, 

n.d.). They offer a standard range of foam boxes but can also make to order. Sparsity 

of Kenyan retailers may not accurately reflect the availability of such packaging in the 

country. Ice and cool gel packs are readily available via online traders such as 

www.kilimall.co.ke (Kilimall, n.d.).  

P11 confirmed that there is no shortage of ice packs in the vaccine SC. New 

cooler boxes used for transport of vaccines already incorporate ice packs and the 

vaccines coming from the manufacturers in foam boxes also have ice packs included. 

For regional transport in extreme temperatures the recommended cooler boxes are 

used as opposed to foam boxes. P11 thought that foam boxes would not be available 

in Kenya apart from the ones used by manufacturers to ship their vaccines, but this 

contradicts the statement P10 made regarding availability of foam cooler boxes. 

 

The last mile 

Cool chain performance is determined in large part by the ‘last mile’, in other words the 

last SC leg to the customer. In Kenya infrastructure challenges differ across country 

and county, and even across local municipalities. P10 believed that the greatest 

problems in the Kenyan SC reside at the last mile, meaning the delivery of medicines 

to the healthcare consumer at the point of treatment. Resource-limited and 

underdeveloped settings like in the North of the country and at the coast have poor 

road networks which make access difficult. Indeed, these facilities may not necessarily 

be geographically remote from towns and yet can be difficult to reach. P11 

http://www.kilimall.co.ke/
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corroborated this by explaining that in Nairobi there is good road infrastructure, but 

facilities may not have a vehicle to pick up or deliver vaccines.  

O38 has vehicles available for transport of vaccines from the national store to 

regional stores, but sub-county depots and health facilities may not have vehicles and 

depend on sympathetic private facilities or organisations such as NGOs who lend them 

vehicles for the pick-up of vaccines and other health commodities. Often there are 

NGOs and programs operating in an area for a short time, for example to support 

maternal and child health programs, and they agree to help with vaccine transport, but 

when they leave, the sub-county store has to find another vehicle they can borrow 

because they don’t possess a government vehicle. 

Other problems with remote area distribution of medical commodities include the 

breakdown of vehicles and interruptions in the rainy season requiring transport of 

goods by boats of questionable safety - some of which are home-made. In addition 

some regions are also plagued by poor security.  

P11 reported that vaccine SC managers assess hard-to-reach areas according to 

the hardship that is present. Suitable logistics arrangements are then made to ensure 

these areas are serviced. For example, remote regional depots get vaccines delivered 

by air. Sub-county depots know the challenges on the ground and can ensure secure 

transport of vaccines. Transport interruptions are managed with the help of local police, 

administration and community, or other healthcare program stakeholders such as TB 

and malaria programs. According to P11 it is “local solutions for local problems' with 

contingency plans in place.  

 

In Kenya, the main medical suppliers are O19, which supports all public health 

facilities, and O27, supplying faith-based and church-funded facilities. Both deliver 

goods to the healthcare providers’ doorstep. Couriers who deliver medical and non-

medical commodities also deliver down the last mile direct to customers. For example, 

O12 delivers consignments to customers’ door, unless the customer wishes to collect 

consignments from the office. When asked for the process and timing of a hypothetical 

MM shipment between O2 in Nairobi and two healthcare facilities in Siaya County, P4 

described the following schedule and assurances. The MM producer books an O12 

courier on the day upon which O12 allocates a courier and collection takes place 

before 5pm. A waybill is raised and the customer pays for delivery in cash at pick-up, 

but contract customers receive an invoice and pay within 30 days of receipt of invoice. 

The courier takes the consignment to the main hub in Nairobi. There, further 
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verification and documentation takes place. Dispatch to Kisumu occurs the same night 

and the consignment arrives at 5:30 am the next morning. Sorting of consignments and 

loading onto trucks destined for Siaya takes about 30 to 45 minutes from arrival in 

Kisumu. From Siaya office, delivery is arranged to customers in either location within 

one hour and, at worst, by 1:30 pm (Distance between Siaya and O14 = 25km, 

Distance between Siaya and O15 = 40km). The recipients sign Proof Of Delivery to 

confirm receipt and that the courier has met its obligations. 

The efficiency of the courier system was also noted by P9 as he explained how 

advanced online shopping is in Kenya. He and others described how the informal 

sector exhibits some of the most inventive SC solutions. For example, P12 explained 

that Matatu minibus drivers are happy to deliver parcels at the cost of a bus fare. In 

other places where road infrastructure is poor, delivery is locally subcontracted, and 

goods are transported by motorbike taxis, boats and even oxen- and donkey-pulled 

carts, if need be.   

Drones may be recruited in the future for delivery of goods to remote and 

inaccessible places. P5 knew of Zipline (http://www.flyzipline.com/) who have partnered 

with the Government of Rwanda to deliver blood products to 21 hospitals nation-wide 

with drones (Anonymous, 2016), and thought this would be adopted soon in other East 

African countries. However, P9 believed that to date there is limited application of 

drones in Kenya. He believed that what was happening was largely restricted to small-

scale exploratory projects by international staff and that it would take several years 

before drones were routinely used, most likely in acute crisis situations. He noted that 

maintenance of the necessary infrastructure requires expensive technical staff. He 

reflected on Rwanda’s good road infrastructure and that drones are deployed for 

delivery of urgent supplies such as blood products. To his mind, a more sensible 

approach would be to establish a walking blood bank of donors in situ as is common in 

faith-based organisations, meaning that blood is donated at the location where the 

clinical need for blood products is and therefore storage and distribution of blood is less 

of an issue. Notwithstanding, Zipline have now expanded operations to Tanzania with 

four distribution centres, over 100 drones and up to 2000 flights planned per day  

(Zipline, 2017).   

Extending the period over which MMs remain viable and therapeutically effective 

in transit may be an alternative solution to last mile delays. P9 contemplated that fly 

eggs could be shipped in application bags, instead of one-day-old maggots. In this 

case, the maggots would, depending on the temperature, emerge within 12 to 48 hours 

http://www.flyzipline.com/
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either still in the transport packaging or after having been placed on the wound. To his 

mind this might not only buy transport time, but the eggs may also be more resilient to 

adverse temperatures. Because eggs destined for therapy are already sterilised, he 

thought one could imagine two products – on the one hand already hatched maggots 

for clients that can be reached easily within 48 hours, and on the other, medical fly 

eggs for harder to reach places encountering harsher transport conditions or longer 

delivery times. While P9 acknowledged that re-testing of hatched maggots before 

dispatch is a standard procedure in western MDT, he suggested that it might not be 

feasible or necessary in remote healthcare if such strict quality assurance protocols 

would prevent patients from having MDT altogether.     

 

Cost and pricing 

There is a discrepancy between the transport costs charged for MMs by O2 and 

transport costs by couriers and informal transport providers. Currently O2 charges 

KSh2000 for transport of MMs within greater metropolitan Nairobi. At the same time 

P12, a health care consumer and patient living in Gilgil which is a 2.5 hour and 120 km 

drive from Nairobi, reports paying KSh230 for an overnight courier delivery of 

medicines from a chemist in Nairobi. She also used Matatu (a minibus service) for a 30 

km delivery of Blackstrap molasses from Naivasha to Gilgil, which cost her only 

KSh100. According to P4, a delivery of MMs in a parcel of approximately 30 x 20 x 20 

cm and weighing about 1 kg from Nairobi to Sagam and Kapondo in Siaya County, in 

line with above scenario would cost KSh850 and KSh1250 respectively, exclusive of 

Value Added Tax (16%). These are prices for parcels up to 5 kg, with an extra KSh60 

for each additional kilo.  

P5 said that O16 is mainly concerned with bulk deliveries of food and other goods 

across sub-Saharan Africa. He also reported that the cost of logistics in Kenya, Uganda 

and Tanzania was relatively stable, but for other countries in the region costs can be 

very unreliable because of, for example, fluctuating fuel costs as well as local statutory 

fees. This requires close monitoring of economic indicators.   

 

Reverse Logistics 

With sustainability and service cost minimization in mind, it is necessary to consider 

reverse logistics options in the MDT-SC particularly if cool chain packaging technology 

is required. P4, the operations manager of O12, a Kenyan courier company, explained 

their reverse logistics options. It starts with the collection of a consignment from 
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customer A and delivery to customer B. Once the goods have been delivered, there are 

three alternatives for collection and reverse delivery of reusable packaging items. If the 

consignment is processed within 15 minutes, then it is feasible for the courier to wait for 

the return freight. If it takes longer than 15 minutes, the courier will drop off 

consignments in the morning and pick up reverse freight in the afternoon. Alternatively, 

the courier delivers the consignment one day and picks up the reverse freight another 

day upon notification from the client. The rates for reverse logistics services depend on 

the distance and weight of items to be returned.  

 

Customs and corruption 

When transporting goods across borders in East Africa there are economic barriers, 

customs, and border policing to consider. P5 noted that crossing from Kenya to 

Uganda leads to delays due to documentation requirements. From Uganda to South 

Sudan there are taxation and security barriers. This means that the harmonization of 

customs across the East African Community has not been achieved everywhere yet. 

Kenya and Tanzania conform to the same regulations, but not so Burundi, Rwanda and 

South Sudan. Unpredictable bureaucracy, illegal taxation and customs duties imposed 

by local authorities act as non-tariff barriers to trade with these countries. There are 

also bureaucratic barriers when it comes to the coordination of shipper and recipient 

documentation and subsequent customs clearance delays because country 

governments want to know what drugs and other goods are being imported. 

As an international aid organisation entrusted with donor money, O16 refuses to 

pay bribes and instead is liaising with the authorities to raise awareness of their work 

and to make clear to them that their donor funds cannot be misappropriated. Lower 

level officials may still expect payments, but O16 and larger courier companies like 

O17 do not pay.    

There is good internal consistency in participant accounts of general corruption in 

customs and health system. For example P1 and P2 reported confiscations of medical 

goods upon arrival in Kenya and interference of local officials in the operations of the 

health charity, and P9 commented freely on corrupt behaviour in the health system.   

 

Role of third-party service providers in Kenya 

A common feature across SCs is that they utilise a mix of own fleet and third-party 

providers. According to P10 there are too few third-party service providers supporting 

the medical SC in Kenya. While P10 suggested there was room for improvement and 
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development, he also acknowledged that couriers like O18 and O12 deliver goods for 

online retailers and customers in Kenya. O18 has an entire division that focuses on 

medical supply logistics, especially in relation to small parcels. For heat-sensitive 

products they are probably the transporter of choice.  

Another major courier company in sub-Saharan Africa (O17) conducted some 

research and also visited P11 to get an idea of the challenges of medical logistics in 

order to complement the vaccine distribution activities of O19 and O38. At the time of 

interview, they were still in the planning phase and have yet to provide feedback.  

P5 noted that third party transport is more cost effective to O16 than using its 

own transport. P5 mentioned three large courier companies, O17, O18 and O12, that 

they engage. There are different distribution channels that are utilised depending on 

the disaster region and the available transport options. There are two East African road 

transport routes. The first goes from Mombasa to Nairobi, Kampala, and the eastern 

Congo. The second route diverges from the first in Kampala for transport of goods to 

Juba (South Sudan). There are also two southern road logistics channels. One leads 

from Dar es Salaam to Rwanda, Burundi and the Eastern Congo. The second leads 

from South Africa to Tanzania, Nairobi, and then to Ethiopia. Port access is via 

Mombasa and Dar es Salaam.  

Sometimes O16 requires delivery to insecure regions but airlines do not fly to all 

destinations because of costs and security concerns. Where poor security does not 

permit safe ground or air transport, the UN helps out with secure transport services. 

The interview with P4, the courier operations manager of the Kenyan courier 

company, provides a good portrait of a larger third-party provider. O12 has operated in 

Kenya since 2003 and specialises in overnight and same-day delivery services 

covering all major towns. The company has experienced high growth over its 15 years 

in the country. The product range offered by O12 includes Overnight Courier Service, 

Priority Overnight Courier Service, Same Day Express Delivery Service, One Hour 

Delivery Service, dedicated services, insurance, warehousing and distribution, and 

document archiving. 

About 200 vehicles are in service including motorbikes, closed pickups and two- 

to ten-ton cargo trucks. O12 employs 950 trained staff in 176 locations across 38 

Kenyan counties. Each location has its own workforce and fleet. Regional management 

consists of an area manager, branch managers, supervisors and hub managers, 

drivers, couriers and riders.  
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While the vast majority of transport is conducted by O12, they are also required 

to engage other service providers mainly to deliver to remote northern areas because 

of poor road infrastructure and security concerns. O12 also uses third party providers 

for transport between Lodwar and Kitale in the north-west, and Malindi and Lamu at the 

coast. When utilised, third party providers deliver consignments to O12’s company 

offices where they are then distributed by company drivers – only rarely do third-party 

providers deliver directly to customers. Urgent deliveries between Mombasa and 

Nairobi, Kisumu and Nairobi, and Eldoret and Kisumu are shipped with airfreight. In 

Lamu, boats are used to deliver freight to the island. 

 

Healthcare end-user SCs 

P12 and her partner are private health care consumers living near Gilgil, a small town 

2.5-hour drive from Nairobi. P12 works part-time as a support teacher but her husband, 

aged 87, is in poor health and has a carer. In Kenya most medicines are available over 

the counter without the need for prescription. P12 mainly buys her family’s needs from 

Gilgil but stated that the local healthcare system does not meet her and the 

population’s needs. P12 employs a housekeeper and pays her National Health 

Insurance contributions. If the housekeeper goes to a public hospital her treatment is 

subsidised but, because of shortage of medicines (dawa) in the public system, she may 

be issued with a prescription and has to purchase the medicine at a chemist.  

P12 and her husband receive basic treatment, general consultation or referral 

from a doctor who visits a local private school on a weekly basis. A drive to Nairobi is 

required for specialised examinations, interventions and services.    

The health problems of her husband include in-hospital cardiac arrest, two 

operations for twisted sigmoid, wheelchair bound, walks only for exercise short 

distance with rollator and carer support, poor vision and hearing loss. P12’s recent 

medical history includes skin lesions and a leg ulcer. In addition to pathology and 

medical device repair services, a number of medications and supplements are 

required. Supply is via a number of sources and SCs either from the pharmacy in Gilgil 

or directly from Nairobi.  

 

Pathology. Blood pathology testing for her husband involves the taking of blood while 

sitting outside the clinic in Gilgil. Then her husband’s carer takes the specimen on a 

matatu to a pathology lab in Naivasha for testing. If needed, they send a sample to 

Nairobi for advanced testing. For those who can afford it, the medicines can be ordered 
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from chemists in Nairobi for overnight delivery, arriving early in the morning. First the 

order is placed by phone after which the chemist rings back with the price including 

cost of courier (KSh230). The customer pays via M-Pesa and upon payment, the 

chemist sends the package with courier for arrival the next day.  

P12 gave another example of fast and reliable courier delivery for a hearing aid 

repair. They paid via M-Pesa and sent the hearing aid Thursday afternoon from Gilgil to 

Nairobi with a courier. The hearing aid was delivered before 10 am the next morning 

(Fri). After repair the same day, it was returned overnight to Gilgil and delivered to the 

house before 9:30 am the next day (Sat). 

There are also informal delivery options as she explained with an example of 

Blackstrap molasses that was delivered by matatu. It is a cheaper option, although the 

absence of a courier service system means that safe delivery is not guaranteed by 

sender or matatu driver and the loss of the consignment is not reimbursed. The 

customer asks the supplier to send the package via matatu. The driver rings the 

customer before reaching the premises and the customer picks up the parcel from the 

roadside as the matatu passes. The delivery costs as much as an ordinary bus fare for 

the same journey, e.g. KSh100 from Naivasha to Gilgil. Friends also provide informal 

delivery services. When someone is in Nairobi they will pick up a prepaid item for a 

friend saving delivery costs back to Gilgil.  

 

Vaccines. P11 describes the vaccine distribution process in Kenya as follows. The 

national/central store distributes to the regional depots, and the regional depots have 

arrangements in place that ensure sub-counties get their vaccines. But it is the role of 

the sub-counties to arrange pick-up. The sub-county depots then supervise healthcare 

facilities but let them decide how they arrange pick-up. Between 1st and 4th of every 

month, healthcare facilities come to P11’s sub-county depot to collect the vaccine 

supplies for a month. These clients also present reports when picking up vaccines that 

are checked by P11 and colleagues. Mentoring at the sub-county depot or at the 

clients’ facilities is provided if needed. The system is based on the principle that the 

healthcare facilities and sub-county depots are empowered to make decisions that 

work best for them, while still being supervised.   

Key medical supply organisations that ensure vaccine and medicines distribution 

across Kenya down to the last mile are O38 which is responsible for vaccine 

distribution, O19 which distributes all medicines for the public system and sometimes 

also vaccines, O27 which supplies medicines to faith-based health facilities. There is 
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close cooperation between O19 and O38. Both are organisations that are overseen by 

the Government and engage in joint training programs. For example, in 2015, two 

directors from O19 and P13 (representing O38) were sent to Rwanda for six months to 

participate in a strategic executive program for medical SC managers run by O25.   

 

Pathology. According to P8, pathology specimen transport is regulated by specimen 

referral guidelines. Specimens are collected and transported to a hub where they are 

placed in multi-use cooler boxes. Labs without cooler boxes improvise and keep 

specimens cool with ice packs. Specimens are shipped either by bus or courier to, for 

example, Nairobi. The cooler boxes are either sent back to the hospital along with 

results, or sent back immediately ahead of results. 

 

General medical supplies. Due to his experience working with faith-based 

organisations in Kenya, P9 was able to provide a good outline of the medical SC 

servicing these organisations. O27 is the central store for faith-based hospitals and 

would be a relevant stakeholder for MDT implementation because, according to P9, it 

is better organised than O19.  

Different churches maintain separate medical transport networks that are 

integrated with other church transport needs covering, for example, schools and 

pastoral care. The O28 is decentralised at diocese level and each diocese has a health 

secretariat with one or two staff who supervise government-integrated information 

systems, healthcare logistics, etc. Although disorganised, faith-based supply networks 

are functional under the circumstances. The parishes have their own vehicle and it is 

used to support several community activities often at the same time. This approach 

differs from conventional public health logistics where different SCs are maintained, for 

HIV, immunization and other drugs, for example. The faith-based approach has a 150 

year history of success.   

O25 has established central vaccine points in faith-based facilities because they 

can be trusted to maintain the equipment, monitor temperatures, keep records and not 

misappropriate equipment. Faith-based organisations and hospitals are managed by 

priests, while the doctors working these hospitals are rarely priests. It is in the nature of 

pastoral care that priests become advocates for patients and therefore there is a 

greater willingness to cooperate and find new solutions. 

From Nairobi third party service providers transport the medical supplies to 

diocese storage facilities which meet acceptable storage standards except in very hot 
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areas. These facilities are well maintained, well ventilated and vermin-proof, and whilst 

some are air conditioned, most are not because of the unreliability and cost of energy.  

P16 the pharmacist from O14, a faith-based hospital, described the procurement 

process for medical goods from O27. An order is submitted via email to the supplier 

who provides a quotation. The hospital confirms the purchase and pays with bank 

cheque which takes three days for account processing. The hospital follows up on 

payment by phone. It takes one week from order to delivery. For urgent supplies, the 

hospital buys from Kisumu suppliers and not from O27, but both use O18 or O12 

couriers. Sourcing commodities from Kisumu takes only one day. While M-Pesa 

payments would speed up orders, P16 is only able to use M-Pesa for small amounts. 

All other larger-volume and higher-value purchases are made with a bank cheque. 

When the order arrives at the hospital the pharmacist compares the delivery note 

with the order to ensure that what was ordered has been received. Heat sensitive 

perishable items go immediately into the refrigerator. Non-urgent medical goods are 

placed in store and entered, and new stock is entered into the pharmacy records. On 

doctors’ request nurses will place daily orders for medicines, which they pick up from 

either the hospital store or the pharmacy (co-located in adjacent rooms not separate 

entities). 

P9 also suggested that, in addition to the public and faith-based medical supplies 

agencies, a wholesale pharmaceutical supply company and pharmacy cooperative 

(O29) could be a partner for MDT-SC management across Kenya. For a small fee 

private pharmacies can sign up with O29 and receive training, have access to 

wholesale purchasing, and enjoy the brand recognition. Apart from O29, Kenya has 

several other health franchise chains.  

 

Blood. P8 described the blood SC in Kenya. The responsible agency O23 collects and 

tests blood, and provides blood products to healthcare facilities across Kenya. They 

appear to use a range of transport options for blood and blood products including 

ambulances, motorcycles, public transport, and maintain correct temperature in transit 

with a good level of reliability. O23 has an extensive network across Kenya and is 

resourced with new equipment such as fridges and cooler boxes, and could be 

engaged to deliver MMs.  

 

Alternative SCs are summarised in Table 22 because of their potential to either 

facilitate last mile delivery or to inform SC design in Kenya for MMs. 
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Table 22: Alternative innovative SCs that could inform MDT SCM in Kenya. 

Supply Chain  Description 

Online shopping 
(P9) 

Kenya has well developed Amazon-like internet shopping supported by 
advanced phone-based money transfer technology. To support this internet 
shopping, there is a system of fast courier services in place that reach to the 
remotest communities and this would meet the 48-hour delivery requirement 
for MDT, albeit not temperature controlled. An online search revealed 
thatthere are numerous online retailers operating in Kenya e.g.: Jumia, 
Kilimall, Mimi, Jumia Market, Cheki, Chinabuy, Vitu mob etc. Many access 
international UK, US, and Chinese online retail offerings (kiqwaireset, 2016). 

Food and 
horticultural SC 
(P10) 

There are other established SCs and logistics service providers shipping 
perishable product. Provided the MMs are adequately packaged and there is 
no danger of cross-contamination the transporters would not object to shipping 
MMs along with their regular product, such as cut flowers, fruits, meat or dairy. 

Day-old-chicks (P9) One-day old chick trade across Kenya achieves rapid delivery of a perishable 
product with very little mortality of the chicks.  

Miraa (P9) Miraa is a plant whose leaves have narcotic properties and are chewed across 
the region. The leaves need to be kept fresh, not too cold and not too hot, and 
consumed within 24 to 48 hours from harvest and therefore, the SC requisites 
are not dissimilar to those for MMs. Miraa is grown in central Kenya but a 
speedy SC delivers across East Africa for example to Mogadishu and small 
Somali towns. This is confirmed by Neil Carrier who has comprehensively 
described the cultural traditions, economics and logistics of Miraa production, 
trade and consumption (Carrier and ebrary, 2007). He remarked on the 
efficiency of the supply chain: ”This perishability makes it all the more 
remarkable that a crop whose farming and trade receive little help from the 
Kenyan government and outside agencies – and is subject to the negative 
attention of various governments – should be delivered so efficiently 
throughout Kenya (a country plagued by poor infrastructure), into Somalia 
(where there is no functioning state), and into Europe, the US and Australia.” 
(Carrier, 2005) 

Public transport (P9 
and P12) 

The bus network in Kenya is extensive, reliable and fast and it services most 
larger towns on a daily basis. Moreover, it provides courier services as well. 
From these transport hubs, the MMs could then be transported to smaller 
towns utilising Kenya’s unorganised multitude of small transport operators 
including Matatus, and motorbike taxis.   

Parish business 
(P9) 

As described earlier, the interconnectedness of church organisations and their 
activities supports improvisation. A priest may not only visit his congregation 
but also deliver medicines to the hospital.   

Friends (P12) Friends and community members form an important distribution network often 
used to pick up and drop off goods such as medicines when making a journey 
to Nairobi, for example.  

Aid organisations 
(P12) 

Aid organisations criss-cross the country on a daily basis. In theory, they could 
provide transport services for goods such as MMs. 

 

 

4.5.3.4 Treatment and disposal of clinical waste 

Wound burden 

The interviews have provided convincing descriptions of the wound burden in Kenya. 

Most informative were P6, the wound care provider, the participants of the faith-based 

hospital cluster, the Australian health charity volunteers P1 and P2, and the 

development consultant P9. 
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P6 reported that while there is little research on the wound prevalence in Kenya, 

wounds are a major cause of morbidity and mortality. About 12% of admissions at O3 

either have wounds to begin with or develop wounds during their treatment. This rate 

could be even higher in rural and remote hospitals.  

Rapid growth in the prevalence of diabetes, motor vehicle accidents in general, 

and the continuing increase in motor cycle related injuries in particular, means that 

Kenya is facing a wound pandemic. Wounds from accidental injury due to motor 

vehicle accidents and burns are most common, followed by diabetic and ischemic 

lower limb ulcers. Pressure ulcers in hospitals and homecare are also common. P6 

referred to the literature stating that the prevalence of diabetes according to population 

surveys conducted by the Kenya Diabetes Management and Information Centre is 

6.7% in rural Kenyans (a figure that doubled between 2003 and 2007), as high as 

11.6% in some rural districts such as Nyeri in Central Kenya and Kilifi at the coast, and 

over 20% in urban Kenyans from higher socioeconomic groups. Half of all wounds fail 

to heal due to poor wound care. Particularly diabetic and ischemic ulcers deteriorate 

fast into non-healing wounds. Chronic wounds are difficult to heal and can lead to 

permanent disability and even death. Malnutrition and poor access to treatment in 

remote rural and remote areas makes matters worse. P6 encounters similar wound 

aetiologies in both hospital and private practice.  

The wound burden experienced at O14, the faith-based rural hospital, is also 

large and constant. One of the major sources of injury seen at the hospital are road 

traffic accidents, as well as burns. The significant burden of motorbike accidents in 

Kenya is confirmed by the literature (e.g. Bachani et al., 2012) and the WHO (WHO, 

n.d.). Other wounds include diabetic foot ulcers, post-surgical infection such as after 

caesarean section, necrotic wounds with uncertain aetiology, few malignant wounds, 

and pressure ulcers. The hospital has 40 beds, and 10 to 15 inpatients per month 

present with wounds, but the actual prevalence changes from month to month. P16 

also mentioned that antibiotics such as Flucloxacillin and Amoxicillin are used to treat 

infections and that most patients exhibit antibiotic resistant infections, making MDT a 

welcome alternative to antibiotic treatment. 

The Australian volunteers also reported large numbers of wounds. P1 said that in 

2012, approximately 5,000 people attended the mobile clinics in the space of 3.5 

weeks, and of those 10 to 60 people in each clinic required wound care. Wounds of 

notable prevalence included trauma injuries such as machete cuts, cooking-related 

burns from open fires, and many diabetic foot ulcers. Many wounds were infected. In 
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2016, P2 saw more patients with machete- and motorbike accident-related trauma 

injuries and farming-related injuries compared to other times. Wounds included small 

cuts but P2 also recalls a patient with a burn sustained in a tractor accident. A notable 

number of patients present with wounds which, according to P2, heal without 

intervention. Patients cover wounds with basic cloth dressings and the wound crusts 

over. A few wounds are infected and O6 refers these patients for further treatment to 

hospital with O6 covering the cost of treatment.  

With a more general perspective on wounds in Kenyan hospitals, P11 believed 

there is a great need for improved wound care across Kenya. She reflected on her own 

experience and said that Kenyan hospitals see post-operative wound complications 

including wound dehiscence and infection requiring re-opening of sutures, badly 

infected wounds due to non-compliance of patients failing to attend follow up 

inspections, HIV-related wounds, and diabetic wounds including lower-limb 

amputations. Infection control and prevention is difficult because of the many care 

providers involved in treatment. Contamination and infection can occur at all levels of 

treatment from theatre, to hospital stay, transport or after dispatch.  

The above wound burden observations largely resonate with P9’s wound care 

experience in Kenya. He explained that trauma in conflict areas presents a challenge 

for wound care because the wounds are not clean in the first place and the treatment 

environment in the austere setting is not particularly hygienic, partly because of lack of 

training and adherence to best practice protocols but also due to resource shortage 

e.g. lack of fuel for sterilization of equipment. P9 reported that it is common for patients 

to present late with badly infected wounds. Simple open fractures lead frequently to 

limb amputations. Over 25% of caesarean sections present with post-operative 

infection. He claimed that diabetic ulcers are not common because diabetes is poorly 

controlled in the community and consequently diabetics develop ulcers that get infected 

and patients die before they reach the hospital. Many spinal injury patients die in 

hospitals due to pressure wounds because district hospitals lack specialists such as 

physiotherapists, and they are understaffed so that nurses do not have the time and 

resources to prevent ulcers.  

 

Quality of healthcare 

P9 had much to say about the poor quality of care in Kenyan hospitals, particularly 

public hospitals. The elite hospitals in Kenya are comparable with regional western 

hospitals but only about 1% of the population can afford treatment there. In Kenya 
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there is chronic doctor shortage and a high turnover of junior doctors in public hospitals 

as they want to progress their career and enter private practice. This means they are 

not personally invested and interested in the improvement of care at public hospitals. In 

larger public hospitals, doctors run private practices alongside their duties in hospital, 

where they delegate much of their work to interns. The picture painted by P9 is 

confirmed by the WHO which counts Kenya as one of the countries with critical 

shortage of health workers including doctors (WHO, 2006). Moreover, according to the 

Kenya Health Workforce Report by Emory University, in 2015 there were 5,660 medical 

doctors in Kenya and there is a ratio of only 44.5 healthcare workers per 10,000 people 

(Okeyo, 2017). Wakaba and colleagues conclude that “An overall shortage of nurses 

(range of 1.2 to 0.08 per 1,000) in the public sector countrywide is complicated by mal-

distribution and varying workforce characteristics (for example, age profile) across 

counties.” (Wakaba et al., 2014, p. 1) 

 

Public hospitals, particularly at the district level and below are in an extremely poor 

state lacking the most basic of facilities such as cleaning utensils, incinerators and 

proper waste management, raising the question of how the most basic hygiene 

standards can be maintained.  Wound care is mainly performed by nurses. P9 

described the example of a large regional hospital where there were only five nurses 

on all shifts for 100 surgical beds. Since there is a chronic nurse shortage and nursing 

assistants are semi-literate and receive only on-the-job training, there is poor 

adherence to protocols and, as a result, wound care suffers. Beds are too close to 

each other, there are no curtains separating beds, very few hospitals provide access to 

showers, whilst bed baths are not feasible due to the nursing shortage and the only 

form of wash facility is bucket baths. Consequently, there is a high likelihood of 

contracting a post-surgical infection on the ward. Under such circumstances, infected 

wounds fail to heal and have to go back to theatre for surgical debridement only to 

return to unhygienic ward conditions.  

Mission hospitals are led by motivated people who work hard despite adversity 

and low funding levels to keep standards high. They mainly rely on user fees from a 

poor population. P9 said that the difference between public and mission can even be 

smelled. Apparently, public hospital surgical theatres smell of rotten meat.  

Based on their experience, the Australian nurse volunteers P1 and P2 described 

at length the poor quality of hospital-based healthcare in Kenya which included the 

inability to maintain hygiene in the theatre. P1 recounts a Kenyan doctor in surgery and 
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his inability to follow sterile procedure. She suggests that at this particular hospital 

mortality rate from infection would be high.  

 

Affordability and insurance 

According to P8, most Kenyans earn less than US$2 per day and P5 estimates that a 

visit to the doctor in Kenya costs about US$30-50 either out of pocket or on insurance. 

Medication would be covered by insurance. He also thought that less than 15 per cent 

of population have insurance and the most needy being uninsured. In such cases, 

people go to traditional healers when they can’t afford public healthcare or when they 

do not understand their illness, or when their condition is not improving with western 

medicine – for example in the case of cancer.  

The Australian nurse volunteers were also well aware of the socio-economic 

disadvantage of their patient base and expenses related to healthcare in Kenya. They 

suggested that Nakuru, the area where O6 is active, has a population of over a million 

people with 80% living under the poverty line. They further suggested that patients earn 

about US$20 per month, that hospital registration costs US$11 per month, and that 

doctor consultations and other diagnostic services such as pathology, x-rays and scans 

also need to be paid for by the patient. Even retrieval of diceased persons from the 

morgue costs money, they said.  

Many Kenyans do not have health insurance but are encouraged to join the 

National Hospital Insurance Fund (NHIF) for KSh500 (~ US$5) per month, and many 

are now registering. Card holders are covered for a wide range of procedures including 

CT scans, MRIs and treatments of up to KSh500,000 (~ US$4,900). All Government 

employees are compulsory members of the NHIF and their contribution is deducted 

from their salary.  

NHIF issues the patient with a letter listing the amount for which the patient is 

covered. Treatment can be sought both in public and private healthcare facilities 

depending where the necessary treatment is available. This information has been 

verified via the NHIF website and the Benefit Package for the National Scheme (NHIF, 

2015, NHIF, n.d.). Inpatient services under the NHIF are divided into three categories 

A, B and C. Treatment and surgery at public hospitals (A) is free of charge whilst 

patients treated at private mission hospitals (B) enjoy free care but co-pay for surgery. 

The NHIF pays part of treatment at private hospitals (C) under agreed arrangements 

with these providers. The National Health Insurance Scheme is operated by NHIF and 

covers Fund members for outpatient services except cosmetic procedures.  
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Financing of care  

For the faith-based hospital, the major source of income is through the government’s 

NHIF insurance scheme. 80% of patients at O14 are NHIF members. Additional 

sources of income include other insurance schemes, research, donations and cash 

payments. P13 considered this income sufficient to provide care to patients. However, 

the pharmacist P16 said that the hospital sometimes lacks the necessary funding to 

provide the medicines that patients need because the patients either pay out of pocket 

or are members of the National Health Insurance Fund which covers only part of the 

treatment provided by the hospital. The nurse P14 said that the hospital is usually able 

to provide to patients all medication such as antibiotics or wound care materials that 

are regularly used. However, on rare occasions when there are delays in supply of 

medical goods, then patients may have to purchase medicines and other medical 

goods if they can afford it.  

Given the overall poor quality of healthcare in Kenyan public hospitals reported 

earlier, it must be assumed that financing and/or administration of funds in public 

healthcare is wanting, which is also demonstrated by the following observations 

regarding medicines.     

 

Therapeutic goods and medicines – quality, availability and supply 

In general, public hospitals experience frequent stockouts of medicines. This is 

because hospitals need to pay O19 in advance for orders while, at the same time, 

being chronically underfunded. When public hospitals don’t have necessary medication 

the patient or her relative is sent to the pharmacist with a note from the doctor, to 

purchase the drug. If the drug is not in stock the pharmacist orders it from Nairobi. 

For example, public hospitals have insufficient access to the latest antibiotics. 

This is problematic because poor hygiene in the hospital means that patients are 

exposed to many antibiotic resistant pathogens and there is no expertise to test for 

resistance patterns. In the absence of potent antibiotics, doctors inform relatives to 

purchase these from the local pharmacy which is often in close proximity to the public 

hospital.  

The literature confirms high rates of antibiotic resistance in developing countries 

(Ayukekbong et al., 2017). As for Kenya, studies have identified high prevalence of 

Gram negative bacteria in a private teaching hospital (Maina et al., 2016), the presence 

of resistant bacteria in agriculture (Nguyen et al., 2016), resistant bacteria in river water 
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(Njeru et al., 2012), and growing prevalence of resistant pathogens in childhood 

diarrhoea (Sang et al., 2012) and stool samples in general (Taitt et al., 2017). 

Although private pharmacies are well stocked with medicines, the quality is 

uncertain because of inadequate quality control. P9 suggested that the Pharmacy and 

Poisons Board blocks the legal import of medicines by the private sector. But porous 

borders allow for unauthorised importation which lacks any quality control. Therefore, 

customers at the pharmacy end cannot be certain of the supplier or the medicine’s 

active ingredients. It should be noted that P9’s opinion on medicines importation by 

players other than the Ministry of Health, including counterfeited medicines, was 

inconsistent over the course of the interview. 

Nevertheless, concerns over the quality of medicines were confirmed by P11 who 

explained that, especially for small facilities, there is a clear need to improve access to 

quality medicines. She supervises some small facilities of about three staff that are 

located within slums. They get vaccines and family planning commodities through 

P11’s depot, but they buy other medicines from private pharmacists and the quality of 

this medicine is uncertain. When P11 visits these small healthcare centres she feels 

the need to check the quality of the medicines these centres distribute, even if they get 

their supplies from the big suppliers like O19 or O27. The latter has a recruitment 

process for member healthcare facilities and many small private facilities are not 

accepted. The O29 pharmacy franchise supplies larger health facilities that can tender 

and have established sophisticated procurement processes. There are many small 

unregulated facilities that have an urgent need for small quantities of one or the other 

medication and they miss out. P11 described how these smaller unlicensed healthcare 

facilities / pharmacies are vigilant and look out for, and evade, government supervisors 

by temporarily closing their shops only to reopen later, but all the while clients remain 

waiting in line. These operators can’t be certain of the quality of medicine they provide 

to patients because they procure them from illegal sources.    

In the faith-based sector, P16 stated that procurement of drugs must be from 

licenced suppliers, must be cost-effective and affordable to patients given that most are 

poor, and be sourced from reliable suppliers that can ensure timely delivery.  Most 

medicines and medical supplies are procured from O27, the main supplier for faith-

based hospitals. As for O14, some supplies are also sourced from O40 and a chemist 

in Kisumu, but only when necessary. O27 is able to negotiate with international 

suppliers for lower prices of medical goods through economies of scale. O40 is a 

private for-profit supplier. O14 does not rely on any government agency for medical 
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supplies and all supplies required by O14 clinicians can be sourced from the above 

suppliers. The hospital is able to avoid many stockouts but, in order to do this, it has to 

buy smaller quantities of supplies more often.  

It takes O14 between 48 hours and a week to get non-perishable medical 

supplies from Nairobi because there is no rush. Supplies from O40 in Kisumu, which is 

only a 40-minute drive away, are usually delivered the same day. All perishable and 

cold chain supplies come from nearby towns and are delivered the same day. Vaccines 

are supplied by the county and commodities such as blood come from Kisumu. Most of 

the pathology work is done in-house at O14, but if extra tests are required then external 

pathology labs based in Kisumu are used.  

 

Conflict of interest and corruption 

The Kenyan healthcare system and its people are vulnerable to conflicts of interest and 

corruption as has been illustrated by the accounts of the Australian nurse volunteers 

and P9.  

The Australian charity is dependent on volunteers importing medicines and other 

medical supplies hidden in their personal luggage. Volunteers also enter Kenya on 

tourist visas and hide their charity work as, otherwise, they have to pay government 

fees and much of the medical goods are confiscated by customs as has happened in 

the past. Customs staff would take much of the medical supplies and sell them on the 

black market. P2 also said that NGO status in Kenya would help with Ministry of Health 

liaison, indicating that charitable status can be an advantage or disadvantage 

depending on the situation. 

Interaction with local Kenyan stakeholders is difficult because they seek to 

profiteer from wealthy foreigners operating in Kenya. According to P2, local 

stakeholders’ political agendas play a big role in Kenya and personal influence is 

frequently exploited for personal gain. For example, Ministry of Health officials had shut 

down clinics forcing O6 to abandon waiting patients. On another occasion county 

officials demanded that local healthcare staff should be employed and paid by O6. This 

is not financially viable and this particular county has been avoided ever since. P1 

recounts another incident in which volunteering in a hospital was delayed when the 

administrator let them wait for hours. However, both volunteers suggested that in 

recent years there has been effective local liaison and planning by S1, a local 

healthcare worker who supports the charity’s activities.      

The accounts given by P5 in the logistics context, as well as those of P9, strongly 
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support the two nurses’ observations. In particular, P9 was very clear about his views 

on the conflict of interest and corruption that he witnessed in Kenya and elsewhere. 

Indeed, it was a theme he returned to several times throughout the interview. He 

lamented that insufficient supply of suitable antibiotics in public hospitals forces 

patients to source these medicines from private pharmacies, which, in turn, may have 

to order the medicines from Nairobi. He claimed that there is protectionism by the 

Pharmacy and Poisons Board who seek to block legal parallel imports of medicines 

leading to illegal or as he put it ‘extralegal’ imports of medicines of uncertain quality. He 

also suggested that junior doctors in rural public practice are motivated by career 

progression into the private sector and don’t care for their patients, and that senior 

doctors run private practices and pharmacies alongside their public service which they 

largely leave to interns. It is, therefore, in the doctors’ interest in private and public 

practice to prescribe antibiotics because they are a source of income to them or a close 

relative who runs the pharmacy. Apparently, those working in the public pharmaceutical 

system are underpaid by the government and run private pharmacies alongside their 

public jobs. He said the Pharmacy and Poisons Board is corrupt and officers make 

money out of parallel import of antibiotics, and the medicines regulatory authorities in 

Eastern Africa are in collusion with the big pharma industry that influences them with 

travel, conferences, office equipment and other perks. He alleged that staff in these 

agencies also run private pharmacies selling parallel imported medicines.  

 

Conventional wound care  

Advanced wound dressings 

Statements from several participants reported little or no use of, or access to, 

advanced wound dressings and non-adhesive dressings outside up-market private 

hospitals. The standard dressing in Kenyan hospitals is limited to dry gauze and 

Vaseline gauze. Advanced wound care is also not part of the outdated medical 

curriculum in East and Central Africa. For example, when asked about advanced 

wound dressings, P14 said she was not aware of or had experience in treating wounds 

with advanced wound dressings such as silver dressings, alginates, hydrocolloids or 

negative pressure therapy. She has never seen these being used nor has she ever 

used them herself. On the other hand, the hospital pharmacist P16 said that he is 

aware of advanced wound dressings and therapies such as alginates, hydrocolloids 

and negative pressure therapy, but he had not yet ordered them. If needed, such 
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advanced dressings would be available and, in general terms, if dressing materials are 

needed that are not in stock, P16 tries to get them.   

P12, the healthcare consumer interviewed, developed an ulcer from an ankle 

support she wore. Initially she was poorly advised on how to treat the ulcer. Her 

daughter’s advice and referral to a Nairobi wound care specialist resulted in 

prescription of advanced wound dressing and healing of the ulcer in a matter of weeks, 

but such dressings are out of the reach of ordinary Kenyans and were not available in 

Gilgil.  

 

Wound care in provincial Kenya 

In the austere rural setting, wound care is even more basic. Patients that P2 has seen 

often only wrap a piece of cloth around the wound for protection. She also remarked 

several times about the astonishing capacity of wounds in Kenyan patients to heal 

quickly and with minimum intervention. P1 and P2 explained that at O6 clinics a basic 

wound that appears as if it could be infected is treated with antibiotics, a saline rinse 

and a basic dressing. Patients responded well to basic wound care and antibiotics with 

wounds healing fast. Participants did not recall microbial resistance to the antibiotics 

that were administered. Providing advice and education on hygiene was seen to be 

more important than application of modern wound dressings. 

P1 described a case of a patient with uncontrolled diabetes and a foot ulcer: the 

clinic (i) performed sharp debridement, (ii) applied silver dressing, (iii) administered 

antibiotics, (iv) provided care instructions, and (v) followed-up five days later. The 

patient wrapped a plastic bag around the foot during work in the field and the foot ulcer 

was healed. P1 ascribed treatment success to antibiotics and implied that antibiotics 

are O6’s most important intervention, “our biggest thing”. 

In general wound care at O6 clinics in Kenya starts with obtaining the history of 

the patient and the injury, if necessary with the help of an interpreter, to determine 

mechanism of injury, the age of the wound, and previous treatments. The wound is 

then cleaned and foreign objects are removed, and if the wound is infected, antibiotics 

are administered including application of a topical antimicrobial such as silver. The aim 

is to initiate the body’s own healing processes so that healing can continue without 

further intervention.   
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Faith-based hospital wound care 

According to P13, her faith-based hospital is able to provide a good level of wound care 

and has all necessary supplies and human resources. However, there are cases where 

wounds do not heal as well as the healthcare providers would like because of, for 

example, infection. 

The major resource for wound care at O14 is the nursing provided, as nurses are 

mainly in charge of caring and dressing wounds. The clinicians at the hospital make 

dressing material recommendations and these dressings are sourced from suppliers. 

P14, the hospital nurse reported that nursing resources at the hospital are sufficient 

with three nurses at any one time on duty, and that wound care can be performed by 

two people, a nurse and an assistant. On busy days dressing changes are done by one 

nurse only. P14 said that she would like to see at least two nurses available for wound 

care to support each other. Moreover, she believed it would be good for the clinicians 

to be available during dressing change and cleaning to inspect the wounds and to 

provide feedback to patients. The nurses or the clinicians are at times too busy for 

wound inspections during dressing change. 

Most of the patients usually arrive at the hospital with septic wounds which get 

debrided, followed by daily cleaning and dressing changes until they heal. The 

surgeons perform debridement and nurses perform the daily wound care such as 

cleaning and dressing. Debridement and dressing of wounds is followed by an 

inspection either after 24 or 48 hours depending on the surgeon. The surgeons then 

instruct the nurses on the wound care routine involving cleansing with saline and the 

type of dressing, either dry, damp or wet gauze. In some instances wounds may be 

cleaned two or three times per day. If the wound fails to respond despite cleaning and 

antibiotics, another debridement is performed.  

Standard materials used at O14 for wound care are sterile gauze and saline for 

cleaning and dressing of wounds. Burns are cleaned and treated with Dermazin cream 

and dressed with paraffin gauze followed by daily cleaning and a repeat of Dermazin 

and paraffin gauze dressing, which according to P14, is easy to remove and does not 

stick to the wound. 

Post-surgical infections also occur at the hospital. P14 mostly sees them in 

caesarean sections, which confirms P9’s observation on post-operative caesarean 

infections. In the case of an infection the wound is opened and treated as any other 

wound and, depending on progress, it is decided to conduct secondary closure. Speed 
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of healing may depend on the nutritional status of the patient. P14 has observed rapid 

resolution of infection in five to seven days but also delays of up to two weeks.    

The time spent on wound care and dressing change per patient depends on the 

size of the wound. For small wounds this can be as short as ten minutes whilst for large 

wounds up to thirty to forty minutes.  

 

Wound care in public and private practice 

P6, the private wound care provider, confirmed that wound care in Kenya is 

underdeveloped. Some of the biggest barriers to better wound care include poverty, a 

wound care skills shortage and lack of training. 90 per cent of patients are too poor to 

afford expensive modern wound care. Although O3, where P6 works in his capacity as 

infection control consultant, provides the best wound care of all public hospitals in 

Kenya, staff are not specifically trained in wound care and the hospital has only a 

limited range of wound care consumables.  

A description of wound care in the referral hospital O3 and in P6’s private 

practice follows. General wound care at O3 is conducted with a standard trolley and 

pack and follows sterile treatment procedure. The wound is cleaned with saline and at 

every dressing change the wound is surgically debrided to remove dead tissue, and 

topical antibiotics are applied. Gauze and secondary dressing cover the wound. Wound 

care in P6’s private practice uses a choice of sterile pack tailored to wound size. The 

wound is cleaned with either sterile wiping with saline or with pressurized irrigation, and 

debridement is performed either by surgical, chemical or MDT means. The wounds are 

dressed with material to suit the wound and the patient’s personal circumstances, and 

may include negative pressure dressing. Gauze, crepe bandage or compression 

dressings may server as secondary dressings. 

Note that a standard dressing trolley is a normal hospital trolley specially 

prepared for sterile procedures by thorough cleaning and decontamination. Standard 

dressing packs are designed for large wounds such as burns and comprise a sterilized 

tray containing sizable amount of sterile gauze, 4 forceps, two pairs of scissors, sterile 

gowns and towels, and bowls. A sterile pack is a smaller dressing pack with limited 

instruments used for small wounds and includes two forceps, a gullipot and a little 

cotton wool. 
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Wound care training  

As mentioned by P6 (and also by P9), there is a general lack of training among Kenyan 

nurses and healthcare providers regarding wound care. P14 freely admitted both her 

lack of knowledge and the importance of learning about modern wound care to improve 

care at the hospital which is partly because there is no access to, or use of, modern 

dressings. The Australian volunteer nurses also found that the main problem with 

advanced dressings, even if they were available to Kenyan healthcare professionals, is 

the lack of education. They believed that if local healthcare professionals do not know 

how to treat wounds with these dressings, they may cause more harm than good. 

Teaching local care providers and patients has proved challenging because of 

communication difficulties.  

 

Regulatory supervision and monitoring of treatment  

There are protocols and guidelines from the Ministry of Health, and O14 is supervised 

by the Ministry of Health at the county level. In a registered hospital like O14, wound 

care is part of the overall clinical program and therefore subject to various protocols 

which the doctors are obliged to follow. Monitoring and evaluation of treatment 

progress is via the clinical judgement of the care providers who observe the patients’ 

condition and enquire about their well-being throughout the day. In the event that the 

patient cannot communicate, the accompanying care takers provide this information. 

Clinical record keeping involves treatment sheets and clinical logs.  

 

Cost of wound care 

P16 said that the faith-based hospital O14 looks after patients with chronic wounds 

which require costly long-term care and administration of antibiotics. While the hospital 

tries, it is often not able to provide all materials and medication necessary to care for 

the patient, in which case the patient is referred to a higher level hospital. P16, the 

hospital pharmacist identified regular wound care supplies used and their costs. 750 

grams unsterilized gauze costs KSh700, a larger-volume (not specified) Dermazine 

crème costs KSh600, and a five day course of Antibiotic about KSh500. These costs 

add up when wounds don’t heal and patients need to stay in hospital for several weeks.  

P6’s private patients are well off and belong to the middle and upper class. For 

private care providers like him, patients must have the means to pay cash because 

insurance companies rarely pay for outpatient services and if they do, payment takes a 
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month to arrive. He has access to all required wound care materials and they are paid 

for by the patients.  

Hospital patients with wounds generally belong to the poor lower and lower-

middle class. Treatment is covered either by the NHIF or in cash, with the help of 

friends and family. Regardless, the charges are insufficient to cover adequate supplies. 

Therefore, the hospital, cannot afford more expensive (advanced) wound care 

materials because the patients do not have the means to pay, and also because of the 

great demand. P6 described the wound treatment and procurement of materials at the 

hospital. The hospital stocks basic and affordable dressing materials. The staff conduct 

wound care depending on what is available in store. If patients have the means to pay, 

they are advised to buy the required materials privately.   

 

Maggot debridement therapy 

Clinical decision making 

The MM laboratory manager P7 explained that the Kenyan hospitals using MDT 

adopted the treatment guidelines as they are described in the provided manual.  The 

institute in collaboration with P3 has developed operations guidelines tailored to O2’s 

needs in line with the international guidelines for Good Clinical Practice as used for 

clinical trials.   

The decision to use MDT is made by P6 or a doctor after wound assessment. 

The proof-of-concept study by O2 showed that MDT is able to reduce wound care 

costs by 75% compared to regular treatment options, because sharp debridement and 

antibiotics are not needed, and because patients leave hospital sooner. A number of 

factors can influence the clinicians’ choice to use or not to use MDT. MDT is indicated 

for wounds with necrotic tissue and not for clean wounds. MDT is indicated for patients 

with low haemoglobin, those not fit for general anaesthesia and the very old. He also 

made the observation that surgical debridement is more lucrative for physicians than 

MDT and therefore some surgeons would be inclined not to use MDT. Besides, some 

clinicians fear insects. 

In the health charity context, P2 was of the opinion that maggot therapy would not 

have been useful for any of the wounds she saw and treated in Kenya, but she would 

consider using MDT for the right wound. P1 believed that some wounds in children that 

she had seen would have benefited from MDT. However, she was uncertain whether 

children would tolerate MDT because they would be aware of the maggots and 

experience slight discomfort – a concern shared by P2. She also envisaged children 
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removing the dressing and picking up maggots. She drew on experience from myiasis 

patients in her Australian practice. 

 

Treatment 

P6 described the process of wound care with MDT. A standard dressing trolley and 

pack is used as described earlier. The wound is wiped with saline or water soaked 

cotton wool to remove exudate and puss. Then the MMs are applied. The wound type 

determines mode of treatment with either 24 hour old bagged maggots, or free-range 

application with gauze to retain maggots in the wound. The maggots are removed after 

48 hours and sealed in polythene bags or a disposable plastic glove and disposed of in 

the clinical waste stream. P7 reported that, from experience, patients will require 

between one and three MDT treatments, and even four in case of extensive wounds.  

When considering the alternative application technologies, P14 from the faith-

based hospital imagined bagged maggots would be much easier to use than free-range 

maggots. During the interview, P14 was curious about, and had pertinent questions 

regarding the storage of MMs, how often the wound has to be inspected, how many 

MDT dressing changes have to be performed, whether maggots are disposed of at 

every wound assessment, and regarding the availability of MMs in Kenya. 

 

Cost of MDT 

Both P6 and P7 gave the same costing for MMs. At the moment MM production is an 

experimental operation and therefore maggots are provided on a cost recovery basis. 

For a 4 x 6 cm wound O2 charges US$40 or KSh4000 for one treatment’s worth of 

maggots, i.e. KSh2000 for MMs and KSh2000 for transport within the greater 

metropolitan area. Delivery of maggots beyond the metropolitan area has not been 

considered at the time of interviews. MDT is an out-of-pocket treatment for hospital 

patients because there is no reimbursement system in place yet. Pricing varies 

depending on the size of the wound and number of treatments required. Once full-scale 

production commences, the costing would need to be revised to ensure sustainability 

of operations. Interestingly, and as mentioned earlier, P6 noted that “There is also 

personal bias among clinicians; some prefer surgical debridement for financial benefit 

(MDT costs US$40 and surgical debridement cost between US$120 and US$600).”  
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Disposal 

At O14, the faith-based hospital, there are medical waste protocols in place. O14 has 

an incinerator and an open pit where waste is burnt. On the wards, the waste is 

separated via different bins for non-infectious, infectious and highly infectious waste. 

Dressings usually are disposed of in the infectious or highly infectious waste stream. 

Sanitation workers collect the bins from the wards and dispose of the waste either by 

burning it in the incinerator or in the open pit. As for MDT dressings and maggots, it 

was already mentioned that P6 seals used MMs in polythene bags or a disposable 

plastic glove prior to disposal. 

 

Efficacy and patient feedback 

All participants from the MDT cluster spoke highly of MDT and its efficacy in clinical 

practice. P15, the director of O2 said that during the clinical trial and the proof-of-

concept study O2 had to undertake in order to be able to apply for regulatory approval, 

patients were treated with up to four applications of MMs depending on the wound and 

each lasted three days. Chronic wounds that had persisted for up to ten years cleared 

within weeks. These patients would ordinarily have to go into reconstructive surgery 

but, to the surprise of the doctors, many of the wounds treated with MDT did not 

require additional surgery and healed within weeks. She attributed this to the 

movement of the maggots in the wound which stimulated blood flow.   

Feedback was very positive. Patients were at first a little afraid but once they 

realised the results that can be achieved with MDT, they were enthusiastic about the 

therapy and welcomed the treatment. P16 remembered a particular ward where the air 

was filled with the stench of wounds, but after MDT the air freshened and the stench 

disappeared from the ward. Another memorable case was a lady with a ten year old 

chronic wound. Her treatment and recovery was also the subject of a TV report.  

 

4.5.3.5 Roll-out and implementation 

Production 

Approval 

As director of O2 and responsible for the MDT program in Kenya, P15 had the most to 

say about regulatory issues and hurdles. In the first instance, a proof-of-concept study 

was required ahead of regulatory approval. The institute, in partnership with two staff 

from the collaborating referral hospital, developed the study protocols including 

standard operating procedures, and submitted an application to ethics committee for 
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approval of the study. The institute also received some funding to support maggot 

production and delivery to the hospital during the study. 

Subsequently, an application has been submitted to the Pharmacy and Poisons 

Board for approval of MDT as a regular (rather than proof-of-concept) treatment. 

However, the regulator has had difficulties classifying MDT because it is neither a 

device nor a medicine. P15 said the institute had been negotiating with the Board on 

this issue and was waiting for approval. She anticipated that the regulator would not 

classify MDT as a drug or a medicine, and instead develop a new classification and 

approval model for MDT. P15 also considered this useful in light of similar new 

therapies that may emerge in the future and would require similar approvals. 

Regulatory and legal obligations may turn out to be simply adhering to GMP. The 

institute has experience with quality management standards for drugs and it is already 

accredited and meets quality management system standards for ISO 9000 and 

9001:2008 and is in the final stages of accreditation for ISO17025, General 

requirements for the competence of testing and calibration laboratories. While 

accreditation for ISO 15189, Medical laboratories – Requirements for quality and 

competence is not out of the question, it has not been sought yet because of the 

expenses related to achieving accreditation and complying with ISO 15189, and the 

uncertainty around its benefit to operations in addition to the other standards. 

P7 also reflected on approvals and concluded that there are not many required 

for MDT production, distribution and treatment. Two agencies needed to be notified of 

MM rearing activities at O2 - the Kenya Wildlife Service (responsible for all wildlife in 

Kenya) and the National Environment Management Authority. P7 confirmed that the 

use of MMs in therapy requires the approval of the Pharmacy and Poisons Board and 

that this has been the major barrier to implementation of the therapy in Kenya. P15 

hoped for speedy approval because the need for this wound care is great and patients 

ought not to suffer because of regulatory classification difficulties. However, she was 

uncertain when approval could be expected. 

 

Demand management and upscaling of production 

The roll-out of MDT across the country may bring its challenges. For example, P10 

considered that, because maggots are perishable, there might be mismatch of demand 

and supply leading to wastage in certain areas where demand has been 

overestimated. He also contemplated that, low volumes of MM shipments may be 

insufficient to interest transport providers. 
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No participant from the MDT cluster had a clear idea as to what upscaling and 

commercialisation would look like in terms of operations, marketing and distribution 

planning. It appears that such planning has been postponed until after MDT approval 

by the Pharmacy and Poisons Board.  

P3 (the European MDT collaborator) did not feel responsible for 

operationalisation, commercialisation and distribution planning and thought O2 would 

be best placed to do this because of their local knowledge. P15, the director of O2 set 

her hopes on partnerships with some hospitals that would ultimately lead to customer 

relationships and help to publicise the virtues of MDT. P6 argued for multiple 

production locations in order to shorten delivery time and facilitate MDT in clinical 

practice.  

With regard to upscaling of production, P15 was confident that, provided the 

Institute has the necessary finances, it has access to all the resources required to 

produce MMs at scale. She noted that lack of order volume, and therefore funds to 

operate, prevents the institute from upscaling maggot production. However, once 

approval is obtained and more customers use MDT, mass production and upscaling 

would be cost effective. P6 echoed this assessment and thought that the capacity is 

there both in terms of O2 operations, the Kenyan transport infrastructure, and the 

motivation and interest of stakeholders.   

The lab and production manager P7 was cautiously optimistic. She noted that 

currently production is kept at a low level because there is no demand and also to 

conserve resources, but she also believed that the institute has the capacity to upscale 

at any time. Nevertheless, she acknowledged that limitations exist. For example, full 

operationalisation of MM production may be impacted by supply shortages. The fabric 

for maggot containment bags may not be available in Kenya, and a Kenyan supplier for 

egg yolk for sterile maggot production has not been sought as yet. The institute also 

tried but could not find a Kenyan supplier of powdered yeast extract. Moreover, the 

capacity to run administration and marketing for a fully operational production facility is 

not in place yet.  

 

Marketing 

P15, the director of O2 stated that the infrastructure and systems are not in place at O1 

and O2 to commercialise MM production. While O1 has a business department and 

has commercialised the provision of seeds, this is somewhat different to the 

commercialisation of a medical commodity such as MMs which means that the 
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organisation would require marketing support and advice.  

Having worked for O1 in the past, P9 thought that, from a technical stand point, 

O1 and O2 have the capacity and expertise to establish a MM breeding facility. 

However, the organisation and its employees lack the commercial skills necessary to 

operationalise MM production and marketing and need outside support. P6 said that 

marketing must reach out to doctors through seminars, briefings and training. P9 also 

noted that marketing for MDT needs to address Kenyan doctors because of the lack of 

a trained wound care nursing workforce. This will pose some challenges first, because 

doctors are by nature conservative and sceptical of new interventions and second, 

because many have commercial links to private pharmacies and have a personal 

interest in prescribing the most profitable antibiotics. Moreover, public rural and remote 

health centres and hospitals are staffed on a short-term basis by young doctors who 

are keen to progress in their career.     

P9 suggested that MDT education and sensitisation of doctors will take time and 

is best achieved at the county hospital level. Acceptance at this level would lead to the 

introduction of MDT into the medical curriculum in both private and public medical 

schools. However, the very same teaching staff also run private practices where they 

like to prescribe antibiotics.  

P9 also explained that faith-based organisations would be the preferred 

healthcare providers for the introduction of MDT in the Kenyan healthcare system. This 

is because they have their own continuing medical education programs. Moreover, 

faith-based organisations are motivated by strong spiritual and moral values, and there 

is a greater interest in the well-being of patients. O32, an African air ambulance 

provider, may also be a useful contact. It has a school of public health which trains 

large numbers of health professionals and has an extensive alumni network. Although, 

traditionally community oriented, P9 thought that O32 has now become heavily 

influenced by big pharma when the new Director General joined them from O33, a 

multinational pharma company. 

 

Distribution 

The participants’ views on distribution challenges have already been presented in 

Section 4.5.3.3, and so this section only includes comments on MDT roll-out issues.  

P15 could see no difficulties that would impact on production or treatment except 

that shipment of MMs to remote and inaccessible locations might not be possible. 

Delivery to every hospital in the country would not work and, instead, county hospitals 
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or another hospital in each county, could provide MDT. They could set up a wound 

ward and patients from that region with wound care needs could be treated there. Later 

P15 considered that last mile delivery to healthcare centres across Kenya would be 

possible, but whether it was feasible would depend on demand. It might be sufficient to 

refer patients with wounds from each region to county hospitals.  

 P10 suggested that, for implementation of MDT across the country, it would be 

necessary to map the points of use and demand. Mobile phones are now very common 

in Kenya and the use of mobile telephony and the internet would be a very efficient way 

of communicating and establishing demand. Implementation might necessarily take 

place in a staged manner beginning with a set of treatment centres with well-

established demand. He thought that subsequently, the reach could be expanded to 

smaller centres over time as practitioners learn to use MMs and perform maggot 

therapy. 

P9’s idea of an MDT-SC was not dissimilar as it also proposes delivery to the 

town level. The idea is to engage a transport provider, either the faith-based one, O27, 

or a bus company that also provides courier services, for delivery of MMs to the small 

town level. Then health care providers pick MMs up from town, which is not a problem 

because there is usually a good social network, there is a Picki Picki motorbike courier 

network and current fees are well known, and there is frequent travel between town 

and surrounding villages. 

Acknowledging Kenya’s poor transport infrastructure particularly in remote areas 

and at the last mile, P11 thought that delivery of MMs from Nairobi across the country 

would need to occur via air transport because of the traffic on some Kenyan roads. It 

would take couriers about four days to get to hard-to-reach areas in north-eastern 

Kenya. Provided there are airstrips, the MMs could be delivered by plane and last mile 

delivery could be done by couriers. Delivery to locations along major highways is 

feasible within 48 hours. For example, MMs could be delivered to Mombasa because 

travel time on the highway is about six to eight hours.  

From a hospital pharmacy point of view, it would be desirable for the MM supplier 

to allow purchases on credit to reduce payment related delays and speed up order 

fulfilment time. There are no barriers to MDT from a SC standpoint according to P16. 

The 48-hour delivery period appears prudent to him considering the perishable nature 

of MMs. He was however concerned about the cost of the maggots. 
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MDT treatment  

Implementation and integration in medical practice 

Wound care providers interviewed had differing views on the feasibility of a country-

wide MDT roll-out and integration into their medical practice.  

Participants from the faith-based hospital cluster saw healthcare provider and 

patient perception and acceptance of the therapy as the single most important issue, 

and a potential barrier to roll-out and integration of MDT in hospital clinical practice. For 

example, P13 was concerned about the patients and healthcare workers’ perception of 

maggot therapy and the need for education and training to overcome repulsion and to 

convince everyone that maggot therapy is efficacious. The nurse P14 from the faith-

based hospital envisaged that the first step in implementation was to inform and 

sensitise the patients, because most patients would not agree with it because of the 

taboos and stigma attached to maggots. Training staff in maggot therapy as well as the 

purchasing and storage of MMs would also have to be considered. The hospital 

pharmacist did not see any barriers to MDT from within the hospital, provided that there 

is sufficient evidence for the efficacy of MDT and that this can be communicated to 

hospital staff via proper training. According to hospital general manager P13, 

introduction and implementation of maggot therapy at O14 would require i) evaluation 

of efficacy of the treatment, ii) regulatory and ethics approval of the therapy and 

permission to introduce it at O14, iii) liaison with clinical teaching and training officers to 

learn more about the therapy ahead of implementation, iv) identification of suppliers 

and cost of MMs, and v) evaluation of affordability to patients, meaning the out-of-

pocket expense to the patient.  

P6, who has intimate knowledge of clinical practice issues in relation to MDT in 

Kenya, envisaged some potential problems. For example, doctors in hospitals may not 

consider MDT the preferred debridement method, and patients adopt this attitude and 

will consider MDT as undesirable or frightening. In terms of production, he thought that 

because maggots have to be ordered 24 hours in advance, they are not as readily 

available as practitioners would like. Moreover, there could be supply shortages or 

delays in supply of MMs because flies don’t lay eggs or there are shortages of dietary 

ingredients for the flies. He suggested potential problems in country-wide distribution 

due to only one production facility in Nairobi. He also thought fear of insects and 

rejection of MDT could be a problem. The final limitation he listed was informed by 

approval delays. He thought a slow approval process for MDT registration could 
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prevent roll-out across Kenya with MDT being limited to experimental data collection for 

the near future. 

From the viewpoint of the Australian health charity operating in Kenya there is 

little need for MDT in their work and the volunteer nurses also questioned the feasibility 

of integration in O6 operations. They questioned the feasibility of MDT in the mobile 

clinic situation in the bush and under hot and austere conditions, and wondered 

whether the MMs would survive. They also didn’t think MDT treatment would be 

feasible in the outpatient setting. P1 recounted that roads are very poor in urban and 

remote areas visited by O6. Sometimes the roads were not suitable for the van and the 

O6 team had to hike to the clinic location. The clinics would be set up under austere 

conditions in the middle of the village among pigs and chicken. Follow-up of general 

wound care and MDT would be difficult because O6 clinics move on (see above). 

Patient awareness and education would be significant problems faced by O6 when 

using MDT. Different languages, other than Swahili, being spoken across Kenya’s 

counties also had the potential to prevent effective communication of care instructions. 

They also questioned whether healthcare facilities in Nakuru would be able to 

administer MDT, listing reliable refrigeration for MMs as a problem. The following is a 

general summary of concerns raised by P1 regarding MDT for treatment of wounds in 

regional Kenya.   

Outpatient care would be possible if treatment was commenced in hospital, if 

patients had a higher education level and would be able to comply with care 

instructions, and if district clinicians were willing to use MDT, and were trained and able 

to follow up in the community. Educating the healthcare professionals in regional 

hospitals would be challenging because of their poor understanding of even basic 

wound care. Private hospitals are likely to be better placed to implement MDT because 

public hospitals lack the resources.  

P1 thought there was no role for MDT at mobile clinics organised by O6, because 

of resource constraints and lack of wound care expertise among volunteers. MDT 

would take up too much time and it would be impractical with high turn-over of patients 

at each clinic. MDT would be best commenced in the hospital setting to be able to 

reassure the patient regarding the sensations associated with the treatment. MDT 

would also require a lot of planning but the situation on the ground is often 

unpredictable despite protocols. Delivery logistics for MMs to rural and remote clinic 

locations would be challenging. Communication barriers, personal beliefs or culture 

may prevent acceptance of MDT and therefore use. Clinical follow-up can’t be ensured 
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by O6 because of pop-up clinics. Finally, the primitive living conditions of patients 

require MDT to be performed in a hospital setting. 

  

Treatment quality control and adverse events 

A very practical contribution was made by P11 with regard to monitoring and evaluation 

of treatment from the immunization sector. She explained that the sub-county 

distribution depot performs internal data quality audits to determine, for example, 

wastage of vaccines at healthcare facilities. Client health care facilities are briefed on 

their performance. The operations are also audited by external supervisors. The 

healthcare centres that provide vaccination services, report adverse events with an 

Adverse Events Following Immunization Form.  

This information corresponds with the Kenyan Ministry of Health National Policy 

Guidelines on Immunization 2013, which instructs immunization providers what to do if 

an adverse event following immunization occurs (Ministry of Health, 2013). Annex 1 to 

4 of the Ministry of Health Immunization Manual for Health Workers provide relevant 

AEIF forms for reporting and follow-up of cases (Ministry of Health, n.d.).  

P11 thinks that the adverse events reporting regime employed in immunization or 

in pharmacovigilance could be adopted by MDT providers. Moreover, surveys could be 

used to collect data on feedback, treatment duration and efficacy, and exit interviews 

similar to those in immunization campaigns could also be implemented. She suggests 

that monitoring of the maggot therapy program would require tailored questionnaires to 

ensure program-specific data is collected. 

 

Sensitisation through awareness raising and education 

It is important to consider in the first place the experience of members of the MDT 

cluster with regard to education, awareness raising and sensitisation for MDT in Kenya. 

P3, the European collaborator, recalled that the setting up of the maggot laboratory and 

treatment of patients with MDT resulted in good publicity in the Kenyan media. He 

thought this should slowly increase the awareness of the Kenyan population and 

doctors who will have to decide whether to use MDT or not. He reflected on the slow 

progress made in his own country where it took at least five years for doctors to adopt 

the therapy. He also remembered a talk he gave at a Kenyan conference for physicians 

where the concept of MDT was well received. Likewise, P3 and colleagues gave a 

presentation to interested doctors at O11, a mission hospital. It has a dedicated ward 



 
MDT supply chain management in compromised healthcare settings  |  Page 216 

 

for non-healing wounds but he was not certain if those physicians are still interested in 

MDT.     

 P7 suggested that the negative personal attitudes of doctors and patients can 

be overcome with sustained sensitisation as was demonstrated during the proof-of-

concept study at O3 when the institute staff and collaborating senior plastic surgeons 

attracted much interest. They were also able to demonstrate the efficacy of MDT on the 

victims of a major vehicle accident which led to enquiries from other wards at O3. A 

small survey among nurses showed that they were very open to MDT.   

P6, who was intimately involved in the proof-of-concept study at O3, said that 

staff were sensitised as MDT was introduced to O3. However, to date sensitisation has 

been restricted to the healthcare providers of those wards at O3 that offer MDT, not the 

entire hospital, and it involved explanation of the therapy and its benefits. Training on 

MDT was not conducted because the therapy is similar to the regular dressing routine. 

Initially staff were sceptical and had concerns for their own and the patients’ safety. 

This changed when they saw the efficacy of the treatment. Nevertheless, staff still 

consider MDT as the last resort. According to P6, the response of the sensitised 

healthcare providers is encouraging. Negative attitudes had only ever been raised in 

jest, for example with comments like: “I should be under anaesthesia if MDT is to be 

done on me”. Because no marketing has been done, the perception of doctors in other 

hospitals is unclear. At O3, patients were at first stunned and sceptical, but after 

sensitisation by trusted doctors, nurses and media reports, they welcomed the 

treatment.  

Of particular relevance to this study are the views of the faith-based hospital 

cluster. P13 admitted that maggot therapy was new to her and that she was not sure 

how effective it is and for what wounds it is a suitable intervention. However, she was 

open to the idea of MDT and thought that it is worth considering for wounds that do not 

heal as they should. She was concerned, though, about the patients’ and healthcare 

workers’ perception of maggot therapy and the need for education and training to 

overcome repulsion and to convince everyone that maggot therapy is efficacious.  

She believed that sensitisation of clinicians will be relatively easy because of their 

mindset and training to assess efficacy of an intervention. Education of patients must 

make sure they understand the reason for using maggot therapy, what outcomes are 

expected from the treatment, and that the therapy is used at a point in the treatment 

when other interventions have failed to bring about wound healing. Provided this 
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sensitisation is done well, patients will give their consent especially if they can see the 

benefit as for any other treatment they receive. 

The nurse P14, was of the opinion that, in order to introduce MDT at the hospital, 

the first step would be to inform and sensitise the patients because most patients would 

not agree with MDT because of the taboos and stigma attached to maggots. She also 

believed that training staff in maggot therapy, as well as the purchasing and storage of 

MMs, would also have to be looked at.  

P14 stood out among interview participants because of her curiosity. In the 

beginning she was reserved and her answers indicated relative ignorance regarding 

MDT despite the information material the researcher provided in preparation of the 

interview and for consent. As the interview progressed the roles reversed for some time 

and the researcher became the participant providing answers to questions P14 put 

forward. After her questions were answered, P14 was very optimistic and keen to treat 

patients with MDT. She said she would sensitise her colleagues regarding this therapy. 

She believed that MDT would be a useful addition to wound care at O14. There was 

little doubt in her mind that if appropriately and thoroughly sensitised, the patients 

would be happy and would have no objections particularly because of the speed of 

treatment. This interview provided quite by accident, a case study for successful and 

rapid MDT education and sensitisation of a Kenyan healthcare worker.  

The hospital pharmacist P16 said he had heard of MDT before the interview but 

didn’t think it was practical. However, after learning more about it from interview 

information material and over the course of the interview, he viewed it to be a good 

idea and would not shy away from using MDT on himself if it was helping him. Given 

that wounds are a big problem and lead to much suffering among patients, he 

predicted that MDT would be endorsed by his colleagues provided it helps to heal the 

wounds. At the hospital, staff sensitization would be conducted by the hospital’s own 

training staff. He also suggested that the first patients benefiting from MDT would also 

act as ambassadors for the treatment in the community.   

 

There was a strong sense that education and promotion of MDT must be expanded 

beyond healthcare providers and patients. P11 argued that sensitization needs to 

include politicians because their support and understanding of the program is 

necessary, for example, when funding or other support is needed. In addition, there is a 

need to demonstrate that it is in the government’s interest to pay for maggot therapy 

because, if it heals wounds faster, it reduces the patients’ hospital stay and therefore 
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saves the government money. Endorsement by the Minister of Health will provide a line 

of communication from the top down through all levels down to villages and this 

highlights the importance of integration of politicians into education activities.  

This is a view that was also shared by P5 who suggested that tailored education 

in the Kenyan context would involve consultation and education of trusted community 

leaders such as chiefs and healthcare professionals, as well as public and government 

officers, and various administrative systems. 

P11 also considered that acceptance of maggot therapy by healthcare providers 

and patients will depend on the training that is provided. A well thought out education 

program that explains the efficacy and benefits of the treatment will increase its 

acceptance. Health care provider training is evidence-based and teaches efficacious 

interventions. With the view to improve healthcare and improve patient care, healthcare 

providers will provide efficacious treatments, where the benefits outweigh the risks, and 

this is why training of healthcare providers is important. For health care professionals 

the education they receive in their institution of learning determines their future practice 

and teaching. Kenya is culturally diverse which means that educational activities need 

to be tailored for target groups. The Health Promotion Department communicates 

health-related issues to the Kenyan population across social, cultural and ethnic 

groups. Indeed, the the National Health Promotion Strategy, the National Standards 

and Guidelines for Health Promotion, and the National Health Communication 

Guidelines were launched on 11 February 2014 (WHO, 2014a). In a letter the Principal 

Secretary of the Ministry of Health announced the Scheme of Service for Health 

Promotion Personnel (Nkoroi, 2014). 

Participants from outside the faith-based hospital and MDT clusters had positive 

opinions regarding sensitisation and the acceptance of care providers and patients. 

P10 believed that the medical profession in Kenya was ready for maggot therapy of 

difficult wounds because it has been tried at O3 and there have not been any reports of 

resistance. He admitted that the general public may not readily accept the therapy at 

first, but when shown the benefits of MDT he was convinced they would change their 

minds. 

P5 confirmed that there is a need for improved wound care. However, he also 

believed that maggot therapy may be a culture shock as it has not been used before 

and he had only seen the therapy on the internet. He explained that, in African society, 

people would not take kindly to maggots in a wound and this would stigmatise the 

patient. However, he believed that with good education both healthcare providers and 
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patients would come to understand the therapy and accept it. Especially the patients 

would require thorough information regarding the therapy and its benefits, or else they 

would be slow to accept the treatment. P5 referred to the sensitisation and education 

efforts that were required for anti-retroviral drug treatment for HIV/AIDS.  

P8 was confident that MDT will be a welcome therapy because it has been 

shown to work overseas and there is a high demand for diabetic wound care in Kenya. 

Patient and care-giver fears and rejection can be overcome with sensitisation.  

The health care consumer P12 who, herself, had suffered from an ulcer in the 

past was ignorant of MDT prior to the interview but knew about leech therapy. Her 

prime concern would be that maggots would be left behind in the wound during 

dressing changes and then burrow deep into the wound and reproduce there. A friend 

of P12 would consider MDT after trying alternatives. Her husband’s carer (S7) is 

repulsed by the idea of MDT and would not want to use it, which reflects her previous 

work in the slums of Nairobi where she saw myiasis cases. To remove the maggots, 

they applied honey to the wound.  

The Australian volunteer nurses P1 and P2 provided some insight into the 

thinking of healthcare providers from western highly-functioning healthcare systems. 

Both participants said they were aware of maggot therapy but had no clinical 

experience with this therapy and did not know where to source MMs from. Moreover, 

they appeared to not clearly differentiate between the accidental infestation of wounds 

with maggots (myiasis) which both have experienced in patients and in livestock, and 

clinically applied MDT.  

P2 reflected on the patients’ perception of maggots crawling in the wound. She 

thought that, given sufficient explanation, patients are likely to try MDT in the hope that 

the wound will heal. P1 raised the question of cultural attitudes and acceptance of 

MDT. She thought 90% of her patients in Australia would reject MDT because of the 

mere idea of maggots in the wound. A lot of nurses would not like it either, but it would 

not worry her because of her experience with myiasis cases and the positive effect they 

had on the wound.  

 

4.5.4 Logic model evaluation of the Kenyan MDT-SC 

4.5.4.1 The evaluation process 

In the first instance, the SC characteristics of the actual Kenyan MDT-SC that emerged 

from the interviews were compared with the desired supply chain characteristics 

established in Section 4.4.2.2. This comparison of the two SCs is lengthy and has been 
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placed in Appendix 3, Table 35. It provided a good first-pass evaluation of the actual 

SC but lacked sufficient robustness to confidently and systematically identify enablers 

of, and barriers to, the MDT-SC in Kenya.   

Based on the information provided by informants relevant to the Kenyan MDT-

SC, a logic model was developed. Once again, the large tables (Table 36-40) have 

been placed in Appendix 4. They contrast the logic model of the optimized theoretical 

SC with the Kenyan MDT-SC to assist with evaluation.   

The first tangible result emerging from the analysis of the logic models is the 

evaluation of the Kenyan MDT-SC outcomes. As can be expected, the outcomes fall 

short of those envisaged by the optimised theoretical SC, even if blended and tailored 

outcomes objectives are assumed (Melnyk et al., 2010). The evaluation below lists first 

the ideal scenario outcomes and then a description of the Kenyan MDT-SC outcomes.  

This outcomes evaluation is then followed by the analysis of the enablers and barriers 

that bring about the observed performance profile (see Section 4.6).  

   

4.5.4.2 Outcomes of the theoretical and actual MDT-SC 

Cost 

Scenario. The optimised MDT-SC envisages that MM producers seek to reduce 

production costs through supplier selection and negotiation with suppliers, and lean 

production approaches. This, in turn, lowers the MM price and helps to make MDT 

affordable and accessible to all patients. Integrated SC management also leads to cost 

effective distribution. Access to MDT across the healthcare system including in rural 

and remote parts of the EAC makes efficacious wound care affordable. Seamless 

integration of MDT in the hospital waste stream ensures cost-effective disposal of used 

dressings and MMs. 

 

Kenya. In Kenya, the supplier of faith-based hospitals is able to offer affordable 

medicines and medical goods thanks to the organisation’s negotiation with international 

suppliers and its motivation to serve the faith community. It is not certain to what extent 

the supplier of public health facilities and the private pharmacy franchise are able or 

willing to achieve lowest possible prices for patients. Allegations of rent-seeking in the 

public health system discussed later cast doubts over cost-effective medical supply to 

patients in public hospitals.    

As for current MM production in Kenya, unnecessary expenses are by necessity 

avoided, but as yet these cost savings do not appear to be passed on to patients 
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because of the low volume of production and lack of income. Fixed costs for staff, 

facility and fly stock maintenance necessitate income. As a consequence, for the few 

patients receiving MDT, the MMs are not as affordable as they could be. While 

production costing for MMs and bags at O2 have not been accessed or estimated, it is 

likely that a standard maggot dressing could be produced for less than KSh2000 

(US$20) especially if there was high-volume production. It is likely that cost of 

production and pricing of MM dressings will be impacted by lack of commercialisation 

experience at O1 and O2. 

Likewise, commercial courier costs for metro and even cross-country delivery are 

cheaper than KSh2000. This means that patients pay too much for MM distribution 

from O2 to the point of care. Generally, against the backdrop of a fluctuating cost 

environment in the African transport industry, it is more cost-effective for organisations 

to engage third party logistics providers rather than distributing goods themselves. In 

order to save money, consumers are inventive and provide unpaid communal 

transport/courier services to each other.  

Despite the NHIF, healthcare in general and lengthy wound care in particular, is 

expensive for poor Kenyans in the public, faith-based and private systems alike. The 

lack of affordable care can drive patients to traditional healers.  

As with other medicines not available in hospitals, patients have to pay out-of-

pocket for MMs while regulatory approval is pending. Even if MDT is cost effective for 

the healthcare system and patients in Kenya, surgeons may continue to favour surgical 

debridement for personal financial gain.  

MDT generates infectious waste which is disposed of in the hospital waste 

system which is safe and does not incur additional costs apart from plastic bags to hold 

maggots until incineration.  

 

Responsiveness 

Scenario. In an ideal world, responsive suppliers enable producers to respond to 

changes in demand as swiftly as production processes permit. Producer coordination 

and collaboration allows the franchise to meet demand spikes at short notice. 

Integrated SC management that exploits distributor and production redundancies 

ensures that demand is met. EAC-wide proficiency of healthcare providers in the use of 

MDT and easy, fast access to MMs affords great responsiveness in MDT-assisted 

wound care.  
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Kenya. In both the public and faith-based system, payment and ordering procedures 

and order fulfilment for medical goods from the respective main supplier are 

cumbersome, inflexible and slow, and therefore are not very responsive. However, in 

the case of O14, a faith-based hospital, medical supply is fairly responsive thanks to 

flexible purchasing arrangements involving the faith-based supply agency and a private 

local supplier. Here, responsiveness comes at a cost, i.e. retail-priced medical goods 

from local supplier. 

The facility set-up is capable of producing sufficient quantities of MMs and 

should, therefore, be able to meet foreseeable production fluctuations. However, due to 

low demand and low production stock, there is currently no capacity to respond quickly 

to demand surges and even small orders have been delayed. The lack of 

commercialisation and planning for upscaling and roll-out leaves O2 unprepared for 

demand surges locally and elsewhere in the country. 

Medical supplies and services are not readily available, particularly in rural 

locations. However, logistic service providers and communication technology are 

available and used by Kenyan consumers and healthcare providers that support 

convenient, fast and responsive ordering and payment of services from anywhere in 

the country. Faith-based healthcare providers have functional, albeit organically 

informal, transport systems that achieve adequate levels of service delivery.  

With approval pending, production at a minimum, and untrained and unsensitised 

medical workforce, MDT services could not currently respond to potential demand. In 

the wider healthcare system, there is a serious shortage of doctors and nurses in 

Kenya and the quality of care is, therefore, very poor especially in the public system.  

 

Security 

Scenario. Best-practice suppliers ensure reliable supply and product integrity and 

safety. Regular audits and adherence to best practice production ensures the quality 

and safety of MMs and reliable order fulfilment. Emphasis on rapid shipment and a 

reliable cool chain ensures safe delivery of efficacious MMs. Anti-counterfeiting 

measures for MMs and MDT quality monitoring ensure the safety and quality of MDT 

services. Trained healthcare workers and adherence to clinical waste standard 

operating procedures ensure safe disposal of MDT waste.  

 

Kenya. Flies for the establishment of the fly breeding colony at O2 were supplied by 

O7/O10 which ensured their therapeutic efficacy. In addition, the Kenyan National 
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Commission for Science, Technology and Innovation approval ensured consideration 

of the environmental and agricultural safety of fly importation.  

Costs aside, Kenyan healthcare providers both from public and faith-based 

organisations have access to quality medicines. However, the supply of authentic and 

safe medicines to only select healthcare providers, leads to many small pharmacies to 

accessing unregulated and counterfeit, and therefore potentially harmful, medicines.    

As the proof-of-concept study demonstrated, O2 has the expertise to produce 

high quality MMs and its collaborating healthcare practitioners can treat wounds 

successfully with MDT.  

O2 appears to fulfil relevant standards for the production of MMs and is qualified 

to implement additional standards if need be. Staff at O2 are qualified to produce safe, 

high-quality MMs although there are doubts around the standard operating procedures 

they have been given. For example, they do not provide for quality testing of colony 

performance and sterility testing of MMs or application bags as might be expected in 

the production of medical products and as specified by Good Manufacturing Practice 

((PIC/S, 2017b, PIC/S, 2017a). The quality and consistency of in-house fabricated 

application bags may also vary.     

The broader laboratory system in Kenya is to a large part aligned with the 

hospital system. In addition there are private pathology laboratory operators and 

various research and testing laboratories. By all accounts, the laboratory system 

appears to be well structured with a tiered arrangement of responsibilities, services and 

capabilities. Continuous monitoring of immunisation adverse events ensures capacity 

to intervene early and safeguard program safety.  

Current transportation packaging of MMs is not suitable for courier delivery and a 

wider roll-out of services across Kenya. However, the immunization program in Kenya 

and other shippers of perishable products understand cool and cold chain requirements 

for safe and effective services, and seek to achieve these with the means available to 

them.  

Couriers themselves, have limited capacity to provide a cool transport and 

storage environment which has to be compensated for through the use of protective 

cool chain packaging and passive cooling, and this is the responsibility of the customer.  

Skills shortage, and therefore the safety and security of logistics services and 

products, is addressed by organisations training their logistics workers. The Kenyan 

logistics infrastructure is still very prone to interruptions and security-related threats, 

which require tailored logistics solutions and contingency planning.  
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Moreover, there are regulations in place to ensure the safety and quality of 

medical products and specimens in transit. Whether this translates more broadly to a 

high quality medical goods transport is uncertain. 

As for medical care, it appears that skills and qualifications are unevenly 

distributed and skills deficits are common among Kenyan nurses and physicians. 

However, the capacity of trained and sensitised Kenyan practitioners to perform MDT 

safely has been demonstrated at O3.  

Hospital waste including MMs is separated and disposal is adequately safe for 

given low-resource setting. 

 

Sustainability 

Scenario. Supplier sustainability and sustainable production practices contribute to 

overall MDT-SC sustainability. Packaging and distribution systems are in place that 

maximise the sustainability of perishable MM shipment. Recycling and reverse logistics 

arrangements reduce the environmental footprint of MDT significantly. The 

sustainability of MDT as a treatment is maximised due to waste reduction and 

reduction in antibiotics use. 

 

Kenya. Environmental sustainability considerations don’t appear to be a priority in 

Kenyan healthcare SCs. Approval to introduce L. sericata stock to Kenya and approval 

to keep the fly species in the production laboratory suggests that the Kenyan 

authorities consider these activities sustainable. Kenyan couriers have the capacity to 

provide, and indeed offer, reverse logistics services, but the extent to which reverse 

logistics is practised in health care is unclear.  

Unfortunately, it appears that the unsustainable widespread use of antibiotics has 

led to the emergence of antibiotic resistant bacteria.  

 

Resilience 

Scenario. SC resilience is strengthened through investment in supplier resilience. 

Franchise coordinated supply-chain wide risk monitoring and management leads to a 

highly resilient SC in a risky environment. Risk management systems, resilient 

transport providers and redundancy in available transport options lead to reliable 

distribution of MMs. Awareness-, training-, quality control- and ordering systems are in 

place that maximise the uptake, use and quality of MDT across the EAC.  
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Kenya. In the case of the Kenyan MM production facility, the secure supply of all 

necessary equipment and consumables from the European development partner 

conveyed resilience. However, complacency on behalf of O2 regarding the sourcing of 

suppliers for production of critical materials makes the operation vulnerable to supply 

interruption and unprepared for upscaling. Moreover, importation of equipment and 

other materials is vulnerable to significant customs delays and impositions that can 

pose a real danger to operational continuity. High-level intervention may accelerate 

customs processing and mitigate against delays.  

Hospitals conduct regular stocktakes and order accordingly. At times public 

hospitals seek to anticipate supply interruptions by ordering an excess supply. This 

may convey some resilience against supply shortage for particular items but, on 

balance, it is likely that it makes the organisation more vulnerable because of diversion 

of limited resources.  

Quality control in MDT relies on a ready supply of agar plates that are 

conventionally used for bacteriological testing of sterility (although not at O2 under 

current standard operating procedures). Bacteriological testing with agar plates is 

available at lower tier Kenyan health facilities, but testing is vulnerable to blood supply 

interruptions.   

The immunization SC in Kenya is well organised and appears to have systems in 

place that increase its resilience to, and support recovery from, interruptions and other 

threats to service delivery. A number of other SCs provide highly reliable, safe and 

speedy transport of perishable goods including blood, narcotics and agricultural 

produce.   

Overall, the Kenyan transport sector enjoys a considerable degree of resilience 

because of its diversity, ranging from horse and cart to sophisticated land, sea and air 

transport services. International distribution i.e. the import, export or transit of goods, is 

vulnerable to customs impositions and delays which are difficult to manage.  

Logistics service providers and communication technology are available and 

used by Kenyan consumers and healthcare providers and these support convenient, 

fast and responsive ordering and payment of services from anywhere in the country.  

Systems are in place in the immunization program that ensure safety and efficacy 

in distribution and treatment. However, the public hospital system is underfunded and 

barely able to provide basic care. In this context, the resilience of the public healthcare 

system is undermined by corruption and rent-seeking. In contrast, greater motivation 

and focus on patients leads to better care in faith-based hospitals despite their 
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resource constraints. Adequate sensitisation is imperative for the success of MDT in 

Kenya and Kenyans appear to be receptive to such sensitisation and welcoming of the 

therapy.   

 

Innovation 

Scenario. The optimised MDT-SC achieves continuous improvement of supplies and 

supply-related processes through collaborative innovation that ensures continuous 

improvement of services to healthcare providers and patients e.g. new distribution 

solutions for MMs, improvements in MDT efficacy, clinical practice and acceptance, 

and safe, sustainable and humane disposal of MMs and dressings. 

 

Kenya. There is little evidence of innovation in the Kenyan MDT-SC, apart from the 

establishment of the MM production facility and fledgling MDT program, even though 

the host organisation for MM production in Kenya is a research organisation and 

should, therefore, be in a good position to pursue product innovation. Continual 

innovation is being hampered by lack of funding in the absence of income from MM 

sales or grants. Other research laboratories exist in Kenya, adding to the country’s 

capacity to innovate. 

There is an indication that courier companies seek to explore new markets such 

as medical transport e.g. vaccine distribution.  

In general terms it must be noted that adversity and resource poverty in Kenya 

has generated a complex healthcare and perishable goods supply network with both 

recognisably formal structures and many informal systems, some of which may be 

considered innovations or at least adaptations.     

 

4.6 The enablers of, and barriers to, the MDT-SC in Kenya 

4.6.1 Introduction 

The logic model evaluation above identified MDT-SC outcomes by implicitly 

considering the nature of supply chain characteristics and the impacts that these 

inputs, activities and outputs have on the overall SC performance. However, supply 

chain improvement is only possible when the enablers and barriers are explicitly 

identified and characterised. To achieve this, the activities and outputs described 

above were sorted into those that enable the MDT-SC and those that act as barriers to 

optimal MDT-SC performance (Appendix 4). It follows a detailed discussion of these 

enablers and barriers. 
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4.6.2 Enablers and barriers 

4.6.2.1 At producer level    

Enablers 

A significant enabler of the Kenyan MDT program has been the grant-funded 

partnership between the Kenyan and European MM producer and their affiliated 

research organisations. It allowed the Kenyan producer to overcome the considerable 

financial establishment barrier while also transferring the prerequisite know-how. The 

grant provided all the equipment necessary to furnish a fly insectary and production 

laboratory. Furthermore, provision of consumables for the preparation of diets and the 

preparation of MDT application bags has been affording the Kenyan producer some 

supply security in the establishment phase. The European partner also supplied an 

already domesticated L. sericata colony and provided training for technical personnel. 

This training was accompanied by a rearing and treatment manual outlining all 

essential standard operating procedures, regarding both the production of medical-

grade maggots and the treatment of patients.  

It is important to point out that the host organisation for the Kenyan MM 

production facility has had considerable MDT-ready research expertise and institutional 

infrastructure to contribute. In particular, there is an existing trypanosomiasis research 

program at O2 which involves the mass rearing of Tsetse flies which is, arguably, a 

more challenging undertaking than the maintenance of L. sericata colonies. The 

Kenyan host research organisation also financed and oversaw the refurbishment of the 

laboratory premises thus contributing from a limited resource pool to the project. As a 

result of these activities, the Kenyan production facility is capable of producing a large 

quantity of high-quality MMs. Overall, O2 operates as part of the greater Kenyan 

medical and research laboratory system which seems to be steadily improving, and 

with it the capacity of its personnel.  

In order to meet regulatory requirements and to achieve approval for MDT in 

Kenya, the producer in partnership with O3, a Kenyan referral hospital, conducted a 

successful proof-of-concept study for MDT in Kenya. This and engagement in the 

regulatory process is an important and necessary step toward approval. According to 

participant accounts, the study clearly demonstrated improved wound care, wound 

healing and patient wellbeing.   

Although sterility control of MMs with blood agar is not currently implemented by 

the producer, it appears that blood agar microbiological testing is widely practised in 
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Kenyan medical laboratories and should therefore be available to O2 - provided blood 

supply interruptions can be managed.  

 

Barriers 

The Kenyan MM producer has benefited from technology and know-how transfer but 

the production SOPs adopted from the development partner do not appear to meet the 

quality control standards expected in drug and therapeutic device manufacture. First 

and foremost, it is best practice that MMs are sterile, and that this sterility is verified via 

microbial testing ahead of dispatch for treatment. Sterility testing appears not to be part 

of the SOPs that were provided and is not performed by the Kenyan producer. 

Likewise, monitoring of colony performance as expressed in pupal weight, 

development time, fecundity etc. is not measured in a systematic way. Moreover, there 

is the potential for aspects of colony maintenance to be performed inconsistently over 

time if the casual attitude reported by P7 regarding the apportioning of fly eggs to diet 

for fly stock rearing is an indication.  

While the Kenyan producer is waiting for approval of MDT by the Pharmacy and 

Poisons Board, there appears to be some degree of complacency regarding the 

planning and design of the MDT-SC. For example, the producer has been relying on 

supplies provided by the development partner at establishment and has not 

investigated and secured suppliers for key dietary ingredients and the application bag 

fabric.  

In order to conserve supplies, the fly colony is kept at low numbers which makes 

it vulnerable to collapse due to adverse events. In addition, low fly numbers diminish 

the capacity of the operation to cater for demand spikes.  

There also appears to be no effort to explore cool chain packaging and courier 

options for provision of MMs to a larger and geographically dispersed number of 

healthcare providers. The current improvised arrangement for transport of MMs to the 

hospital is not suitable for long-distance courier transport.  

The producer has not yet engaged with a large number of healthcare providers to 

raise awareness and provide sensitisation beyond those initially contacted, and the O3 

referral hospital with whom they conducted the proof-of-concept study. A much greater 

effort is needed to develop a critical customer base and to make MM production an 

economically viable concern. 
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These barriers appear to confirm what has been described by P9 as the 

organisation’s lack of business sense and lack of experience in the commercialisation 

of products and services.  

 

4.6.2.2 Public/government regulations, policies and practices 

Enablers 

The existence of a tight regulatory framework for medical goods production, distribution 

and treatment in Kenya is both an enabler and barrier to the MDT-SC. On one hand, it 

slows down implementation of the therapy. On the other hand, and more important for 

the long-term sustainability of MDT, it should create regulatory and quality certainty for 

the healthcare system, producers, clinicians and patients. However, it is unclear to 

what extent these regulations are enforced and producers are audited.  

 

Barriers 

The greatest barrier at the time of this research is the pending approval of MDT in 

Kenya. In the absence of such approval and the specific regulatory framework 

stipulated by the Pharmacy and Poisons Board, it is difficult for the producer to market 

MMs and MDT and to develop the SC.  

The producer organisation is a government research organisation and therefore 

subject to government purchasing rules, practices, and suppliers. If reported 

cumbersome and slow procurement procedures for public hospital laboratories and 

faith-based hospitals are accurate then the impost for sourcing of supplies through the 

organisation’s procurement system may be high, may lead to stockouts, and diminish 

the producer’s responsiveness - particularly if the producer should decide to minimise 

inventory.       

Customs barriers were reported by participants both in relation to the shipment of 

aid across sub-Saharan country borders and also in the case of importation of 

laboratory equipment for the establishment of the MM production facility in Kenya. 

These may be in form of non-tariff fees and taxation or corruption. While national 

distribution of MMs and procurement of goods within Kenya is largely unaffected by 

such customs issues, there may be the need to source materials and equipment from 

outside Kenya in the future, even more so if a regional MDT-SC similar to that 

envisaged in the scenario is to be implemented.  

 



 
MDT supply chain management in compromised healthcare settings  |  Page 230 

 

4.6.2.3 Communications and business-to-business and business-to-customer 

engagement 

Enablers 

Currently, the MM producer is accepting the very limited orders and payments for MMs 

via phone, WhatsApp or email. Indeed, the Kenyan business environment appears to 

provide a considerable degree of flexibility regarding the communications and 

transaction infrastructure available to organisations and individuals for business-to-

business and business-to-customer engagement, including online and phone ordering 

of goods, online shopping, and mobile phone banking. If harnessed effectively by the 

MM producer, this infrastructure should enable the design of responsive and 

streamlined customer service.  

 

4.6.2.4 Distribution 

Enablers 

The Kenyan logistics environment is highly diverse with a few high-performance 

national and multi-national logistics service providers and an organic network of small 

transport and owner-driver operators for last mile transport of passengers and goods.  

There are a considerable number of perishable product SCs for agricultural 

produce, food, medicines, vaccines, pathology specimens, blood and even Miraa, a 

popular perishable narcotic. There may be scope for partnership and alignment with 

these SCs but, at the very least, they can inform the design of effective and resilient 

distribution systems for MMs. 

Moreover, the country-wide courier network is sufficiently robust to support a 

flourishing online shopping economy. In particular the last mile transport system, albeit 

the most vulnerable to supply interruptions, affords great flexibility and adaptive 

capacity with significant redundancies and the capacity to overcome interruptions with 

‘local solutions’. For example, last-mile vaccine transport interruptions are managed 

with support from local authorities and other health program stakeholders.  

Larger courier operators appear to plan for contingencies and have business 

continuity plans in place. These couriers also track and trace consignments and 

monitor customer satisfaction. Moreover, shippers and distributors are obliged to 

adhere to guidelines that regulate the safe distribution of medicines, vaccines and 

pathology specimens.  

The MM producer does not employ sophisticated cool chain packaging as yet, 

but re-usable cool chain packaging solutions are available and reverse logistics 
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services are offered by courier companies. This is particularly relevant for the supply of 

MMs to regular customers and will lead to significant cost savings and healthcare 

waste reduction.  

Drivers of quality improvement in the regional logistics system are ongoing efforts 

to train workers in, for example, the immunization program, in pathology specimen 

transfer or at a logistics service provider level.  

 

Barriers 

Despite the positive outlook regarding the capacity of the Kenyan logistics system and 

the associated training efforts, there is nevertheless reason to remain concerned about 

the ability of courier services to maintain the cool chain and deliver MMs on time and 

down to the last mile. Contributing barriers include a persistent shortage of skilled 

logistics workers, poor transport and road infrastructure (particularly at the last mile), 

and compromised security in some regions of the country. Couriers, such as the one 

interviewed for this research, are primarily concerned with timely delivery of 

consignments, whereas the customer is obliged to ensure that heat-sensitive goods are 

packaged appropriately to maintain cool chain conditions. While the immunization 

program, for example, uses large volume cooler boxes for transport of vaccines, it is 

not clear whether suitable cool chain packaging solutions for shipment of small MM 

orders are available from Kenyan suppliers.    

 

4.6.2.5 Healthcare system 

Enablers 

With regard to the safety of MDT, treatment monitoring systems that are already used 

in Kenya (such as the Adverse Events Following Immunization register) can serve as 

models for treatment quality and safety monitoring in the MDT program.  

The faith-based system presents opportunities for MDT-SC implementation. 

Motivated by compassion and a sincere interest in the wellbeing of patients, faith-

based care providers achieve reliable, cost-effective, low-resource care by sourcing 

cheap but high-quality medicines, and effective healthcare management. Faith-based 

hospitals also have a diverse income base including the NHIF, donors, research 

funding and patient co-payments. Indeed, P9 from an African development 

consultancy, suggested that because of these features, the faith-based system would 

be best positioned to adopt and pioneer MDT in Kenya in the first instance.   
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Once MDT is an approved wound care therapy in Kenya, patients should be able 

to receive MDT under the National Hospital Insurance Fund and National Health 

Insurance Scheme which provide affordable healthcare to a growing number of 

Kenyans. Public healthcare is offered free-of-charge but co-payments are required for 

some faith-based and private hospital care. In addition, it has been suggested that 

MDT could be up to 75% cheaper than surgical debridement in Kenya further making a 

strong case for MDT-assisted wound care. 

Together, this should support the MDT-SC by boosting demand for MDT and 

hence high-volume MM production, which in turn would justify the development and 

implementation of a sophisticated MDT-SC.   

Many participants stressed the importance of sensitisation of healthcare 

providers, patients, politicians and community leaders for the successful rollout of MDT 

services in Kenya. Although, the producer has not reached out to many healthcare 

providers, those involved in the proof-of-concept study reported successful 

sensitisation and positive patient feedback. The researcher’s own experience 

sensitising P14 during the research interview further demonstrates that healthcare 

providers are open to MDT. The establishment of the MDT program in Kenya also saw 

much interest from the media which can be leveraged for awareness raising and 

sensitisation purposes in the future.   

Given that Kenya is a multi-ethnic society, it is necessary to tailor any 

sensitisation program appropriately in order to make it accessible to different language 

and sociodemographic groups. In Kenya the Government’s Health Promotion 

Department is charged with the dissemination of health information across linguistic 

and cultural divides, and any rollout of MDT services across Kenya would need to 

involve collaboration with this department.     

 

Enabling barriers  

From participant accounts it appears that the Kenyan healthcare system, and in 

particular the public hospital system, is plagued by resource constraints, severe doctor 

and nurse shortages, workforce training deficits, poor hygiene and ineffective infection 

control. This also translates into poor and resource-constrained wound care.  

However, what at first glance appear to be barriers to MDT can also be 

understood as enabling features of the compromised healthcare system. This is 

because MDT lends itself to wound care under exactly such resource poor conditions: 

i) Nurses instead of physicians are able to treat wounds with MDT, ii) MDT affords 
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exceptional infection control in unhygienic conditions, and iii) MDT does not rely on 

overly expensive, sophisticated or inaccessible dressing technology. Therefore, there is 

a strong argument for health authorities and other healthcare stakeholders in Kenya to 

support the implementation of country-wide and system-wide MDT services.   

 

Barriers 

In addition to the aforementioned healthcare system flaws that are so characteristic of 

LMICs, participants reported rent-seeking by Kenyan doctors who prefer private 

practice over public service and are perceived to neglect their public patients. For 

example, public hospitals in Kenya are poorly stocked with medicines and it is common 

practice to send patients to private pharmacies to purchase the required medicines out-

of-pocket. It has been suggested by P9 that many doctors are affiliated with those 

pharmacies and stand to profit from their patients’ medical expenses.  

When considering financial gain as a main driver for clinical decision making and 

personal investment, it is not difficult to imagine that as P6 noted, “there is also 

personal bias among clinicians; some for financial benefits, prefer surgical debridement 

(MDT costs US$40 and surgical debridement cost between US$120 and 600)”.  
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CHAPTER 5 – DISCUSSION 

 

 
Figure 19: Thesis outline highlighting the activities in Chapter 5.  
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5 Discussion 

 

5.1 Introduction 

This research has been concerned with MDT-SCs in compromised healthcare settings, 

their characteristics, and their enablers and barriers. A comprehensive program of 

research was conducted that included three literature reviews, the development of a 

supply chain scenario and empirical qualitative research with Kenyan and international 

stakeholders of MDT and MDT-like medical SCs. This chapter discusses the findings 

and the extent to which they can answer the research questions that guided this 

program of research.    

Research Question 1, which asked for the wound burden in compromised 

healthcare settings, is answered in Section 5.2 (and Appendix 1). Although the total 

wound prevalence could not be quantified, the findings suggest a significant wound 

burden across the EAC. Section 5.3 answers Research Question 2, whether MDT is a 

feasible therapy for wounds in compromised healthcare settings. It confirms that for 

many of the wounds encountered in compromised healthcare settings MDT is, indeed, 

a feasible treatment. It also concludes that the use of MDT has the added benefit of 

allowing more wound care to be undertaken by nurses and medics who have no 

surgical training. In addition MDT can provide physicians with more time to make 

critical treatment decisions that, in the absence of effective infection control, would 

need to be made very quickly to save limbs and lives.  

To reiterate, Research Questions 3 and 4 were answered in the results section 

(Sections 4.4, 4.5 and 4.6). More specifically, Section 4.4 answered Research 

Question 3a, which asked for the theoretical characteristics of an optimised MDT-SC. 

The findings of the Kenyan case study in Section 4.5 answered Research Question 3b, 

which asked for the actual characteristics of a contemporary MDT-SC in a 

compromised healthcare setting. Finally, research Question 4 sought the enablers of, 

and barriers to, affordable, responsive, resilient, safe, sustainable, and innovative 

MDT-SCs in compromised healthcare settings, which were identified in Section 4.6.  

Section 5.4 then discusses the Kenyan case study in light of the findings 

presented in the results section. This analysis of the Kenyan case generated practical 

recommendations for Kenyan MDT-SC managers and they are made in Section 5.5. 

Finally, Section 5.6 considers the relevance of this study’s findings for MDT-SC design 

and implementation in compromised healthcare settings other than Kenya. 
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5.2 Large burden of wounds in compromised healthcare settings 

To understand the wound prevalence in compromised healthcare settings, a literature 

review of the wound burden in the EAC was conducted. Despite the paucity of studies 

and lack of harmonisation in study design and disease classification, the review clearly 

demonstrates that the burden of wounds in the EAC is high, and this supports the 

notion that there is a need for improved wound care in this region, and other similar 

healthcare settings.  

The importance of wounds as a major but underrated healthcare problem has 

also been confirmed by the Kenyan case study. Interviews with MDT- and wider health-

SC stakeholders from Kenya, Europe and Australia revealed that wounds are indeed a 

major cause of morbidity and mortality in Kenya. In agreement with the wound burden 

literature, motor vehicle accidents and increasing rates of diabetes are major 

contributors, and other noteworthy aetiologies include ischemic lower leg ulcers, 

pressure ulcers and a variety of acute injuries. In addition, it was suggested that there 

is a greater than 25% prevalence of infected caesarean sections in Kenya. The 

prevalence of surgical wounds, albeit discussed in the literature review, was not 

sampled in order to constrain the scope of the exercise. Poverty still prevents most 

Kenyans from accessing quality care, including surgical care Mwangi (2013). In low-

resource countries “an estimated 288.2 million people are living with a surgically 

treatable condition and 5.6 million deaths could be averted annually by the provision of 

surgical care.” (Gupta et al., 2015, p 1). Without concomitant efforts in infection control, 

any proposed increase in surgical care in low-resource settings (Ozgediz et al., 2008, 

WHO, 2013) is bound to further increase the prevalence of post-surgical wound 

infection.  

The general view, particularly of the European and Australian participants, was 

that wound care in the Kenyan public healthcare system is poor. There is no access to 

advanced wound dressings, healthcare practitioners are poorly trained, and inadequate 

hygiene in hospitals and in home care result in high rates of wound infection and 

chronic wounds. These observations are echoed by Koigi-Kamau et al. (2005) who 

noted a caesarean infection rate of 19% in central Kenya, by Mwangi (2013) who 

reported poor access to quality healthcare in Kenya, and by Naddumba (2008) who 

discussed the resource limitations in musculoskeletal trauma services and high post-

surgical infection rates in neighbouring Uganda.  

Interestingly, the interviews highlighted a curious dichotomy of opinion regarding 

the relative problem wounds pose to Kenyan patients. The Australian nurses 
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contradicted the other participants by reporting that Kenyans had an uncanny ability to 

quickly heal and that they responded well to the minimal levels of wound care and 

antibiotics that were used. Potential reasons for this could be (i) some features of the 

rural community setting in which their charity operated as opposed to a hospital setting 

with a higher likelihood for hospital acquired infections; (ii) the greater efficacy of newer 

generation antibiotics used by the Australian nurses; or that (iii) mobile clinics 

selectively saw only relatively benign wounds. However, these possibilities remain 

speculation in the absence of more concrete data.   

What can be said is that the wound burden data together with the accounts of 

participants have established that wounds pose a considerable burden on EAC and 

Kenyan patients, their families, and country healthcare systems.  

        

5.3 MDT is a feasible therapy in compromised healthcare settings 

Prior to this research it had not been established beyond a few fleeting comments in 

MDT research papers whether MDT was actually useful or feasible in compromised 

healthcare settings. With this in mind, the disaster setting was chosen to demonstrate 

the clinical feasibility of MDT in compromised healthcare settings because time 

constraints prevented a comprehensive analysis of all possible settings and because 

the disaster setting exemplifies most limitations experienced in other compromised 

healthcare settings. More importantly, disaster settings present a large spectrum of 

wound types that are also typical for other compromised healthcare setting (e.g. 

Phalkey et al., 2011, Prasartritha et al., 2008), with the exception of chronic diabetic 

and ischemic lower limb ulcers which are unrelated to disasters per se.  

The special report Maggot Debridement Therapy in Disaster Medicine published 

in the journal Prehospital and Disaster Medicine analysed the wound burden in both 

natural- and man-made disasters and identified equivalent wound aetiologies that have 

been treated successfully with MDT (Stadler et al., 2016). Consequently, it was 

possible to state with high confidence that MDT could play a significant role in meeting 

this wound care need in disaster medical aid.  

Triage in the event of disasters needs to consider resource limitations and ensure 

that the greatest good is done for the greatest number of casualties (Aitken and 

FitzGerald, 2012). The aim is to treat those with the greatest chance of survival. There 

is always the risk of under- and overtriage with the former leading to adverse patient 

outcomes, and the latter to unnecessary care burden and waste of precious resources 

(Adini et al., 2014). It is therefore an important finding that MDT can make an important 
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contribution to triage decision making and resource management in disaster medical 

response. Because MDT is a safe and easy to apply therapy, MDT-assisted wound 

care in the disaster setting would be led by healthcare workers rather than physicians, 

which would allow the latter to focus on reconstructive and other surgical interventions 

which only they can perform. Another important finding was that MDT could provide a 

larger window for time-critical interventions, such as fasciotomies to treat compartment 

syndrome and amputations in case of life-threatening wound infection. In other words, 

physicians would not need to make rushed decisions on whether to perform a 

fasciotomy or amputation based on the threat of infection or necrosis because both 

sequelae can be treated with MDT even in the most austere of field conditions.  

Research participants also confirmed that Kenyan public hospitals are not unlike 

the austere disaster setting, in that they are impoverished, and therefore  lack basic 

water, sanitation and hygiene amenities, are in need of more doctors and nurses, are 

overcrowded, have frequent stockouts, and generally lack access to more expensive 

advanced medicines and dressings. The ability of MDT to provide efficacious wound 

care in such compromised healthcare settings has been demonstrated by an anecdote 

that was related by the director (P15) of the research organisation hosting the MM 

production:  

“Imagine that, that particular ward. It was, you enter and you (?) that stench! After 

the maggot application that ward was so clean. They leave the air clean, 

everyone was happy, you know.” 

      

5.4 The Kenyan MDT-SC case 

The Kenyan case yielded a wealth of data that allowed the use of program logic 

evaluation and the associated assessment of SC outcomes. The discussion of the case 

study results begins with a brief synopsis of these outcomes followed by a more 

detailed echelon-by-echelon discussion of contemporaneous MDT-SC outcomes in 

Kenya, and reflections on the enablers of, and barriers to, an MDT-SC that would 

deliver cost-effective, responsive, resilient, secure, innovative and sustainable MDT 

services in Kenya (using the model of Melnyk et al. (2010) that has guided the SC 

analysis).  

 

5.4.1 Supply 

The production facility is hosted by a government research organisation. While the 

exact procurement procedure for this organisation is not clear, participants with medical 
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laboratory and hospital background have described relatively cumbersome ordering 

processes in such organisations and frequent stockouts in public facilities. This may 

hinder speedy procurement of supplies in response to MDT demand spikes and may 

result in stockouts at the MM production facility. Qiu and Dungca (2015) found that in a 

study of 4 rural Kenyan dispensaries “13 out of 16 essential medicines were found to 

have been out of stock at least once during the 3 fiscal quarters analysed. Prevalence 

of stock-outs ranged from 16% to 77%.” (p. 197).  

Regular supplies for a MM production facility would, in the main, include dietary 

ingredients, the plastic mesh for construction of the application bags, some lab 

chemicals, sterility testing supplies, and shippers for distribution. Some of these 

supplies, such as the mesh and perhaps cool chain shippers, will have to be imported 

in the future, requiring attention to importation requirements to avoid customs 

clearance delays (ITA, 2017). It may be necessary to decouple the producer’s 

procurement system from the host organisation’s in order to provide the procurement 

flexibility necessary for cost-effective (lean) and responsive MM production.   

 

5.4.2 Production 

The producer organisation appears to have the skilled workforce, quality management 

standards, equipment, consumables, and a proven medicinal fly strain to produce 

copious amounts of high quality MMs. Obtaining an already domesticated and clinically 

proven strain of L. sericata saved the producer the work of establishing a laboratory 

colony from wild stock (Section 2.3.1.3) or even the development and testing of a new 

fly species for therapeutic use, as in the case of C. macellaria in Brazil (Masiero and 

Thyssen, 2016). Nevertheless, future genetic replenishment of the production colony 

may be necessary to avoid performance decline. However, the producer is awaiting 

MDT approval from the Pharmacy and Poisons Board. From this follows a general 

reluctance to invest time and money in the planning of the MDT-SC including the 

identification of suppliers, sensitisation of doctors and nurses, and marketing to future 

healthcare customer organisations. Even if approval was obtained, there was the 

suggestion that the host research organisation is technically capable of producing MMs 

but does not possess the commercialisation expertise necessary. 

Moreover, this research has revealed that the production of medicinal maggots at 

both the European and Kenyan producer organisation appears not to meet GMP 

quality assurance and quality control requirements (PIC/S, 2017a, PIC/S, 2017b, 

PIC/S, 2017c). Because the SOPs for production were not shared with the researcher, 
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it was not possible to comprehensively evaluate adherence to GMP, but available data 

suggests flaws and gaps in production quality assurance and control (Section 4.5.3.2 

Quality control). While the overall production setup including cages and diet meet the 

needs of L. sericata, and the use of sodium hypochlorite for egg sterilisation has been 

shown to be effective by others (Sherman et al., 2007), the producer organisation has 

adopted quality control practices from the development partner that do not monitor and 

therefore ensure the sterility of MMs. Good Manufacturing Practice (PIC/S, 2017b) in 

medical products manufacturing requires systems to be in place for quality control 

throughout the production process and for all aspects of production, and in particular 

for the production of sterile medicinal products (PIC/S, 2017a, Annex 1).  

Of course MMs are live animals and the sterilisation protocols specified in Annex 

1 of the GMP would be lethal. Moreover, due to the perishability of MMs, lengthy 

sterility testing as described in The International Pharmacopoeia (WHO, 2015) is also 

not practical. Hence there are compromises necessary to ensure both the viability of 

MMs and their sterility. It is best practice in MM production to ensure sterility through 

sterilisation of the fly eggs and to test both freshly sterilised eggs and hatching 

maggots for sterility (Sherman and Wyle, 1996). Much research effort has been 

invested in the identification and testing of maggot sterilisation protocols (see Section 

2.3.1.7) and any manufacturer of maggots for the purpose of MDT should adopt a 

quality control program that tests sterility with 24-48 hour blood agar assays (e.g. 

Nuesch et al., 2002). This researcher has not been privy to the MDT approvals process 

at the Kenyan Pharmacy and Poisons Board nor has he had access to an officer at that 

organisation, but it is plausible that the gaps in quality control in current MM production 

could cast doubt over the safety of MDT, which could in turn jeopardise approval.  

According to the production manager, there is no systematic measurement of the 

performance of the fly colony. It is true that L. sericata is an easy to maintain fly that 

adapts well to a range of husbandry practices (Section 2.3.1) but health and 

consistently high performance of the fly colony is critical to achieving a reliable and 

secure supply of MMs. A host of chemical, environmental, ecological and nutritional 

factors can influence the health and performance of flies. Failure to monitor colony 

health renders the production operation vulnerable to lost production due to stock 

underperformance and even colony loss. This is even more concerning when 

considering that the current MM producer maintains only a minimum number of flies in 

anticipation of the Pharmacy and Poisons Board approval of MDT. This further erodes 

supply security, and responsiveness during the waiting period.  
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While MDT is not yet approved, demand is low with only the referral hospital and 

the privately operating wound care provider using MDT on an occasional basis. 

However, once approval has been given the production colony can easily be built up to 

full production capacity within around 20 days, which is the length of the fly life cycle 

from egg to first reproduction of the newly hatched flies (Section 2.4).     

In addition, the therapeutic efficacy of the strain should be regularly monitored in 

the laboratory with meat-based or enzymatic assays (e.g. Blake et al., 2007, Pickles 

and Pritchard, 2017). The procedures described by participants did not include such 

assays. 

Having discussed these production flaws, it must be noted that the Kenyan 

producer organisation appears to have the technical expertise to fully implement GMP 

and to improve on the existing levels of quality assurance and control. This assessment 

is reinforced by the successful completion of proof-of-concept study which 

demonstrated the efficacy and safety of MDT in Kenya. Irrespective of this outcome, 

the long-term security of MM supply and safety of patients depends on improvement of 

quality management procedures which must include sterility testing and colony 

performance monitoring. While the antimicrobial and infection control properties of 

calliphorid maggots are remarkable even in cases of wild infestation (Terterov et al., 

2010), there have been reports of MDT-related infections (Nuesch et al., 2002). 

Therefore, MMs should be sterile when used for MDT in order to avoid additional risk to 

patients and to earn the confidence of healthcare regulators, providers and patients.  

In summary, it is critical to ensure consistent best practice production and thus 

both MM sterility and guaranteed supply of high quality medicinal maggots in order to 

convince healthcare providers, patients and most importantly the regulator of MDT’s 

safety and feasibility.  

 

Like with other goods, the cost of production of MMs is determined by fixed costs, and 

variable costs, with the latter being linked to production volume (Anderson, 2009). The 

decision to maintain low fly stock in the absence of demand mainly affects the variable 

cost components such as diet and some labour cost. All other input costs such as 

electricity and general laboratory and facility maintenance would still be incurred 

irrespective of the production volume. Because of the grant from the European 

development agency, the costs to the producer organisation for establishment were 

very low and this significantly reduced investment related costs. In order not to use up 

the supplies provided by the development partner, the producer is reluctant to keep 
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more flies than necessary. This is in part because African or overseas suppliers have 

not yet been identified, and in part an indication of the lack of financial resources 

available to the production organisation. However, in the long term, exploration and 

testing of alternative and locally sourced dietary ingredients may proof cheaper (Okorie 

and Okeke, 1990, Reddy et al., 2015).    

The producer is also responsible for cool chain packaging. For in-house transport 

this has been rather basic and inexpensive. If courier services were to be employed 

then more sophisticated packing solutions including insulated shippers and cool gels 

would need to be used which undoubtedly would place upward pressure on the cost of 

MMs to the patient. 

In order to recoup some of the costs for maintaining the MM production program 

and transport to the point of care, the producer charges patients KSh4000 (US$40) for 

a single application of MMs, of which half is to cover transport. At this stage, as an 

external observer, and without all fixed and variable costs and likely demand figures at 

hand, it is difficult to say what the actual unit cost of MMs would be. The wound care 

nurse interviewed in this study suggested that MDT would be cost effective under 

current pricing which amounts to US$40 for MDT, compared to US$120-600 for 

surgical debridement. Note that MDT includes not only MMs but also the dressing 

materials and healthcare provider labour costs which would have to be added.   

     

Interviews have shed little light on sustainability issues pertaining to the resources used 

in production. From what is known about the production setup and methods, MM 

production has a small environmental footprint. The production method used by the 

Kenyan producer uses sustainable plant and animal-based dietary ingredients, and 

sodium hypochlorite (bleach) is used for sterilisation of eggs. Bleach is an inexpensive 

chemical used for disinfection, as an oxidant and for chemical synthesis. Its properties 

and effects on the environment and humans are well understood and provided it is 

used according to occupational health and safety and industry guidelines then it is safe 

for both humans and the environment (Binetti and Attias, 2007).  

Maintenance of a constant temperature of around 25OC is important for 

predictable timing of fly production, and depending on how much natural light enters 

the insectary, 16 hours of artificial illumination per day are also necessary (Section 

2.3.1.4). Laboratory equipment like autoclaves and incubators also require energy. In 

terms of water use, potable water is required for dietary preparation, washing of 

equipment, and for egg sterilisation procedures. Water used in the sterilisation of eggs 
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must also be autoclaved to ensure sterility. In short, laboratory and insectary activities 

require energy, water and generate some waste water and solid laboratory waste. 

These waste streams are small in volume, particularly if reusable lab-ware and 

insectary equipment is used, and are not particularly harmful to the environment.      

Sustainability of production is not confined to resources and energy use. In the 

case of animal production and importation of organisms such as L. sericata from 

Europe to Kenya, ecological sustainability must also be considered. Approval by the 

Kenyan National Commission for Science, Technology and Innovation to import flies 

and by the Kenyan National Environmental Management Authority to maintain these in 

the production laboratory would suggest that the relative risk of importation and 

maintenance of L. sericata in Kenya has been assessed and deemed not a threat to 

local wildlife and farm animals. L. sericata is already endemic in Africa and could have 

been sourced locally (Williams et al., 2014). As mentioned earlier, there is merit in 

establishing a colony with a fly strain with proven efficacy and safety, which also 

speeds up the development of production capacity. 

 

Although it can be assumed that the host research organisation is capable of continued 

research and development in the MDT space, there is little evidence of innovation in 

Kenyan MM production per se. To date all production practices and SOPs have been 

adopted from the development partner with minimal customisation, and it appears there 

has not been any initiative regarding production refinement or improvement, albeit 

necessary as mentioned earlier. Against the backdrop of regulatory uncertainty and 

resource limitation this is understandable. For example, a joint funding application with 

the development partner for the exploration of African MDT fly species was 

unsuccessful. It is unlikely that the producer organisation has any spare resources to 

innovate in the absence of external funding or income from MM sales.  

 

Up to now, the discussion has focussed specifically on the enablers of, and barriers to, 

the MM production echelon and foremost on the production organisation, with the 

exception of the role the Pharmacy and Poisons Board approval plays. In reality, 

however, MM production and MDT is embedded within in the greater Kenyan 

healthcare SC landscape. A positive characteristic of these SCs is the access to 

flexible communications and financial transaction infrastructure for business-to-

business and business-to-customer engagement. In particular mobile communication 

and banking are important enablers of commerce in sub-Saharan Africa, especially in 
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the local-scale informal financial sector (GSMA, 2014, Asongu, 2013). The MM 

producer should, therefore, take advantage of this and develop customer service 

solutions based on this technology.    

The oversight of the healthcare sector via the Ministry of Health and its statutory 

bodies such as the Pharmacy and Poisons Board is potentially a double-edged sword 

to the MDT-SC. While strong regulations and oversight usually ensure the safety of 

goods and services, there is also the danger of overly restrictive bureaucracy and the 

so-called red tape to be a burden on medicinal manufacturers and physicians who want 

to treat patients with MDT (Anonymous, 2010b). Participants’ accounts of the slow 

progress in obtaining the required approvals, and the likely decision to create a new 

medicinal goods classification for MDT that is neither drug nor device, suggest that in 

Kenya’s case the regulatory environment currently poses more of a barrier to 

implementation than a guarantor for MDT safety.       

  

5.4.3 Distribution 

MM quality can be compromised en route to the point of care. The main concern is 

lengthy shipment and overheating as MMs should be applied within 48 hours of 

dispatch and should be kept at 6-25OC (Čičková et al., 2015). Considering the 

information provided by participants a mixed picture of the capabilities of the 

distribution system appears.  

Engagement of a sophisticated courier operator would go a long way toward 

ensuring timely supply. It appears that the presence of large national and international 

courier companies and a plethora of last-mile transport operators can provide a 

logistics environment conducive to MDT distribution across Kenya. The operations 

manager of one such courier organisation suggested that timely delivery of MM across 

Kenya is feasible provided that cool chain packaging solutions are readily available to 

the producer. In addition medical product safety during transit is being addressed by 

Kenyan regulators through the guidelines for the safe distribution of medicines and by 

pathology specimen referral guidelines (Pharmacy and Poisons Board, 2006). Thriving 

online shopping in Kenya lends support to the assessment of a reasonably responsive, 

resilient and secure distribution system.  

The Kenyan courier interviewed in this research confirmed reverse-logistics 

capability and it appears that the pathology specimen referral system and the 

immunization program use reusable cool chain packaging and various forms of reverse 

logistics. Reuse of packaging and reverse logistics has been shown not only to be 
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more sustainable but also highly cost effective in western pharmaceutical SCs (Mohan, 

2013).  

The MDT-SC is part of the wider medical supply network which includes the 

transport sector and healthcare system. Study participants described a diverse Kenyan 

transport system with considerable inbuilt resilience. Most confidence inspired the 

courier operator who provided a schedule for on-time delivery of a consignment such 

as MMs to a typical provincial hospital in Siaya county, as well as the accounts of a 

vibrant online shopping economy with delivery of goods to all corners of the country.  

More generally, it must be noted that adversity and resource poverty in Kenya 

has resulted in a complex healthcare and perishable goods supply network with both 

recognisably formal structures and many informal systems, some of which may be 

considered innovations or at least ingenious adaptations, as for example, the efficient 

and effective SCs established to service the demand for the highly perishable narcotic 

leaf Miraa (Carrier, 2005) and other perishable agricultural products. There is clear 

potential to learn from these solutions when developing resilient and responsive MDT-

SCs in Kenya. It is not clear whether integration of the MDT-SC with these disparate 

informal supply chains is feasible, but mobile telephony may provide the platform for 

effective coordination of a multitude of agents. In Indonesia, for example, the startup 

Go-Jek coordinates previously informal motorcycle taxis for courier and transport 

services through a mobile phone app (Chopra, 2016). 

Nevertheless, there are still barriers. Overall there is a logistics skills shortage 

although training in some organisations such as the larger courier companies, NGOs 

and the immunisation program appears to be generating capacity. Kenya is also 

plagued by poor infrastructure and areas of conflict with the resultant poor levels of 

security. As a consequence, and irrespective of the positive outlook reported above, 

the last-mile delivery of goods is still prone to delays and disruption. Interruptions must 

also be expected when supplies or equipment have to be imported, or should there 

ever be the desire to export MMs to neighbouring EAC countries, as has been 

suggested in the SC scenario. Export of MMs may not be feasible under current 

customs practices between EAC nations (Muluvi, 2014), despite their common market 

agreements, because lengthy delays would in all likelihood be fatal to the perishable 

MM product.  

Another considerable hurdle may prove to be the availability of affordable cold 

chain packaging solutions. Regular customers and/or large deliveries can be serviced 

cost-effectively with reusable cooler boxes or similar packaging, and respective reverse 
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logistics arrangements. For infrequent customers such solutions may not be feasible 

and single use disposable cool chain shippers may be needed. Whether these can be 

sourced easily and affordably remains to be clarified. Online research of potential 

suppliers was inconclusive and in all likelihood importation of these small volume 

single-use shippers will be necessary.  

 

In summary, a patchy and somewhat contradictory picture of the Kenyan distribution 

system has emerged. Ultimately, field testing of logistics solutions will be necessary to 

develop, in collaboration with transport providers, the safest and most secure 

distribution solutions for MMs. The lack of preparedness and the need for extensive 

distribution system planning and coordination raises serious concerns regarding the 

preparedness of the MM producer to facilitate MDT across the country. This may be 

mitigated to some degree, as has been suggested, by a staged rollout of MDT 

services.  A first step may be MDT services in regional treatment hubs at larger 

hospitals before attempting greater coverage down to healthcare centre and 

community care level as, for example, is practised in the UK (Jones, 2009). In addition, 

there is opportunity to integrate MDT logistics with pre-existing SCs for similar medical 

products such as blood or pathology specimens. Whether SC integration with the major 

private, public and faith-based medical supplies agencies is possible is unclear without 

further research. Unfortunately, no research participants could be recruited from these 

organisations. 

 

5.4.4 Treatment and Disposal 

The Kenya-wide rollout of MDT services cannot proceed until the treatment has been 

approved by the Pharmacy and Poisons Board. The care packages covered by 

Kenya’s health insurance are aligned with the Kenya Essential Medical Supplies List 

(KEMSL) which states that “the KEMSL should be used as the basis for expanding 

coverage or reimbursement of medical supplies cost.” (MoH, 2016, p. 4). It lists only 

eleven surgical dressings of various dimensions which are limited to cotton bandages, 

cotton gauze, cotton wool, basic adhesive dressings and tapes and zinc oxide 

strapping. Of these only the most basic cotton loose woven and crepe bandages and 

zinc oxide strapping are listed as essential down to the Community Health Service level 

(MoH, 2016). According to the KEMSL, new additions of medical supplies are 

considered by the National Medicines and Therapeutics Committee. Decisions 

regarding inclusion of new medicines are made on the basis of new information from 
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manufacturers, Ministry of Health approved changes in disease management 

protocols, and other research into disease management (MoH, 2016). It would be 

desirable for MMs to be included on the KEMSL in order to make them available 

through the national insurance schemes. Pharmacy and Poisons Board approval is 

only the first step for this to happen. It is likely that in addition to the proof-of-concept 

study a favourable assessment of the economic benefit of MDT to the healthcare 

system would be required to convince the Ministry of Health and the National 

Medicines and Therapeutics Committee. The cost-effectiveness of MDT in Kenya has 

been reported in this study as very high but a formal cost-effectiveness study has not 

yet been conducted. Furthermore, in the international academic community the 

argument over whether MDT is cheaper than comparative wound care modalities has 

not yet been settled (Section 2.3.3.4), but cost-effectiveness studies conducted in the 

Thai lower-resource healthcare setting concluded that MDT was cost-effective 

(Eamkong et al., 2010, Wilasrusmee et al., 2013). 

 

According to participants, there is a risk that patients and healthcare providers reject 

MDT. However, a more complete consideration of participant sentiments regarding 

acceptance and the researcher’s own sensitisation experience with a faith-based 

hospital nurse interviewed for this study suggests that this barrier can be overcome. 

Indeed, the need for sensitisation was voiced repeatedly when participants were asked 

how a rollout of MDT would be best achieved. This indicates a strong awareness 

among Kenyan stakeholders regarding the importance of education and sensitisation, 

particularly in the case of a potentially offensive therapy. In addition it has been 

suggested that there is institutional support for sensitisation activities across cultural, 

ethnic and linguistic divides through the activities of the Department of Preventative 

and Promotive Health (e.g. MoH, 2017) which the MDT program could leverage.  

While it has been mentioned that the skills and training levels of the Kenyan 

healthcare workforce are poor, particularly in the public system, there is good reason to 

believe that safe treatment of wounds with MDT can be delivered regardless of pre-

existing staff training levels. This is because the MDT program in Kenya already has a 

proven record of training healthcare workers, and they in turn have trained other 

practitioners. Moreover, MDT is relatively easy to perform and can be administered by 

nurses (Stadler et al., 2016), as is the case for most wound care in Kenya. In the rural 

Iranian setting MDT was even supported by the patients’ untrained family members 

(Mirabzadeh et al., 2017). An additional benefit of MDT is its infection control capability   
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(Bexfield et al., 2008, Bohac et al., 2015) which strongly suggests that MDT can be an 

efficacious treatment even in austere and unhygienic healthcare settings  as may be 

encountered in some resource poor Kenyan hospitals and with healthcare workers who 

are unaware of aseptic wound care. 

In addition MDT safety can be monitored and improved if necessary with a 

system of adverse events reporting very similar to that practised in the immunization 

program (Ministry of Health, 2013). This would allow rapid SC-wide quality 

performance review to identify the cause of any adverse event. Best practice 

manufacturing involving MM batch numbering with bar- or QR codes would further 

enhance the traceability of potentially compromised batches back upstream to their 

production (Vignette 3, Section 4.4.3.2).  

 

So far this discussion of the treatment echelon has focussed on the enablers of MDT 

without emphasising the differences in quality of care between the three healthcare 

provider systems in Kenya: the public, private and faith-based system. The public 

healthcare system appears to be undergoing a positive transformation toward greater 

efficiency, self-sufficiency, improved care and universal health cover for all Kenyans 

(Kenya Ministry of Health, 2014). However, such a transformation takes time and 

resources to implement, and much of the public system still suffers from all the 

hallmarks of a compromised healthcare setting as outlined earlier. Participants reported 

impoverished and unhygienic hospitals, poor care, staff shortages, disinterested 

physicians with a high turn-over rate, and wide-spread rent seeking. While MDT should 

be a highly efficacious intervention in such settings as mentioned previously, there has 

to be the overall capacity and willingness to source and use MDT in the public system. 

Cost-effectiveness and efficacy should be driving healthcare decision making in the 

compromised healthcare setting, but this may not always be the case in Kenya. Indeed, 

this research suggests that competing interests such as physicians profiteering from 

pharmaceutical sales to patients (e.g. antibiotics), or preference for more expensive 

and lucrative surgical debridement could jeopardize the uptake of MDT in the public 

system. Indeed, it has been pointed out that such rent-seeking behaviour by doctors 

contributes to market failure in LMIC healthcare systems (Ghosh, 2008). 

These concerns have prompted one participant to suggest that the introduction 

and rollout of MDT services in Kenya would be best facilitated via the faith-based 

system. It appears to be achieving higher levels of care compared to the public system. 

This is for the most part because of the greater motivation and dedication of its staff, 
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but it also appears to be able to leverage a number of income sources which may 

include donors, pharmaceutical trials, the NHIF and patient out-of-pocket payments.  

 

Disposal of soiled MDT dressings and used MMs has not emerged as a major concern. 

If MDT is performed, it is integrated into the existing clinical operations of a healthcare 

facility and its infectious waste stream. With SC outcomes in mind, MDT is unlikely to 

generate sufficient amounts of waste over and above the regular wound care and 

general accumulation of waste in a hospital, to impact negatively on the pre-existing 

waste disposal system. As in other countries, Kenyan MDT practitioners pay no 

particular attention to the welfare of maggots after use, with their primary concern that 

of preventing potentially infectious MMs from escaping prior to incineration. As 

mentioned in the literature review, the ethics of MDT would be strengthened by the 

availability of convenient and safe options for euthanasia prior to disposal. This is one 

area of research and innovation that the MM producer could pursue in the future. That 

said, it must be acknowledged that in a resource constrained research and healthcare 

environment animal welfare, and particularly that of maligned creatures such as flies, is 

not top of the agenda.          

 

5.4.5 Summary 

The program logic approach for program evaluation was applied to the Kenyan MDT-

SC and this has allowed the assessment of MDT-SC outcomes as discussed by 

Melnyk and colleagues (2010), which can be summarised as follows. From the analysis 

of cost drivers in the contemporary Kenyan MDT-SC, it appears that the cost of MMs, 

including delivery, to the patient could be too high, thus making MDT less affordable. 

This is because of inefficient low-volume production, and in-house rather than 

outsourced delivery. Responsiveness is significantly curtailed under current Kenyan 

MDT-SC conditions, and the current MDT program is vulnerable to future supply 

interruption and regulatory uncertainty. Overall, there is good indication that the 

Kenyan producer can produce MMs that are safe for the environment and patients 

provided best practice operating procedures and quality management are adopted. All 

aspects of the MDT-SC are subject to resource use and have some form of 

environmental impact. However, this research has produced little information that 

would indicate a concerted effort in the MDT-SC to minimise impact and maximise 

environmental sustainability. Given the lower middle-income status of Kenya and wide-

spread poverty, this is not surprising. Opportunities do exist, though, where 



 
MDT supply chain management in compromised healthcare settings  |  Page 250 

 

environmental sustainability goes hand in hand with resource poverty and cost 

reduction e.g. in the implementation of reverse logistics for cool chain packaging. The 

lack of preparedness regarding distribution planning and demand management further 

increases the MM producer’s vulnerability and reduces the SC’s responsiveness. 

However, while there are plenty of challenges to timely and safe delivery of MMs in 

Kenya, there are also increasingly sophisticated courier companies operating across 

the country. Many obstacles are overcome with local resilience and ingenuity, with 

“local solutions for local problems” as Participant P11 said. Nevertheless, uncertainty 

remains and only field testing of logistics solutions can provide reliable answers 

regarding their suitability for MM distribution. There is little evidence of innovation in the 

Kenyan MDT-SC, apart from the establishment of the MM production facility and the 

fledgling MDT program, even though the host organisation for MM production in Kenya 

is a research organisation and should therefore be in a good position to pursue product 

innovation.  

 

The contemporary MDT program is still in its infancy and an MDT-SC that is able to 

service a meaningful number of patients across the country has not been designed or 

implemented yet. The aforementioned outcomes demonstrate that the MDT-SC 

requires considerable attention before it can deliver affordable, responsive, secure, 

sustainable, resilient and innovative MDT services across Kenya and the EAC. While 

the analysis of the Kenyan MDT-SC identified many barriers, none of which are 

perceived to be insurmountable, it also uncovered many enablers that can support or 

facilitate the delivery of MDT services. There is reason to be optimistic about the 

capacity of the Kenyan MDT-SC to overcome these barriers and leverage existing 

enablers. This is particularly true if the Kenyan MDT-SC managers aim for a SC model 

that blends outcome targets rather than trying to optimise all outcomes. In other words, 

in low-resource settings such as Kenya, it is likely that trade-offs have to be made as 

far as the SC performance is concerned. Since MMs are medical goods, there is little 

room for negotiation on quality, especially because quality assurance is a prerequisite 

for regulatory approval. However, it is unrealistic to assume in such a setting that the 

MDT-SC can, at the same time, also be highly responsive, highly resilient, highly 

innovative, highly sustainable, and able to deliver affordable wound care. Instead, SC 

managers are encouraged to compromise and to maximise performance within given 

limitations. In reality, optimisation of the Kenyan MDT-SC must be an ongoing adaptive 
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process that is sensitive to the ever-shifting landscape of MDT-SC enablers and 

barriers.  

 

The enablers of, and barriers to, the MDT-SC in Kenya can be divided into those over 

which the focal organisation has influence, and those that are imposed by the wider SC 

including external political, economic and social factors. Generally speaking, the 

producer organisation, as the focal organisation of the Kenyan MDT-SC, is advised to 

take the lead in the design, implementation and subsequent coordination of the SC. 

However, it appears that the current host organisation lacks the commercial 

experience, institutional independence and agility that commercialisation of a new 

therapeutic product requires. This is merely an observation and not a criticism since the 

organisation’s purpose is the provision of research services and not entrepreneurship. 

The optimised MDT-SC scenario suggests that the production and SC coordination role 

in the EAC should be performed by a social franchise, i.e. an independent business 

entity that is primarily concerned with the reliable provision of safe and affordable MMs 

for wound care, and the welfare of its own workers, rather than profit. Such a Kenyan 

or East African producer organisation would walk in the footsteps of other social 

franchises like Marie Stopes International and Population Services International, which 

can provide valuable insights and learnings (Thurston et al., 2015).  

 

5.5 Recommendations for Kenyan MDT-SC managers 

The insights gained from the literature review (Chapter 2), during the development of 

the optimised MDT-SC (Section 4.4.3) and the case study of the Kenyan MDT-SC 

(Section 4.5) allowed for the formulation of 20 recommendations that include seven 

cross-cutting recommendations and 13 that refer to the MDT-SC echelons, i.e. supply, 

production, distribution, treatment, and disposal.   

 

Cross-cutting  

1) Consider the establishment of a stand-alone independent MM producer 

organisation with a social enterprise business structure in order to ensure 

affordable provision of MDT services to everyone in need of wound care. The 

social enterprise structure, either for-profit or not-for-profit, is recommended 

because it prioritises the social good over financial benefit while still self-generating 

income to finance operations (Justice Connect, 2017).   
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2) Maintain a close collaborative relationship with the Pharmacy and Poisons 

Board to facilitate the approvals process, and to co-develop the regulatory 

framework if MDT is, indeed, to receive a novel medical goods classification. It 

is unlikely that the Pharmacy and Poisons Board has the expertise in MM production 

and MDT to independently develop protocols that meet safety requirements while 

taking into account practical production and MDT needs, irrespective of the 

documentation provided.   

3) Conduct as soon as possible a cost-benefit analysis for MDT in Kenya. 

Besides establishing the need and efficacy for a particular intervention, it is also 

critical to demonstrate its cost-effectiveness, particularly to resource-limited 

healthcare systems. The experience of the Kenyan MDT program points toward 

cost-effectiveness but this still remains to be demonstrated unequivocally. This is 

necessary because the limited wound dressings available via KEMSL demonstrate 

that resource limitations and cost-effectiveness influence the choice of therapies that 

are subsidised.   

4) Engage as soon as possible with the Ministry of Health and the National 

Medicines and Therapeutics Committee in order to achieve inclusion of MMs 

on the Kenya Essential Medical Supplies List. This is necessary in order to 

achieve National Health Insurance reimbursement for MMs.  

5) Engage as soon as possible with the National Hospital Insurance Fund to 

lobby for a generous reimbursement of costs for MMs and MDT. This 

recommendation follows on from Recommendation 4 which seeks to lay the 

foundation for reimbursement. Inclusion of MMs and MDT in the reimbursement 

scheme will significantly increase the reach of MDT. The challenge is to 

demonstrate convincingly that MDT is a cost-effective intervention and will lead to 

savings, and not to an increase in spending (Recommendation 3).  

6) Step up efforts in awareness raising, sensitisation and marketing of MDT in 

the medical and wider community, including office bearers and elected 

officials. This is necessary in order to generate the good will and demand required 

for a financially sustainable MM production and MDT program. The aim should be to 

avoid dependence on donor and aid support, and to finance operation and supply of 

MMs through income via a social enterprise business structure (Recommendation 

1). 

 



 
MDT supply chain management in compromised healthcare settings  |  Page 253 

 

7) Roll out MDT services in a staged process beginning with a network of 

treatment hubs based at larger regional hospitals, to be followed by a country-

wide rollout of services down to healthcare centre and community care level. 

Given the complex logistics environment in Kenya and last-mile delivery limitations, 

it is necessary to organically grow the distribution system and a hub-and-spokes 

model appears to be most feasible according to the information provided by 

interviewed MDT-SC stakeholders. In time, more sophisticated logistics coordination 

systems can be developed that permit greater geographic coverage. 

 

Supply 

8) Utilise the MM production establishment phase and approvals period to 

source and secure suppliers within Kenya and internationally in preparation 

for production upscaling.  

9) Minimise reliance on imported supplies to avoid potential customs and 

importation related delays and imposts. 

Recommendations 8 and 9 are relevant because importation is costly and customs 

delays may lead to production interruption. The rationale for MDT is, apart from its 

efficacy and suitability for the low-resource healthcare setting, its relative cost-

effectiveness. Therefore, it is incumbent on the producer to reduce cost and 

increase reliability of service through effective supplies management.    

 

Production 

10) Ensure the health and viability of the fly colony via a program of quality 

monitoring, continuous production improvement and genetics management. 

This will guarantee sustainable operations and reliable and high-quality supply of 

MMs.  

11) Adopt best practice quality assurance processes by testing MM for sterility 

prior to dispatch, according to methods outlined in the international 

literature. Sterility testing was not being performed at the time of this study. 

Although MMs have an outstanding capacity to control a wide range of pathogens, 

all effort should be made to ensure MM sterility and to reduce the risk of an 

infection caused by MDT.  

12) If not already in place, implement production batch labelling with bar- or QR 

code technology and implement a track-and-trace system. Transparency of 

the supply chain, and in particular the distribution chain from production to the 
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patient, is critical in order to prevent counterfeiting and to facilitate quality 

assurance and control. For example, such a track-and-trace system would link 

production and distribution quality control and permit investigation after adverse 

event reporting or cool chain failure.       

13) Investigate, secure and test cool chain packaging solutions including multi-

use shippers for reverse logistics and single-use insulated shippers for 

infrequent customers. This is important not only to ensure readiness for 

upscaling and cool-chain facilitated supply across Kenya, but also to minimise the 

cost of distribution.   

14) In addition to production capacity, develop the business infrastructure 

necessary for successful marketing, sales, distribution and customer 

service. Without effective administrative infrastructure in place, a business such 

as proposed here will fail to meet customer expectation. It is important that, 

especially at the outset, MDT services are widely advertised and healthcare 

professionals using MDT are adequately supported through clinical helplines and 

MM ordering support.   

 

Distribution 

15) Identify and evaluate potential distribution partners such as courier 

companies or currently operating perishable medical product SCs, and enter 

into service negotiations. This relates to Recommendation 7. In the beginning 

and until more sophisticated distribution systems are established, it makes sense 

to leverage existing distribution channels for commodities with similar distribution 

requirements.  

16) Support the training of logistics staff involved in the transport of MMs. 

Because timely delivery and cool chain integrity are of utmost importance for the 

viability of MMs and therefore the efficacy of MDT, it is important that logistics 

providers are adequately trained.    

 

Treatment 

17) Establish partnerships with hospitals that can operate as regional hubs for a 

staged rollout of MDT services. This relates to Recommendation 7. In order to 

develop a hub-and-spokes model for the distribution of MMs and the provision of 

MDT, strategically located regional hospitals must be identified and partnered with.  
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18) Collaborate with universities and medical training providers, to integrate 

MDT in their wound care curricula. In order to develop the acceptance, 

awareness and capacity of healthcare professionals, MDT needs to be 

incorporated in the curriculum at universities and other medical training institutions.     

19) Develop adverse events monitoring and registration for MDT similar to the 

Adverse Events Following Immunisation register. This is an important part of 

the greater quality assurance and control program the MM producer ought to 

implement. In conjunction with track-and-trace technology (Recommendation 12), 

it will ensure that adverse events are captured and the cause is determined in 

order to continuously improve services. This requires close collaboration with care 

providers.   

 

Disposal 

20) Investigate convenient and affordable options for humane euthanasia of 

MMs prior to disposal and incineration. Although not a priority for practitioners 

in the current Kenyan MDT program, and of low priority elsewhere, the humane 

treatment of MMs ought to be considered in the future. This will take time because 

the knowledge of pain and distress perception by invertebrates and how to 

humanely euthanize invertebrates is still rudimentary. The freezing of used MMs 

prior to disposal has been proposed as one option (Wound Healing and 

Management Node Group, 2014) and is probably a good start, if feasible.  

 

5.6 Implications for MDT-SC design and implementation in compromised 

healthcare settings other than Kenya 

Returning to the methodology, the reasoning in favour of a case study was that it 

provided the opportunity to answer why and how certain outcomes are achieved 

(Denscombe, 2010) – in this case for the Kenyan compromised healthcare setting. 

Stake (1995) argues that a case does not need to be representative of a larger 

population and there are reasons to believe that the Kenyan case is indeed not 

representative of all compromised healthcare settings. For example, Kenya provided 

the rare opportunity to study an actual, albeit embryonic, MDT-SC in a compromised 

healthcare setting, while most such healthcare settings are not serviced by an MDT 

program or SC yet. It is nevertheless instructive to conservatively tease out those 

learnings that have wider applicability to other compromised healthcare settings.      
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In the first instance it is likely that the Kenyan research findings and the optimised 

SC can provide pertinent guidance to current and future MDT-SC managers in Kenya 

and across the EAC due to geographic proximity, cultural and ethnic relatedness, 

socio-economic similarities and increasing economic harmonization between the EAC 

nations, as has been discussed in the SC scenario. Moving further afield, it is likely that 

many learnings also apply to the wider sub-Saharan continent. To what extent the case 

study findings are relevant to LMICs beyond Africa is uncertain and will depend on the 

similitude of country- and healthcare setting. For example, as was evident in Kenya, 

the presence of faith-based organisations conveys significant capacity for effective 

MDT delivery. The presence of such organisations elsewhere would suggest similar 

characteristics and the likelihood of corresponding enablers. In contrast, LMICs may 

differ in topography, population density, urbanisation, transport infrastructure and 

presence of logistics providers. These are all characteristics that demand individualised 

SC solutions and will influence performance to a different degree compared with the 

Kenyan case.  

 

The production of medical-grade maggots requires a number of skill-sets including 

capacity in entomology, medical laboratory sciences, microbiology and the 

commercialisation of new medical technologies. Depending on the wider medical and 

research laboratory system from which staff would be recruited, considerable training 

and capacity-building may be necessary to enable the production of high-quality safe 

MMs. For example, the Kenyan case suggests that a quality management culture 

cannot be assumed even if quality management standards are nominally in place. In 

the absence of a sufficiently trained workforce, producers may need to consider 

bringing in expertise from outside especially during establishment.  In addition, drug or 

medical device production is usually a heavily regulated industry including in LMICs. It 

is likely that regulators in compromised healthcare systems find it difficult to classify 

and regulate MDT as may be the case for the Kenyan Pharmacy and Poisons Board. 

However, irrespective of the healthcare setting, producers need to operate in an 

environment of effective regulation and regulatory certainty, while healthcare providers 

and patients need to be assured of the safety of the treatment. Absence of certainty 

and/or changes in regulations can delay or interrupt the provision of MDT services, as 

is the case in Kenya, and even in high-performance healthcare systems like Canada 

(Anonymous, 2010b). 
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Speedy, convenient and cost-effective procurement of goods and services has 

been identified as a critical prerequisite for high-performance MDT-SCs. The producer 

must be able to order and receive supplies with ease and at short notice using 

domestic or international suppliers in order to reduce inventory costs and avoid 

stockouts. This is also true for healthcare providers who need to be able to order MMs 

for delivery within a maximum of 48 hours. This implies that sufficiently responsive 

commerce- and reliable logistics infrastructure must be present. In the Kenyan case it 

appears that mobile telephony and banking enable accessible communications and 

commerce between businesses and with customers, and a network of formal and 

informal logistics service providers could provide flexible and reliable distribution of 

MMs. The widespread uptake of mobile telephony across Africa, India and other low- 

and middle-income regions indicates similarly favourable communications and 

commerce opportunities in other compromised healthcare settings (World Bank, 2012). 

MMs are fragile and require temperature control during shipment. In Kenya, the 

producer appears not to have investigated distribution service providers or cool chain 

solutions for safe courier distribution. Logistics systems may or may not be in place in 

compromised healthcare settings. Vaccine programs, blood banks and drug SCs 

operate in Kenya and globally, and regardless of the setting, one kind or another of 

perishable product is moved. Opportunities should exist for MM producers to integrate 

with such SCs or at the very least learn from them. The Kenyan case showed that even 

competent courier companies shy away from guaranteeing cool chain conditions in 

transit and it will therefore be the responsibility of the producers to ensure temperature 

control in transit via insulated shippers and passive cooling. Like in Kenya, there may 

or may not be access to cool chain packaging, especially single-use expanded foam 

packing. Re-usable cooler boxes or shippers would only make sense if there was 

reverse logistics capacity. In Kenya and any other compromised healthcare setting, 

detailed logistics landscape analyses and field testing are required in order to design 

and develop MM distribution solutions that ensure safe and timely delivery of MMs. To 

that end, it is desirable that the courier companies, like the one interviewed in this 

research, have a safety culture and have contingency plans in place to manage 

interruptions.          

  

LMIC compromised healthcare settings are marked by severely limited resources and 

in the Kenyan public sector, this translates into poor training, poor hygiene, hospital 

overcrowding and high physician turnover - particularly in rural and regional hospitals. 



 
MDT supply chain management in compromised healthcare settings  |  Page 258 

 

Such healthcare settings provide an argument in favour of MDT, but they also throw up 

barriers. Inevitably there will be the need for MDT education and sensitisation. In 

Kenya’s Ministry of Health there is a department for health promotion that could assist 

in sensitisation. Similar support may exist in other places but the activities of 

commercial MDT producers in Europe and the US suggest that it is the producer who 

drives and supports education initiatives as part of their marketing strategy (BioMonde, 

2014d).   

 

For MDT to be attractive in the compromised healthcare setting, it must be cheap or at 

least affordable to patients. The Kenyan experience suggests that MDT is significantly 

cheaper than surgical debridement, but that physicians in the public system will 

possibly prefer the more expensive and lucrative surgical debridement. This fear is 

based on wide-spread rent seeking in the Kenyan healthcare system and it is not 

unique to Kenya. In contrast, the faith-based healthcare system is patient-centred and 

provides a low-cost alternative to poor Kenyans with the added benefit of quality care. 

Faith-based organisations provide a sizable proportion of healthcare in sub-Saharan 

Africa and in many other parts of the LMI world (Kagawa et al., 2012) and, as in the 

case of Kenya, they present potential partners for implementation of MDT services.  

Ultimately it must be the aim for Kenya and anywhere else where MDT is 

introduced to obtain reimbursement for MMs and MDT through the health insurance 

system. For this to happen in Kenya, the therapy must be first approved and then 

included on the Kenyan Medical Supplies List. Such administrative arrangements are 

likely to differ between jurisdictions but lobbying of policy- and decision makers should 

commence early in the implementation process.  

 

In this research, compromised healthcare settings were represented by the Kenyan 

case and discussion has turned to how the learnings may be relevant to other 

compromised healthcare setting similar to Kenya’s, such as other LMICs or 

marginalised communities in HICs. What is still missing is consideration of disasters 

and the theatre of conflict and war. Both have in common that healthcare supply chains 

and basic healthcare infrastructure are severely affected or interrupted. Healthcare 

personnel may also be displaced and in short supply at the point of care in the field. 

Even if a full complement of healthcare workers were to be available, the sheer number 

of casualties may still be overwhelming (Stadler et al., 2016). Disasters and wars also 

share many of the wound aetiologies, mainly traumatic wounds and wound infections 



 
MDT supply chain management in compromised healthcare settings  |  Page 259 

 

(Stadler et al., 2016). It can be argued that these commonalities are also shared with 

LMIC compromised healthcare settings such as the Kenyan case study. All suffer from 

weakened supply chains, all are challenged by the scale of healthcare need and the 

wounds are broadly similar. Therefore, many findings from this study should also be 

applicable to the disaster, war and conflict setting. Differences do exist, however, in the 

mix of stakeholders and healthcare providers. In the regular LMIC setting, the 

healthcare supply chain is supported by government agencies, businesses and various 

NGOs, including the faith-based sector. In disasters that cripple the capacity of local 

agencies and businesses to respond, international NGOs may take centre stage in 

medical response efforts. For example, in war and conflict, only a few NGOs, such as 

the International Committee of the Red Cross and Médecins sans Frontières, have the 

capacity to provide medical support and much of the medical care is provided by the 

military, to combatants and civilians alike (Bertani et al., 2015). Consequently, if MDT is 

to be deployed to assist in the treatment of wounds in disasters and on the battlefield, 

those key aid and military organisations have to be involved in the design and 

management of the resultant MDT-SC. What remains the same in all compromised 

healthcare settings are the fundamental demands of temperature and speed of 

distribution that perishable MMs place on the supply chain, and which have to be met 

regardless of the healthcare setting.  

The contributions this study made to the design and management of MDT-SCs in 

compromised healthcare settings are discussed in the following section. 
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CHAPTER 6 – CONTRIBUTIONS 

 

 
Figure 20: Thesis outline highlighting the activities in Chapter 6. 
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6 Contributions to knowledge, theory and practice 

 

6.1 Introduction 

This study of MDT-SCs in compromised healthcare settings, aimed to contribute new 

knowledge to the field, and to develop theory with respect of MDT-SC management in 

general, and in compromised healthcare settings in particular. Most importantly, the 

research was designed to contribute to research practice and improve MDT-SC 

practice in Kenya and other compromised healthcare settings 

Prior to this research, the benefit and utility of MDT in the compromised 

healthcare setting had been briefly raised in the literature, but no research had been 

conducted to investigate the possibilities from a clinical or supply chain management 

perspective. Hence, the present research is the first to investigate the supply chain 

management for MDT in the compromised healthcare setting. It also is the first to 

publish on the feasibility of MDT for the treatment of wounds in disaster medicine 

(Stadler et al., 2016). Section 6.2 reflects on what knowledge is and what a contribution 

to knowledge might be in the context of this study. Then it discusses the knowledge 

gaps that were identified in Chapter 2 and explains how this study contributed to 

addressing these knowledge gaps. Sections 6.3 and 6.4 outline the contributions that 

this study has made to theory and practice. The thesis concludes with Section 6.5 

which scopes future research opportunities in light of the significant remaining 

knowledge gaps.  

 

6.2 Contributions to knowledge  

The question what constitutes knowledge is the domain of epistemology.  According to 

the Oxford English Dictionary (2010a), knowledge is “Facts, information, and skills 

acquired through experience or education; the theoretical or practical understanding of 

a subject”. Firth (2017) explains the ‘knowables’ in research and how they relate to the 

body of knowledge in the particular field of research; ‘knowables’ include facts, data, 

experience, imagination, wisdom and opinion, and the information that emerges from 

the engagement with these. This information is then further interpreted, analysed and 

evaluated. The entire process adds to the body of knowledge, i.e. to that what 

scientists know in the given field of research. Adding to this knowledge implies making 

original contributions. Madsen (1992, p. 38) suggests that original research 

contributions may  
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“uncover new facts or principles, suggest relationships that were previously 

unrecognized, challenge existing truths or assumptions, afford new insights into 

little-understood phenomena, or suggest new interpretations of known facts that 

can alter people’s perceptions of the world around them”.  

With this practical framework in mind, it follows a discussion of the knowledge gaps 

(Section 6.2.1) that have been identified over the course of this research and a 

summary of the original contributions to knowledge that have been made (6.2.2). 

These do necessarily overlap in part with the contributions to theory and practice 

(Sections 6.3 and 6.4).          

 

6.2.1 Knowledge gaps 

Even though MDT is a therapy that has been used for thousands of years in tribal 

medicine and since the 1930’s in modern medicine (Kruglikova and Chernysh, 2013), 

there are still knowledge gaps at least as far as the academic peer-reviewed literature 

is concerned. That said, and as noted earlier, commercial producers and practitioners 

of MDT may hold proprietary knowledge that is not shared in the literature. Regardless, 

a bimodal distribution of knowledge along the MDT-SC has emerged with the 

production and treatment echelons of the SC receiving most attention. Moreover, there 

has been a conspicuous absence of research on MDT in compromised healthcare 

settings. 

While there are only few papers discussing the production of MMs 

comprehensively, the literature on calliphorid flies and their developmental biology is 

considerable. However, rearing methods vary and the emphasis is mostly on 

forensically relevant development parameters such as minimum development times, 

whereas in relation to production, the aim is to achieve uniformity of development 

across the population. There appears to be almost no literature regarding conventional 

breeding and genetic improvement of L. sericata or L. cuprina fly strains and lab 

populations in order to maximise their performance, with just one recent study 

exploring whether genetic modification can enhance therapeutic benefit of MMs (Linger 

et al., 2016). A sizable body of knowledge is available regarding the nutritional 

requirements of medicinal and allied fly species and the development and performance 

of artificial diets. There also appears to be an interest in quality control, the 

improvement of sterilisation methodologies, and viability and therapeutic performance 

of medicinal flies.  
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Very little has been published regarding the distribution and transport logistics for 

MMs. Most information on this MDT echelon comes from producers themselves via 

product information material and the general cool chain management literature, for 

example in respect of vaccines. Noteworthy exceptions are the recent papers by (Peck 

et al., 2015) who tested the airworthiness of MMs, Tatham et al. (2017) who explored 

the use of drones for distribution of MMs, and (Čičková et al., 2015) who examined the 

performance and survival of bagged and free-range maggots in relation to storage 

duration at a treatment facility after delivery.  

Regarding the disposal of MMs and dressings, the guidelines are precise about 

the need to safely dispose of dressings and used maggots in the clinical waste stream, 

but no research has been conducted looking at the ethical aspects of disposal including 

anaesthesia or euthanasia of MMs after treatment.  

Notwithstanding the above mentioned exceptions, it can be concluded that the 

MDT literature has not yet discussed the provision of MDT services in the conceptual 

and disciplinary framework of supply chain management, neither in current practice, 

nor in compromised healthcare settings. Apart from the present study, there appears to 

be no MDT supply chain research that explicitly and holistically connects all echelons 

of the MDT supply chain. Instead, the literature to date has focused on isolated 

discussions of echelon specific issues such as the improvement of diet and sterilisation 

protocols in the production echelon (e.g. Blystone and Hansen, 2014, Limsopatham et 

al., 2017, Thyssen et al., 2013, Zhang et al., 2009), or the relative effectiveness of MM 

application methods in the treatment echelon (e.g. Čičková et al., 2013, Steenvoorde et 

al., 2005b).  

 

6.2.2 Original contributions to knowledge 

The main literature review in Chapter 2 is the first comprehensive summary of MDT-SC 

relevant interdisciplinary information. Never before has the relevant peer-reviewed and 

grey literature been systematically reviewed and summarised. The contribution this 

makes to theory is discussed in Section 6.3, but it can be stated here that the collation 

and synthesis of information from vastly disparate lines of enquiry in the fields of 

entomology, biomedical sciences, wound care, SCM and more, has contributed 

significantly to the understanding and therefore knowledge of MDT-SCs and their 

management.    

Likewise, the review of the wound burden in the EAC has contributed to a better 

understanding of the scale of the wound problem in the region but was not able to 
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quantify the total wound prevalence. To reiterate, this is because of a lack of published 

and eligible studies, insufficient information regarding the proportion of cases that 

exhibit wounds in each of the examined diseases, and a lack of harmonisation in 

research protocols and reporting of findings. Therefore, this research contributed vital 

knowledge about the epidemiology of wounds by identifying critical barriers to the 

quantification of the wound burden in the EAC and, in all likelihood, in other 

compromised healthcare settings.     

In order to determine the feasibility of MDT in compromised healthcare settings, 

this study compared the published information on common wound aetiologies in 

disaster with confirmed indications and case studies for MDT. It was shown that there 

is a good match and that much of the disaster wound burden is amenable to MDT. Not 

only that, since many of the wounds encountered in other compromised healthcare 

settings are similar to those in disasters, it stands to reason that they, too, can be 

treated with MDT. Moreover, considering the benefits of MDT, it would appear that the 

availability of MDT in the field could buy physicians more time to make limb- and life-

saving decisions, because of the superior debridement and infection control properties 

of MDT. By analysing the information and knowledge in the domain of MDT research, 

and transferring it to the domain of disaster medicine, new knowledge and 

understanding has been gained.  

Most importantly, the qualitative research generated a wealth of new information 

that describes the current MDT-SC in Kenya. Such a study of the MDT-SC, in the 

modern or compromised healthcare setting, had not been undertaken prior to this 

research. The assessment of the Kenyan MDT-SC highlighted the enablers of, and 

barriers to, MDT-SC management in compromised healthcare settings. This is critical 

information required for the implementation of measures to further develop the fledgling 

MDT-SC in Kenya and the establishment of MDT-SCs elsewhere. Moreover, a 

significant contribution was also made by way of adopting research methodology from 

other fields of research to the study of MDT-SCs, and demonstrating their utility 

(Section 6.4.1).      

 

6.3 Contributions to theory 

The research and health policy community is slow to accept the growing wound burden 

in LMICs against the backdrop of communicable disease and nutrition issues that, for a 

long time, have taken centre stage. The outcomes of this study support the argument 
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for a greater emphasis on wounds and thereby a correction in the theory of disease 

epidemiology in compromised healthcare settings.    

The findings of the review of MDT in disaster medicine challenge the long-

standing paradigm regarding the treatment of compartment syndrome, a common 

injury in disasters such as earthquakes. MDT can control infection and debride wounds 

and therefore can address complications arising from both, fasciotomies performed 

immediately after rescue of the patient under unhygienic conditions leading to infection, 

and those from fasciotomies performed late when tissue damage has occurred and 

debridement is required. The theory of compartment syndrome treatment should be 

revised to consider the contribution MDT can make to disaster triage and the treatment 

of compartment syndrome.    

This study developed for the first time a comprehensive theory of MDT-SC 

management in general and in compromised healthcare settings, by developing an 

MDT-SC scenario on the basis of the existing literature, and by studying de novo the 

actual MDT-SC in Kenya. As such it built the foundation for future study and ongoing 

revision of MDT-SC management theory.  

 

6.4 Contributions to practice  

6.4.1 Contribution to research practice 

Cross cutting contributions to practice have been made in the use of new methods 

hitherto rarely or not at all applied in SCM (Golicic and Davis, 2012). For example, the 

study successfully employed a qualitative research approach to the investigation of a 

complex and unusual medical supply chain and demonstrated its feasibility and utility in 

a real-life setting. Likewise, this study adopted the rephrasing of semi-structured 

interviews as is practised in the documentary method of qualitative data analysis 

(Bohnsack, 2014, Trautrims et al., 2012). While Trautrims and colleagues (2012) 

suggest the documentary method is useful in SC research and demonstrate this by 

way of an example, these authors have not cited any study from the literature that 

actually applied the documentary method or parts thereof.  

A major contribution to research practice in SCM is the use of program logic 

evaluation methodology to assess the performance of SCs. The present study 

considered the MDT-SC to be analogous to social programs and human services that 

are conventionally evaluated with program logic (W.K. Kellogg Foundation, 2004). 

Consequently, it could be demonstrated that the analysis of inputs, activities, outputs 

and outcomes of a product SC, rather than a conventional social program, is possible 
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and that this generates extremely useful data. This is especially the case because the 

program logic method has been applied to both the scenario and the actual MDT-SC 

and thus permitted the comparison of the two, and enhanced the identification of 

enablers and barriers. Because program logic evaluations conclude with the 

determination of program outcomes it was also possible to marry Melnyk and 

colleagues’ (2010) framework of outcomes-informed SC design  with program logic 

evaluation (United Way of America, 1996) to facilitate the comparison of the actual 

Kenyan MDT-SC with the scenario SC. 

In summary, this research successfully demonstrated the use of several new 

methods in SCM research, thereby significantly increasing the tool box available for 

researchers and practitioners. Importantly, it underscored that program logic is in fact 

an elegantly simple method for program evaluation that should be highly accessible to 

SC managers. Therefore, it deserves greater exposure in the academic and 

practitioner SC literature.  

 

6.4.2 Contribution to MDT-SC management practice 

Understanding the true burden of wounds in the compromised healthcare setting will 

assist healthcare administrators in the allocation of resources and planning of 

interventions. It is hoped that the identification of variations in disease reporting 

methodology will lead to harmonization in disease epidemiology and thus to better 

comparison and collation of data between studies.  

With the feasibility of MDT in compromised healthcare settings confirmed, there 

is now an argument in favour of R&D and implementation of MDT services in such 

settings. This research provides tangible guidance regarding the design of MDT-SCs 

with the theoretical MDT-SC able to assist practitioners in the development of local 

MDT-SC solutions. Even though a process of optimization as in the scenario may not 

be possible under local circumstances, the information provided should assist 

practitioners in the design of MDT-SCs that meet a blend of outcomes as described 

earlier (Melnyk et al., 2010).   

It is extremely valuable for practitioners to understand the architecture of current 

MDT and MDT-like SCs in compromised healthcare settings. Furthermore, this 

research has demonstrated that the focal organisation of the Kenyan MDT-SC, the MM 

producer, is not fully aware of the Kenyan MDT-SC environment. This study provides 

much needed transparency to support further SC design improvements.  
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Finally, this research identified enablers of, and barriers to, MDT-SC in Kenya. 

This is extremely helpful information for MDT-SC managers in Kenya and elsewhere, 

and will allow targeted interventions and improvements to overcome the barriers, and 

to leverage the enablers. The tangible and practical recommendations made in Section 

5.5 speak to this.  

 

6.5 Further research 

Prior to this research, MDT-SC management has not been studied either 

comprehensively or coherently. It stands to reason that every aspect of MDT-SC 

management would benefit from further study. What follows are some obvious and 

immediate research needs that have emerged.  

As for the production of MMs, it is difficult to ascertain from the literature how 

sophisticated commercial producers are in reality, and the extent to which they have 

improved the basic production methods reported in the literature. Regardless, it 

appears that there is room for more work in respect of the testing and domestication of 

new fly species for MDT; the breeding of laboratory strains to improve production and 

clinical performance; and cold storage of fly eggs to better manage demand 

fluctuations and improve production agility. 

The distribution echelon in MDT-SC management is largely unstudied and there 

is great potential for research that can provide practical advice for MDT-SC managers 

both in functional high-income and compromised healthcare settings. The exploration 

of the Kenyan MDT-SC suggests that, on one hand, there should be great merit in 

exploring distribution technologies and practices applied in other health care domains 

such as vaccine and general pharmaceutical cool chain management through the 

prism of MDT-SC management. On the other hand, it may also be rewarding to 

investigate local unconventional but functional SCs in the compromised healthcare 

setting as discussed in Section 4.5.3. That said, there is no substitute for R&D in all 

aspects of MM distribution. The research focus for compromised healthcare settings 

would, therefore, have to be on fast and reliable distribution options, and the quality 

control of MMs under trying environmental conditions and potential delivery delays.    

MDT knowledge across the treatment echelon is generally substantive. More 

research in the compromised healthcare setting is required in order to understand 

patient and healthcare worker attitudes, and thus how to design effective sensitisation 

and information programs for both patients and healthcare workers. Research should 

also be directed toward further development of MDT application methodology, and 
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dressing technology that is more suitable for the austere healthcare setting. For 

example, application of young maggots is the norm but shipment and application of 

unhatched sterile eggs may make MDT more flexible and less constrained by time.  

As mentioned previously, further research is required to develop more humane 

disposal methods that anaesthetise and/or euthanize MMs after use, and prior to their 

disposal in the clinical waste stream.   

In summary, the provision of MDT services in compromised healthcare settings is 

likely to necessitate the design and implementation of MDT-SC technology, methods, 

processes and practices within a circular adaptive R&D management framework. In 

other words, SC design solutions will need to be developed and implemented, then 

monitored, evaluated, and adjusted in a continuous feedback cycle. This is, as yet, 

uncharted territory and in need of a multi-disciplinary research effort.  
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Appendix 1: The wound burden in a compromised healthcare 

setting – the East African Community 

 

Introduction 

Consideration of the factors that influence MDT supply chain management in 

compromised healthcare settings rested on the assumption that there is a large and 

unmet need for effective wound care in compromised healthcare settings. This 

literature review sought to determine the actual wound burden in a compromised 

healthcare setting. To constrain the scope of this task, the EAC was chosen as the 

target jurisdiction for a review of published studies and data on the prevalence of 

wounds.  

The scientific literature and Global Burden of Disease Study 2013, were mined 

for prevalence data on diseases that classify as wounds or for which wounds are 

common sequelae. The review selected 30 articles and data from 14 wound-related 

disease categories in the Global Burden of Disease Study 2013. It was found that the 

wound burden across the East African Community is very high but estimation of total 

wound prevalence was not possible due to data limitations. More wound epidemiology 

and greater harmonisation in reporting of wound data is needed.  

 

Method 

A systematized review of the wound burden across the EAC was undertaken according 

to Grant and Booth (2009). The scientific literature was systematically interrogated to 

identify the prevalence of injury, diabetes, and ulcers of various aetiologies. In addition, 

the Global Burden of Disease 2013 study (GBD 2013) was mined for data on the 

prevalence of wounds and wound-causing diseases, including neoplasms and 

violence-related injury. It was hoped that these two lines of enquiry would yield a 

reliable estimate of the prevalence of wounds in the EAC. 

 

Search Strategy 

A systematized literature review of the English language academic literature was 

conducted. Two data bases, MEDLINE and CINAHL, were interrogated using a set of 

search algorithms designed to find literature describing the prevalence of injury, 

diabetes, and ulcers of various aetiology in the EAC (Table 23). It should be noted that 

the range of diseases that present as wounds, or may cause wounds, is much wider 

than those caused by injury, diabetes and ulcers, and includes for example cancer and 
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HIV/AIDS. Additional causes have been captured in the Global Burden of Disease data 

analysis described below. 

The search period January 2000 to April 2016 was selected, with the start date 

acknowledging the rapid demographic changes in the EAC over the past few decades.  

For example, the growth in urbanization and motorization in the EAC would inevitably 

have shaped wound prevalence through an increase in life-style related diseases and 

road traffic injuries (RTI) (Mbanya et al., 2010, Naddumba, 2008). Moreover, given the 

paucity of literature on wound prevalence in the region, a shorter search period would 

have been counterproductive.  

Selection of papers for inclusion in the literature review was based on a full-text 

assessment of shortlisted publications. Papers that were selected reported primary 

research findings, studied reasonably large populations and, in the case of injuries, 

considered the full spectrum of injuries in the study population. Table 24 lists the 

exclusion criteria that were applied during the selection process.  

 

Global Burden of Disease 2013 

Led by the Institute for Health Metrics and Evaluation (www.healthdata.org), the Global 

Burden of Disease project is an international consortium of over 1,000 researchers 

collaborating in the collation and analysis of global disease data. “The Global Burden of 

Disease (GBD) approach is a systematic, scientific effort to quantify the comparative 

magnitude of health loss due to diseases, injuries, and risk factors by age, sex, and 

geography for specific points in time” (IHME, 2013, p. 7). For this review, the most 

recent 2013 Global Burden of Disease Study update – published in 2016  was mined 

for wound-relevant EAC data sets (Global Burden of Disease Study 2013., 2016). A 

detailed description of the data sources and modelling that underpins the GBD 2013 

injury data is given by Haagsma and colleagues (2015), and the data selection criteria 

used in the present review are listed in Table 25. Only injuries that led to (e.g. cuts and 

stabs), or are likely to lead to wounds (e.g. assaults and falls), together with diseases 

with high likelihood of wound sequelae, were selected for analysis.  

A complicating factor is that not all diseases included in this analysis result in a 

wound, let alone a problematic wound that requires debridement, infection control or 

enhanced wound healing support. However, in the absence of good wound 

epidemiology, this approach is deemed the most feasible to scope, in broad terms, the 

wound burden in the EAC and to complement the literature review. Gender-specific 

analysis is not necessary because the objective of this study is to examine the overall 

http://www.healthdata.org/
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wound burden, therefore data for males and females was pooled. Finally, it is the living 

not the dead that are of concern in wound care and, as a result, the  ‘Years Lived with 

Disability (YLD) per 100,000 of population’ was chosen as the most relevant statistic.  

 

Table 23: Search algorithms employed for the literature review component of this study. 

Disease Search algorithm  

Injury TI (accident* OR injur* OR trauma* OR burn* OR wound*))  
AND (burden OR epidemiolog* OR prevalence OR incidence) 
AND (TI (Kenya* OR Tanzania* OR Uganda* OR Burundi* OR Rwanda* OR 
Sudan*)) 

Diabetes (TI (diabet* OR arterial disease))  
AND (burden OR epidemiolog* OR prevalence OR incidence)  
AND (TI (Kenya* OR Tanzania* OR Uganda* OR Burundi* OR Rwanda* OR 
Sudan*)) 

Ulcer  
(Diabetic, tropical, 
Buruli, 
pressure/decubitus) 

TI ((diabetic AND (foot OR ulcer OR wound) OR (“tropical ulcer*” OR “Buruli 
ulcer” OR Mycobacterium ulcerans) OR ("pressure ulcer*" OR pressure injury 
OR decubitus)))  
AND (burden OR epidemiolog* OR prevalence OR incidence)  
AND (TI (Kenya* OR Tanzania* OR Uganda* OR Burundi* OR Rwanda* OR 
Sudan*)) 

 

Table 24: Exclusion criteria relevant to research objectives. 

Exclusion criteria 

Publication date 1999 and earlier Injury prevention and control literature 

Non-EAC literature Post-traumatic stress disorder / psychosocial trauma 

Mortality / fatality focussed papers Army soldier and combatant injuries 

Eye injuries Microbial epidemiology 

Brain injuries Experiments and interventions 

Dental injuries Case studies and very small sample sizes 

Needle-stick and biological hazard injuries Double reporting 

Sports injuries Economic studies 

Poisoning and envenomation Studies with a narrow focus on specific injuries 

Cardiac arrest Risk factor literature without data on burden 

Nosocomial infections Non-peer reviewed literature 

Disaster-related injury Gestational diabetes 
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Table 25: Selection criteria for GBD 2013 data. 

Country data Kenya, Tanzania, Burundi, Rwanda, Uganda, South Sudan. 

 Diseases due to injury Other diseases 

Disease 
categories 

 Falls 

 Road Injury 

 Other exposure to mechanical forces 

 Fire, heat and hot substances 

 Non-venomous animal contact 

 Exposure to forces of nature – 
disaster 

 Collective violence and legal 
interventions  

 Assault by sharp object 

 Assault by firearm 

 Assault by other means 

 Unintentional firearm injuries 

 Diabetes mellitus 

 Neoplasms 

 Pressure ulcer 

Cohort Age-adjusted for males and females combined  

Statistic Years Lived with Disability (YLD) per 100,000 of population 

 

Results 

Literature review findings 

In total 30 papers were selected (Table 26 and 27), and of these 15 concerned 

themselves with the prevalence of injury, 9 studies investigated the prevalence of 

diabetes, and 6 studies the prevalence of diabetic ulcers. Table 27 lists the search 

results for each EAC country. Tanzania and Uganda were the most investigated with 

12 and 8 publications respectively, while there were only 7 studies from Kenya and 3 

from Rwanda, and no study from either Burundi or South Sudan. It should be noted 

that, even though the literature review included other ulcers such as Buruli or pressure 

ulcers, no studies were found on these aetiologies that would meet the selection 

criteria.   

 

Table 26: Literature search and selection process by wound aetiology.   

Search  Selected 

 Search 
results 

Unique 
citations 

Publication 
date >1999 

Title Abstract Full 
text 

Injury 367 319 286 97 79 15 

Diabetes 229 193 139 51 44 9 

Diabetic ulcers 29 25 18 13 11 6 

Total 625 537 443 168 135 30 
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Table 27: Literature search results by EAC member country and wound aetiology. 

 Injury Diabetes Diabetic 
ulcers  Total 

Kenya 3 3 1 7 

Tanzania 4 3 5 12 

Uganda 6 2 0 8 

Rwanda 2 1 0 3 

South Sudan 0 0 0 0 

Burundi 0 0 0 0 

Total 15 9 6 30 

 

Injury. A more detailed review of the data revealed that authors used ambiguous and 

inconsistent reporting of injury categories in the papers selected, and this required a 

process of collective categorization for the purpose of this paper. As a result, the 

classifications used to group injuries in this study do not necessarily conform to 

International Classification of Disease categories (WHO, 2010). For example, 

prevalence data for injuries due to direct heat leading to burns were collated under 

‘Heat’, but this category excludes injuries due to heat stroke and heat exhaustion. 

Similarly, all injuries related to intentional harm due to interpersonal violence, conflict 

and war were collated under the category ‘Intentional Injury’, but this excludes animal 

attacks, bites and stings which are collated under the category ‘Animals’. The resulting 

injury statistics reported in the 15 selected studies have been summarised in 28. Of 

those selected, 6 injury studies were held in Uganda, 4 in Tanzania, 3 in Kenya and 2 

in Rwanda. No acceptable studies were found for South Sudan or Burundi. All the 

selected studies reported data on RTIs, and all but one provided data on falls. The 

majority also included data for injuries related to fire and heat, animals, and violence 

(intentional injury). The least complete picture emerged for injuries related to blunt 

force and strikes by objects.  

RTIs generally make up the majority of injuries that were reported, with levels 

reaching as high as 64.2% of all reported injuries at Kuluva Hospital, Uganda (Hulme, 

2010) and 60.7% of reported injuries in Bugando Medical Centre, Tanzania (Chalya et 

al., 2013). In rural areas, other causes of injury are more prevalent such as falls or cuts 

and jabs (e.g. Kobusingye et al., 2001, Moshiro et al., 2005, Odero et al., 2007, 

Petroze et al., 2015). Intentional injuries make up a significant proportion of overall 

reported prevalence with a notable difference between hospital based studies that 

report a high prevalence of up to 41.6% of total injury prevalence (e.g. Hulme, 2010, 

Ogendi and Ayisi, 2011, Rutta et al., 2001) compared with those that found in 

householder surveys with a reported prevalence as low as 0.8% (e.g. Lett et al., 2006, 

Moshiro et al., 2005, Nordberg et al., 2000).  
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Other than in Kenya and Rwanda (Nordberg et al., 2000, Petroze et al., 2015), 

there appear to be relatively few animal related injuries. The same appears to be the 

case with heat related injuries with double-digit prevalence rates reported only by three 

papers (Kobusingye et al., 2001, Nordberg et al., 2000, Nsereko and Brysiewicz, 

2010). However, low prevalence should not be considered synonymous with a low 

burden of disease. Burns are difficult to treat, lead to long hospital stays and, in 

general, cause more suffering and demand greater healthcare resources than other 

acute wounds (Mutasingwa and Aarø, 2001).  

More broadly, Chalya and colleagues (2013) were explicit regarding the wound 

care burden when investigating citywide trauma from various causes in Mwanza, 

Tanzania. They reported a prevalence of 69.9% open wounds of which 74% required 

surgical procedures, and of those 94% required wound debridement which was the 

most common procedure performed. Moreover, there was a high prevalence of 

postoperative complications including surgical site infection, complications of fracture 

healing and complications related to limb amputation.  

 

Diabetes and diabetic ulcers. Nine studies that report prevalence data for Type 1 and 

Type 2 diabetes mellitus (T1DM, T2DM) met the selection criteria (Table 29). Three 

studies have been identified for Tanzania, 3 for Kenya and 2 for Uganda. One study 

provided T1DM rates for Rwanda and there were no studies at all for Burundi and 

South Sudan. T2DM prevalence ranged from 1.1% to 11.9% (Aspray et al., 2000, 

Bahendeka et al., 2016, Ruhembe et al., 2014). 

There were 6 publications on diabetic ulcers across the 6 EAC countries, 5 for 

Tanzania and 1 for Kenya (Table 30). Prevalence of ulcers in diabetic patients ranged 

from 4.6% at Kenyatta National Hospital, Nairobi, Kenya (Nyamu et al., 2003), to 

27.7% across 12 diabetes centres in Tanzania (Abbas et al., 2011). That these 

prevalence rates are high, even at the lower end, compared to Europe has been clearly 

demonstrated by Smide (2009) who conducted a comparison between diabetic patients 

at Muhimbili National Hospital in Tanzania and patients in mid-Sweden. In this study, 

only 1% of Swedish diabetic patients exhibited an ulcer compared to 5% of 

Tanzanians.     
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Table 28: Injury prevalence for 15 selected studies across the EAC.   

 Demographics Prevalence of injury types and causes in % 

Study Location / Medical Facility N Injuries RTI Falls Animals 
Cuts & 
Stabs 

Blunt 
injury 

Struck / 
object 

Heat  
Intentional 
Injury 

#
 

Uganda (6) 

(Hulme, 2010) Kuluva Hospital   490
 i,m&m

 64.2 6.7     2.4 16.5 

(Hsia et al., 2010) Mulago Hospital, Kampala   3481
 i,m&m

 49    15    

(Demyttenaere et al., 2009) Mulago Hospital, Kampala   3687 
i,m 

50 10 7  15  6  

(Lett et al., 2006) Gulu District 8595 1307
 h,m

 6.7 9 4.8 14 15.4  4.8 27.4 

(Kobusingye et al., 2002) Hospitals across Kampala   4359
 i,m&m

 50 13  16 7    

(Kobusingye et al., 2001) 
Mukono (rural) 7427 630

 h,m
 14 13.7  33 18  3.7  

Kawempe, Kampala 10982 790
 h,m

 33 15.7 4 11.9 5.7  18.9 5 

Tanzania (4) 

(Chalya et al., 2013) 
Bugando Medical Centre, 
Mwanza 

  5672 
i,m&m

 60.7 17.3 0.2    2.3 21.4 

(Rutta et al., 2001) 
Bugando Medical Centre, 
Mwanza 

  3340 
i,m&m

 24.9 32 4.2     2.4 28.7 

(Moshiro et al., 2005) 
Dar es Salaam City 8188 206

 h,m
 33 27 1.9 18.5  5.8 5.8 3.4 

Hai District 7035 303 
h,m

 8 27.4 1.9 49.2  3.6 5.9 0.9 

(Mutasingwa and Aarø, 2001) 
4 hospitals in Dar es Salaam 
City 

  1098
 i,m

 43.7 13.8     6.5 23.5 

Kenya (3) 

(Ogendi and Ayisi, 2011) Kisumu   6319
 i,m

 27.7 3.4 3.3 7.2   1.2 41.6 

(Odero et al., 2007) Rural Health Centre   315
 i,m

 4.7 11.6    36.6 6.2 34.4 

(Nordberg et al., 2000) Kiambu municipality, Githunguri 1980 495
 h,m

 3.6 16.2 10.1  38.4  5.9 14.3 0.8 

Rwanda (2) 

(Petroze et al., 2015) 52 villages, nation-wide 3175 1185
 h,m

 10 45 16    9 11 

(Nsereko and Brysiewicz, 2010) Central Hospital (CHUK)   295 51.1 14.9     14.2 5.4 

Note: RTI Road Traffic Injury;
  i 

injured patients treated in emergency or admitted to hospital; 
h 

householders surveyed
 ; m 

injuries resulting in morbidity only; 
m&m

 injuries 
resulting in morbidity and mortality; # Intentional Injury combines prevalence for Assault/Violence, Gunshot, Weapons and Landmine but not injuries by animals. 



 
MDT supply chain management in compromised healthcare settings  |  Page 277 

 

Table 29: Summary of prevalence of diabetes and its precursors for 9 selected studies across 
the EAC.  

 Demographics T2DM Prevalence in % 
T1DM 

per 
100,000 

Study Location Age N total Male Female  

Tanzania (3)  

(Stanifer et al., 2016) 
Moshi (urban) 

18+ 
370 

h
 10.5    

Moshi (rural)   111 
h
 5.4    

(Ruhembe et al., 
2014) 

Mwanza City 
30+ 

 
640 

h
 11.9   

 

(Aspray et al., 2000) 
Illala Illala (urban) 15+ 

 

770
 h  

 
 

5.3 4.0 
 

Shari village (rural) 928
 h
 1.5 1.1 

Kenya (3)  

(Ayah et al., 2013) 
Kibera Slum, Nairobi 
(urban) 

18-90 
 

2045 
h
 3.2 2.8 3.7 

 

(Oti et al., 2013) 
Korogocho slum  

18+ 5190 
h
  

2.3 4.9  

Viwandani slum 5.3 4.6 
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Table 30: Prevalence of diabetic ulcers and amputation for six selected studies.  

 Demographics Prevalence in % 

Study Locations Period N Ulcers 
Ampu-
tations 

Tanzania (5) 

(Chiwanga and 
Njelekela, 2015) 

Muhimbili National Hospital 
2007 404 15   

(Abbas et al., 
2011) 

12 diabetes centres   
2006-07 3860 27.7 17.5 

2005 11714 10.6 9.8 

(Smide, 2009)  
Muhimbili National Hospital accepted 

2007 

145 5  

(mid-Sweden) (145) (1)  

(Gulam-Abbas et 
al., 2002) 

Muhimbili National Hospital  
1997-98 627 15 33 

(Neuhann et al., 
2002) 

Kilimanjaro Region 
1996-98 474 10  

Kenya (1)  

(Nyamu et al., 
2003) 

Kenyatta National Hospital 
1998-99 1788 4.60   
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The Global Burden of Disease Study 

The GBD 2013 study is a rich source of information on the disease prevalence across 

the EAC (Table 31and Figure 21). The available data set was interrogated for YLD per 

100,000 of population, and this unit of measurement is used whenever YLD prevalence 

figures are reported in this research. YLD prevalence for wound-related diseases has 

also been collated for Germany to provide a HIC comparison to the low-income EAC 

member states.  

Analysis of wound-related diseases showed that diabetes, falls, road injuries, 

neoplasms, mechanical forces and fire, heat and hot substances are most prevalent. 

Three wound-related diseases with minor prevalence have also been identified and 

these are non-venomous animal contact, decubitus ulcers and exposure to forces of 

nature. Two outliers for South Sudan are noticeable in this group. One is the 55.1 YLD 

due to non-venomous animal contact and 167.6 YLD due to forces of nature/disasters. 

Apart from these exceptions, prevalence in this group of diseases is consistently low 

across the EAC. A similar pattern can be observed in violence- and gun-related injury 

where the EAC countries exhibit a higher level of YLD for firearm-related injury and 

violence compared to Germany, however the prevalence is still consistently low across 

the EAC compared to the other highly prevalent diseases such as diabetes.  The 

exception is the category of collective violence and legal interventions within the GBD 

study. Wars and conflicts have resulted in extremely high YLD counts of 1118, 1156 

and 2767, in Burundi, Uganda and Rwanda, respectively. Interestingly, assaults lead to 

fewer YLDs in Rwanda and Burundi compared to the other EAC nations and this 

coincides with the high YLD due to war in these two nations. Ugandans also suffer from 

a high war- and conflict-related YLD burden, but in this case it does not coincide with 

fewer assault-related YLDs such as those observed in Rwanda and Burundi. It is, 

however, beyond the scope of this research to speculate on reason for this 

discrepancy.       

More broadly, there are marked differences in those diseases associated with 

affluence and long life expectancy. For example, Germany exhibits very high YLD 

(421.6) for diabetes mellitus. Likewise, Germany far exceeds the EAC member states 

for YLD due to falls (420.7) and neoplasms (144.3). Germans also suffer more YLD 

due to pressure ulcers (5.8) than their EAC counterparts (4.0-4.2). EAC countries, 

however, have far more YLD due to road injury (124.3-180.0), compared to Germany 

(47.9), with South Sudan (2.7) being the exception.    
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Table 31: Estimated years lived with disability (YLD) in 2013, per 100,000 of population, for the 
six EAC countries.  

 Demographics 

  Kenya Tanzania Burundi Rwanda Uganda 
South 
Sudan  Germany 

Highly prevalent diseases resulting in wounds 

Diabetes mellitus 225.8 76.6 110.8 129.9 203.6 207.4 
421.6 

Falls 167.0 167.0 156.9 136.4 144.5 77.1 
420.7 

Road injury 134.8 124.3 140.7 124.3 180.0 2.7 
47.9 

Neoplasms 65.9 62.6 67.3 67.0 95.9 6.6 
144.3 

Other exposure to 
mechanical forces 

53.0 54.5 50.2 31.3 36.1 193.5 58.4 

Fire, heat and hot 
substances 

24.2 25.0 24.5 20.1 23.4 26.8 10.1 

Diseases with minor prevalence  

Non-venomous 
animal contact 

5.4 6.1 6.2 5.0 8.4 55.1 3.2 

Decubitus ulcer 4.1 4.2 4.0 4.0 4.1 4.0 5.8 

Exposure to forces 
of nature - disaster 

1.6 0.2 0.1 0.0 1.4 167.6 0.0 

Violence and firearm-related injury 

Collective violence 
and legal 
intervention (war) 

6.0 0.2 1118.4 2766.8 1157.5 8.3 - 

Assault by sharp 
object 

3.4 4.2 1.0 2.6 4.4 3.9 0.6 

Assault by firearm 3.8 4.6 1.1 2.6 4.9 4.1 0.5 

Assault by other 
means 

11.9 14.5 3.6 8.1 14.7 14.0 2.8 

Unintentional 
firearm injuries 

2.5 2.6 2.4 1.9 1.5 - 0.5 

Total 709.4 546.7 1687.1 3299.9 1880.6 771.0 1116.5 

Total (minus war)  703.4 546.5 568.7 533.1 723.1 762.7 1116.5 

Note: YLDs are age-standardised and given for both sexes. Germany is not an EAC member 
country but has been included to facilitate comparison and discussion. Source: Global Burden 
of Disease Study 2013 data set (Global Burden of Disease Study 2013., 2016).
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Figure 21: 2013 Global Burden of Disease estimates of YLD per 100,000 of population for the 6 
most prevalent wound-related disease categories in the EAC.  

Note: Germany is not an EAC member country but has been included to facilitate comparison 
and discussion. Source: Global Burden of Disease Study 2013. (2016). 
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The explicit aim of this review was to determine the prevalence of wounds in the EAC, 
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data that has been systematically collated from the literature and the GBD 2013 study. 

Each major disease category is discussed in turn, and both evidence from the literature 

and the GBD 2013 is considered. The discussion then responds to the question of 

whether the obtained data is sufficiently informative to allow reasonably reliable 

scoping of the wound care burden, a process that includes an assessment of data 

limitations. 

 

Diabetes and diabetic ulcers. Diabetes is a significant and growing health problem 

across the EAC as it is throughout the low- and middle-income world, due to 

urbanisation, lifestyle changes and changes in eating habits (Chan et al., 2009, Kengne 

et al., 2013, Mbanya et al., 2010, Shetty, 2012). The results from the literature review 

and the GBD 2013 study confirm this picture for the EAC. In the studies included in the 

literature review, overall T2DM ranged widely from 1.4% in Uganda to 11.9% in 

Tanzania. Diabetes in females ranged between 1.1% in Uganda and rural Tanzania to 

8.1% in Uganda, whereas prevalence in males ranged from 1.5% in Tanzania to 6.5% 

in Uganda. This data illustrates that there are regional and country differences that 

make it difficult to draw firm conclusions regarding EAC-wide patterns of diabetes.  

Wasswa (2006) suggests that Uganda struggles with approximately one million 

diabetics among a population of 28 million compared to just 254 people diagnosed with 

diabetes in 1972. The 2006 figure for Uganda translates to a prevalence of around 

3.6%, a figure that lies between the results provided by Bahendeka et al. (2016) and 

Mayega et al. (2013). The GBD estimates that diabetes in Uganda led to 203.6 YLD.  

With the exception of some urban prevalence data, the EAC diabetes rates are 

still substantially lower than those encountered in Germany which range between 5.8% 

and 8.6% (Burger and Tiemann, 2005, Heidemann et al., 2013, RKI, 2012). This is also 

true for YLD, with 421.6 for Germany compared to a range of 76.6 to 225.8 for EAC 

countries (Table 31). The large discrepancy between Germany and the EAC is likely to 

reflect better management of the disease and its comorbidities in Germany which 

means that patients live longer with diabetes. However, given the current trend, the 

diabetes rates in EAC countries, along with other sub-Saharan nations, will rise to 

levels similar to those found in Germany, and this will place a disproportionately heavy 

burden on their fragile and under-resourced healthcare systems.  

Diabetes leads to peripheral arterial disease and poly neuropathy affecting 

predominantly the lower extremities (Levy and Valabhji, 2008). In turn, diabetic ulcers 

develop when the poorly vascularised, neuropathic limbs are injured due to trauma, or 
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constant pressure as a result of foot deformity, inappropriate footwear, and even rodent 

bites (Abbas et al., 2005). Considering that about 15 to 25% of patients with diabetes 

will develop an ulcer during their life and that many of these are recurring, the emerging 

wound care burden in LMICs could be overwhelming (Reiber, 1996, Singh et al., 2005).  

The literature review for the EAC captured diabetic ulcer prevalence studies from 

Tanzania, Uganda and Kenya and reported diabetic ulcer rates ranging from 4.6 to 

27.7% and amputation rates in Tanzania between 9.8 and 33%. Podiatry services and 

diabetic ulcer prevention are largely unheard of across the EAC, and patients are likely 

to miss out on best practice wound care once ulcers have developed. Even if patients 

could get access to state-of-the-art diabetic foot care, it would be prohibitively 

expensive for most. For example, Cavanagh and colleagues (2012) compared the 

treatment and out-of-pocket costs for two hypothetical diabetic foot conditions across 

five countries. In the case of Tanzania, healing an uncomplicated ulcer cost the patient 

Int$102 which equates to 0.8 months of average income. A treatment requiring trans-

tibial amputation would cost Int$3060 and equates to 24.8 months of average income. 

The same two treatments would incur a US Medicare patient without supplementary 

insurance co-payments of 0.2 and 9.6 months of average income. This illustrates the 

disproportional financial burden diabetes places on patients and their families in LMIC 

healthcare systems.  

 

Road Traffic Injury. As both the literature review and GBD 2013 data show, RTIs 

make up the lion’s share of accidental injury across the EAC and this is no different to 

other LMIC settings. Moreover, RTIs are on the increase across LMICs. In India, for 

example, the number of traffic accidents has more than quadrupled between 1970 and 

2011 due to population growth, a rapid increase in motor vehicle use, poor road safety, 

inadequate road infrastructure and shared road use by cars, trucks, animals and 

vulnerable road users (Dhillon et al., 2014, Onywera and Blanchard, 2013). The trend 

in traffic accidents and RTI in the EAC is not dissimilar (e.g. IHME, 2010a, IHME, 

2010b). As for the reviewed literature, Rutta and colleagues (2001) investigated injury 

epidemiology at Bugando Medical Centre, Tanzania, between 1995 and 1997 and 

Chalya and colleagues (2013) between 2010 and 2012. The latter study found a RTI 

prevalence of 60.7% compared to 24.9% observed 15 years earlier, which represents a 

significant 35.8% increase. There are also regional differences in RTI prevalence. 

Kobusingye and colleagues (2001) in Uganda and Moshiro and colleagues in Tanzania 
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(2005) investigated injuries in the rural and urban setting and they found respectively a 

19% and 25% greater RTI rate in urban areas.  

There is good reason to believe that the majority of RTIs result in wounds either 

directly from the impact or indirectly due to surgery. For instance, Chalya and 

colleagues (2012) studied the injury characteristics in road traffic crash victims at a 

medical centre in North Western Tanzania and found that open wounds and fractures 

were the most common type of injury sustained with an incidence of 65.9% and 26.3% 

respectively, and that surgery was required by 80.3% of all patients with wound 

debridement being the most common procedure performed (81.2%). 

Unfortunately, the healthcare systems in LMICs are ill prepared for the increase 

in motor vehicle accidents and are struggling to provide adequate emergency care 

(Nsereko and Brysiewicz, 2010, Wachira and Martin, 2011). Particularly relevant to the 

wound care challenge are the long delays between injury and presentation to a health 

professional. For example, Otieno and colleagues (2004) found that for trauma patients 

admitted to Kijabe Hospital, Kenya, the median travel distance to hospital was 60 km 

which resulted in a 9 hour delay. In 2008, Naddumba reported that there were only 23 

orthopaedic surgeons to provide specialised services at four hospitals in Uganda. This 

is an average of one surgeon per 1.3 million people (Naddumba, 2008). Consequently, 

accident victims do not receive the care they require. Instead, many are treated by 

traditional healers and ‘bonesetters’ with poor outcomes. In Malawi, a southern 

neighbour of the EAC, there are 9 orthopaedic and 20 general surgeons servicing a 

nation of 13 million people. Consequently, 91% of the surgical workforce is comprised 

of non-surgeons (Mkandawire in: WHO, 2013).     

 

Cancer and HIV. Neoplasms rank among the most prevalent wound-causing diseases 

in the EAC, and the burden ranges from 6.6 YLD in South Sudan to 95.9 YLD in 

Uganda. Neoplasm prevalence in the other 4 EAC nations ranges from 62.6 YLD in 

Tanzania to 67.3 per 100,000 population in Burundi. The comparatively low prevalence 

of 6.6 YLD in South Sudan, appears to be underestimating the challenge considering 

that the prevalence estimate for Sudan is 53.6 YLD (Global Burden of Disease Study 

2013., 2016). Uganda’s high YLD estimate is likely to be a consequence of better 

palliative care and, thus, longer life expectancy for patients with cancer. In this regard it 

will be noted that Uganda hosts the African Palliative Care Association and that the 

Ministry of Health mandated Palliative Care Association of Uganda services 82 out of 

112 Ugandan districts  (Kamonyo, 2018).  
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In comparison, Germany’s neoplasm prevalence of 144.3 YLD far exceeds that of 

the EAC member states, including Uganda. Generally speaking, Sub-Saharan Africans 

still have a lower incidence of cancer, but their cancer care and survival rates fall far 

short of those in developed nations such as Germany (IARC, 2014). However, it is well 

established that, as living standards rise, so will cancer rates. Thus, the majority of new 

annual cases of cancer will occur in Africa, Asia and Central and South America (IARC, 

2014), and this will have consequences for cancer-related wound care. For example, 

approximately 5% of all cancer patients present with a malignant wound at some stage 

and this may be the result of metastases, a primary cutaneous tumour, a primary 

tumour breaking the skin or a chronic wound becoming malignant (Alexander, 2009).  

Turning to HIV/AIDS, some 35 million people worldwide live with with this 

disease, and of these an estimated 24.7 million live in sub-Saharan Africa (UNAIDS, 

2014). In the absence of highly active antiretroviral therapy (HAART), the disease 

weakens the immune system and makes those afflicted vulnerable to secondary 

infections and malignancies such as Kaposi’s sarcoma which often results in open skin 

lesions and wounds (Di Lorenzo, 2007, Wiwanitkit, 2009). HIV positive patients appear 

also to be more prone to a multitude of other cancers including melanomas and basal 

cell carcinomas, in addition to Kaposi’s sarcoma and lymphomas which are recognised 

HIV-defining morbidities (Berretta et al., 2003, Boshoff and Weiss, 2002). There is a 

significant wound burden associated with HIV whether patients have access to HAART 

or not. Globally, three out of five people with HIV are still not accessing antiretroviral 

therapy (UNAIDS, 2014).  

In resource poor settings without HAART and advanced oncology, cancer- and 

HIV-related wound care is likely to be palliative rather than curative. Given the HIV 

prevalence in sub-Saharan Africa and other LMICs, the large number of undiagnosed 

people and continued high infection rates, mean that it is very likely that already 

compromised healthcare systems will face a growing HIV-related wound care burden in 

decades to come.  

 

Falls, mechanical force and animal contact. Falls are among the top three most 

significant wound-related diseases/causes of injury extracted from the GBD 2013 

study. The importance of falls as a major cause of injury is also underscored by the 

literature review that consistently lists double-digit prevalence rates for falls, with levels 

as high as 32% (Rutta et al., 2001). There is an interesting picture emerging regarding 

injuries due to mechanical force including cuts/stabs, blunt force/injury, and being 
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struck by an object. In rural areas, there is a high prevalence of injuries due to 

mechanical force such as cuts, stabs, and blunt force, but a lower injury rate for RTIs. 

In urban areas, this relationship is reversed with higher rates of injury due to road traffic 

accidents rather than cuts/stabs and blunt force. (e.g. Kobusingye et al., 2001, Moshiro 

et al., 2005). This can be explained by a greater exposure to traffic in cities, and also 

by a different set of hazards to which the rural population is exposed in their homes 

and during agricultural work. For the wound-related diseases selected from the GBD 

2013, ‘Other exposure to mechanical forces’ also ranked among the top six – 

suggesting a significant burden on the healthcare system. Injuries due to contact with 

animals appear to be a minor problem, particularly in urban areas. However, they are 

more prevalent in rural areas where lifestyle, the presence of wildlife and pursuit of 

agricultural work leads to greater animal exposure (e.g. Nordberg et al., 2000, Petroze 

et al., 2015).  

While it is very likely that many of the injuries caused by falls, mechanical force 

and animal contact lead to breaches of the skin either upon impact or secondarily as a 

result of treatment (surgery) or incapacitation (pressure ulcer), it is difficult to provide 

firm evidence regarding the likely proportions. 

 

Burns. In the EAC injury due to fire, heat or hot substances is more than twice as 

prevalent (20.1 - 26.8 YLD) as in Germany (10.1 YLD). The literature review portrays a 

mixed picture with injury prevalence due to fire or heat ranging from 1.2% of reported 

injuries in Kisumu, Kenya, to 18.9% in Kampala, Uganda (Table 28) (Ogendi and Ayisi, 

2011, Kobusingye et al., 2001).  In sub-Saharan Africa and across the rest of the 

developing world, children suffer disproportionately from burns (Nthumba, 2016, Rode 

et al., 2014). In a review of burns in sub-Saharan Africa, which also included Kenya, 

Uganda and Tanzania, Nthumba (2016) found that, of the 32,862 reported cases, 

83.6% were children up to 10 years old, and that in 70% of all cases the home was the 

most common place to sustain a burn injury. It is also in the home or at the traditional 

healer where most burns are treated with remedies of uncertain efficacy, and only 

severely burnt patients or patients with septic burn wounds tend to seek or receive 

formal medical assistance (Albertyn et al., 2015). In addition, there is a shortage of 

trained physicians in sub-Saharan Africa and very few have expertise in burns care, 

and of these, only a handful publish data in the literature (Allorto et al., 2016, Nthumba, 

2016). This means that the hidden burden of injury due to fire, heat and hot substances 

must be much greater than is reported. Rode et al. (2014) notes that the South African 
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Medical Research Council estimated that 3.2% of the population suffers a thermal 

injury each year and, as a first approximation, it can be assumed that this incidence 

rate would be similar across sub-Saharan Africa.  

 

Intentional violence and armed conflict. The studies selected in this review report 

rates of violence that broadly fall into low (0.8% - 5.4%) and high (11% - 41.6%) 

prevalence clusters. Six out of the 8 studies reporting highly prevalent injury due to 

violence were studies of patients admitted to hospital or treated in emergency. The 

other studies including those in the low prevalence cluster were householder surveys. 

The reason for this discrepancy may be a reluctance to self-report domestic violence in 

questionnaires, whereas in the emergency department or when admitted to hospital, 

the cause of an acute injury is difficult to conceal. Ranney and colleagues investigated 

interpersonal violence in Western Kenya and found it to be a significant cause of 

morbidity in the population with both men and women equally likely to be assaulted, but 

that women are more likely to suffer from domestic violence whereas men get 

assaulted by acquaintances (Ranney et al., 2009). The GBD data on violence 

resonates with this finding (Table 31), indicating double-digit YLD rates in the EAC 

countries, except for Burundi.  

It is important to note, however, that the incidence of YLD due to ‘Collective 

violence and legal intervention’ is the single most prevalent cause of injury and disease 

in the countries where war has raged in the recent past (Burundi, Rwanda and 

Uganda), dwarfing all other causes. Unfortunately, the YLD measure calculated for the 

GBD 2013 study takes account of disability over time and does not make a distinction 

between the years lost in 2013 due to an acute injury (i.e. a wound) and the long term 

consequences of a past injury. Nevertheless, in the case of Burundi, Rwanda and 

Uganda, it is safe to assume that the vast majority of conflict-related YLDs reported in 

the 2013 study capture the consequence of past injury.  

These statistics, and what is known of injuries due to violence, suggest that such 

violence in all its forms must place a huge wound burden on fragile East African 

healthcare systems both in peace and war times. A hospital-based study of 

interpersonal violence from Malawi provides details about the types of injury sustained 

(Kiser et al., 2013) with lacerations making up 50.9% of all injuries, followed by 

contusions (28.9%), abrasions (5.6%), penetrating stabs (5.1%), and fractures (4.2%). 

As for war casualties, it is a sad hallmark of recent armed conflicts around the world 

that civilians are increasingly the target of hostilities and account for the majority of 



 
MDT supply chain management in compromised healthcare settings  |  Page 287 

 

casualties in these conflicts (Aboutanos and Baker, 1997, Dodd and Perkins, 2013, 

Wood et al., 2012). In addition, the International Committee of the Red Cross has found 

that superficially injured civilians living in rural areas may not seek medical help in 

hospitals and clinics due to their inaccessibility. These injuries may heal uneventfully 

or, alternatively, develop sepsis and lead to poor health outcomes (Giannou et al., 

2013). This means that the true burden of violence-related disease may not have been 

fully captured by the GBD 2013.  

Higher injury and morbidity rates among civilians are partly explained by the 

relative lack of personal protection, and because women and children and the elderly 

are more vulnerable to injury (Adini et al., 2011). Not only do civilians get hurt more 

often in modern warfare, but the nature of injuries is also changing with injuries from 

explosive weapons and collapsing buildings now common (Atiyeh et al., 2007, Edwards 

et al., 2014). Of particular concern are antipersonnel mines and unexploded ordnance 

which kill and injure countless civilians during an armed conflict and for years after 

fighting has ceased (Wakabi, 2006). The most prevalent sites of injury in armed conflict 

are the limbs with 50-75% of injured patients and  

“this percentage increases where body armour is worn by soldiers, anti-personnel 

mines are widely deployed, and long evacuation times “triage out” the most 

severely injured…. injuries to the soft tissues and bones of the limbs constitute 

the greatest burden on surgical workload because of their sheer volume.” 

(Giannou et al., 2013, p. 79).  

 

Pressure ulcers. Where a patient is immobilized for a significant period of time and is 

not adequately bedded to offload pressure on vulnerable body parts such as the 

sacrum or heel, damage to the tissue may occur with a high risk of ulceration. Although 

pressure ulcer prevention is improving in well-resourced modern hospitals and aged 

care facilities, they remain a significant healthcare problem (VanGilder et al., 2017). 

According to GBD 2013 data, the YLD burden for Germany is 5.8 and for EAC 

countries it ranges between 4.0 and 4.2. In all likelihood the higher rate of pressure 

ulcers in Germany reflects the fact that there is a larger geriatric population in 

Germany, and that these patients live longer thanks to better care. Elsewhere,  Amir et 

al. (2013) reports a 28% prevalence of pressure ulcers among stroke patients in an 

Indonesian hospital while Mehta et al. (2015) reports a prevalence of 7.8% in an Indian 

tertiary hospital. It is, likely that the prevalence is high in provincial and rural healthcare 

facilities and in homecare palliative settings. For example, Hampton (2001) explains 
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that in a Cape Town hospital many patients returned to the hospital spinal unit with 

large pressure ulcers due to inadequate bedding at home where patients often have to 

sleep on the floor. It is foreseeable that the growing palliative care burden from HIV, 

cancer and diabetes will, amongst the other impacts, lead to a significantly increased 

prevalence of pressure ulcers in sub-Saharan Africa and the EAC.  

 

Surgical disease and surgical site infection (SSI). It is beyond the scope of this 

study to establish the burden of surgical disease in the EAC and therefore many 

diseases requiring surgical intervention have not been considered. There is 

nevertheless a growing appreciation of the need for general surgical care in LMICs, 

including injury, cancer, pregnancy related complications, congenital anomalies and 

other surgical conditions (Ozgediz et al., 2008, Petroze et al., 2015, WHO, 2013). Any 

surgery carries a risk of infection and given the continued presence of nosocomial 

infections in advanced healthcare systems (Hauck and Zhao, 2011, Lim et al., 2014), it 

is safe to conclude that this risk is elevated when surgery is performed under austere 

conditions or in hospitals that lack the resources to maintain the necessary levels of 

hygiene, essential equipment and consumables (Van Der Merwe, 2008).  

About 86% of people in sub-Saharan Africa with known HIV-status receive 

antiretroviral therapy, and virus suppression has been achieved in 76% of these. A 

longer life with HIV brings with it new health- and wound care challenges. For example, 

HIV may increase the risk of infections after surgery or injury as well as  of diabetes 

and/or cardiovascular disease. This means that HIV-positive patients undergoing 

surgery or suffering trauma are at greater risk of developing wound infections (Abalo et 

al., 2010). Likewise, aging HIV patients with cardiovascular disease and diabetes are 

prone to developing lower leg ulcers which, in turn, are susceptible to infection and 

may require surgical debridement (McMeeking et al., 2014). 

Mawalla and colleagues (Mawalla et al., 2011) studied the prevalence of SSI at 

Bugando Medical Center in Mwanza, Tanzania, where they found a 26% rate of SSIs, 

of which 86.2% were superficial. At Muhimbili national hospital, Tanzania, it was 

established that 63% of the SSI causing bacterial isolates were multi-drug resistant, 

and 90% of these were resistant to over four classes of antibiotics (Manyahi et al., 

2014). The burden of SSI on already stretched LMIC healthcare systems is clearly 

significant. According to Naddumba (Naddumba, 2008), the Mulago National Referral 

and Teaching Hospital in Uganda ran a theatre two days per week dedicated only to 

infection management. Of the 1400 surgeries performed at the hospital each year, 500 
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were wound infection cases – as many as emergency surgeries, and more than a third 

of all surgeries performed.  

 

Available disease data and reliable assessment of the wound burden 

There are a range of limitations associated with this systematized review including the 

comprehensiveness of data, variations in study methodologies, incomparability of 

prevalence measures between GBD 2013 and the prevalence literature, and difficulties 

in estimation of wound burden. 

 

Comprehensiveness. Fifteen studies on injury prevalence, 9 on diabetes prevalence 

and 6 on diabetic ulcer prevalence met the selection criteria for this study, but this 

sample is far from comprehensive for the EAC especially because the majority of 

studies are from Tanzania and Kenya, with no data from Burundi or South Sudan. 

While this lack of data is somewhat compensated for by GBD 2013 estimates for all of 

the EAC countries, it is difficult to establish the true wound care burden without direct 

access to government, faith-based and other NGO hospital records in these countries 

(Haagsma et al., 2015, p. 10). 

 

Sampling. The literature reported on prevalence as a percentage of the sampled 

population which allows some comparison between studies, injury categories and 

jurisdictions, but conclusiveness and comparability of the data is still limited because of 

differences in study populations and categories for the collected data. The injury 

review, for example, includes data from patients treated in emergency departments or 

admitted to hospital, from householder surveys, from injuries resulting in morbidity only, 

or injuries resulting in morbidity and mortality, or where the morbidity/mortality status 

was unclear. Likewise, for the diabetes and diabetic ulcer review, the selected data 

comes from householder surveys, sampled clinic patients, or random villagers. There 

are necessarily qualitative differences in the data depending on the study methodology. 

There were also regional and population differences in disease prevalence making 

country- or EAC-wide estimation of wound burden even more difficult, particularly when 

only limited data is available.  

 

Disease and injury classification. Healthcare providers and researchers reporting on 

disease and injury are encouraged to use two internationally standardised reporting 

codes to allow for analysis, comparability and unambiguous communication of disease 
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and injury: the International Classification of Disease, and the International 

Classification of the External Causes of Injury (ICECI), both administered by the WHO 

(WHO, n.d. , WHO, 2010). Although the two classification systems are closely related 

and comparability of data is supported, the key difference between the two is that the 

International Classification of Disease is designed to capture the type of disease 

patients present with, whereas the International Classification of the External Causes of 

Injury is focused, as the name suggests, on the cause of a particular injury that leads to 

disease. Unfortunately, to ease data collection and analysis, and subsequent reporting 

of results, authors tended to mix classification conventions, simplify injury and disease 

categories, and collate incidences at varying levels of the classification system.  

 

Different prevalence measures. As for the GBD analysis, the data are estimates 

based on published studies and unpublished data sets collated by contributing 

researchers and organisations. From the available statistics provided by the GBD, it 

was decided that, for the purpose of this study, the most useful metric was YLD 

because wounds and their care are a burden on the living not those who succumb to 

disease. However this means that a direct comparison between the published studies 

and the GBD 2013 estimates is difficult because injury and disease prevalence in the 

selected literature is given as a proportion of the studied population.  

 

Estimation of wound burden. Perhaps the most significant limitation is the fact that, 

for all injury classifications and diseases, it is difficult to estimate how many cases 

actually resulted in a wound and how long patients required wound care. This 

challenge is exemplified in the case of the YLD statistic which does not allow any 

conclusion to be drawn over how long a patient who lived with a disability required 

wound care. For example, for many of the disease categories, the YLD may be a 

legacy of an injury sustained previously and which no longer requires any wound care, 

such as a disability as a consequence of war and conflict. As far as wounds due to 

injury are concerned, the uncertainty around the true prevalence is a consequence of 

the classification used for recording, analysing and reporting injuries as discussed 

above. For example, it is difficult to ascertain from road traffic accident and road traffic 

injury prevalence how many accidents and associated injuries resulted in wounds. 
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Summary 

The aim of this review was to determine the prevalence of wounds in the EAC. It must 

be concluded that wounds are a major albeit underreported problem in the EAC and 

that they inevitably place a significant burden on communities and fragile healthcare 

systems. Unfortunately, the review revealed few studies and they had differing 

methodologies. In addition, a lack of disease-specific wound data, and incomparability 

of prevalence measures make reliable quantification of the total wound burden at this 

stage impossible.   
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Appendix 2: List of anonymised participants, organisations and 

their codes 

 

Table 32: Table of organisations mentioned in interviews and their ID codes. 

Organisations 

Code Organisation 

O1 Kenyan Government research organisation 

O2 Kenyan Government research institute that is part of O1 

O3 National referral hospital 

O4 Private Kenyan hospital 

O5 Private Kenyan hospital 

O6 Australian health charity operating in Kenya 

O7 Slovak Government research institute 

O8 Slovak Government aid agency 

O9 International research agency 

O10 Slovak biotherapy company 

O11 Faith-based hospital in Kenya 

O12 Courier company 

O13 Mother company of O12 

O14 Faith-based hospital in Kenya 

O15 Health centre in Siaya County 

O16 International aid NGO 

O17 International courier company 

O18 Courier company 

O19 Medical supply agency catering for public health facilities 

O20 Kenyan university 

O21 Public health consultancy 

O22 Kenyan research institute 

O23 Kenyan blood service 

O24 Australian Government aid agency 

O25 International health agency 

O26 Kenyan hospital 

O27 Faith-based medical supplies agency 

O28 Faith organisation 

O29 Network of Kenyan pharmacies 

O30 International social franchise for health services 

O31 Kenyan chapter of international health organisation 

O32 Health transport service provider 

O33 Multinational pharmaceutical company 

O34 United Nations agency 

O35 Internationally active health NGO 

O36 Internationally active health NGO 

O37 Internationally active health NGO 

O38 Kenyan health program 

O39 Courier company 

O40 Kenyan pharmaceutical distributor 

O41 Kenyan university / hospital 

O42 European medicinal maggot producer 
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Table 33: Table of participants interviewed and their ID codes. 

Participants 

Code Type of organisation Role / Position 

P1 Australian health charity in Kenya (O6) 
Wound care nurse and nurse 
volunteer 

P2 Australian health charity in Kenya (O6) Nurse volunteer 

P3 
European MM production company (O10) Director 

Government research organisation in Europe (O7) Researcher 

P4 Kenyan courier company (O12) Courier operations manager 

P5 International aid agency (O16) Regional SC Manager 

P6 
Kenyan referral hospital (O3) Infection control consultant 

Private care provider Wound care nurse 

P7 Kenyan government research institute (O2) MM production manager 

P8 International public health consultancy (O37) Technical advisor 

P9 African development consultancy  Director 

P10 International public health consultancy (O37) Technical Advisor 

P11 Vaccine immunization program (O38) 
Vaccine depot manager and vaccine 
cold chain trainer 

P12 Kenyan resident Healthcare consumer / patient 

P13 Faith-based community hospital (O14) General manager 

P14 Faith-based community hospital (O14) Nurse 

P15 Kenyan government research institute (O2) Director 

P16 Faith-based community hospital (O14) Pharmacist 

 
 
Table 34: Table of persons mentioned in interviews (that have not been participants) and their 
ID codes. 

Persons mentioned in interviews (Subjects) 

Code Description 

S1 Kenyan nurse assisting O6 

S2 Founder of O6 

S3 Scientist at O7 

S4 Technician / scientist at O7 

S5 Plastic surgeon at O3 

S6 Housekeeper for P12 

S7 Husband of P12 

S8 Carer of S7 

S9 Daughter of P12 and S7 

S10 European diplomat 

S11 Professor at O3 and O20 

S12 Director General of O1 

S13 Immediate Past Director General of O1 

S14 O6 volunteer 

S15 O6 volunteer 
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Appendix 3: Comparison of SC features between the optimised 

scenario and the actual Kenyan MDT-SC 

 

Table 35: Comparison of SC features between the optimised and actual MDT-SC.  

Note: The first four columns indicate the echelons that contribute the characteristics. S = 
Supply, P = Production,   D = Distribution, and T = Treatment and Disposal. 

Echelons 
Optimal MDT-SC characteristic Actual MDT-SC characteristic 

S P D T 

    
In order to deliver affordable and 
equitable MDT services across the 
EAC, a social franchise was 
established with production 
franchisees in five of the six EAC 
nations. 

The Kenyan MM production laboratory is 
part of a government research 
organisation and not a stand-alone entity. 
There is doubt whether O1 are set-up 
and qualified to commercialise and 
operationalise MM production in Kenya.  

    
The franchise provides SCM support 
where needed and where central 
coordination is most effective e.g. 
bulk purchase of supplies, demand 
coordination across the region, 
marketing, education and 
sensitisation, regulatory oversight, 
quality control, and risk management. 

To date few preparations have been 
made to operationalise production and 
even less consideration has been given 
to SCM, business processes, 
sensitisation and customer service 
requirements. 

 
   Some supplies are sourced locally 

but the bulk of equipment and 
consumables are purchased centrally 
through the franchise and distributed 
to producers.   

The laboratory producing maggots at the 
moment still uses materials and 
consumables provided by the 
development partner O7/O10 at the time 
of establishment.  
There have been doubts whether 
suppliers are in place for these 
consumables in the event of full-scale 
production.  
Availability of supplies through the 
government medical and laboratory 
supply system and from other suppliers 
depends on available finances.      

 
   Producers use franchise bargaining 

power in price negotiation with 
suppliers.   

No particular bargaining power other than 
perhaps through the research 
organisation’s procurement system. 

 
   Minimal trade barriers within the EAC 

and with other trading partners 
outside the EAC. 

While the common market should support 
trade and movement of goods between 
EAC states, reality is that customs 
harmonization has not been achieved 
yet, with non-tariff barriers and frequent 
clearance delays remaining. 

 
   Cross-SC coordination systems are 

in place to ensures that suppliers are 
aware of current and future demand, 
and that contingency plans are in 
place for demand surges. 

There is no evidence that integrated SC 
coordination is in place or is being 
planned for at O1/O2. 
No plans are in place to scale up 
production and to roll out treatment 
across Kenya, let alone regarding 
management of demand spikes.  
No information on integrated SCM from 
participants. 
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Echelons 
Optimal MDT-SC characteristic Actual MDT-SC characteristic 

S P D T 

 
   Suppliers need to demonstrate 

disaster preparedness and business 
continuity plans. 

 

 
   Suppliers are obliged to abide by 

product/service safety guidelines and 
industry standards and are audited 
from time to time. 

 

 
   Suppliers are selected based on their 

sustainability credentials. 
 

 
   Suppliers work with franchise to 

continually innovate and improve 
products and services. 

There is no evidence that there is 
collaborative innovation between the 
producer and its suppliers.  

 
   Suppliers are preferred that can 

demonstrate high organisational 
resilience and responsiveness 
because they are indicators of a 
supplier’s capacity to adapt. 

 

  
  The franchise model ensures low-

cost production of MMs through bulk 
purchasing of supplies and cost-
effective production practices.  

To date there is no large-scale production 
and current pricing is a poor indication of 
prices under a full-production low-cost 
franchise business model.  

  
  Not-for profit social enterprise status 

ensures that cost savings are passed 
on to the patient. 

 

 
 

  All aspects of production are 
integrated in an overall quality control 
framework. 

 

   
 The franchise ensures that all 

aspects of production and distribution 
are conducted in concordance with 
relevant international standards 
particularly Good Manufacturing 
Practice, ISO9001:2015 Quality 
management systems, 
ISO13485:2016 Medical devices – 
Quality management systems – 
Requirements for regulatory 
purposes, and/or ISO15189:2012 
Medical laboratories – Requirements 
for quality and competence. 

Ultimate regulatory requirements will be 
set by the Pharmacy and Poisons Board 
and may be limited to GMP which O2 is 
familiar with. O2 currently holds ISO 9000 
and 9001 accreditation and is in the final 
stages of ISO 17025 General 
requirements for testing and calibration 
laboratories. Accreditation for ISO 15189 
has not been considered at this stage 
due to financial constraints and 
uncertainty regarding its additional 
benefits.   

 
 

  A network of producers including 
mobile production units across the 
EAC ensure region-wide access to 
MDT. 

So far there is only one lab producing 
MMs in Kenya and management has not 
expressed other plans. P6 suggested that 
a number of production facilities across 
Kenya could ensure timely shipment and 
delivery of MMs.   

 
 

  Upon request, MMs can be reared 
kosher or halal or generally meat-free 
to cater for Jewish, Muslim or Hindi 
patients. 

 

 
 

  MMs are offered near cost and any 
profit is reinvested in research, 
development and wound prevention.   
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Echelons 
Optimal MDT-SC characteristic Actual MDT-SC characteristic 

S P D T 

 
 

  Coordination between producers 
allows for seamless pooling of 
resources in case of supply 
interruptions, shortages and demand 
surges. 

No additional producers in place to date. 

 
 

  Risk assessment and risk 
management frameworks are in place 
across the franchise. 

 

 
 

  Contingency and business continuity 
plans are in place and reviewed 
regularly. 

 

 
 

  The franchise model affords 
temporary production redundancy 
and therefore increasing overall 
supply guarantee. 

 

 
 

  Producers coordinate management of 
demand from aid agencies in times of 
crisis. 

 

 
 

  Optimal well-being of fly colonies to 
ensure long-term strain viability in the 
laboratory/insectary. 

Production protocol has been adopted 
from development partner organisations 
O7/O10 and fly strain was provided by 
O7/O10. On available information, 
protocol provides for good colony health. 

 
 

  Single-use primary packaging of 
maggot products reduced to a 
minimum and recyclable. External 
cool chain packaging and cool 
elements recyclable or re-usable via 
reverse logistics. 

MMs had at the time of interviews not 
been shipped over long distances across 
Kenya. Short distance local transport was 
improvised with plastic containers and 
cool chain provisions that are not suitable 
for commercial courier transport.  

 
 

  Production facilities and processes 
are designed to minimise energy and 
water use, and minimise waste, 
without compromising quality. 

 

 
 

  Producers invest collaboratively in 
innovation and continuous product 
improvement, e.g. new fly species 
domestication. 

There is a willingness and capacity to 
investigate new species. The 
establishment of the production facility at 
O2 was designed as to also facilitate 
research into new fly species. Funding 
was sought for this work but not obtained 
yet. 
Little evidence was provided regarding 
product improvement efforts let alone 
basic SC planning. 

 
 

  Operations embrace adaptive 
management. 

 

 
 

  Franchise business model enables 
adaptability, resilience and 
responsiveness. 

 

 
  

 The franchise coordinates and 
integrates distribution of MMs with aid 
organisation logistics processes. 

 

 
  

 Distributed production allows 
provision across EAC. 

For now it appears only one production 
facility is planned for Kenya.   
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Echelons 
Optimal MDT-SC characteristic Actual MDT-SC characteristic 

S P D T 

 
  

 Customer service officers including 
sales and clinical help line operators 
speak English and Swahili. 

 

 
   

Franchise caters for healthcare 
provider ordering, procurement and 
distribution logistics requirements and 
provides appropriate communication 
channels, e.g. mobile phone-based 
technology for ordering and payment.  

 

 
   

The franchise works with all 
healthcare systems to achieve 
integration of MDT services. 

The producer has reached out to a very 
limited number of hospitals including a 
private hospital, a faith-based and a 
government hospital. However, no 
strategic discussions appeared to have 
happened with those sectors.  

 
   

The franchise works with aid 
organisations to ensure integration of 
MDT in their operations. 

 

 
   

Counterfeiting countermeasures are 
implemented to ensure authentication 
and tracking of product is possible 
using barcodes or RFID. 

 

 
   

Franchise worked closely with the 
relevant local Ministries of Health and 
the East African Community 
Medicines Registration 
Harmonisation project to overcome 
approval and licencing barriers and to 
expedite processing of applications. 

A proof-of-concept study has been 
completed and an application to the 
Pharmacy and Poisons Board submitted 
for approval of MDT. It is possible that 
the Board develops own classification 
and regulatory framework for MDT rather 
than classifying it as a device or drug. 

 
 

 
 

Frequent engagement and 
cooperation with regulatory 
authorities.  

O2 in collaboration with O3 have 
conducted proof of concept study and 
applied for approval of MDT with the 
Pharmacy and Poisons Board.  

 
 

 
 

Compliance with licencing and other 
regulations. 

O2 as a government research 
organisation is well aware of regulatory 
requirements and appears to have all 
essential licences and standards in place 
and the capacity to meet any additional 
regulatory demands. Across Kenya, 
laboratory adherence to international 
standards is still poor.   

 
 

 
 

The franchise lobbies and cooperates 
with the African Medicines 
Registration Harmonization initiative 
and the East African Community 
Medicines Registration 
Harmonisation project to achieve 
regulatory and licencing 
harmonization for MM production and 
MDT. 

 

 
 

 
 

MDT is offered both ‘free-range’ or in 
‘bagged’ form.  

O2 fabricate in-house bags for bagged 
application of MMs, meaning that they 
have the capacity to offer both dressing 
options. 
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Echelons 
Optimal MDT-SC characteristic Actual MDT-SC characteristic 

S P D T 

  
 

 Decentralised network of producers 
across the EAC reduces distance 
between producer and customer and 
therefore shipment costs. 

Although one participant (P6) spoke of 
several production facilities across 
Kenya, it is likely that only one will supply 
the country’s needs.  

  
 

 Franchise bargaining power allows 
for negotiation of best courier 
transport fees. 

 

  
 

 Producer engagement with a variety 
of transport operators ensures 
selection of most cost-effective 
service. 

As proof-of-concept and approvals 
process have been under way, maggots 
have been shipped with O2 institutional 
vehicles or private transport by 
investigators. No short- or long- distance 
shipment with couriers had been trialled. 
O2 charges KSh2000 for transport costs 
within the Nairobi metropolitan region, 
which is far higher than it needs to be.  

  
 

 The most cost-effective distribution 
services are chosen while ensuring 
logistics safety and reliability. 

  
 

 Cross-border shipment of MMs is 
minimised which ensures speedy 
distribution using local couriers and 
transport. 

O2 is concerned with production and use 
in Kenyan hospitals.  

  
 

 Cross-border transport of product is 
minimized, reducing exposure to 
corrupt border personnel and non-
tariff charges. 

O2 is concerned with production and use 
in Kenyan hospitals. However, 
importation of laboratory equipment at 
establishment of production laboratory 
was delayed by months due to customs 
processing and clearance difficulties and 
required high-level intervention. 

  
 

 The EAC distribution system as a 
whole is highly diverse and 
responsive. 

Indeed, research has revealed a number 
of SCs from vaccine to Miraa that 
achieve rapid transport of perishable 
goods. Also, use of passenger transport 
for parcel delivery is available.   

  
 

 The diverse transport system in the 
EAC has large redundancies built in. 

 

  
 

 Effective coordination between 
producers, customers and transport 
operators ensures that MDT transport 
needs are met. 

 

  
 

 The more sophisticated courier 
companies have reliable contingency 
and business continuity plans in 
place to overcome transport 
interruptions.   

As P4 reported, courier companies such 
as O12 have contingency plans in place 
to ensure service delivery. 

  
 

 Fast delivery within 48 hours ensures 
that the cool chain is maintained 
between producer and customer and 
MMs arrive at the clinic in good 
condition. 

Theoretically, distribution across Kenya 
using air and road transport solutions 
should be able to deliver within 48 hours. 
However, cost, poor infrastructure and 
transport interruptions may cause delays. 
The last mile may pose the greatest 
challenge. No testing or distribution 
planning has taken place yet for MM 
distribution.   
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Echelons 
Optimal MDT-SC characteristic Actual MDT-SC characteristic 

S P D T 

  
 

 Protective cool chain packaging and 
passive cooling of MMs during 
shipment. 

While there appear to be larger volume 
cool and cold chain packaging solutions 
for the transport of refrigerated consumer 
goods and vaccines for example, it is less 
clear if there is use and easy access to 
smaller volume insulated packaging for 
distribution of small quantities of 
temperature sensitive product.  

  
 

 Couriers facilitate reverse logistics 
service, returning re-usable cool 
chain packaging to the producers at 
favourable cost. 

Interviewed courier confirmed that 
reverse logistics services are available 
with flexible collection arrangements to 
suit customer needs. 

  
 

 Access to a diverse network of 
transport operators from courier 
companies to self-employed 
motorbike taxis conveys high 
adaptability. 

Transport system in Kenya is diverse but 
it is not clear whether this diversity has 
been harnessed and utilised by any one 
operation through coordination of 
services. 

   
 

The franchise has demonstrated the 
need and cost-effectiveness of MDT.  

The proof-of-concept study has 
demonstrated the clinical feasibility and 
efficacy of MDT. However, no cost-
effectiveness study has been conducted 
yet.  

   
 

Low-cost MMs are offered to all 
wound care providers. 

 

   
 

Public and private insurance 
schemes cover MDT. 

MDT is not yet approved by the 
Pharmacy and Poisons Board. 

   
 

MDT is either covered by EAC 
member country national healthcare 
insurance schemes or heavily 
subsidised.    

 

   
 

MDT allows treatment of wounds in 
rural and remote areas which saves 
patients costly travel to, and stay in, 
hospitals. 

 

   
 

Reliably available and affordable 
authentic MMs remove the need to 
source counterfeit product on the 
black market. 

 

   
 

Healthcare professionals across EAC 
are made aware of and trained in 
MDT. 

So far only select sensitisation occurred 
mainly with healthcare staff directly 
involved with the proof-of-concept study 
and the patients, which was successful. 
Overall the need for sensitisation and 
education is rated very high among 
participants due to the particular nature of 
MDT involving maggots. However, 
throughout, there was a sense that 
provided effective sensitisation was 
implemented that MDT would be widely 
accepted.  
Pathways for education and sensitization 
already exist for example through 
healthcare training institutions and the 

   
 

Training and sensitisation provided 
across the healthcare system from 
referral hospital to community nurse.    

   
 

Trainers and educators work closely 
with development and aid 
organisations to ensure MDT 
competence and awareness. 

   
 

The franchise works with healthcare 
and education organisations to 
sensitise nurses and physicians as 
well as patients. 
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Echelons 
Optimal MDT-SC characteristic Actual MDT-SC characteristic 

S P D T 

   
 

The franchise works with government 
Ministries of Health to develop and 
deliver multilingual information 
material and sensitisation programs. 

Government’s health promotion 
initiatives.  
 

   
 

Even in remote area clinics and 
austere conditions,  healthcare 
providers are able to use MDT to 
treat wound infections. 

   
 

With a shortage of trained physicians 
with surgical skills, MDT allows 
nurses to debride wounds safely and 
effectively. 

There appears to be a skills shortage in 
Kenyan healthcare particularly in the 
public system with physicians being little 
interested in public healthcare and 
focusing instead on career progression 
and private practice. Nurse to patient 
ratio appears to be inadequate with many 
unqualified nurse helpers assisting in 
care. Limited access to and training in 
advanced wound care and dressings. 

   
 

MDT facilitates wound healing and 
reduces the length of hospital stay 
and need for surgical debridement. 

 

   
 

Effective alternative to antibiotics, 
thus reducing the reliance on 
antibiotics against backdrop of 
antibiotic resistance. 

Antibiotic resistance highly prevalent for 
commonly used antibiotics.  

   
 

MDT is used widely for wounds 
requiring debridement and infection 
control.  

 

   
 

24-48 hour order fulfilment time 
makes it a feasible therapy in clinical 
practice across the EAC. 

 

   
 

Healthcare providers freely 
administer a variety of drugs 
including antibiotics alongside MDT. 

There is ready access to common 
antibiotics, however, antibiotic resistant 
infections are also common.  

   
 

Thanks to the availability of MDT it is 
possible to treat many wounds in the 
community and healthcare centres 
increasing the sustainability of rural 
communities. 

To receive specialist and quality 
treatment patients who can afford it will 
travel long distances to major public and 
faith-based hospitals. Care in rural and 
remote healthcare settings is poor.  

   
 

Clinicians are engaged in research 
and development to tailor MDT 
services to EAC wound care needs 
e.g. austere environment wound 
care, burns care and traffic accident 
injury care. 

 

   
 

Primary packaging is disposed of but 
outer cool chain packaging is 
returned to producer if at all possible.   

 

   
 

At dressing change used MMs are 
chemically euthanized during the 
process of safe storage prior to 
disposal.   
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Echelons 
Optimal MDT-SC characteristic Actual MDT-SC characteristic 

S P D T 

   
 

Secure bagging of MDT waste 
prevents escape of used and 
potentially infectious maggots. 

 

   
 

Used MDT dressings are a potential 
biological hazard. Incineration 
mitigates against this risk to human 
health. 

Incineration in purpose-built incinerators 
or open pits is a common waste disposal 
practice as at O14, the faith-based 
hospital included in this study.  

   
 

Low toxicity of MDT dressings and 
MMs, and ease of disposal. 

   
 

MDT is integrated with general 
hospital waste management.  
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Appendix 4: Logic model for the greater MDT-SC including the optimised MDT-SC for the EAC. 

 

Table 36: Logic model for the supply echelon in the greater MDT-SC. 

SUPPLY echelon logic model 

Note: S = scenario MDT-SC logic model, K = Kenyan MDT-SC logic model, the Activity and Output columns are preceded by a column each that indicates whether the 
activities or outputs have an enabling or supportive (+), a negative or hindering (-), or neutral (0) impact on MDT-SC performance and outcomes. 
 

 INPUT  ACTIVITY  OUTPUT OUTCOME 

      Cost 

S  Franchise purchasing 
department with supplier 
relationship manager 

 EAC common market 

 Efficient and transparent 
customs 

 Franchise actively manages and 
nurtures relationship with suppliers. 

 Franchise-supplier relationship 
and vertical SC information 
exchange 

Cost control reduces production 
cost which helps to make MDT 
affordable and accessible to all 
patients.  

Franchise negotiates favourable terms 
and purchases in bulk on behalf of 
producers.  

Cheaper supplies 

K  O27 – Faith-based medical 
goods procurement and 
supplies agency 

 International medical goods 
suppliers 

+ O27 negotiates with international 
suppliers for best prices. 

+ Cheaper medical supplies Medical goods sourced by O27 are 
affordable thanks to the 
organisations bargaining power and 
motivation to serve the faith 
community.  

+ The faith-based sector procures only 
affordable medicines and supplies from 
licenced reliable suppliers.  

+ Cheaper medicines 

+ High quality medicines 

      Responsiveness 

S  Franchise supplier relationship 
manager 

 Communications infrastructure 

 Franchise ensures that suppliers are 
aware of downstream events and 
resulting demand fluctuations.  

 Demand visibility Responsive suppliers enable 
producers to respond to changes in 
demand as quick as production 
processes permit. 

As the focal organisation in the SC, the 
franchise coordinates vertical 
integration and SC communications. 
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 INPUT  ACTIVITY  OUTPUT OUTCOME 

K  Public hospitals 

 Faith-based hospitals 

 Hospital/ healthcare facility 
pharmacists 

 O19 – Public hospital medical 
goods supply agency 

 O27 – Faith-based medical 
goods procurement and 
supplies agency 

 healthcare funding/finance 

 Banking system 

- Public hospitals have to pay O19 in 
advance for medical goods supply while 
being chronically underfunded. 

- Frequent stockouts In both the public and faith-based 
system, payment and ordering 
procedures and order fulfilment for 
medical goods from the respective 
main supplier are cumbersome, 
inflexible and slow and therefore not 
very responsive.  

- Faith-based hospitals order supplies 
from O27 and pay with bank cheque. 
Order to delivery time is one week.  

- Cumbersome procurement 

- Lengthy order fulfilment cycle 

- O14 procures non-urgent supplies from 
O27 which takes up to a week for order 
fulfilment. Urgent supplies are 
purchased from O40, a for-profit 
supplier in nearby Kisumu for same-day 
delivery. 

+ Contingency medical supply  The supply of medical goods to 
O14, a faith-based hospital, is 
responsive thanks to flexible 
purchasing arrangements involving 
O27 and local suppliers. 

+ Fast order fulfilment 

- Need for local, potentially more 
expensive, supplier  

Responsiveness comes at a cost, 
i.e. retail-priced medical goods from 
local supplier. 
 
 

      Security 

S  Franchise quality control 
manager 

 Qualified suppliers 

 Skilled workforce 

 Laboratory, dietary and other 
production supplies 

 Franchise selects suppliers on the basis 
of quality and implementation of 
industry standards and best practice.  

 Reliable suppliers Best-practice suppliers ensure 
reliable supply and product integrity 
and safety. 

Franchise audits supplier quality 
management systems. 

High quality supplies 

K  O2 – Government research 
organisation 

 NACOSTI 

 O19 – Public hospital medical 
goods supply agency 

 O27 – Faith-based medical 
goods procurement and 
supplies agency 

 O29 – pharmaceutical supply 

+ O2 imported L. sericata pupae from 

O7/O10.  
+ Domesticated L. sericata founder 

colony of certain origin and 
quality  

The establishment of the fly 
breeding colony from O7/O10 stock 
ensured therapeutic efficacy and 
Kenyan National Commission for 
Science, Technology and Innovation 
approval ensured consideration of 
safety of fly importation.  

+ O2 applied at Kenyan National 
Commission for Science, Technology 
and Innovation for approval to import  L. 
sericata pupae. 

+ Regulatory certainty and 
compliance  

+ Public hospitals purchase their medical 
supplies from O19 and faith-based 

+ Medical supplies quality 
assurance 

Kenyan healthcare providers both 
from public and faith-based 
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company and pharmacy 
cooperative 

 
 

hospitals from O27.  + Access to quality medical 
supplies 

organisations have access to quality 
medicines. 

+ O29 supplies private pharmacies and 
ensures quality pharmaceutical 
services. 

+ Medical supplies quality 
assurance 

+ Access to quality medical 
supplies 

- O27 selects partner healthcare facilities 
and many small ones miss out because 
they don’t meet O27 standards. 

- No access to quality supplies While the selective supply of quality 
healthcare providers leads to safe 
medicines and health services for 
patients, many facilities are forced 
to access unregulated and 
counterfeit and therefore potentially 
harmful medicines.    

- Supply of counterfeit and 
unregulated medicines 

- Small unregulated facilities miss out on 
O29 supply because they 
predominantly cater for larger facilities 
with sophisticated procurement 
systems.  

- No access to quality supplies 

- Supply of counterfeit and 
unregulated medicines 

      Sustainability 

S  Franchise sustainability 
manager 

 Suppliers 

 SC partners 

 Suppliers are selected based on their 
sustainability credentials. 

 Sustainable suppliers and 
supplies 

Supplier sustainability contributes to 
MDT-SC sustainability. 

Franchise works with suppliers and 
other SC partners to improve SC-wide 
sustainability. 

      Resilience 

S  Franchise supplier relationship 
manager 

 Franchise risk manager 

 Suppliers maintain disaster 
preparedness and business continuity 
plans and capability for implementation. 

 Disaster and contingency plans 
 

SC resilience is strengthened 
through investment in supplier 
resilience.   

Franchise coordinates SC-wide risk 
monitoring and management activities. 

Risk profile 

K  O7/O10 – European 0 O7/O10 provided O2 with large quantity 
of bag fabric and O2 has not needed to 

+ Supply security in establishment 
phase 

Secure supply of all necessary 
equipment and consumables 
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development partners  

 Laboratory equipment 

 L. sericata fly stock 

 Laboratory consumables 
o Egg yolk powder 
o Bio-bag mesh fabric 
o Etc.  

 Customs 

 High-ranking connections / 
influencers 

 O6 – Australian health charity 

  

source the material. - Complacency regarding supplier 
access 

conveyed resilience. However, 
complacency regarding supplier 
sourcing makes operation 
vulnerable to supply interruption. + O7/O10 sourced and shipped lab 

equipment, L. sericata fly stock and 
essential consumables. 

+ Ready-to-use laboratory set-up 

+ Supply reliability at establishment 
phase  

- Suppliers for key resources such as 
egg yolk or plastic mesh cloth for bags 
have not been identified so far. 

- Supply uncertainty 

- 
 

Customs delayed clearance of 
equipment shipments over importation 
taxation.  
Director General of O1 and European 
consular official liaised with customs. 

- 8 month delay in production 
laboratory establishment 

Importation of equipment and other 
materials is vulnerable to significant 
customs delays and impositions that 
can pose a real danger to 
operations. High level intervention 
may accelerate processing and 
mitigate against delays.  

+ Somewhat accelerated customs 
clearance and dispute resolution 

- 8 month delay  

- The Australian health charity has to 
smuggle medical goods like dressings 
and medication into the country.  

- Aid limitations 

 Health laboratories  

 Laboratory stock 

 Blood for agar plates 
 

- At times public laboratories in Kenya 
order more stock than necessary to 
safeguard against stockouts.  

- Excessive inventory While ordering of excess supply 
conveys some resilience against 
supply shortage for the particular 
items, on balance, it is likely that it 
makes the organisation more 
vulnerable because of diversion of 
limited resources.  

- Diversion of limited resources 

+ Some buffer against supply 
interruption 

+ Public hospitals and laboratories 
conduct monthly stocktake and order 
accordingly through the county 
pharmacist from government supplier 
O19.  

+ Transparent inventory position The process of regular stocktakes 
and ordering according to need 
ought to afford a good level of 
resilience but excessive ordering 
due to anticipated supply shortages 
raises questions reg. resilience. 

+ Regular replenishment 

+ Effective investment of limited 
resources 
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- Laboratories can experience blood 
supply shortages for agar plate 
preparation and may substitute with 
human blood. 

- Uncertain access to testing 
services 

Bacteriological testing with agar 
plates is available at lower tier 
health facilities but testing is 
vulnerable to blood supply 
interruptions.   

- Breach of testing protocol 

      Innovation 

S  Franchise R&D manager  Franchise works with suppliers to 
innovate and improve products and 
services. 
 

 R&D program Continuous improvement of 
supplies and supply-related 
processes through collaborative 
innovation.  
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Table 37: Logic model for the production echelon in the greater MDT-SC. 

PRODUCTION echelon logic model 

Note: S = scenario MDT-SC logic model, K = Kenyan MDT-SC logic model, the Activity and Output columns are preceded by a column each that indicates whether the 
activities or outputs have an enabling or supportive (+), a negative or hindering (-), or neutral (0) impact on MDT-SC performance and outcomes. 

 

 INPUT  ACTIVITY  OUTPUT OUTCOME 

      Cost 

S  Social franchise producing 
MMs for MDT  

 Social impact investment 
 
 
 
 

 MM products are offered at or near cost 
and any profit is reinvested in research, 
development and wound prevention.   

  Low-cost quality-conscious 
production allows producers and 
franchise to offer affordable MMs for 
affordable MDT. 

Producers seek to minimize production 
costs through lean approaches and 
R&D investment while not 
compromising on quality of MMs. 

K  O2 – Government research 
organisation 

 L. sericata 

 Production inputs 

 Bio-bag maggot application 
bag 

 Patient healthcare 
expenditure 

 Institutional transport 
 

+ Minimum number of flies are 
maintained just to keep colony going 
and save on expenses while approval is 
pending and demand is low.  

+ Conservation of limited resources Unnecessary expenses are avoided 
but these cost savings may not be 
passed on to patient yet because of 
low volume of production and lack 
of income. Fixed costs still far 
outweigh variable costs. 

0 O2 sells standard 4x6 cm bag with 
maggots for US$4 or KSh4000 of which 
KSh 2000 is for delivery.  

- Expensive delivery of MMs MM supply not as affordable as it 
could be. Although production costs 
for MMs and bags at O2 are not 
transparent, it is likely that a 
standard maggot dressing could be 
produced for less than KSh2000. 
Likewise, courier costs for metro 
and even cross-country delivery are 
cheaper than KSh2000. 

- Potentially high price for MMs 
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- O2 has little experience or resources for 
in-house commercialisation of goods 
and services. 

- Poor capacity to commercialise 
MM production 

It is likely that cost of production and 
pricing of MM dressings will be 
impacted by lack of 
commercialisation experience at O1 
and O2.  
 

      Responsiveness 

S  Communications 
infrastructure 

 Franchise SC manager 

 Suppliers for halal, kosher 
and meat-free dietary 
ingredients 

 Franchise monitors supply, production 
and demand and coordinates seamless 
pooling of resources in case of local 
supply interruptions, shortages and MM 
demand surges. 

 SC visibility 
Coordinated supply 

Producer coordination and 
collaboration allows the franchise to 
meet demand spikes at short notice.   

As the focal organisation in the SC, the 
franchise coordinates vertical SC 
integration and communication. 

Vertical coordination 

The franchise and producers fulfil 
orders within 24-48 hours.  

Rapid order fulfilment 

Producers can supply both ‘free-range’ 
and ‘bagged’ MMs, and culturally 
sensitive MMs, on demand.  

Product range 

K  O7/O10 – European 
development partners  

 Breeding facility (e.g. cages 
and lab equipment) 

 L. sericata 

 O2 – Government research 
organisation 

 Hospitals 

 P6 - Infection control 
consultant and wound care 
nurse  

+ O7/O10 designed and supplied 
breeding facility for large volume 
production. 

+ High production capacity  The facility set-up is capable to 
produce sufficient quantities of MMs 
and should therefore be able to 
meet foreseeable production 
fluctuations.  

K - Minimum number of flies are 
maintained just to keep colony going 
and save on expenses while approval is 
pending and demand is low.  

- Low buffer stock for demand 
surges 
Conservation of limited resources 

Due to low demand and low 
production stock, there is currently 
no capacity to quickly respond to 
demand surges and even small 
orders are delayed.  - Diminished capacity for timely 

response to demand 

- Increased risk of colony decline or 
loss  
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0 O2 supplies from time to time MMs to 
two hospitals and to P6 for private 
practice. 

- Low demand 

- Planning for upscaling of production 
and roll-out across country is 
rudimentary at O2.  

- Lack of progress The lack of commercialisation and 
planning for upscaling and roll-out 
leaves O2 unprepared for demand 
surges locally and elsewhere in the 
country. 

      Security 

S  Regulatory certainty 

 Franchise quality control 
manager 

 Production quality control 
managers 

 Approval of MDT for clinical 
use 

 High quality supplies 

 Skilled workforce 

 Producers follow the latest international 
standards ISO 9001 and ISO 15189 
and/or adhere to GMP.  

 High-quality production Regular audits and adherence to 
best practice production ensures the 
quality and safety of MMs and 
reliable order fulfilment.  

Producers implement and franchise 
audits a MM sterility and therapeutic 
efficacy quality control program in line 
with international standards. 

Quality assurance and control 
program 

Franchise coordinates the SC including 
upstream supply to mitigate risks and 
meet demand.   

Coordinated SC 

Anti-counterfeit measures implemented. Authentication of MMs 

K  O2 

 O3 

 Tsetse flies 

 L. sericata 

 MM production laboratory 

 Construction / refurbishment 

 Grant funding 

 Institutional finance 
  

+ O2 maintains Tsetse fly colonies which 
are more difficult to care for than L. 
sericata colonies. 

+ Pre-existing expertise in insect 
mass rearing 

O2 has the expertise to produce 
high quality MMs. 

0 MM production laboratory has been co-
located with O2. 

+ Leverage of medical entomology 
research expertise  

- Exposure to institutional influence 

+ O2 oversaw construction and 
refurbishment of laboratory spaces. 

+ Project co-contribution 

+ Leverage of institutional resources  
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+ O2 and O3 conducted proof-of-concept 
study. 

+ MDT feasibility The proof-of-concept study 
demonstrated capacity to produce 
MMs and successfully treat wounds. 

K  Pharmacy and Poisons Board 

 ISO standards 

 Laboratory Act 

 Kenya Medical Laboratory 
Technicians and 
Technologists Board 

- The regulator found it difficult to classify 
MMs and is likely to develop a custom 
classification and related manufacturing 
regulatory requirements. 

- Approval delays Production and commercialisation is 
held up by regulatory uncertainty 
and pending approval of MDTwhich 
is a significant obstacle.  
 

- Regulatory uncertainty 

- Stalled implementation 

+ O2 submitted application to Pharmacy 
and Poisons Board for approval of 
MDT. 

+ Application 

+ Proof-of-concept 

- Pending approval 

+ O2 maintains quality management 
accreditation under ISO 9000 and 
9001, and is obtaining accreditation for 
ISO 17025 General requirements for 
the competence of testing and 
calibration laboratories. 

+ Quality management framework 
and assurance 

O2 appears to fulfil relevant 
standards for the production of MMs 
and is qualified to implement 
additional standards if need be. + High quality laboratory processes 

and practices 

0 MM producers need to adhere to 
regulation under the Laboratory Act as 
administered by the Kenya Medical 
Laboratory Technicians and 
Technologists Board. 

+ Regulatory certainty 

+ Qualified workforce  

+ High quality laboratory materials, 
methods and processes 

K  Lab technicians 

 Trainers 

 O7/O10 

 O2 laboratory staff 

+ Pathology lab technicians receive 
training in best practice specimen 
management and packaging. 

+ Increased professional capacity  

+ Improved specimen quality, testing 
and diagnosis 

+ O7/O10 trained two Kenyan staff from 
O2 in MM production and treatment 

+ Production knowledge transfer Staff at O2 are qualified to produce 
safe, high-quality MMs although 
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+ Trained staff in turn trained two other 
staff at O2 in MM production. 

+ Production knowledge transfer there are doubts around the 
standard operating procedures they 
have been taught and which are 
followed.  
 
Standard operating procedures do 
not provide for quality testing of 
colony performance and sterility 
testing of MMs.    
 
Moreover, there are doubts 
regarding the consistent quality of 
application bags. 

+ High quality MMs 

+ MDT Production and treatment 
manual 

+ O7/O10 developed a production and 
treatment manual and provided it to O2. 

+ Production and treatment 
knowledge transfer 

+ 
 

O2 customised SOPs based on 
production and treatment manual 
provided by O7/O10.  
O2 modified the production and 
treatment manual to suit its purposes. 

+ Tailored SOPs 

- Potentially less rigorous SOPs 

+ Customised SOPs 

- Potentially less rigorous SOPs 

K  L. sericata 

 Sodium hypochlorite and 
consumables for sterilization 

 Egg yolk powder 

0 Flies are reared in broad agreement 
with standard rearing methods. 

+ Reliable rearing methodology 

+ Relatively predictable quality 

0 Eggs are sterilised with sodium 
hypochlorite. 

+ Germ-free eggs 

  

0 MMs are hatched and reared on egg 
yolk. 

  

 Bio-bag mesh and fabrication 
equipment for plastic welding 
/ heat sealing 

 Lab technicians 

- Sterility testing is not conducted. 
 

- Uncertainty regarding sterility of 
MMs 

- Potentially harmful therapeutic 
good 

- Uncertainty over quality 

- Potentially harmful therapeutic 
device 
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0 Bag fabrication requires training and 
practice. 

+ Device fabrication skills and 
capacity 

- Bags of variable quality  

- Escaping maggots 

- Quality control measurement of pupal 
weight is no longer done. 

- Uncertainty over fly quality, vitality 
and productivity 

- Uncertainty over consistency of 
rearing practices 

- Technicians estimate the right amount 
of eggs to be placed on diet. 
 

- Poor methodology and laboratory 
practice 

- Uncertain and irreproducibility of 
dosage 

+ Technicians select only the healthiest 
most active maggots for bagging and 
treatment. 
 

+ Efficacious MDT 

K  Primary packaging plastic 
containers 

 Ice packs 

 Cool box 
 

0 Maggots are packaged in large plastic 
containers sandwiched with ice packs in 
envelope and cool box.  

- Cool chain packaging option not 
suitable for shipment with courier 
operators. 

+ Cool chain packaging option for 
personal transport of MMs 

K  healthcare centres 

 Immunization program 

 Vaccines 
 

+ healthcare centres administering 
vaccines have to report adverse events 
following immunization. 

+ Information re treatment safety Continuous monitoring of 
immunisation adverse events 
ensures capacity to intervene early 
and safeguard program safety.  

+ Information re vaccine quality 

K  Research laboratories 

 Reference laboratories 

 Referral hospital laboratories 

 Sub-county hospital 
laboratories 

+ Research laboratories provide 
specialised research services. 

+ Health-related knowledge The Kenyan medical laboratory 
system is aligned with the hospital 
system and appears to be well 
structured with a tiered arrangement 
of responsibilities, services and 

+ Reference laboratories engage in 
research and testing for specific 
conditions. 

+ Specialised diagnostic services 
and research 
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 Health centres 

 PEPFAR 

 Private laboratories 

+ County referral hospital laboratories 
provide advanced pathology services. 

+ Advanced diagnostic services capabilities. In principle such a 
system lays the foundation for 
quality diagnostic services.  

+ Sub-county hospital laboratories 
perform basic testing. 

+ Limited diagnostic services 

+ Health centres perform only very basic 
tests.  

+ Basic diagnostic services 

+ Development partners such as 
PEPFAR support public laboratories. 

+ Strengthened laboratory system 
with increased capacity of 
personnel   

- Private laboratories cater for the high-
end market. 

- Expertise and quality services 
inaccessible to majority of patients 

+ Laboratories down to sub-county level 
perform microbiological testing with 
agar plates.  

+ Microbiological testing services as 
employed in MDT production 

      Sustainability 

S  Modern  buildings, equipment 
and facilities 

 Green infrastructure e.g. 
insulated buildings, solar 
technology, rainwater capture, 
waste recycling services, etc. 

 Production quality control 
manager 

 Producers employ production methods 
and work practices that minimise 
energy and water use, and minimise 
waste, without compromising quality. 

 Minimal resource use and waste Sustainable production practices 
contribute to overall MDT-SC 
sustainability.  

Producers establish reverse logistics 
arrangements with regular customers 
for outer cool chain shippers. Producers 
use recyclable materials for primary 
packaging and single use shippers. 

Producers maintain fly stock colonies 
under optimal conditions to ensure 
long-term strain viability, production 
performance and therapeutic benefit. 

Optimal fly rearing conditions 

K  O2 + O2 applied at NACOSTI for approval to 
import  L. sericata pupae 

+ Regulatory certainty and 
compliance  

Approval to introduce L. sericata 
stock to Kenya and approval to 
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 Kenyan National Commission 
for Science, Technology and 
Innovation  

 National Environmental 
Management Authority 

 L. sericata 

+ Approval was sought from Kenya 
National Environmental Management 
Authority to maintain L. sericata fly 
colony. 

+ Regulatory certainty and 
compliance 

keep the fly in the production 
laboratory suggests that the Kenyan 
authorities consider these activities 
sustainable, presumably in relation 
to wildlife conservation and 
agricultural pest control.  
 

      Resilience 

S  Franchise risk manager 

 Franchise production 
manager 

 Franchise coordinates SC-wide risk 
monitoring and management activities. 

 Risk profile Franchise coordinated supply-chain 
wide risk monitoring and 
management leads to a highly 
resilient SC in a risky environment. Franchise maintains contingency and 

business continuity plans for 
production.  

Contingency plans 

The franchise mobilises production 
redundancies to bridge local supply 
interruptions or demand surges.  

Coordinated order fulfilment 

      Innovation 

S  Franchise R&D manager 

 Universities and researchers 

 Research funding 

 Producers invest collaboratively through 
the franchise in innovation and 
continuous product improvement, e.g. 
diet refinements, fly species 
domestication, packaging, etc.   

  Collaborative R&D initiatives within 
the franchise, across the MDT-SC, 
and with external partners ensures 
innovation and continuous 
improvement of services to 
healthcare providers and patients. 

Franchise collaborates with universities 
in R&D. 

Franchise can mobilise and coordinate 
resources for collaborative R&D with 
suppliers and healthcare providers. 

K  Research laboratories 

 O2 

 O7/O10 

 Tsetse flies 

+ Research laboratories provide 
specialised research services. 

+ Health-related knowledge The host organisation for the MM 
production in Kenya is a research 
organisation and should therefore 
be in a good position to pursue + O2 conducts animal and human health 

research. 
+ MDT-ready research expertise and 

institutional infrastructure 



 
MDT supply chain management in compromised healthcare settings  |  Page 315 

 

 INPUT  ACTIVITY  OUTPUT OUTCOME 

 L. sericata 

 MM production laboratory 

 Grant funding 
 

+ O2 maintains Tsetse fly colonies which 
are more difficult to care for than L. 
sericata colonies. 

+ Pre-existing expertise in insect 
mass rearing 

product innovation. Other research 
laboratories exist in Kenya, adding 
to the countries capacity to 
innovate. 

0 MM production laboratory has been co-
located with O2. 

+ Leverage of medical entomology 
research expertise  

+ Overseas grant funding was sought and 
obtained for establishment of maggot 
rearing facility at O2. 

+ Funding to overcome 
establishment barrier 

Capacity to innovate has been 
demonstrated by the establishment 
of the facility thanks to grant 
funding.  
 
Innovation is hampered by lack of 
funding in the absence of income 
from sales or grants. 

- O2 and O7 applied unsuccessfully for 
additional money for identification and 
development of Kenyan fly species. 

- Reduced resilience with access to 
only one species 

- Reduced responsiveness and 
adaptive capacity to local clinical 
and environmental needs  
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Table 38: Logic model for the distribution echelon in the greater MDT-SC. 

DISTRIBUTION echelon logic model 

Note: S = scenario MDT-SC logic model, K = Kenyan MDT-SC logic model, the Activity and Output columns are preceded by a column each that indicates whether the 
activities or outputs have an enabling or supportive (+), a negative or hindering (-), or neutral (0) impact on MDT-SC performance and outcomes. 

 

 INPUT  ACTIVITY  OUTPUT OUTCOME 

      Cost 

S  Franchise logistics manager 

 Logistics service providers 
o Air 
o Land 
o Last mile 

 Franchise sales department 

 Franchise and producers work closely 
with logistics providers to coordinate 
distribution and negotiate terms and 
conditions.  

 Franchise-distributor collaboration Integrated SC management leads to 
cost effective distribution and 
therefore affordable MDT.  

Producer engagement with a variety of 
transport operators ensures selection of 
most cost-effective service and supply 
reliability. 

Distributor redundancy and best fit 

Franchise coordinates marketing and 
sales and assigns customer orders to 
closest production facility, thus reducing 
distance between producer and 
customer and therefore shipment costs. 

Franchise-coordinated sales 
services 

K  healthcare expenses 

 Couriers & transport providers 

 O2 

 Input costs (fuel etc.) 

 Neighbours and friends 

- Patients pay out of pocket for MMs.  - Out-of-pocket medicine Currently, patients pay too much for 
MM distribution costs from O2 to the 
point of care.  

+ Established couriers and informal 
transport providers deliver goods such 
as small parcels cheaper than what O2 
charges for MM delivery.  

+ Cost-effective distribution services 

- Expensive O2 MM delivery  

0 Informal transport providers such as 
matatu taxis deliver parcels cheaply but 
safe delivery is not guaranteed. 

+ Cost savings 

- Insecure delivery 

- Transport costs for operators fluctuate 
with fuel costs and statutory fees. 

- Unreliable and variable logistics 
costs 

Against the backdrop of a 
fluctuating cost environment in the 
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+ Third-party logistics companies provide 
cost-effective logistics services. 

+ Cost savings African transport industry, it is more 
cost-effective for producers to 
engage third party logistics 
providers.   

+ Neighbours and friends run errands 
when in Nairobi to save on courier 
costs.  

+ Cost savings  Consumers are inventive and 
provide unpaid communal 
transport/courier services to each 
other.  

+ Accessible health goods and 
services 

      Responsiveness 

S  Logistics service providers 

 Franchise sales department  

 Franchise sales manager 

 Producers engage a variety of logistics 
providers for MM distribution depending 
on circumstances.  

 Distributor redundancy and best fit Integrated SC management that 
exploits distributor and production 
redundancies ensures that demand 
is met.   

Franchise coordinates sales and 
distribution and can engage / pool 
distribution resources where they are 
needed. 

Franchise-coordinated sales 
services 

Access to a diverse network of 
transport operators from courier 
companies to self-employed motorbike 
taxis conveys high adaptability. 

Diverse and flexible transport 
system 

K  Communication technology 
o Mobile phone 
o Internet 
o WhatsApp 
o M-Pesa banking 
o Email 

 P6 

 Online shopping sevices 
 

+ Orders for MMs are placed 24 hours 
ahead of treatment via phone, 
WhatsApp or Email.  

+ Flexible ordering system Logistics service providers and 
communication technology are 
available and used by Kenyan 
consumers and healthcare 
providers that support convenient, 
fast and responsive ordering and 
payment of services from anywhere 
in the country.  

+ P6 has transported maggots up to 
80km for private practice. 

+ Extended reach  

+ Payment for MMs can be made via M-
Pesa or in cash. 

+ Flexible and convenient payment 
method 

+ Sourcing of medical supplies from 
chemists is supported by phone 
banking (M-Pesa) and fast courier 
services. 

+ Convenience and speed 
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+ Courier services support online 
shopping for customers across Kenya. 

+ Accessibility of goods and services 

 Patients  

 Pathology services 

 healthcare services 

0 Patients source medical supplies and 
services such as pathology and 
treatment from larger district centres or 
Nairobi. 

+ healthcare services Medical supplies and services are 
not readily available, particularly in 
rural locations. - Cost increase 

- Inadequate local healthcare 

 Churches 

 Church / faith-based vehicle 
fleet 

0 Churches maintain separate medical 
transport networks integrated with 
church transport needs. 

+ Redundancy in medical distribution 
options  

Faith-based healthcare providers 
have functional albeit organically 
informal transport systems that 
achieve adequate service delivery. - Competing priorities 

+ Churches are decentralised at diocese 
level with functional multi-purpose 
supply and service networks.  

0 Autonomous management 

+ Flexibility 

- Competing priorities 

      Security 

S  Communication infrastructure 

 Insulated shippers and cool 
elements 

 Franchise sales department matches 
customer with producer and logistics 
provider for rapid order fulfilment within 
48 hours. 

 Franchise-coordinated sales 
services 

Emphasis on rapid shipment and 
reliable cool chain ensures safe 
delivery of efficacious MMs. 

MMs are shipped with protective cool 
chain packaging and passive cooling 
which maintains required temperature 
range. 

Cool chain 

K  Primary packaging plastic 
containers 

 Ice packs 

 Cool box 

 Phase-change gel packs 

0 Maggots are packaged in large plastic 
containers sandwiched with ice packs in 
envelope and cool box.  

- Cool chain packaging option not 
suitable for shipment with courier 
operators. 

Current transportation of MMs is not 
suitable for courier delivery and 
greater roll-out of services across 
Kenya. 

+ Cool chain packaging option for 
personal transport of MMs. 
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 Medical storage facilities 

 Input costs e.g. energy  

 Courier companies e.g. O12 

 P11 - Vaccine depot manager 

+ P11 manages sub-county vaccine cold 
chain with thawed icepacks to avoid 
freeze damage. 

+ Effective vaccines Vaccine SC managers understand 
the distribution cool chain 
requirements for safe and effective 
immunisation services and seek to 
achieve them with the means 
available to them.  
 

+ Vaccines are distributed in cooler boxes 
that incorporate ice packs. 

+ Re-usable cool chain packaging 
solution 

- Doubts re availability of disposable 
foam shippers 

+ Phase change gel packs are used at 
national level but not at lower levels 
because unfamiliarity of workers with 
gels. 

- Skills-based allocation of cool 
chain equipment rather than 
needs-based 

- Medical storage facilities meet 
acceptable storage standards but most 
are not air conditioned because of 
unreliability and cost of energy. 

- Uncertain quality of medical 
supplies 

There is generally poor capacity to 
provide a cool transport and storage 
environment which has to be 
compensated with insulated 
coolchain packaging and passive 
cooling.  0 Courier companies like O12 seek to 

deliver on time and temperature control 
of consignment is customers’ 
responsibility. 

+ On-time delivery 

- Weaker more vulnerable cool chain 

K  Aid organisations e.g. O16 

 Logistics workforce 

 Lab technicians 

 Training 

 P11 – Vaccine depot manager 
 

- Aid organisations encounter logistics 
skills shortages and restrictive labour 
regulations that favour local workers. 

- Logistics skills and workforce 
shortage 

Skills shortage and therefore safety 
and security of logistics services 
and products is addressed by 
organisations training their logistics 
workers. + Pathology lab technicians receive 

training in best practice specimen 
management and packaging. 

+ Increased professional capacity 

+ Improved specimen quality, testing 
and diagnosis 

- Inefficient operation of production 

0 O16 trains local staff particularly in 
South Sudan, North Sudan, Ethiopia 
and parts of Burundi.  

+ Trained local logistics workers 

+ Vaccine distribution manager P11 trains 
medical students in immunisation SCM 

+ Medical students with SC skills 
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K  Logistics providers incl. third-
party 

 Customs 

 Fleet  

 Transport infrastructure 

 Immunization program / 
vaccine 

 O16 – Aid organisation 

 United Nations 
 
 

- Logistics service interruptions can occur 
due to poor infrastructure (incl. fleet), 
weather, conflict or customs barriers.  

- Logistics service interruptions The Kenyan logistics infrastructure 
is still very prone to interruptions 
which endanger the safety and 
quality of goods transported. 

- Resource limited settings like in the 
North and in coastal Kenya, have poor 
road networks. 

- Vulnerable logistics services  

- Supply interruptions  

- Last mile distribution to remote areas is 
vulnerable to fleet break-down and 
weather events. 

- Vulnerable logistics services  

0 Vaccine delivery and distribution at sub-
district level requires vehicle access. 

- Vaccine distribution interruption in 
absence of vehicle 

 

+ Informal help by other 
organisations 

 

+ Aid organisations like O16 plan for 
contingencies in case of logistics 
interruptions due to infrastructure or 
customs.   

+ Contingency plans Contingency planning is required to 
mitigate against the threat of 
interruptions. 

+ UN flies aid supplies into dangerous 
areas where commercial providers don’t 
go for cost and security reasons. 

+ Contingency logistics service Security-related threats exist and 
require tailored logistics solutions.  

+ O12 uses third-party providers for 
transport to depots across dangerous 
areas. Last mile distribution is 
conducted by O12 again. 

+ Courier company personnel 
security 

K  Good distribution practice 
standard 

 Specimen referral guidelines 

 Bureau of Standards 

 Kenya Medical Practitioners 
and Dentists Board 

+ Distributors of medical goods are 
expected to comply with good 
distribution practices.  

+ Good Distribution Practice 
compliance 

There are regulations in place that 
are meant to ensure the safety and 
quality of medical products and 
specimens in transit. Whether this 
translates widely to high quality 
medical goods transport is 
uncertain. 

+ Safe and timely distribution 

+ Specimen referral guidelines regulate 
the transport of pathology specimens. 

+ Improved specimen quality, testing 
and diagnosis 
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 Pharmacy and Poisons Board 

 Cool chain shippers  

 Cooler boxes 

+ Vaccine distribution is regulated by the 
Bureau of Standards, the Kenya 
Medical Practitioners and Dentists 
Board, and the Pharmacy and Poisons 
Board. 

+ Quality control  

+ Regulatory compliance 

- Potential overregulation 

+ Specimens are transported with 
improvised or proper cool chain 
shippers.  
 
 

+ Preserved specimen quality 

      Sustainability 

S  Re-usable insulated shippers  Couriers facilitate reverse logistics 
service, returning re-usable cool chain 
packaging to the producers at 
favourable cost. 

 Reverse logistics service Packaging and distribution systems 
are in place that maximise the 
sustainability of perishable MM 
shipment.  

K  Re-usable insulated shippers / 
packaging 

+ O12 offers reverse logistics services for 
pickup of packaging immediately, on 
same day, or upon customer request.   

+ Tailored reverse logistics Kenyan couriers have the capacity 
to, and do offer, reverse logistics 
services. + Cost savings 

+ Waste avoidance 

 + Pathology specimen cooler boxes are 
returned to healthcare providers ahead 
or with pathology results. 

+ Reverse logistics 

+ Cost saving 

+ Waste avoidance 

      Resilience 

S  Logistics service providers  The franchise engages a variety of 
logistics providers, especially at last 
mile, which conveys resilience through 
redundancy. 

 Transport provider redundancy and 
flexibility 

Risk management systems, resilient 
transport providers and redundancy 
in available transport options leads 
to reliable distribution of MMs.  
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Courier service providers maintain and 
implement contingency and business 
continuity plans to overcome transport 
interruptions.   

Contingency and continuity 
planning 

K  Vaccine SC managers 

 O12 

 Police 

 Community 

 healthcare stakeholders 

 O38 – Immunization program 
 
 

+ Vaccine SC managers assess hard-to-
reach areas and decide on service to 
be provided. 

+ Needs assessment The immunization SC in Kenya is 
well organised and appears to have 
systems in place that increase its 
resilience to interruption and 
support recovery from interruptions 
and other threats to service delivery.    

+ Tailored SC service 

+ O12 courier implements a track and 
trace system to improve efficiency and 
increase customer confidence. 

+ Track and trace system 

+ Confident customers 

+ O12 established and implemented a 
Business Continuity Plan. 

+ Business Continuity Plan 

+ Reliable logistics services 

+ Vaccine SC interruptions are managed 
with help of local police, community, 
and other healthcare stakeholders.   

+ Local solutions for local problems 

+ O38 tasked with the immunisation 
program works closely with O19 the 
government medical supplier. 

+ Staff training 

+ Shared service delivery 

K  O12 

 O19 – public medical supplies 
agency 

 P6 

 Couriers and transport 
operators 

 Immunization program / 
vaccines 

 Faith-based organisations 

 Blood supply service 

 Blood 

 Online shopping services 

 Food and horticultural industry 

+ O12 runs customer satisfaction 
surveys. 
 

+ Customer satisfaction data The Kenyan transport sector is 
diverse and ranges from horse and 
cart to sophisticated land, sea and 
air transport services.  
 
A number of SCs provide highly 
reliable, safe and speedy transport 
of perishable goods including 
vaccines, blood, narcotics and 
agricultural produce.   

+ Quality control data 

+ P6 has transported maggots up to 
80km for private practice. 

+ Extended reach  

- Isolated one-off effort 

+ SCs in Kenya use a mix of own and 
third-party logistics service providers. 

+ Flexible SCs 

+ Large courier companies such as O12 
provide a full complement of logistics 
services including over-night and same-
day courier services and warehousing. 

+ Modern high performance logistics 
services 
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 Perishable produce 

 Miraa 

 Diverse transport fleet 
o Cars 
o Trucks 
o Buses 
o Motorbikes 
o Boats 
o Animal carts  

 
 

- The vaccine SC involves a system of 
national, regional and sub-regional 
depots and distribution.  

- MM incompatible SC 

- Vulnerable SC 

+ Faith-based facilities provide vaccine 
distribution services because of their 
reliability and ability to maintain 
equipment and safe storage of 
vaccines.  

+ Confidence in institutional 
competence and quality of services 

+ Safe and potent vaccines 

+ The blood supply service in Kenya 
appears to be organised and to ensure 
safe transport of blood.  

+ Functional blood SC 

+ Safe blood products 

+ Couriers support online shopping 
across Kenya. 

+ Country-wide courier network 

+ Online commerce infrastructure 

+ Food and horticultural industry ships 
perishable supplies across the country. 

+ Perishable product SCs 

+ The Miraa narcotics SC is highly 
organised and effective achieving 
distribution across East Africa and even 
overseas within 24-48 hours. 

+ Fast perishable product SC 

+ Potential case study 

+ O19, the medical supplier for all public 
health facilities, delivers to facility 
doorstop. 

+ Seamless SC 

+ Affordable medical supplies 

+ O27 is the medical supplier for faith-
based medical facilities delivering to 
doorstop. 

+ Seamless SC 

+ Affordable medical supplies 

+ Commercial couriers delivery to 
customer premises unless otherwise 
specified.  

+ Convenience 

+ Customised services  
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+ O12 can deliver consignments from O2 
to a healthcare facility in Siaya County 
within 24 hours. 

+ Fast delivery 

+ Matatus and coach buses transport 
parcels for the cost of a passenger fare.  

+ Alternative cost-effective 
distribution channel 

- Insecure distribution channel 

+ Last mile delivery in case of poor road 
infrastructure or other logistics 
interruptions is facilitated by a variety of 
means including motorbike, boat and 
even animal carts.   

+ Last mile distribution redundancy 
and flexibility 

+ Organic transport network 

K  Customs 

 Customs duties and tax  
- Free trade and movement across EAC 

borders is still hampered by taxation, 
customs duties, bureaucratic barriers, 
corruption and border policing. 

- Unpredictable customs International distribution i.e. 
importation, exportation or transit of 
goods is vulnerable to customs 
impositions and delays which is 
difficult to manage. 

- Delayed delivery of goods 

- Logistics cost increase 

      Innovation 

S  Franchise R&D Manager  The franchise R&D program seeks to 
improve cool chain packaging and 
shipping solutions and works with 
transport operators and customers to 
identify improvement needs and 
solutions.  

 R&D program Collaborative research with 
producers, transport providers and 
customers leads to new distribution 
solutions for MMs. 

Franchise investigates perishable SCs 
other than MDT for learnings and 
synergies.  

K  Courier companies + Courier companies explore new 
markets and service opportunities 
including in medical SCs. 

+ New logistics services There is indication that courier 
companies seek to explore new 
markets such as medical transport 
e.g. vaccine distribution.   

+ Improved medical SCs 
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Table 39: Logic model for the treatment echelon in the greater MDT-SC. 

TREATMENT echelon logic model 

Note: S = scenario MDT-SC logic model, K = Kenyan MDT-SC logic model, the Activity and Output columns are preceded by a column each that indicates whether the 
activities or outputs have an enabling or supportive (+), a negative or hindering (-), or neutral (0) impact on MDT-SC performance and outcomes. 
 

 INPUT  ACTIVITY  OUTPUT OUTCOME 

      Cost 

S  National Health Insurance 
cover for MDT 

 Trained nurses and doctors 

 Healthcare practitioners in public, 
private and faith-based hospitals 
provide affordable MDT.  

 MDT services across EAC Access to MDT across the 
healthcare system including in rural 
and remote parts of the EAC makes 
efficacious wound care affordable.   

Rural and remote healthcare clinics and 
community nurses provide MDT to 
patients too sick or too poor to travel 
and stay in regional and metro referral 
hospitals. 

Rural and remote MDT 

K  Medicine 

 Healthcare 

 Healthcare expenditure 
o NHIF 
o Cash 

 Faith-based hospitals 

 O14 - Faith-based hospital 
income 

o NHIF 
o Research funding 
o Donations  
o Cash 

 

- Compared to income medicine and 
healthcare is expensive even in public 
or faith-based hospitals. 

- Financial hardship Despite National Hospital Insurance 
Fund, healthcare is expensive for 
poor Kenyans in the public, faith-
based and private system alike. 
Unaffordability of care can drive 
patients to traditional healers. 

- Untreated illness  

+ The NHIF costs KSh500 per month and 
covers a wide range of procedures from 
private and public healthcare providers. 

+ Affordable health insurance 

- Insurance cover or cash payments 
often only cover part of treatment costs 
in faith-based hospital. 

- Basic healthcare only 

+ The faith-based hospital receives most 
of its funding from the NHIF insurance 
scheme plus other sources incl. 
insurance, research, donations, cash.   

+ Diverse income 

0 In private wound care practice (P6), - Financial hardship for patient 
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patients pay the practitioner 
immediately because insurance may 
not pay or pay too late. 

+ Cashflow for practitioner 

K  Public hospital system 

 NHIF 

 Patient cash expenses 

 Traditional healers 

 Pharmacies 

 MDT 

 Physicians 

 Surgical debridement 

- Wound care in public system is covered 
in part by NHIF and/or patient cash 
payments but still not sufficient to 
provide advanced wound care. 

- Inadequate wound care Lengthy wound care is expensive 
especially for poor patients. 
Insurance is insufficient and many 
poor patients seek alternative sub-
standard treatment from healers.  

- Costs for basic wound care dressings 
are high for low-income patients.   

- High healthcare costs 

- Poor patients often seek traditional 
healers. 

- Inadequate healthcare 

- Patients have to purchase medicine out 
of pocket from pharmacies when public 
hospitals are out of stock or have no 
access. 

- Financial hardship for patients and 
families 

As with other medicines not 
available in hospitals, patients have 
to pay out-of-pocket for MDT while 
regulatory approval is pending. - Rent-seeking doctors and 

pharmacies 

- Patients have to pay out-of-pocket for 
MDT treatment because no 
reimbursement yet.  

- Financial hardship 

- Out-of-pocket healthcare 
expenditure 

+ MDT reduces the need for debridement 
and antibiotics and shortens hospital 
stay thereby reducing cost by as much 
as 75%. 

+ Cost savings MDT is cost effective for the 
healthcare system and patient while 
surgeons may continue to favour 
surgical debridement for financial 
gain.   
 
 
 
 
 
 
 
 
 
 

+ Cheaper, faster wound care  

- Doctors may favour surgical 
debridement because it is more 
expensive and therefore more lucrative 
to them than MDT. 

- Rent-seeking doctors  

- Unnecessary healthcare costs 

- Financial hardship 
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      Responsiveness 

S  Education 

 Sensitised nurses and doctors 

 Operating budget to purchase 
MMs 

 Communication infrastructure 

 Training for MDT is integrated in the 
EAC healthcare syllabus at universities 
and nursing colleges so there are 
qualified practitioners across the EAC.   

 MDT qualified practitioners EAC-wide proficiency of healthcare 
providers in the use of MDT and 
easy, fast access to MMs affords 
great responsiveness in MDT-
assisted wound care. 

Franchise offers flexible ordering 
(email, app, phone and fax) and 
payment services (cash, bank cheque, 
M-Pesa etc.) for rapid and easy 
ordering and payment. 

Flexible MM procurement system 

K  Physicians / doctors 

 Patients 

 Public healthcare system 

 Faith-based healthcare 
system 

 Referral hospitals 

 MMs 

- 3000 Kenyan doctors provide 
healthcare for 45million people. 

- Physician shortage There is a dramatic shortage of 
doctors and nurses in Kenya and 
the quality of care is therefore very 
poor especially in the public system.  
 
 

- In the public system, there are too few 
and poorly trained nurses and nurse 
helpers looking after too many patients. 

- Poor care 

- Overworked nurses 

+ In the faith-based hospital with 40 beds, 
three nurses are on duty at any one 
time.  

+ One nurse per 13 patients and 
about one nurse per five patients 
with wounds. 

- Doctors at the faith-based hospital are 
not always available at dressing change 
to inspect wound and give feedback. 

- Nurse and patient uncertainty re 
efficacy of treatment 

+ At faith-based hospital when treatment 
options are exhausted, patients are 
referred to higher-level hospital. 

+ Needs-based care 

- MMs are provided to O3 and P6 in the 
Nairobi metropolitan area and 
distribution beyond has not yet been 
implemented. 

- Geographically and institutionally 
restricted access to MDT 

With approval pending, production 
at a minimum, and untrained and 
unsensitised medical workforce, 
MDT services could not respond to 
potential demand. 
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      Security 

S  Adverse outcomes register  Healthcare providers only source MMs 
and related dressings from the 
franchise and its producers. 

  Anti-counterfeiting measures for 
MMs and MDT quality monitoring 
ensure the safety and quality of 
MDT services.  

The franchise maintains an adverse 
treatment outcomes register and 
healthcare providers report adverse 
outcomes. 

K  MMs 

 Patients with wounds 

 O2 

 O7/O10 

 Wound care practitioners 
 

+ MDT treatment in proof-of-concept 
study resulted in drastic improvement of 
wounds under trying conditions. 

+ Improved wound care Efficacy and feasibility of MDT has 
been demonstrated. 

+ Wound healing / patient wellbeing 

+ O7/O10 developed a production and 
treatment manual and provided it to O2. 

+ Production and treatment 
knowledge transfer 

Treatment in Kenya follows the 
guidelines provided by O7/O10.  

+ Kenyan hospital clinicians follow 
treatment manual provided by O7/O10. 

+ Treatment knowledge transfer 

+ O7/O10 trained two Kenyan staff from 
O2 in MM production and treatment. 

+ Production knowledge transfer 

0 healthcare providers adopted 
guidelines provided by O7/O10. 

+ Standardised treatment 

+ Training 

K  Nurses 

 Doctors / physicians 

 Dry,  wet, and paraffin gauze 

 Dermazine crème  

 Improvised wound dressings 

 O6 - Australian health charity 

- Public hospital nurses are poorly 
trained in wound care and poverty is a 
barrier to proper wound care. 

- Low nursing capacity  Doctors and nurses are poorly 
trained in wound care and have no 
access to advanced wound care 
dressings.  
 
 

Poor wound care 

- Standard wound care in Kenya uses dry 
or wet gauze, and Vaseline gauze, 
without access to advanced wound 
dressings due to cost. 

- Prolonged illness 

- Increased suffering 

- Wound care by patients in the rural 
community is very basic with little 
hygiene and a cloth rags wrapped 
around the wound.   

- Poor wound care 

- Increased morbidity 
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+ The charity treated wounds by 
cleansing them, administration of 
topical antibacterial wound crème and 
oral antibiotics.  

+ Effective basic wound care 

0 The majority of wound care is given by 
nurses with physicians debriding the 
wound and making dressing 
recommendations and inspecting 
clinical progress from time to time. 

0 Wounds are cared for by nurses 

- Burns are treated with Dermazin crème 
and paraffin gauze and daily cleaning. 

- Low-tech basic burns care 

- Patient pain and discomfort 

0 Time spent on dressing change varies 
depending on wound between ten and 
forty minutes.  

- Potentially time-consuming care 

      Sustainability 

S  Reverse logistics 

 Reusable shippers 
 Healthcare providers recycle primary 

packaging and return external 
packaging to producers via reverse 
logistics.  

 Waste recycling and reverse 
logistics 

Recycling and reverse logistics 
support reduce the environmental 
footprint of MDT significantly.   

K  - Infections are treated with antibiotics 
but microbial resistance is common.  

- Ineffective infection control Unsustainable infection control 
against a backdrop of poor hygiene.  

      Resilience 

S  Communication infrastructure 

 Telephone banking 
 The franchise works with healthcare 

education and training providers to 
develop MDT education resources and 
programs.   

 healthcare education and training 
programs 

Awareness-, training-, quality 
control- and ordering systems are in 
place that maximise uptake, use 
and quality of MDT across the EAC.  

The franchise works in partnership with 
Ministries of Health to provide 
sensitisation and awareness raising 
programs across EAC healthcare 
facilities. 

Awareness and sensitisation 
programs 
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The franchise maintains an adverse 
treatment outcomes register and 
healthcare providers report adverse 
outcomes. 

Adverse treatment outcomes 
register 

Franchise offers flexible ordering 
(email, app, phone and fax) and 
payment services (cash, bank cheque, 
M-Pesa etc.) for rapid and easy 
ordering and payment. 

Flexible procurement system 

K  Healthcare facilities 

 Healthcare workers  

 Immunization program 

 Vaccines 

 Vaccine depots 
 

+ healthcare centres administering 
vaccines have to report adverse events 
following immunization. 

+ Information re treatment safety In the immunization program 
systems are in place that ensure 
safe and effective immunization.  

+ Immunization sub-county depots 
monitor their own and healthcare facility 
performance e.g. wastage of vaccines. 

+ Information re program quality 

K  Elite / private hospitals 

 Public hospitals 

 healthcare centres 

 Faith-based hospitals 

 Hospital income / funding  

- Elite hospitals are comparable to 
regional western hospitals but treat only 
the very wealthy. 

- Poor access to quality care The public hospital system is 
underfunded and barely able to 
provide basic care.  - Poor healthcare 

- Doctors train in public hospitals but 
seek to enter private practice. 

- Lack of expertise in public 
hospitals 

- Poor care in public hospitals 

- High doctor turnover 

 Public healthcare centres and hospitals 
are grossly under-resourced. 

- Poor hygiene 

- Poor care 

+ Motivated healthcare providers manage 
faith-based hospitals and make the 
most of few resources.  

+ Cost-effective low-resource care Greater investment in patients leads 
to better care in faith-based 
hospitals. + Compassionate care 

K  Officials - Politics and rent-seeking by Kenyan - Limited access to patients The resilience of the healthcare 
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 O6 - Australian health charity 

 Pharma SC 

 healthcare workforce 

 MDT 

 Surgical debridement 

officials on various levels of government 
hinders charity healthcare delivery and 
blocks access to some counties. 

- Ongoing suffering system is undermined by corruption 
and rent-seeking. 

+ The charity (O6) works now closely with 
a local healthcare worker who liaises 
between the charity and local officials. 

+ Improved relationship with 
authorities 

+ More effective operations 

- Allegations were heard of wide-spread 
rent-seeking and corruption in the 
Kenyan pharmaceutical SC and 
healthcare workforce. 

- Increased healthcare costs 

- Doctors may favour surgical 
debridement because it is more 
expensive and therefore more lucrative 
to them than MDT. 

- Rent-seeking doctors  

- Unnecessary healthcare costs 

- Financial hardship 

K  Patients 

 healthcare professionals 

 O2 

 O3 

 MDT 

 MMs 

 Hospital 

 Public relations 

- Potential negative attitudes of patients, 
healthcare professionals and officials is 
seen as a significant potential barrier to 
MDT in Kenya. 

- Potential resistance to MDT Adequate sensitisation is imperative 
for the success of MDT in Kenya.  
 
Kenyans appear to be open to the 
benefits of MDT and welcoming of 
the therapy. + Establishment of MDT program at O2 

and O3 generated lots of publicity.  
+ Awareness 

+ Sensitisation 

+ Treatment results and sensitisation 
efforts led to a positive and welcoming 
attitude toward MDT in patients.  

+ Acceptance of MDT 

0 O2 and O3 have sensitized and 
educated only staff at facilities and 
wards where MDT has been performed.  

+ Informed staff and patients 

- Limited reach 
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+ The Health Promotion Department 
communicates health-related issues 
across social, cultural and ethnic 
divides.  

+ Informed public irrespective of 
ethnicity  

+ Establishment of MDT program at O2 
and O3 generated lots of publicity.  

+ Awareness 

+ Sensitisation 

K  Communications technology 
o WhatsApp 
o Email 
o Mobile phone 

 Payment options 
o Online banking – M-

Pesa 

 Courier services 

+ Orders for MMs are placed 24 hours 
ahead of treatment via phone, 
WhatsApp or Email.  

+ Flexible ordering system Logistics service providers and 
communication technology are 
available and used by Kenyan 
consumers and healthcare 
providers that support convenient, 
fast and responsive ordering and 
payment of services from anywhere 
in the country.  

+ Payment for MMs can be made via M-
Pesa or in cash. 

+ Flexible and convenient payment 
method 

+ Sourcing of medical supplies from 
chemists is supported by phone 
banking (M-Pesa) and fast courier 
services. 

+ Convenience and speed 

      Innovation 

S  R&D manager 

 Research budget 

 Grant funding 

 Healthcare providers participate in 
research and development to tailor 
MDT services to EAC wound care 
needs e.g. austere environment wound 
care, burns care and traffic accident 
injury care. 

 R&D program Collaborative R&D involving 
healthcare providers leads 
continuously to improvements in 
MDT efficacy, clinical practice and 
acceptance. 

K  O2 

 Hospitals incl. O3  

 MDT 

 MMs 

+ O2 partnered with one hospital (O3) to 
conduct a proof-of-concept study for 
MDT. 

+ Clinical evidence on feasibility, 
efficacy and acceptance of MDT in 
Kenyan setting 

Beyond establishing the MDT 
program at O2 and proof-of-concept 
study there has been no R&D in the 
treatment space. 

- Three hospitals have ever used MDT in 
Kenya. 

+ Some Kenyan healthcare providers 
gain MDT expertise 

+ Proof-of-concept 

- Lack of exposure 
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Table 40: Logic model for the disposal echelon in the greater MDT-SC. 

DISPOSAL echelon logic model 

S = scenario MDT-SC logic model, K = Kenyan MDT-SC logic model, the Activity and Output columns are preceded by a column each that indicates whether the 
activities or outputs have an enabling or supportive (+), a negative or hindering (-), or neutral (0) impact on MDT-SC performance and outcomes. 
 

 INPUT  ACTIVITY  OUTPUT OUTCOME 

      Cost 

S  Incinerator 

 Recycling services 
 healthcare providers recycle primary 

packaging and return shippers to 
producers via reverse logistics.   

 Waste recycling and reduction 
 

Integration of MDT in the hospital 
waste stream ensures cost-effective 
disposal of used dressings and 
MMs. 

Used MDT dressings and maggots are 
clinical waste and is disposed of 
accordingly along with other waste at 
no extra cost. 

Safe waste disposal 

      Security 

S  Clinical waste services  Healthcare providers securely collect 
free-range maggots and soiled 
dressings at dressing change and bag 
them escape proof. Ideally maggots are 
euthanized in the process ahead of 
disposal. 

 Safe and humane MM dressing 
disposal 

Trained healthcare workers and 
adherence to clinical waste 
standard operating procedures 
ensure safe disposal of MDT waste. 

Healthcare providers dispose of used 
dressings in the infectious clinical waste 
stream. 

K  O14 

 Waste separation facilities 
+ At O14 waste is separated into non-

infectious, infectious and highly-
infectious categories and disposed of 
accordingly.  

+ Infection control Hospital waste including MMs is 
separated and disposal is 
adequately safe for given low-
resource setting. 

 Plastic bags 

 Clinical waste disposal 
system 

0 MMs are sealed in plastic bag or plastic 
glove and disposed of in the clinical 
waste. 

+ Infection control  

- Potentially inhumane disposal of 
animals 
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 Sanitation workers 

 Incinerator 

 Open fire pit 

0 Sanitation workers collect and burn 
waste in incinerator or open pit. 

+ Infection control 

      Sustainability 

S  Re-usable shippers 

 Euthanasia protocol 
 Healthcare providers recycle primary 

packaging and return shippers to 
producers via reverse logistics.   

 Waste recycling and reverse 
logistics  

Sustainability of MDT at treatment is 
maximised due to waste reduction 
and reduction in antibiotics use. 

Franchise seeks to minimise 
environmental footprint through ongoing 
efforts to improve packaging 
sustainability.   

Used MMs are chemically euthanized 
during the process of safe storage prior 
to disposal.   

MM euthanasia 

MDT leads to the reduction in 
antibiotics used because of the 
infection control properties of MDT. 

Use of less antibiotics 

K  Sanitation workers 

 Incinerators 

 Open fire pit  

0 Sanitation workers collect and burn 
waste in incinerator or open pit. 

- Acceptable disposal in the 
resource poor environment but not 
sustainable. 

 

      Innovation 

S  R&D manager 

 Research budget 

 Grant funding 

 Healthcare providers and the franchise 
participate in research and 
development on waste disposal and 
removal / euthanasia / disposal of MMs. 

 R&D program Ongoing research and development 
leads to innovations that facilitate 
safe, sustainable and humane 
disposal of MMs and dressings. 
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