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Abstract 

Background 

The recommendation of the World Health Organization (WHO) for the management of children aged < 5 years 

with chest indrawing pneumonia with oral amoxicillin dispersible tablets (DT) at the outpatient health facilities 

is imperative especially in high pneumonia mortality and low-resource setting like Nigeria. However, this 

recommendation has not been widely adopted in Nigeria due to poor access to healthcare and sub-optimal 

outpatient management and follow-up system to ensure patients’ safety and management effectiveness. This 

study aimed to evaluate the cost effectiveness and the cost benefit of the WHO recommendation relative to usual 

practices in Nigeria. The outcome of this study will provide supporting evidence to healthcare providers and 

inform their decisions in the management. 

Methods 

A cost-effectiveness and cost-benefit analyses of this study used a Markov cohort model from the healthcare 

provider perspective for a time horizon of five years. Three approaches were compared: a conventional 

approach (base-comparator); the amoxicillin DT (WHO) approach; and a parenteral approach. Bottom-up 

costing method was used. Health outcome was expressed as disability-adjusted life years averted and converted 

to monetary terms (benefit).  

Results 

The incremental cost-effectiveness ratio (ICER) and the benefit-cost ratio (BCR) of the amoxicillin DT 

approach dominate the conventional approach. The parenteral approach was more effective and more beneficial 

than the amoxicillin DT approach but the ICER and BCR were $75,655/DALY averted and 0.035 respectively.  

Conclusions 

The use of amoxicillin DT proves to be the optimal choice with high benefit and low cost. The opportunity cost 

of not adopting an approach more effective than amoxicillin DT will be offset by the cost saved. Its use in chest 

indrawing pneumonia management needs to be scaled up.  

 

 



3 
 

Key points for decision makers 

• Promoting the use of amoxicillin dispersible tablets in chest indrawing pneumonia management at the 

healthcare facilities will save healthcare cost and improve health outcome. 

• Antibiotic stewardship should be promoted to mitigate the growing antibiotic resistance in the country. 

• The outpatient healthcare system needs to be revamped for effective adoption of the recommendation. 
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1. Introduction 

Pneumonia is the second most common disease with high burden for children after neonatal disorders [1] and is 

the largest infectious cause of death worldwide for children aged < 5 years [2]. Pneumonia was responsible for 

over 800,000 deaths in 2017 with the greatest death proportion in low- and middle-income countries [2]. Nigeria 

alone accounts for an incidence of over 8 million cases of pneumonia for in under-5-year-olds [3] and about 

162,000 pneumonia deaths, which positions Nigeria as the country with the highest mortality rate globally [4,5]. 

Major reasons for high pneumonia burden and mortality include low health care-seeking, poverty and poor 

access to healthcare [6,7] .  

In response to this health problem the World Health Organization (WHO) issued a treatment guideline for the 

management of pneumonia for under-5-year-olds [8]. This guideline was aimed to increase access to healthcare, 

improve health outcome and ensure affordability of treatments. The previous WHO pneumonia classification 

labelled chest indrawing pneumonia as severe pneumonia and recommended first dose antibiotic followed by 

referral to a health facility for injectable antibiotic and supportive therapy [8]. Based on new evidence [9], the 

WHO recently revised and classified chest indrawing as moderate pneumonia and recommend the use of oral 

amoxicillin dispersible tablets (DT) as the first-line agent in its management at the outpatient health facilities in 

children under five years in settings with low human immunodeficiency viruses (HIV) prevalence or in patients 

without general danger signs who are HIV-negative [8]. Although the new evidence found that in some regions 

of the world, community health workers (CHW) can effectively manage chest indrawing, it has not been 

generalized. So, the current recommendation is to manage chest indrawing as outpatient cases. Further details of 

this recommendation were described elsewhere [8].      

This revised WHO recommendation is important especially in high pneumonia mortality and low-resource 

setting like Nigeria. The new treatment guideline for chest indrawing pneumonia had demonstrated that 

outpatient treatments with amoxicillin DT cost less than inpatient or outpatient treatments with injectable 

antibiotics. It is more convenient to dose compared to injectable antibiotics and it is also very effective. It will 

also increase the number of children receiving care and improve treatment outcome [8].    

Despite the WHO evidence-based recommendation, outpatient management of chest indrawing pneumonia with 

amoxicillin DT has not been widely adopted in Nigeria. The plausible reasons include the sub-optimal 

outpatient management and follow-up system to ensure that patients’ safety and effectiveness of management 

are guaranteed, physicians poor awareness of new recommendations [10] and poor access of patients to 
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healthcare due to financial and geographical limitations. For the pneumonia cases that report to health facilities, 

the majority are not severe cases and do not need admission but are being managed partly or fully as inpatients 

on a case-by-case basis [10,11]. These non-severe cases could be either fast breathing or chest indrawing 

pneumonia. The patients could be hospitalized for 2 – 3 days with intravenous medications followed by a 3- to 

7-day course of oral medications as outpatients or be hospitalized for the full treatment course [10]. The more 

conventional practice is the partial hospitalization with intravenous medications for 2 – 3 days followed by 

outpatient oral medications for 3 – 7 days.    

In a cost-conscious environment like Nigeria, the cost of treatment is becoming as important as its effectiveness. 

This study, therefore, evaluated the cost effectiveness and the cost benefit of the WHO recommendation for the 

management of under-five chest indrawing pneumonia relative to usual practices in Nigeria. The outcome of 

this study will provide supporting evidence to healthcare providers and inform their decisions in the 

management of chest indrawing pneumonia, which will in turn save cost and reduce the disease burden in the 

country.   

 

2. Materials and methods 

2.1 Study setting and sample size 

This study was performed using a Markov cohort model. Based on pneumonia health care-seeking of 40% in 

Nigeria [6], the population used in the study was an estimated 13.9 million under-5-year-old Nigerian children, 

from the 2018 population report [12]. This population was used as the starting population in the model and they 

are at risk of having chest indrawing pneumonia. 

2.2 Study perspective 

The study used retrospective data for Nigeria to estimate the costs, effectiveness and benefits of managing chest 

indrawing pneumonia. The costs were estimated from the healthcare provider perspective. Nigeria operates on a 

Universal Health Coverage (UHC) system where residents can choose from a pool of insurance companies to 

pay for their healthcare. All the health maintenance organizations and participating healthcare providers are 

regulated by the National Health Insurance Scheme (NHIS). The poor health insurance coverage of less than 

10%, led to the amendment of the ‘NHIS Act 35 of 1999’ to encourage participation [13]. Currently, most of the 
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patients receiving healthcare pay directly to the healthcare providers which explains why this perspective was 

elected for the analyses [13].    

2.3 Interventions 

The interventions compared in this study were three evidence-based interventions used in practice.  

A. Conventional approach: In this approach patients with chest indrawing pneumonia were hospitalized 

for 2 days and received a 2-day course of intravenous (IV) ampicillin at 50mg/kg every 6 hours 

followed by an outpatient 3-day course of amoxicillin oral suspension at 90mg/kg/day in three divided 

doses. This was used as the base-case comparator. 

B. Amoxicillin DT (WHO) approach: In this approach, the WHO treatment guideline for chest indrawing 

pneumonia was used where amoxicillin DT 90mg/kg/day in two divided doses for 5 days was given to 

the patients at outpatient health facilities [9,14]. The patients were reviewed on day 2 and day 6. 

C. Parenteral approach: In this approach, the patients were hospitalized and received IV ampicillin 

50mg/kg every 6 hours for 5 days.  

These interventions were considered for assessment because the effectiveness and relative risk data from clinical 

trials in developing countries are available where the effect of a 5-day course of oral amoxicillin was compared 

to the other approaches for chest indrawing pneumonia [15,16].  

2.4 Choice of model and assumptions 

A Markov cohort model with a yearly cycle for 5 years was used in the analyses. The states in the model were: 

‘well’ state, moderate (clinical) pneumonia, severe pneumonia and death [3,17]. The starting age in the model 

was under-one. Children were modelled to start from the ‘well’ state. They can move to any of the health states 

or die as shown in Figure 1. The transition probabilities of moving to the different health states were estimated 

from a recent national estimate from a global systematic review and a population-based prospective study 

[3,9,18]. The yearly incidence rates were converted to yearly probabilities using the formula, P = 1 - 𝑒𝑒(−𝑟𝑟𝑟𝑟) 

where P = probability, r = rate and t = time (year). The mortality rate from pneumonia and all-cause of disease 

were obtained from the 2017 global burden of disease (GBD) study [1].  
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Fig 1 Model figure 

 

 

 

 

 

 

 

Fig 1 Model figure 

 

2.5 Time horizon and discount rate 

The model simulated costs and outcome for 5 years for a population of 13.9 million children at risk of having 

chest indrawing pneumonia. The costs and outcome were discounted at a rate of 5% [19].  

 

2.6 The measure of effectiveness (as relative risk ratio) 

The relative risk of treatment failure with the amoxicillin DT approach compared to the conventional approach 

and to the parenteral approach were obtained from clinical trials conducted in developing countries [15,16]. One 

of the trials compared the effectiveness of a 5-day course of oral amoxicillin to a 5-day course of IV ampicillin 

whilst the other trial compared a 5-day course of oral amoxicillin to a 2-day course of IV ampicillin followed by 

a 3-day course of oral amoxicillin. Details of the parameters in the model are shown in Table 1. 
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Table 1: Parameters input and distribution in the Markov model 
 
Variable Mean 

 
Distribution (95% CI) Source 

Transition probabilities    
Well to moderate pneumonia 0.2607 Beta (0.1479 – 0.4161) [3,9]   
Moderate pneumonia to severe pneumonia 0.0469 Beta (0.0178 – 0.1068) [3,9]   
Recurrent moderate pneumonia 0.0235 Beta (0.0133 – 0.0375) [3,9,18]   
Recurrent severe pneumonia 0.0027 Beta (0.0010 – 0.0061) [3,9,18]   
Moderate pneumonia to well 0.9026 Beta (0.8106 – 0.9456) [3,9,18]   
Severe pneumonia to moderate pneumonia 0.9703 Beta (0.9598 – 0.9752) [3,9,18]   
Remaining well 0.7167 Beta (0.6878 – 0.8792)  [3,9,18]   
All-cause mortality 0.0226 Beta (0.0186 – 0.0275) [1]  
Pneumonia to death 0.0270 Beta (0.0219 – 0.0314) [1]  
Relative risk to conventional approach    
Amoxicillin DT (WHO) approach 0.872 Log-normal (0.711 – 1.210) [15]  
Parenteral approach 0.854 Log-normal (0.835 – 0.991) [16]  
Cost of treatment per patient ($)    
Amoxicillin DT (WHO) approach 15.10 Gamma (7.70 – 22.50) [20,21]  

Conventional approach 30.65 Gamma (15.34 – 45.96) [20,21]  

Parenteral approach  71.28 Gamma (36.22 – 106.34) [20,21]  

Disability weights    

Moderate (clinical) pneumonia 0.051 Beta (0.032 – 0.074) [1]  

Severe pneumonia 0.133 Beta (0.088 – 0.190) [1]  

Discount rate    
Cost                                                                          5% N/A (min 0%, max 10%) [19]  
Utility 5% N/A (min 0%, max 10%) [19]  
DT: dispersible tablets; WHO: World Health Organization 

 

2.7 Health outcome 

The effectiveness of the interventions was measured as disability-adjusted life years (DALY) averted. The 

DALY calculation was based on 2017 GBD study and recently updated disability weights for moderate and 

severe pneumonia were used [1]. The DALY lost was calculated as the sum of the years of life lived with 

disability (YLD) from morbidity and the years of life lost (YLL) from mortality. YLD = Number of cases ×  

duration until remission or death ×  disability weight [22,23]. YLL = Number of deaths due to pneumonia ×  life 

expectancy at the age of death [23]. The standard life expectancies of < 1 year (54.7) and 1 to < 5 years (57.9) 

were obtained from the Nigerian life table [1]. The DALY averted was calculated as the difference in the DALY 

lost between two intervention arms. The relative benefit of each intervention was estimated by calculating the 

monetary value of the DALY averted using the Harvard-led guideline for conducting a benefit-cost analysis 
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project [24]. The valuation was based on ‘value of statistical life year’ (VSLY) with one DALY averted valued 

at 1.3 times the gross national income (GNI) per capita of a country in sub-Saharan Africa [24].   

2.8 Determination of costs 

The costs were estimated from the healthcare provider perspective. The cost components for the amoxicillin DT 

approach were amoxicillin DT 250mg (10 tablets) for children ≤ 1 (2 – 12 months) and 20 tablets (for children ≥ 

1≤ 3 years) and 30 tablets (for children ≥ 3≤ 5 years). The hospital pack size of 100 tablets was used in the 

analyses. In addition to amoxicillin DT, the cost in this scenario also includes initial consultancy of the 

physician and reviews on day 2 and day 6. In the conventional approach, cost components include a 2-day cost 

of IV ampicillin, physician consultancy and reviews, nursing fees and bed stay and cost of 100ml amoxicillin 

oral suspension. In the parenteral approach cost components include a 5-day cost of IV ampicillin, physician 

consultancy and reviews, nursing fees and bed stay. The cost of amoxicillin DT, amoxicillin oral suspension and 

IV ampicillin were obtained from the international drug price indicator guide [20]. The cost of physician initial 

consultancy, physician review, nursing review and bed stay were obtained from the Nigerian NHIS price list 

[21]. The costs from the international drug price indicator guide were in the year 2015 international dollars, so 

were converted to 2015 USD using the 2015 price level ratio of Naira to USD (0.4496) and then inflated to 2019 

USD using a web-based tool developed by the Campbell and Cochrane Economics Methods Group (CCEGM) 

and the Evidence for Policy and Practice Information and Coordinating Centre (EPPI-Centre) [25]. The costs 

from the Nigerian NHIS price list were in 2011 Naira, so were converted to 2011 USD at an official exchange 

rate of 153.86 Naira to a USD which was inflated to 2019 USD using the web-based tool [25,26]. The final costs 

were expressed in 2019 USD. Gamma distribution was used to capture the uncertainty inherent in the cost 

parameters. Details of the costs are shown in Table 1 and the supplementary data. 

 

2.9 Data analyses 

The costs data, transition probabilities, relative risk and utilities were made probabilistic using the appropriate 

distributions as shown in Table 1. Half cycle correction using the life table method was employed in the model 

[27]. The DALY lost and the cost of treatment was calculated for each cycle and accumulated over the time 

horizon of five years and averaged to obtain the probabilistic DALY lost per child and the cost of treatment per 

child respectively in the cohort in each intervention arm. The probabilistic DALY lost per child and the cost of 
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treatment per child in each intervention arm were used in the probabilistic sensitivity analysis (PSA). The PSA 

was used to assess simultaneous uncertainty in the variables. This approach expresses overall parameters 

uncertainty [28]. To assess how simultaneous change of several variables affects the costs and outcomes, a 

Monte-Carlo simulation (a type of multivariate sensitivity analysis) was performed using 1000 iterations [28]. 

Univariate sensitivity analysis was also performed to assess the extent to which each key variable can affect the 

results.  

Summary of the cost-effectiveness analysis result was expressed as an incremental cost-effectiveness ratio 

(ICER) while the cost-benefit analysis result was expressed as a benefit-cost ratio (BCR). The ICER threshold 

used was ‘3 times the Gross Domestic Product (GDP) per capita’ of Nigeria in 2019 [29,30], whilst the 

threshold for the BCR was 1. Data were analysed using Microsoft Excel 365.  

 

3. Results 

From the analyses, the mean cost per child in the cohort in the conventional, the amoxicillin DT and the 

parenteral intervention arms were $5.85 (SD: $2.03), $2.88 (SD: $0.99) and $13.48 (SD: $4.40) respectively, 

whilst the DALY lost per child in the cohort in the conventional, amoxicillin DT and the parenteral intervention 

arms were 0.146947 (SD: 0.040176), 0.146049 (SD: 0.039969), and 0.145834 (SD: 0.039878) respectively.  

The incremental cost of the amoxicillin DT approach relative to the conventional approach was ‘cost-saving’ 

with a positive DALY averted (incremental effectiveness).  This presents amoxicillin DT ICER in the south-east 

quadrant of the cost-effectiveness plane, indicating that amoxicillin DT dominates the conventional approach. 

The incremental cost and effectiveness of the parenteral approach relative to the conventional approach showed 

that the ICER was $6,858.67/DALY averted which is higher than the cost-effectiveness threshold of ‘3 times the 

GDP per capita’ ($6,690/DALY averted). This indicates that switching from the conventional to parenteral 

approach will not be a worthwhile decision. The incremental cost and effectiveness of the parenteral approach 

relative to the amoxicillin DT approach showed that the ICER was $75,654.93/DALY averted which is 11 times 

higher than the ICER threshold. Details of the ICER results are shown in Table 2, Figure 2 and Figure 3 and the 

supplementary data. Figure 4 shows the cost-effectiveness acceptability curve.  

Estimates of the monetary value of the DALY averted (benefit), showed that the benefit per child in the cohort 

of the amoxicillin DT approach relative to the conventional approach was $2.58. The benefit of the parenteral 



11 
 

approach relative to the conventional approach was $2.94 per child, whilst the benefit of the parenteral approach 

relative to the amoxicillin DT approach was $0.37 per child. With the incremental cost for each switch, the BCR 

result showed that the amoxicillin DT approach dominates the conventional approach. The BCR of the 

parenteral approach relative to the conventional approach was 0.385, whilst the BCR of the parenteral approach 

relative to the amoxicillin DT approach was 0.035. Based on the BCR threshold of 1, switch from conventional 

to parenteral or adopting parenteral over the amoxicillin DT approach would not be worthwhile. Details of the 

BCR analysis are shown in Table 2 and the supplementary data. 

The results show that amoxicillin DT is the most optimal choice with strong dominance. Although the parenteral 

approach was more effective than amoxicillin DT, it was much more expensive. The opportunity cost (benefit of 

$0.37 per child) for adopting the amoxicillin DT approach instead of the parenteral approach will be offset by 

the cost saved ($10.74), which is the incremental cost averted. 

The univariate sensitivity analysis showed that the variation of each key parameter did not affect the results. It 

showed that amoxicillin DT approach dominates the conventional approach. However, at high relative risk 

values of amoxicillin DT to the conventional approach, the ICER of the amoxicillin DT approach relative to the 

conventional will increase up to $1698.57/DALY averted but this value still presents amoxicillin DT approach 

as the optimal choice. The result of the univariate sensitivity analysis for the optimal choice was not presented in 

a Tornado diagram since the base ICER was dominant and over 95% of the key parameters univariates showed 

dominance of the amoxicillin DT approach. 93.2% of the multivariate simulations for the optimal choice were 

below the cost-effectiveness threshold. The results are deemed robust as the multivariate and the univariate 

sensitivity analyses performed showed that the results were insensitive to the parameters. Details of the 

univariate sensitivity analysis are shown in the supplementary data. 

Table 2: Incremental costs, effectiveness and benefits of the interventions from the probabilistic sensitivity 
analysis 

 Conventional to 
amoxicillin DT 

Conventional to 
parenteral 

Amoxicillin DT to 
parenteral 

Incremental cost ($) [SD] -3.11[1.81] † 7.63[4.00] 10.74[4.55] 

DALY averted  0.0009792 0.0011125 0.0001420 

Incremental cost-effectiveness ratio 
($/DALY averted) 

Dominates § 6,858.67 75,654.93 

Incremental benefit ($)  2.58 2.94 0.37 

Incremental benefit-cost ratio  Dominates § 0.385 0.035 
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2019 gross national income per capita = $2030; 1 DALY averted = $2639 benefit; DALY: disability-adjusted 
life years; DT: dispersible tablets; †: Cost-saving; §: Amoxicillin DT approach dominates the conventional 
approach.  

 

 

Fig 2 Cost-effectiveness plane for the amoxicillin dispersible tablets approach and the parenteral approach 

relative to the conventional approach. 

 

 

Fig 3 Cost-effectiveness plane for the parenteral approach relative to the amoxicillin dispersible tablets 
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Fig 4 Cost-effectiveness acceptability curve of the conventional, amoxicillin DT and the parenteral approaches. 

 

4. Discussion 

Whilst evidence-based recommendation for the management of chest indrawing pneumonia was made by the 

WHO, the uptake remains poor in Nigeria. This study provides cost-effectiveness and cost-benefit estimates and 

implications that will inform healthcare providers decisions in the management of chest indrawing pneumonia in 

Nigeria. 

Amoxicillin DT is not the most effective drug in the management of chest indrawing pneumonia in children but 

studies (including this study) have shown that it is relatively cheaper, more convenient and the relative efficacy 

to more effective drugs in the management is approximately same [8,15,16]. The result of this study showed that 

the amoxicillin DT approach was cost-saving and had a significant benefit compared to the conventional 

approach. Although the parenteral approach was more effective than the amoxicillin DT approach, its cost is > 

26 times higher. Besides, very limited Nigerians can afford to pay the $71 to manage chest indrawing 
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pneumonia by the parenteral approach [7]. This provides further evidence on the need to widely adopt the new 

WHO recommendation.  

In a low-resource and high pneumonia mortality setting like Nigeria, adopting the amoxicillin DT approach 

needs to be scaled-up [2]. Low health care-seeking and poor access to care are two major drawbacks [6,7]. The 

financial instability of many households and the geographical locations of health facilities relative to residents’ 

home have contributed to the poor uptake of this new recommendation [6,7]. Initiatives to improve patients 

health care-seeking and access to healthcare through the CHW are ongoing in Nigeria [31,32]. The limited 

evidence on the safety of managing chest indrawing by CHW [8] has led to the ongoing clinical trials in Nigeria 

to determine the feasibility, effectiveness and safety of CHW in managing chest indrawing pneumonia [31,32]. 

Another major limitation to scaling up treatment for chest indrawing pneumonia is the poor outpatient 

management system in Nigeria which needs major reforming to ensure patients’ safety and effectiveness in the 

management. Unless this system is proactive in implementing the new recommendation on the 40% of 

pneumonia cases that visit health facilities [6] , healthcare will remain sub-optimal in Nigeria as most health 

facilities will continue to use the conventional approach or a parenteral approach due to uncertainty of 

complications or losing a patient to death if managed as an outpatient with amoxicillin DT. The sub-optimal 

outpatient management system has also led to increasing antibiotics resistance including amoxicillin. Effort 

should be made to promote antibiotic stewardship which will ensure right diagnoses, dosing of antibiotics and 

patient counselling on medication adherence and drug abuse. Furthermore, the awareness of the new 

recommendation needs to be promoted as many healthcare professionals are not aware of new management 

recommendations [10]. Also, caregivers of children need to be aware of or educated on major signs of 

pneumonia to ensure early diagnosis, referral and treatment. Whilst the aforementioned challenges need to be 

considered, there is also need to strengthen the national supply chain system to ensure availability of amoxicillin 

DT in all paediatric health facilities, especially in remote regions of the country.  

This study has some limitations. The study only compared two approaches to the amoxicillin DT approach. 

More comparators could have provided higher robustness to the amoxicillin DT approach as being the optimal 

choice. However, two comparators were used because of the availability of comparative effectiveness data on 

chest indrawing pneumonia management [15,16]. Also, the two approaches compared are the most widely used 

in health facilities in Nigeria [10]. Secondly, the model did not capture alternate treatment cost in the case of the 

first-line failure. This limitation, however, did not affect the results since the effect of treatment failure was 
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captured in the DALY lost in each treatment approach. Thirdly, the study failed to capture the treatment 

approach for sickle cell patients [14] or HIV patients with chest indrawing pneumonia [8], but these will not 

have a significant impact on the results as the population of HIV and sickle cell under-5-year-olds is less than 

2% of the cohort size. Fourthly, the actual cost of treatment may vary from the estimate used in this study due to 

variation in geographical and financial characteristics of different regions in Nigeria. The challenge of the 

supply chain in remote areas of Nigeria could make the cost more expensive in these regions. However, for 

generalizability, using a central cost estimate is preferred.  

More importantly, the use of IV amoxicillin in the model instead of IV ampicillin would have been more 

suitable because IV amoxicillin is used more frequently in Nigeria than IV ampicillin [14]. However, the use of 

IV amoxicillin in the model will not be ideal since the relative risk of oral amoxicillin to IV amoxicillin in chest 

indrawing pneumonia was not available. Despite this limitation, a justification for the results can be 

demonstrated. Amoxicillin is highly aqueous-soluble and highly tissue-permeable and belongs to class 1 (up to 

875mg dose) in the biopharmaceutics classification system (BCS) which indicates that the bioavailability of the 

oral dosage is high [33]. Furthermore, studies have shown that the relative bioavailability of oral amoxicillin to 

IV amoxicillin ranges from 76.5% to 97.0% [33,34]. This implies that IV amoxicillin is about 1.031 to 1.307 

times as effective as the oral dosage form. Although their effectiveness was not demonstrated on patients with 

chest indrawing, empirically, the relative risk of oral amoxicillin to the IV for chest indrawing pneumonia 

cannot be above 1.307 based on its BCS characteristics and bioequivalence evidence. Thus, using a crude 

relative risk of oral amoxicillin to IV amoxicillin to be between 1.031 to 1.307 yielded ICER of 

$1,229.28/DALY averted and BCR of 2.36 for the amoxicillin DT approach relative to the conventional 

approach, but yielded ICER of $9,068/DALY averted and BCR of 0.371 for the parenteral approach relative to 

the amoxicillin DT approach.  

Future studies should evaluate if the potential benefits of the WHO recommendation outweigh the cost and risk 

of scale-up in Nigeria. The result of the proposed future studies could further substantiate the findings of this 

study.  

5.  Conclusion 

The parenteral approach in under-5-year-olds with chest indrawing pneumonia was the most beneficial 

management, but the cost outweighs its benefit. Besides, scale-up of this approach is not feasible in Nigeria 

based on the high cost and poor access to healthcare. The use of amoxicillin DT proves to be the optimal choice 
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with high effectiveness and benefit and low cost. The opportunity cost of not adopting an approach more 

effective than amoxicillin DT will be offset by the cost saved. Whilst clinical trials on the feasibility, safety and 

effectiveness of managing chest indrawing pneumonia by CHW are ongoing in Nigeria in a bid to improve 

access to care, the use of amoxicillin DT for chest indrawing pneumonia managment needs to be scaled up at the 

healthcare facilities. Improved diagnostic practises, optimal drug dosing and patient counselling on medication 

adherence and abuse are imperative to minimize amoxicillin resistance and ensure sustainability of the 

recommendation.  
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