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ABSTRACT 

Climate-sensitive infectious diseases such as hand-foot-mouth disease (HFMD) are 

expected to increase with the changing climate, leading to a greater burden on population 

health. The extent to which the changes in climate can or will affect population health 

varies across regions, depending on specific climate characteristics and variability, and 

on the specific socio-economic and health infrastructure of each region. Hence, local 

regional-specific climate change adaptation measures needed to be based on an 

understanding of the health impacts at the regional level. This is particularly relevant 

when dealing with the hand-foot-mouth disease (HFMD).  

HFMD, caused by a group of enteroviruses, mainly EV71 and CVA16, is an emerging 

and increasingly wide spread climate-sensitive infectious disease. It has become endemic 

over recent decades in many countries, especially in the Western Pacific Region including 

China, Japan, Singapore and Vietnam. Millions of children suffer from this disease every 

year, and in severe cases, it is fatal.  Research has focused on clinical diagnosis, testing, 

and treatment in order to reduce mortality. Few studies have investigated prevention and 

control of HFMD.  

Recent studies have begun to examine the relationship between HFMD and climate 

factors such as temperature, humidity, and rainfall. These studies also report that there 

are regional variations associated with differences in socio-economic characteristics, 

geographic and climate zones.  Thus, regional research is needed to better understand the 

specific climate-HFMD associations, especially in the “high-risk” regions vulnerable to 

climate change such as the Mekong Delta Region (MDR) in southern Vietnam. 

The MDR has been a focus of climate change research over the past decade. 

While studies have identified many climate change related issues such as increases in 

temperature and number of hot days, sea level rises and floods. However, only a few have 

examined the impacts of climate change on human health and none on prevention and 

control measures or climate change adaptation. In fact, health is not even included by 

Vietnam’s national climate change adaptation plan. Thus, research into climate change-

sensitive infectious diseases such as the HFMD to demonstrate its increasing spread and 

adverse impacts and provide evidence-based recommendations for prevention and 

control is urgently needed. 
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This study aimed to examine the influence of climate, socio-economic, and health-

related factors on the distribution of HFMD, and to suggest strategies to improve HFMD 

prevention and control with a focus on the MDR. It used mixed methods to explore the 

status of HFMD in the MDR, investigated the multiple factors influencing it, its high-risk 

locations, and current methods to prevent and control it. It used quantitative methods, 

consisting of temporal analysis (time-series analysis) and spatial and space-time analysis, 

to examine the climate factors influencing HFMD, and to detect high-risk clusters of it in 

time and space. This was followed by the use of spatial autoregressive models to 

determine the potential influences of ten socio-economic and health-related factors on its 

distributions across all provinces of the MDR. Qualitative methods, including extensive 

literature and document reviews and in-depth interviews with 17 health staff at both 

provincial and national level, were used to understand their perspectives on the current 

situation of HFMD, existing prevention and control measures, and the support required 

by health staff in order to improve prevention and control, especially in the context of 

climate change.  

The study examined the associations between three climate factors, temperature, 

humidity, and rainfall, and the incidence of HFMD in the MDR for both daily and weekly 

analyses. The finding demonstrated statistically significant associations, especially for 

temperature and humidity. Specifically, a one-degree increase in temperature was 

associated with a 1.7% (95%CI, 0.1-3.3%) increase of HFMD at lag 0 day, and a one-

percent increase in humidity was associated with a 0.3% (95%CI, 0.1-0.5%) increase in 

HFMD at lag 3 day. Furthermore, the strength of temperature-HFMD associations and 

humidity-HFMD associations both increase with week lags. Consequently, following 

increases in temperature projected for the MDR as a result of the changing climate, the 

number of HFMD cases is expected to increase in the region.  

Regarding spatial distribution of HFMD, this study identified four provinces with 

relatively higher risks: Long An, Dong Thap, Vinh Long, and Ben Tre provinces. They all 

share borders in the north of the MDR. Quantitative analysis also revealed high-risk time-

space clusters, implying that for the high-risk time of year in the high-risk provinces, more 

attention should be paid to HFMD prevention and control. This study also found that two 

out of the ten socio-economic and health-related factors examined had strong modifying 

effects on the distribution of HFMD across the 13 provinces:  the percentage of children 

under one year old having full vaccination (-7.13%; 95%CI, -12.9 - -1.33%) and the 
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percentage of houses with access to safe water (-3.69%; 95%CI, -7.11- -0.27%). Further 

analysis of the modification effects of these two factors on climate-HFMD associations 

found different levels of association between the groups with higher/lower immunisation 

or higher/lower access to safe water. These findings provide evidence that socio-

economic and health-related factors influence the incidence of HFMD. This suggests that 

future studies should focus on a comprehensive analysis of such factors in order to 

develop predictive models of HFMD. 

Through qualitative methods, this research has gained a better understanding of the 

current situation of HFMD and its prevention and control from the perspective of health 

staff at both the provincial and national levels, including their existing difficulties in 

implementing and sustaining prevention and control measures in their communities. The 

key challenges that health staff face include issues related to health risk communication 

with community members, the frequent overloading in hospitals in particular times and 

locations, the change in seasonal patterns of common infectious diseases, the lack of 

knowledge and awareness of climate change and its potential impacts on health in the 

region, and the weak collaboration between the health sector and the environmental 

sector in general.  

The key recommendation of this study are (1) the national climate change adaptation 

plan should include health sectors and strategies to reduce adverse climate change 

impacts on health, (2) the prevention and control plan of HFMD should focus more 

strongly on the identified high-risk areas and set up surveillance and information sharing 

across provinces (3) health authority should establish inter-provinces collaboration and 

health notification system to promptly notify other provinces of outbreak in order to 

prevent  potential spread of HFMD , and (4) health staff should be provided with more 

information about  how climate change affects health to enable them to develop more 

effective communication with community members and develop better plan for HFMD 

prevention and control. 

This study contributes to the scientific evidence base of the associations between 

HFMD and climate, and socio-economic factors with a focus on the MDR. It also presents 

the perspectives of health staff dealing with HFMD and their support needs in order to 

improve prevention and control. The study itself has already helped to raise health staff 

awareness of the potential impacts of climate change on health, in particular, infectious 

disease. The methods used in this study can be applied by other regions dealing with 
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infectious diseases to provide convincing evidence of the relationship between climate 

change and health. Future studies should focus on translating research evidence into 

policies and practices to prevent and control HFMD tailored to address local/regional 

conditions, and to integrate health into climate change adaptation activities in Vietnam.  

Key words: Hand–Foot–Mouth disease; infectious diseases, Mekong Delta Region; 

Vietnam; climate change; climate change adaptation, factors; prevention and control, 

public health. 
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CHAPTER 1 INTRODUCTION 

 

1.1. Introduction 

Climate change is now widely recognised as a global issue and a significant threat to 

human health, requiring the attention of international and national organisations and 

governments to develop and implement plans for climate change mitigation and 

adaptation, in order to alleviate the potential effects of climate change on environment, 

and on human life and health. Climate change can affect human health directly or 

indirectly by increasing the risk of natural disasters and other extreme events, elevating 

existing health-related risks associated with undernutrition, food- and water-borne 

diseases, vector-borne diseases and other climate-sensitive diseases (Smitt et al., 2014; 

Watts et al., 2018). One particular impact of climate change on human health is through 

its influence on infectious diseases (Smitt et al., 2014; Watts et al., 2018; WHO & UNFCCC, 

2019). The World Health Organization estimates that there will be an additional 250,000 

deaths per year, calculated for just four health issues (undernutrition, malaria, diarrhoea, 

and heat stress) in the 2030s-2050s associated with climate change (WHO, 2014), not to 

mention other infectious diseases such as Hand-Foot-Mouth disease (HFMD). 

HFMD is an emerging infectious disease that affects millions of children every year 

(WHO, 2011). This disease has spread rapidly during recent decades, especially in the 

Western Pacific Region (WHO, 2011; WPRO, 2018b). The common transmission 

pathways of HFMD is direct contact through droplets of infected persons, or faecal-oral 

transmission involving contaminated environments such as water, food, and surfaces, 

which are especially common problems in developing countries (WHO, 2011). HFMD has 

also been identified as being sensitive to climate variables such as temperature, humidity, 

and rainfall (Duan et al., 2018; Koh et al., 2016; Onozuka & Hashizume, 2011; Yu et al., 

2019).. However, these climate-HFMD associations vary across different geographic 

locations and climate zones, implying the need for examination of such relationships at 

regional levels.  

 A region that is particularly vulnerable to climate change (in particular, increasing 

temperature) (Arief Anshory Yusuf & Herminia Francisco, 2009) and has regular and 

sometimes severe outbreaks of HFMD is the Mekong Delta Region (MDR) in Vietnam 

(WPRO, 2018b). However, there is a lack of understanding of how climate affects HFMD 
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in this region; and such evidence is important for improving early detection and 

prevention of this disease in the context of climate change. In addition, there is also a gap 

in our understanding of the status of HFMD in the region, which impedes those 

practitioners experienced with HFMD in the field providing the appropriate 

recommendations for improving the prevention and control of HFMD. 

This study aims to examine the influence of climate, socio–economic, and health-

related factors on HFMD distributional patterns across the 13 provinces of the MDR. It 

explores the status of prevention and control of HFMD in the MDR, the challenges and 

opportunities for improving HFMD prevention and control in this region, and in Vietnam 

generally, particularly in the context of climate change. This chapter provides an overview 

of this thesis, starting with describing the background to this research in order to develop 

the rationale and research aims. It then introduces the research and focus questions, and 

briefly explains the methods used to answer these questions. Finally, this chapter explains 

the scope and structure of the thesis.  

1.2. Background of the research 

1.2.1. Climate change and its impacts on infectious diseases 

“Climate change represents an urgent and potentially irreversible threat to human 

societies and the planet” 

 (UNFCCC, 2015, p. 2) 

The World Health Organization predicts that there will be 250,000 additional deaths 

per year during the 2030s-2050s associated with four health issues —malaria, diarrhoea, 

undernutrition and heat waves (WHO, 2014). Climate change affects population health 

through multiple pathways from direct impacts to impacts mediated through natural 

systems, and impacts heavily mediated by human systems (Smitt et al., 2014; Watts et al., 

2018). The extent to which the three categories of exposure to climate change can result 

in actual health burdens is moderated by socio-economic status and public health 

capacity and adaptation measures adopted in a specific region (Smitt et al., 2014). Thus, 

identifying the regional risks posed by climate change, and understanding current public 

health capacity and adaptation at a regional level are critical for developing and 

improving strategies to reduce the burden of diseases attributable to climate change in 

that region (WHO, 2015b).  
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Children are among the groups most vulnerable to climate change (UNICEF, 2015, 

2019). Efforts have been made to improve climate change adaptation to protect health, 

with a specific emphasis through the Paris Agreement: an important inter-government 

commitment for combatting climate change among countries. This agreement also states 

the importance of sharing knowledge, technology and supporting vulnerable countries, 

which are also developing countries, in the global combat against climate change. 

One pathway through which climate change can affect human life is via its impact on 

certain climate-sensitive infectious diseases (Watts et al., 2018). Infectious diseases 

contribute a significant burden to population health, particular in low-middle income 

countries, and this burden is expected to increase in the context of climate change due to 

the sensitivity of many infectious diseases to climate variables and changes (Smitt et al., 

2014; Watts et al., 2018; WHO & UNFCCC, 2019). The urgent need for adaptation to 

control infectious diseases is vital, especially for regions that are most vulnerable to 

climate change. Such adaptation must be based on an understanding of the relationship 

between climate variable and types of infectious diseases. Numerous studies have been 

conducted to examine the associations between climate variables and vector- and water-

borne diseases (Smitt et al., 2014; Watts et al., 2018; WHO, 2014). However, other types 

of infectious diseases particularly those spread by contact transmission such as Hand-

Foot-Mouth disease, also need to be studied in order to provide a comprehensive 

understanding of the mechanisms by which climate change affects these types of 

infectious diseases.  

1.2.2. Hand-Foot-Mouth disease – a climate-sensitive infectious disease 

Hand-Foot-Mouth disease (HFMD) is a highly contagious disease due to its ability to 

be transmitted via both direct contact and the faecal-oral pathway (WHO, 2011). It has 

spread rapidly in the Western Pacific Region (WPR) over recent decades, especially in 

China, Japan, Singapore and Vietnam (WHO, 2011; WPRO, 2018b). This disease mostly 

affects children, especially those younger than five years old; however, adults can also be 

infected and transmit the virus (WHO, 2011). Although HFMD mostly causes mild cases 

with fever and painful blisters, in severe cases it can result in long-term sequelae and 

deaths (Broccolo et al., 2019; WHO, 2011). Efforts have been made to lessen the severity 

and mortalities of HFMD (K. Cai et al., 2019; Owatanapanich, Wutthanarungsan, Jaksupa, 
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& Thisyakorn, 2016); however, little research has been carried out for the purpose of 

prevention and control of the HFMD outbreaks. 

Previous studies have identified the sensitivity of HFMD to climate variables such as 

temperature, humidity, and rainfall (Duan et al., 2018; Koh et al., 2016; Onozuka & 

Hashizume, 2011; Yu et al., 2019). However, the associations between HFMD and climate 

factors vary across different study regions (Coates, Davis, & Andersen, 2019; Duan et al., 

2018; Y. Huang et al., 2013; L. Zhu et al., 2015). This may be explained by the differences 

in climate characteristics of the regions, or different characteristics of the regions such as 

their socio-economic status or other health-related factors. Some influencing factors or 

effect modifiers of the climate-HFMD associations are socio-economic or health-related 

factors, for example population density (Y. Liu et al., 2013), numbers of healthcare 

institutions or level of household income (L. Zhu et al., 2016), or low birth weight of 

patient (D. Zhang et al., 2017). Such factors vary across different regions; thus, regional 

research is necessary to examine the potential impacts of climate and socio-economic 

factors on HFMD and to detect the vulnerable areas in that region to focus on in order to 

improve prevention and control of HFMD in the context of climate change. 

1.2.3. Climate change and Hand-Foot-Mouth disease in the Mekong Delta Region 

The Mekong Delta Region (MDR) in Vietnam is highly vulnerable to climate change 

(Arief Anshory Yusuf & Herminia Francisco, 2009) and has experienced a large number 

of HFMD cases in recent years (WPRO, 2018b). Climate has changed in the MDR over 

recent decades with significant increases in temperature, sea level rise, and saline 

intrusion (Evers & Pathirana, 2018; ICEM, 2009; Tuan & Chinvanno, 2011). Climate is 

expected to continue changing in the future with projected temperature increases up to 

3.6oC by 2100 under the high emission scenario, along with more hot days and continuing 

sea level rise (ICEM, 2009; Tuan & Chinvanno, 2011). The sea level rise is expected to 

increase up to 55cm under the RCP4.5 scenario, and up to 77cm under the RCP8.5 

scenario (MONRE, 2016).  

Thousands of HFMD cases are reported yearly in Vietnam and most HFMD outbreaks 

are in the south, including the MDR (WPRO, 2018a). In the context of climate change, 

especially with increasing temperature expected in the MDR, and given that HFMD is 

sensitive to climate factors, the HFMD caseload in the MDR is expected to increase in the 

future. Studies focusing on the relationship between climate factors and HFMD are 
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needed to help understand and predict the potential influencing of climate on the 

distribution of HFMD in order to prepare for the changing patterns of HFMD, to detect 

early HFMD outbreaks, and to improve its prevention and control, along with climate 

change adaptation to lessen impacts of climate change on HFMD and on health in general. 

Numerous studies have been conducted in Vietnam regarding HFMD. However, they 

all focus on clinical aspects of the disease such as its aetiology, especially the aetiology of 

severe cases (Anh et al., 2018; Donato et al., 2016; Hoang Minh Tu et al., 2019; Nhan et al., 

2018; N. T. T. Thao et al., 2017), or diagnosis and treatment (Hoang et al., 2019). No 

research has been focused on factors influencing HFMD transmission nor on prevention 

and control of HFMD in the MDR in order to identify the risks and pursue improved 

prevention and control for HFMD in this region.  

1.3. Research rationale and aims 

HFDM is a climate-sensitive emerging infectious disease that has spread over the 

world, especially in the Western Pacific Region, which includes Vietnam. The MDR in 

Vietnam is a vulnerable region which is facing impacts from climate change and from 

HFMD. This region is among the regions with the highest numbers of HFMD cases 

reported every year in Vietnam. In a changing climate, HFMD prevalence is expected to 

increase and to increase the treat to population health, mostly among young children. Yet 

no study has been conducted to investigate the factors influencing HFMD in this region, 

especially in the context of climate change. Such research is necessary for developing 

better strategies for the prevention and control of the disease. This study aims to 

investigate the factors influencing HFMD in the context of climate change in the MDR, and 

to suggest potential strategies to improve prevention and control for HFMD. In order to 

do that, this study will use literature and document reviews combined with field research 

in the MDR. In particular, this study aims to: 

- Investigate the effects of climate factors on HFMD in the MDR 

- Detect high-risk HFMD locations across all provinces of the MDR 

- Examine the effects of socio-economic factors on spatial distribution of HFMD  

- Explore the current status of HFMD and its prevention and control from the 

perspective of health experts managing HFMD in the field 

- Identify the support needs of these health experts in order to enhance effective 

strategies for prevention and control of HFMD. 
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The ultimate aim is to strengthen HFMD prevention and control in the MDR in the context 

of climate change. 

1.4. Research design and methods 

The research study utilizes mixed methods, combining quantitative and qualitative 

methods. Time-series analysis is used to examine the temporal patterns of HFMD in 

relation to climate factors, while spatial and space-time analysis are used to detect high-

risk clusters of HFMD. Spatial autoregression analysis are used to examine the effects of 

socio-economic and health-related factors on the spatial distributions of HFMD. 

Qualitative methods are used to review the global knowledge of factors influencing 

HFMD, the current situation of prevention and control for HFMD in the MDR, and the 

needs of stakeholders in order to improve prevention and control measures. This study 

provides regional scientific evidence of factors influencing HFMD and support for 

developing effective regional strategies for HFMD prevention and control in the context 

of climate change in the MDR. It will also be helpful for other regions with similar 

situations by providing an approach to better adapt to a climate related health problem.  

1.5. Scope of the research 

This study aims to examine factors influencing HFMD in the setting of the 13 

provinces in the MDR drawing from population-based data including numbers of HFMD 

cases, climate data, and socio-economic and health-related data for the region. It aims to 

provide regional evidence of factors influencing HFMD, and the potential interaction of 

these factors on distribution of HFMD in this high-risk region in order to provide 

recommendations for improving HFMD prevention and control.  

1.6. Structure of this thesis 

This thesis consists of two main parts. The first part examines the literature on the 

current understanding of climate change and HFMD, the gaps in current prevention and 

control of HFMD, and the methodology of this study. The second part presents the study 

findings, discussions and recommendations. 

Part One consists of five chapters. Chapter Two provides an overview of climate 

change and its impacts on human health, especially on infectious diseases. Chapter Three 

describes the current status of HFMD outbreaks globally, and introduces factors 

influencing HFMD in some regions/countries. This chapter also explains the current 
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status of prevention and control of HFMD and remaining challenges for control of this 

disease, especially in the context of climate change. Chapter Four describes the 

characteristics of the MDR, current status and projection of climate change and its 

impacts on the environment in this region. This chapter also describes the current status 

of HFMD in the MDR, and current prevention and control of this disease in this region and 

in Vietnam in general. Chapter Five presents the rationale, aims and research questions 

of this study, and then explains the methods used to answer the questions.  

Part Two of this thesis also consists of five chapters. Chapters Six and Seven present 

the finding from quantitative analysis, consisting of temporal analysis and spatial and 

space-time analysis. First, Chapter Six describes the daily and weekly effects of climate 

factors on HFMD in each province, and in the whole MDR. Chapter Seven presents the 

spatial and space-time distributions of HFMD across the 13 provinces of the MDR, and 

also detects hot/cold spots of this disease within the MDR. This chapter also describes the 

effects of socio-economic and health-related factors on the distribution of HFMD in this 

region.  

Chapter Eight presents the qualitative analysis from 1) in-depth interviews with key 

informants who are health workers at different health institutions and at both national 

and provincial levels, dealing with HFMD in the field and 2) from document reviews of 

laws/regulations and of the healthcare system in Vietnam. This chapter describes the key 

informants’ view about the current status of HFMD and its prevention and control, and 

their perspectives on climate change and its potential impact on health at their working 

level (province, nation). It also highlights the needs of health staff in order to improve 

prevention and control of HFMD, especially in the context of climate change.  

Chapter Nine provides a discussion of the key findings of this study and how they 

align with current knowledge from literature. It then highlights the significance and offers 

recommendations for public health practice, policymakers, and future research. The is 

followed by the concluding Chapter Ten to summarise the thesis about its purpose, 

findings and key recommendations for future actions.  

1.7. Conclusion  

This chapter has provided an overview of this study and explained the structure of 

this thesis. It has briefly introduced the background, rationale, research aims and the 

methodology used in this research. It has identified a gap in current knowledge of climate 
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change and health, especially climate change and HFMD at a regional level. It has also 

highlighted the needs for understanding the factors influencing HFMD in a high-risk 

region such as the MDR in Vietnam, in order to improve prevention and control of this 

disease. The next section, Part One (Chapters Two to Five) will describe the three 

contextual fields underpinning this research and explain in detail the methodology of the 

study.   
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PART I: RESEARCH BACKGROUND AND METHODOLOGY 

CHAPTER 2 CLIMATE CHANGE AND INFECTIOUS DISEASES 

2.1. Introduction  

This is the first of the three literature review chapters that will cover background 

related to climate change and its impacts on human health; a climate-sensitive infectious 

disease, namely, hand-foot-mouth disease (HFMD); and HFMD in a region that is highly 

vulnerable to climate change: the Mekong Delta Region (MDR), Vietnam.  This chapter 

aims to provide a background to the issue of anthropogenic climate change, and the 

effects of climate change on human life and health, especially on infectious diseases. It 

consists of five sections. The first section summarises the current knowledge of global 

anthropogenic climate change. The second section explains vulnerability assessment for 

climate change. The third section describes the impacts of climate change on human 

health. The fourth section focuses on climate change adaptation to protect health. The 

final section describes the impacts of climate change on infectious diseases. 

2.2. Global climate change  

Climate change has been recognised as a global threat in the 21st century, with special 

reference to human health (WHO, 2018). A United Nations panel, namely The 

Intergovernmental Panel on Climate Change (IPCC) was formed in 1988 by the World 

Meteorological Organization (WMO) and the United Nations Environment Programme 

(UNEP) to provide and update the science related to climate change globally (IPCC, 1988). 

In 2007, the IPCC stated that “the scientific evidence for warming of the climate system is 

unequivocal” (IPCC, 2007). The updated definition of climate change in the 5th report of 

the IPCC is “a change in the state of the climate that can be identified by changes in the 

mean and/or the variability of its properties and that persists for an extended period, 

typically decades or longer” (Cubasch et al., 2013, p. 126). The concept of “climate change” 

has been a growing concern since the mid-20th century with the significant warming of 

global temperature due to human activities since the Industrial Revolution (IPCC, 2014). 

The United Nations Framework Convention on Climate Change (UNFCCC) makes an 

important distinction between climate change attributable to human activities, which is 

known as anthropogenic climate change, and climate variability attributable to natural 

causes (UNFCCC, 2011). 
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The IPCC regularly updates its comprehensive assessment in a series of reports about 

the knowledge on climate change, focusing on its causes and impacts. The report series 

also suggests response options to reduce climate change and its impacts, focusing on 

greenhouse gas inventories. The most up-to-date upcoming report in the series are the 

sixth assessment report cycle (AR6) including the AR6 Synthesis Report: Climate Change 

2022; the AR6 Climate Change 2021: Impacts, Adaptation and Vulnerability; the AR6 

Climate Change 2021: Mitigation of Climate Change; and the AR6 Climate Change 2021: 

The Physical Science Basis (IPCC, 2019). Those reports are being prepared to provide 

assessments according to the first global stocktake under the Paris Agreement. 

In the fifth assessment report cycle (AR5) by IPCC, the AR5 Climate change 2014: 

Impacts, Adaptation, and Vulnerability, the IPCC explained the physical mechanism of 

climate change, caused by dramatic increases in greenhouse gases in the atmosphere 

(IPCC, 2014).  These increases result in sea level rise, global temperature rise, altered 

rainfall patterns, more frequent extreme weather, and increased other air pollutants 

(Watts et al., 2015). The effects of climate change, which were predicted in the past, are 

now being observed and measured, with loss of sea ice, higher global temperatures, and 

more intense heat waves being recorded. Changes in climate result in numerous impacts 

on both natural and human systems (IPCC, 2014). Climate change causes changing 

precipitation and affects the quality and quantity of water resources, geographic shifts in 

many species, and negative impacts on crop yields, which endangers food security, and 

other climate-related extreme events such as heat waves, droughts, and floods. 

Significantly, all changes in the climate, natural systems and human systems will in turn, 

affect human health (Figure 2.1).  



11 
 

 

Figure 2.1 An overview of the links between greenhouse gas emissions, climate change, 

and health (Watts et al., 2015). 

The global temperature increase of approximately 1oC above the pre-industrial 

(1850-1900) temperature is due to human activities (IPCC, 2018). The global surface air 

temperature is expected to increase by 1.5oC for the period 2030-2053 if the current 

increasing rate continues (IPCC, 2018). Consequently, a greater frequency of warm days 

and nights is expected, as well as a greater frequency and intensity of heavy precipitation 

over land (Smitt et al., 2014). In particular, temperature extremes on land are projected 

to increase by up to about 3oC in a global warming of 1.5oC scenario, and by up to about 

4oC in a global warming of 2oC scenario in the mid-latitude regions (IPCC, 2018). 

Moreover, the number of hot days is expected to increase with the highest increase in the 

tropical regions (IPCC, 2018). Heavy rainfall and its associated tropical cyclones are 

expected in the certain regions in the northern hemisphere; whereas the probability of 

drought and precipitation deficits in other regions is also expected (IPCC, 2018). In 

addition, the Lancet Countdown (Watts et al., 2018) reported that since 2000, the 
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frequency of disasters that are related to weather has increased by 46%; and that an 

additional 125 million vulnerable adults are exposed to heatwaves, confirming the risks 

to human health due to exposure to extreme weather and disasters.  

In addition, there is a strong scientific belief that the global temperature will continue 

to rise for decades even if anthropogenic emissions immediately cease (IPCC, 2018; 

Matthews & Weaver, 2010) due to the slow response time for some components of the 

climate system (Collins et al., 2013; Cubasch et al., 2013). Hence, even with effective 

actions confirmed at the Paris agreement in 2015 (UNFCCC, 2015) which pursue efforts 

to restrict warming to 1.5oC above pre-industrial levels, we will still have to deal with the 

impacts of climate change for a long time. Consequently, understanding the health risks 

brought about by climate change is necessary for preparedness and response (i.e. 

adaptation) in order to protect health.  

2.3. Vulnerability assessment of climate change  

Vulnerability assessment is a necessary step toward improved planning for 

adaptation to climate change, ranging from international climate policy making to local 

development planning (GIZ, 2013). It helps authorities to allocate resources rationally 

and raises awareness of climate change among policy makers and the general public. The 

IPCC introduced an approach for assessing the risk of climate change in the 5th report 

(Figure 2.2). In this document, the risks of climate-related impacts are calculated from the 

interaction of climate-related hazards with the vulnerability and exposure of human and 

natural systems.  
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Figure 2.2 Risks of climate-related impacts (IPCC, 2014) 

The geographic causes of vulnerability include the location, limited access to services 

and generally higher levels of social and economic disadvantage, and populations that are 

close to the present limits of transmission of vector-borne diseases (Smitt et al., 2014). 

Socio-economic status affects the level of vulnerability: poorer countries are more 

susceptible to climate change impacts (Malik, Awan, & Khan, 2012). Public health and 

health care availability are also drivers of level of vulnerability, as lack of good quality 

health care and essential public health services is more likely to result in adverse effects 

from climate variability and climate change (Frumkin & McMichael, 2008). The condition 

of the physical infrastructure for human settlement (e.g. power supply, drinking water 

system, and waste management) are also influences on health risks (Myhre et al., 2013). 

Population growth and density are linked to vulnerability (Loughnan, Tapper, Phan, 

Lynch, & McInnes, 2013). Increasing population in locations that are already crowded, 

have poor resources and that are affected by climate change can magnify the harmful 

impacts. The age structure of the population, especially an increasing proportion of 

children or elderly, will increase the vulnerability. Future trends in social and economic 

development are critically important to understanding the level of vulnerability. With a 

practical assessment of vulnerability, it is possible to identify needs and appropriate 
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options for adaptation to reduce risk and build capacity to deal with the impacts of climate 

change (Noble et al., 2014). 

2.4. Climate change and human health  

The 5th report of the IPCC classified the risks that climate change pose to human 

health  (IPCC, 2014; Smitt et al., 2014) as (1) increased risks of injury, disease, and death 

due to more intense heat waves and fire, (2) increased risk of undernutrition as a 

consequence of decreasing food production, (3) lost work capacity and reduced labour 

productivity in vulnerable populations, and (4) increased risk of food- and water-borne 

diseases and vector-borne diseases. The WHO listed the expected health impacts on 

humans posed by climate change, including mental illness, undernutrition, injuries, 

respiratory, allergies, cardiovascular diseases, infectious diseases, poisoning, water-

borne diseases, and heart stroke (WHO, 2018). Although there are some positive impacts 

such as reduction in cold-related mortality and morbidity in some areas, they will be 

outweighed worldwide by the negative impacts (Smitt et al., 2014). The pathways 

through which climate change affects population health are identified in Figure 2.3   
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Figure 2.3 Three primary exposure pathways by which climate change affects health (Smitt et al., 2014) 
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The most recent report by the World Health Organization (WHO) in 2018, namely 

“COP24 Special Report: Health and Climate Change”, has updated and summarised the 

knowledge of climate change and health and the roles of the different levels of the public 

health community in protecting health for a healthier and sustainable society, and 

provided recommendations to avoid the worst health impacts related to climate change 

(WHO, 2018). This special report aimed to deliver this key information to the 24th 

Conference of the Parties (COP24) hosted by the UNFCCC. In this report, the authors add 

a knowledge of the link between climate change, air pollution and health (WHO, 2018). 

Global warming will worsen air quality, and both global warming and air pollution are 

cross-border issues that need strengthened collaboration at regional and international 

levels to make meaningful impacts on health (WHO, 2018).  

The direct impacts of climate change on population health include extra injuries, 

diseases, and deaths due to changes in the frequency of extreme weather events such as 

droughts, floods, or heat waves (Smitt et al., 2014). For example, in 2003,the excess 

mortality attributable to heat waves associated with anthropogenic climate change was 

about 15,000 deaths in France alone (Fouillet et al., 2006). Although the rise in minimum 

temperatures might contribute to reducing the number of deaths in cold weather in some 

regions, the negative health impacts of heat waves largely outnumber the benefits of 

fewer cold days (Ebi & Mills, 2013; Kinney, Pascal, Vautard, & Laaidi, 2012). It is projected 

that this situation will still continue to the mid-century, especially in developing countries 

in tropical regions due to their limited adaptive capacities and large exposed populations 

(Wilkinson, Smith, Joffe, & Haines, 2007). It is estimated that there will be an additional 

92,000 heat-related deaths associated with climate change in the 2030s (WHO, 2014). 

Other natural disasters such as floods have also increased in frequency and intensity 

worldwide (Guha-Sapir, Rodriguez-Llanes, & Jakubicka, 2011) and it is expected that 

more intense rainfall and consequent floods will be more frequent (IPCC, 2012), 

especially in Asia, Africa, and Central and South America, that is, largely in the developing 

world.  

Climate change can also have indirect impacts on population health by ecosystem-

mediated pathways such as infectious diseases and air pollution, and/or by mediated 

pathways through human systems/institutions such as undernutrition, occupational 

health, and mental stress (Smitt et al., 2014). Air pollution, in particularly, ozone exposure 

is increasing especially within and surrounding urban areas along with increases in the 
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temperature (Myhre et al., 2013); and is associated with increasing risks of premature 

death (Bell, Peng, & Dominici, 2006). Undernutrition is increasing due to reduction of 

agriculture production, socio-economic factors, and diseases that are influenced by 

climate change. It is projected that the yields of most important crops will decline in 

developing countries by 2050 (G. C. Nelson et al., 2009; G. C. Nelson et al., 2010) and 

consequences will include an approximately 20% higher number of underweight 

children, that is, 25 million children. The social infrastructure such as education, income 

and responsiveness of government also affect communities’ response to threats of all 

kinds, including climate change (Bowen et al., 2012), thus affecting levels of health 

impacts of climate change. Climate change will limit development aspirations, wellbeing, 

and increase the perception of insecurity, migration and conflict in society (Watts et al., 

2015). The levels of public health capacity and adaptation also play important roles in 

preventing negative impacts of climate change on human health (Smitt et al., 2014).  

“Climate-sensitive diseases are among the largest global killers” (WHO, 2015a, p. 8). 

The World Health Organization forecast that from 2030 to 2050 there would be about 

250,000 additional deaths per year, calculated for just four health issues, namely 

undernutrition, malaria, diarrhoea, and heat stress (WHO, 2015a). The direct cost to 

health is estimated to be between 2 and 4 billion USD per year by 2030. In the future, 

climate change will continue to exacerbate health problems that already exist (IPCC, 

2014), and new health threats will emerge (CDC, 2016).  

Children are among the most vulnerable because of climate change (WHO, 2018). The 

impact of climate change on children’s health was explained in a comprehensive map 

(Figure 2.4) by UNICEF (2008) in the report “Our climate, our children, our responsibility. 

The implications of climate change for the world’s children”. This report explains various 

ways that climate change affects children’s health, directly or indirectly. These effects 

including increasing child mortality and morbidity due to the increases of disasters and 

diseases; increasing child malnutrition due to decline in food security and income; 

decreasing child equality, and child protection while increasing child poverty and 

children out-of-school due to combination of loss of assets and livelihood, forced 

population movement or migration, and increased resource conflict (UNICEF, 2008). This 

report also emphasises that children are the most vulnerable group, especially in 

developing countries in Africa and Asia (UNICEF, 2008).  
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Figure 2.4 The impacts of climate change on children’s health (UNICEF, 2008)  
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2.5. Climate change adaptation to protect health  

2.5.1. The Paris Agreement 

The Paris Agreement is a significant mark of commitment by all nations together for 

the first time, to combat climate change and adapt to its effects (UNFCCC, 2015). This 

Paris Agreement set a common goal of limiting the global temperature increase to 1.5 

degrees Celsius. To do that, a framework for action and supported was provided, focusing 

on increasing the ability of countries to deal with the impacts of climate change, ensuring 

financial support for climate-resilience pathways, and enhanced capacity building, and 

support for developing countries and the most vulnerable countries (UNFCCC, 2015). A 

five-year stocktake was set to assess the achievements of this Agreement, and to inform 

the further actions needed (UNFCCC, 2015). The first stocktake meeting will take place in 

2023 to assess the achievements of the first round, which will be an opportunity for 

researchers to provide scientific evidence and to promote climate actions in all countries.  

2.5.2. Climate change adaptation to protect health 

Climate change adaptation to protect health is an important part of the work to 

reduce the harm of climate change to human health, because the greater warming of the 

global temperature will result in greater risks for human health (WHO, 2018). WHO made 

a statement in the Paris Agreement that the right to health is a key human right (WHO, 

2018). In general, the global response to climate change has focussed on two major 

pathways: (1) mitigation of the greenhouse gases that are responsible for anthropogenic 

climate changes and (2) adaption to these changes in the climate. Climate change 

adaption can bring co-benefits to health (WHO, 2018), and the voice of health profession 

is essential for guiding and promoting the health benefits of the climate change response 

(Watts et al., 2018).  

Adaptation is the adjustments that society or ecosystems make to prepare for, or 

adjust to, climate change and is required on larger and faster scales (EPA, 2014). Efforts 

to adapt to the health impacts of CC can be categorized as incremental actions, 

transitional actions and transformational actions (Smitt et al., 2014). The incremental 

actions focus on improving public health and health care services for climate-related 

health outcomes. These actions could be enhancing disease surveillance, monitoring 

environmental exposures, improving disaster risk management, and facilitating 
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coordination between health and other sectors. Transitional actions focus on shifting 

attitudes and perceptions. These actions include vulnerability mapping and improving 

surveillance systems that specifically integrate environmental factors. Transformational 

actions require fundamental changes in systems. These actions have not been 

implemented in the health sector yet, especially in developing countries (Smitt et al., 

2014). 

The effects of climate change on health depend on the social dynamics such as social-

economic status and public health infrastructure as described in Figure 2.3 in the 

previous section (Smitt et al., 2014). The interaction between climatic and social 

dynamics increases vulnerabilities (Watts et al., 2015), especially in developing countries 

where health system capacity is weak. Thus, it is essential for developing countries to 

take opportunities to apply climate change adaptation to protect health, emphasizing 

improving public health and health care services, vulnerability mapping and improved 

surveillance systems, (Smitt et al., 2014).  However, there has been little research focus 

on the public health interventions that may be of most value in reducing the disease 

burden, and the evidence base is mostly weak (Bouzid, Hooper, & Hunter, 2013). 

Strengthening cooperation between the health sector and other sectors is also 

important for adaptation to protect health from the impacts of climate change (WHO, 

2015b). For example, cooperation between the health sector and meteorological services 

will improve access to climate data for use in early warning systems and help to facilitate 

adequate preparedness and responses for infectious diseases (WHO, 2015b). A strong 

commitment of policy makers is also an important factor for the success of adaptation to 

protect health (WHO, 2015b).  

Surveillance of infectious diseases including ongoing and systematic collection, 

collation and analysis of data and information dissemination is essential to avoid or 

prevent infections and epidemics (K. E. Nelson, 2014b). Infectious diseases surveillance 

is among the most important strategies to reduce the health impacts of climate change 

(Smitt et al., 2014, p. 742). Early warning systems are critical to preventing negative 

health impacts by alerting public health authorities and the general public about the 

climate-related risks and because they can aid better preparedness (Smitt et al., 2014). 

Some early warning systems have been developed for vector-borne diseases such as the 

early warning system for malaria up to four months in advance in Botswana (Thomson 

et al., 2006), or forecasting models for dengue epidemics in Singapore (Hii, Rocklöv, & Ng, 
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2011). Such early warning systems require understanding about the relationship 

between health risks and climate variables, and also require collaboration between the 

health sector and other sectors such as the environment sector, to exchange relevant 

information (Lowe, Ebi, & Forsberg, 2011). An effective early warning system should 

include forecasting weather conditions and predicting health outcomes, identifying 

vulnerable groups and identifying the triggers for effective and timely responses that 

target vulnerable population groups (Lowe et al., 2011). 

A successful climate change response to meet the goals of the Paris Agreement will 

save millions of lives a year (WHO, 2018). Since 2008, the WHO has developed a health 

work plan and prioritised four main tasks to target climate change and health (WHO, 

2008b). The first task is to advocate and raise awareness of climate risks to health 

through advocacy campaigns, publications and policy to raise the health issues with 

decision makers. The second task focuses on strengthening partnerships aiming at 

engaging UNFCCC and One-UN to enhance protection of health from climate risks. The 

third task is to enhance scientific evidence to improve understanding of the association 

between climate and health. The fourth task is to strengthen health systems to improve 

population health and increase climate resilience and preparedness for any disease 

burden related to climate change.  

The gaps of adaptation focusing on health were examined in a new report by the 

United Nations Environment Programme (UNEP) in 2018 (UNEP, 2018). UNEP (2018) 

reviewed legislation and/or policies regarding climate change adaptation that were 

available in 162 countries at that date. To enable adaptation at national level, legislation 

and/or policies are critical. However, developing countries are facing many challenges to 

enable adaptation through legislation and polices (UNEP, 2018). These challenges are 

related to the financial, technological and human resources that are necessary for 

developing adaptation plans, as well as implementing, monitoring and evaluating such 

adaptation. Thus capacity building, technical and financial supports are required for 

developing countries. Another challenge found in this report is the challenge of 

“ownership” of such adaptation (UNEP, 2018), which results in the differences in 

responsibility and in the scope of actions. The different focuses of climate change 

adaptation pose a challenge for inter-government coordination, as well as within 

different levels of each government (UNEP, 2018). This report also pointed out the 

information gaps and issues of limited capacity and resources in the most vulnerable 
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countries, mostly developing countries, which also often have the greatest adaptation 

needs (UNEP, 2018); thus, these vulnerable countries need to receive more attention and 

support.  

Also in this report on the adaptation gap, the UNEP (2018) provided a group of 

indicators for adaptive capacity to climate change (Figure 2.5). Of six main groups of 

indicators, three are related to health, which suggests the important role of health while 

evaluating adaptation (UNEP, 2018). These health-related indicators are: the percentage 

of population using sanitation services, the number of physicians per 1000 people, the 

prevalence of stunting (height for age) of children under five years old (UNEP, 2018).  
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Figure 2.5 Development indicators relevant to resilience to climate change (UNEP, 

2018) 
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In the 2018 report, the UNEP also defined the adaption gap in health as the difference 

between the real outcomes of climate-health issues (under certain adaptation efforts) 

and the outcomes that would happen with a given adaptation goal (UNEP, 2018). The 

author stated that the current level of efforts to protect health from most climate-

sensitive risks is insufficient (UNEP, 2018) because of the lack of resources allocated for 

prevention and the unequal distribution of impacts within and between countries . This 

report also focused on the adaption gaps in health for climate-sensitive infectious 

diseases including food-, water-, and vector-borne diseases. However, this report did not 

address direct-transmission infectious disease such as HFMD, particularly relevant to this 

research, which is also sensitive to climate factors.  

Children are greatly affected by climate change and also should be involved in climate 

change adaptation (UNICEF, 2008). The United Nations Children's Fund (UINCEF) (2008) 

suggested ways that children can be engaged in climate change adaptation. It suggested 

that children and youth can be strong advocates and can help their families, schools and 

communities adapt to climate change. If we educate children about climate change risks 

and knowledge of the environment, the children in turn can help communities to identify 

risks, increasing awareness of climate change impacts. They can also participate in 

climate change adaptation at schools, for instance, by identifying and mapping risk areas 

around schools and playgrounds. Children can be by very effective communicators, using 

their specific ways of expressing their opinion to the public and the authorities (UNICEF, 

2008). UNICEF also provided eight recommendations regarding preparing for risks, 

enhancing the knowledge base by strengthening surveillance, mainstreaming climate 

change into policy documents relating to children, strengthening health systems and 

scaling up health and nutrition interventions, expanding social protection for children, 

promoting environmental education and life skills, ensuring genuine participation of 

children in climate change adaptation efforts, and scaling up interventions (UNICEF, 

2008).  

Although climate change poses a great threat to health, it could also be transformed 

into an opportunity to improve health (H. Wang & Horton, 2015; WHO, 2018). When we 

consider climate change as a health issue rather than purely as an environmental or 

economic challenge, we can hope for more attention from the public that will help to 

accelerate political action better than attention to carbon dioxide emissions alone. 

Climate change adaptation to protect health can help to strengthen health care systems 
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by promoting climate-resilient health systems and “climate-smart” hospitals (WHO, 

2018). The implementation of climate change adaptation involving health should also 

engage the community in solving the climate issues and health issues in the community 

(WHO, 2018). To succeed in climate change adaptation to protect health, these adaptation 

strategies need to be guided by sufficient understanding about health risks in the context 

of climate change. One health problem that is a constant threat to human health is 

infectious disease. In the context of climate change, the patterns of infectious diseases 

such as HFMD are changing, posing more threats to human health (Smitt et al., 2014; 

WHO, 2014, 2015b). 

2.6. Climate change and infectious diseases 

2.6.1. Infectious diseases 

Infectious diseases refer to diseases caused by infectious agents. The infectious 

agents can be bacteria, virus, parasites, or fungi and can spread directly or indirectly, from 

one person to another (WHO, 2016). The infectious disease model of transmission 

consists of three components: infectious agents (pathogens), hosts, and the environment. 

The hosts can be human, and/or animals. The environment can refer to anything 

surrounding the hosts including soil, water, air, or food. The environment can also refer 

to vectors that carry pathogens and transmit the pathogen to the hosts. Some common 

vectors are mosquitos, flies, rats, and ticks. The environment can also refer to ecosystems 

that have effects on the dynamics of infectious diseases in many ways through host 

diversity, vector diversity, and pathogen diversity (Keesing et al., 2008). 

There are many ways to classify infectious diseases: by their clinical symptoms, their 

pathogens (microbiologic classification), their natural reservoirs, or their means of 

transmission (K. E. Nelson, 2014b). From an epidemiological perspective, the means of 

transmission is probably the most useful classification. The means of transmission are 

categorized in five groups: (1) contact, (2) food- and water-borne, (3) airborne, (4) 

vector-borne, and (5) perinatal (K. E. Nelson, 2014b). 

Infectious disease accounts for 43% of the global burden of diseases, 16.2% of global 

deaths (excluding respiratory infectious) and ranks second of all causes of deaths in both 

males and females (WHO, 2008a). Infectious diseases play a leading role in mortality and 

morbidity globally (K. E. Nelson, 2014b). In South-East Asia, group I causes of death, 

which includes infectious diseases, parasitic diseases, and maternal and nutritional 
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condition, accounts for 29% of all deaths in adults aged 15 – 59 years old (WHO, 2008a). 

This percentage in Africa is 62% (WHO, 2008a). The two leading causes of the burden of 

disease are both infectious diseases, namely lower respiratory infections and diarrhoea 

diseases (WHO, 2008a). New emerging infectious diseases have appeared in recent 

decades, such as HIV/AIDS, SARS, and Zika virus; while some “old” infectious diseases, 

which used to be managed, have re-emerged. For example, a cholera epidemic occurred 

in Latin America in 1991 after more than one hundred years absence. This underlines the 

need for accurate surveillance and the development of up-dated strategies for their 

control and prevention (K. E. Nelson, 2014b). Global climate change is among the most 

common factors that explain the emergence and re-emergence of infectious diseases (K. 

E. Nelson, 2014a); hence understanding the relationship between climate change and 

patterns of infectious diseases is an important research endeavour. 

2.6.2. Effects of climate change on infectious diseases 

Climate change can impact human health through climate-sensitive infectious 

diseases (Watts et al., 2018). Changes in climate have the potential to cause changes in all 

three components of infectious disease transmission: the infectious agents, the hosts, and 

components of the environment. Many infectious agents, vector organisms and non-

human reservoir species are sensitive to climate conditions (McMichael, Woodruff, & 

Hales, 2006), namely temperature, humidity, and precipitation. It is believed that higher 

temperatures result in higher proliferation and reproduction rates of infectious 

pathogens (Campbell-Lendrum, Manga, Bagayoko, & Sommerfeld, 2015; Lafferty, 2009). 

Increases in temperatures often shorten the duration of the life cycle of parasites such as 

Plasmodium, the agent which causes malaria (Paaijmans, Read, & Thomas, 2009). 

Changes in climate can affect infectious disease indirectly by facilitating the risk 

behaviours or unhygienic conditions. For example, more frequent and intense extreme 

events such as droughts in poor areas often facilitate the spread of infectious diseases 

due to poor hygiene and water scarcity (Confalonieri, Menezes, & Souza, 2015). Extreme 

weather conditions affect populations in ways that increase susceptibility to infectious 

diseases (K. E. Nelson, 2014a). 

Many studies regarding the impacts of climate change on human health through 

infectious diseases have focused on vector-borne and food- and water-borne diseases 

(Smitt et al., 2014; Watts et al., 2018; WHO, 2014). Vector-borne diseases are responsible 
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for one-sixth of the burden of illness and disability worldwide, have wide economic 

impacts and cause great burdens on health systems (Campbell-Lendrum et al., 2015). 

Thus, vector-borne diseases are among the best studied of climate-sensitive diseases 

(Campbell-Lendrum et al., 2015). Climate change lengthens the transmission seasons and 

alters the geographic range of vector-borne diseases (WHO, 2015a). Temperatures 

directly affect biting, survival, and reproductive rates of many vectors (Campbell-

Lendrum et al., 2015). Temperatures also directly affect the survival and development 

rates of the pathogens (Campbell-Lendrum et al., 2015). Precipitation also plays an 

important role in transmission of infectious diseases, especially those transmitted by 

vectors such as mosquitoes that have an aquatic development stage. On the other hand, 

humidity can also have effects on diseases that are transmitted by vectors without such 

a stage, such as ticks or sand-flies (Campbell-Lendrum et al., 2015). Climate conditions 

can also affect health indirectly through effects on the natural environment and human 

systems. In particular, drought may affect water storage, land use, and population 

movement, thus affecting vector ecology and human exposure to infection (Kovats, 

Campbell-Lendrum, McMichael, Woodward, & Cox, 2001; Lafferty, 2009; Mills, Gage, & 

Khan, 2010; Rogers & Randolph, 2006; Smitt et al., 2014). Thus, it is expected that in the 

period of the 2030s to 2050s climate change will be responsible for an extra 60 000 

malaria deaths per year (WHO, 2014). 

Water-borne diseases are also sensitive to climate change. River flooding, 

temperature, humidity and rainfall increase the risk of water-borne diseases (Phung, 

Huang, Rutherford, Chu, et al., 2015b; Thomas et al., 2006). Flooding and increases of 

water level facilitate transportation of pathogens from contaminated water sources to 

household water supply (Harper, Edge, Schuster-Wallace, Berke, & McEwen, 2011). At 

higher temperatures, the pathogens and parasites multiply faster (Hijioka et al., 2014), 

thus increasing the risks of infection. Some studies have found a positive association 

between an increase in temperature and an increase in the incidence of diarrhoea disease 

in East Asia (Hashizume et al., 2008; Onozuka, Hashizume, & Hagihara, 2010). In China, a 

1oC increase in the temperature was associated with a 3 to 16% increase in outpatient 

diarrhoea visits (Y. Zhang, Bi, Hiller, Sun, & Ryan, 2007; Zhou et al., 2013). In Vietnam, a 

1oC increase in the temperature at lag 2 weeks was associated with a 1.5% increase in 

diarrhoea risk (Phung, Huang, Rutherford, Chu, et al., 2015b). During the 2030s to 2050s, 
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it is expected that climate change will be responsible for an extra 48,000 deaths each year 

from diarrhoea (WHO, 2015a). 

A few studies have examined the associations between climate factors and other 

types of infectious disease. An association between climate factors (humidity, 

temperature, wind speed) and influenza was reported in Canada (Peci et al., 2019). 

Another study by Towers et al. (2013)  analysed the likelihood of an early and severe 

influenza season after a warmer winter (which is expected to occur more frequently on 

the changing climate) and suggested that changes in the patterns influenza may result in 

more severe epidemics in the US. Changing patterns of influenza were also reported in 

other studies in France (Coletti, Poletto, Turbelin, Blanchon, & Colizza, 2018) and in the 

whole European Region (Caini, Schellevis, El-Guerche Seblain, & Paget, 2018). Changes in 

the timing of influenza epidemics have been detected in many countries in the European 

Region during the past 20 years (Caini et al., 2018). These changes suggests that climate 

factors may be influencing influenza in Europe and indicate a need for integrating climatic 

data with influenza surveillance data for further examination of the impacts of climate on 

influenza (Caini et al., 2018).  

A comprehensive understanding about how climate change affects all types of 

infectious diseases is necessary to deliver better recommendations for adaptation 

strategies to protect health from this important group of diseases. In particular, 

understanding differences within different climate and population regions within 

countries, differences in vulnerability across population groups, and the influences of 

climate variables across time are necessary in order to better design programs for 

prevention, control, and treatment of infectious diseases. Although vector-borne diseases 

and water- and food-borne diseases have received most of the attention of researchers, 

little attention has been paid to other types of infectious diseases such as those from 

direct contact transmission. More comprehensive understanding of the climate impacts 

on direct transmission diseases will promote more comprehensive adaptation plans to 

protect health from infectious diseases in the context of climate change. One emerging 

infectious disease which can be transmitted directly or indirectly, and which is reported 

to be sensitive to climate variables (Chadsuthi & Wichapeng, 2018; Duan et al., 2018; P. 

Wang, Goggins, & Chan, 2016) is hand–foot–mouth disease (HFMD). This disease has 

become endemic in many countries in the Western Pacific Region over recent decades 

and affects millions of children per year (WHO, 2011; WPRO, 2018b). The characteristics 
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of HFMD and its sensitivity to climate factors will be discussed in detail in the next 

chapter. 

2.7. Conclusion 

This chapter has described anthropogenic global climate change, vulnerability to 

climate change, and the impacts of climate change on human life and health. It has 

highlighted the importance of climate change adaptation to protect health in accord with 

the Paris Agreement while pointing out the gaps and challenges of climate change 

adaptation especially in developing countries, suggesting the need for more support for 

these vulnerable countries. This chapter has also explained one pathway in which climate 

change affects human health, which is through changing the patterns of infectious 

diseases. Thus, to minimise the impacts of climate change on human, it is necessary to 

promote climate change adaptation to protect health focusing on infectious diseases. To 

do that, it is important to identify which infectious diseases are sensitive to climate 

change, and the mechanism by which climate change affects these infectious diseases. 

Moreover, the correlation among climate factors and other related factors that can 

influence these infectious diseases also needs to be examined for a comprehensive 

understanding of these factors’ contribution to the distribution of infectious diseases. 

Finally, this chapter has also introduced a climate sensitive emerging infectious disease, 

HFMD, which affects millions of children per year. The next chapter will describe the 

characteristics of HFMD and the impacts of climate factors on HFMD in different climate 

zones.  
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CHAPTER 3 HAND-FOOT-MOUTH DISEASE – A CLIMATE SENSITIVE 

INFECTIOUS DISEASE 

3.1. Introduction 

The previous chapter has discussed climate change and its effects on human health 

through changes in the patterns of infectious diseases. This chapter describes the 

characteristics of Hand-Foot-Mouth disease (HFMD), a highly contagious disease mostly 

occurring in young children, and one of the infectious diseases that is sensitive to climate 

variables.  

After an overview of HFMD, the chapter describes the etiology and epidemiological 

characteristics of HFMD, followed by the method for diagnosis and treatment of the 

disease in hospital or at home. Subsequently, it describes the factors influencing HFMD 

as well as the impacts of this disease on health and society. It finishes with an outline of 

the current prevention and control strategies for HFMD.  

3.2. Overview of HFMD 

HFMD is an emerging viral infectious disease, which was first identified in New 

Zealand and Canada in 1957 (Robinson, Doane, & Rhodes, 1958) as a “febrile illness with 

pharyngeal lesions and exanthema” involving Coxsackie virus group A. Since then, HFMD 

has been reported throughout the world (Flewett, Warin, & Clarke, 1963; Robinson et al., 

1958; WHO, 2011), especially in the Western Pacific Region (WPRO, 2018b). Due to its 

epidemics, HFMD has become one of the four emerging infectious diseases monitored in 

the regular surveillance by the World Health Organization for the Western Pacific Region 

(WPRO, 2019). 

HFMD is caused by a group of enterovirus, of which the most common are 

Enterovirus 71 (EV71) and Coxsackie virus A16 (CVA16) (Z. Wang et al., 2016; WHO, 

2011). This disease mostly occurs in children younger than five years old but especially 

those less than three years (Deng et al., 2013; Z. Wang et al., 2016; Xing et al., 2014); 

however, some outbreaks in adults have also recently been reported, associated with the 

appearance of a new virus serotype: CVA6 (Bian et al., 2015).  

The distinguishing symptoms of HFMD are fever, painful blisters or skin eruptions on 

hands, feet, buttocks, and in the mouth (WHO, 2011). Although most HFMD cases are 
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mild, the symptoms of this disease can become more severe and even cause death, 

especially in young children. 

Since the first reports in 1957 in Canada and New Zealand, HFMD has spread 

worldwide (Lei, Cui, Zhao, & Wang, 2015). During recent decades, HFMD has become 

endemic in countries in Western Pacific Regions such as China, Japan, Singapore and 

Vietnam (WPRO, 2017), with millions of children suffering with this disease each year 

even though certain prevention and control measures have been carried out (Tanabe, 

Kurita, Nagasu, Sugawara, & Ohkusa, 2019).   

3.3. Etiology of HFMD 

HFMD is caused by a group of human enteroviruses species A, one of the four species 

of non-polio enteroviruses. The main groups of the enteroviruses known to cause HFMD 

are EV71 and Coxsackie virus group A (CVA). The most common viruses causing HFMD 

reported were EV71 and CVA16 in outbreaks in China (Dong et al., 2016; J. Huang et al., 

2018; J. Zhang et al., 2011), in Singapore (Ang et al., 2009), in Taiwan (L. Y. Chang et al., 

2004), in Japan (IASR, 2004) and in Vietnam (Tu et al., 2007). The virus EV71 has drawn 

the most attention in studies in Europe and Asia with reference to the first outbreaks of 

HFMD (Chumakov et al., 1979; Ishimaru, Nakano, Yamaoka, & Takami, 1980; Nagy, 

Takatsy, Kukan, Mihaly, & Domok, 1982; Robinson et al., 1958). Although CVA16 and 

EV71 are the most common serotypes of HFMD pathogen, EV71 is believed to be 

responsible for more severe cases of HFMD and death (L. Y. Chang et al., 2004; Donato et 

al., 2016; Hassel et al., 2015; Ho et al., 1999; Koh et al., 2016; NikNadia et al., 2016; Z. 

Wang et al., 2016; WHO, 2011). Studies have identified the genotypes of EV71, especially 

in Asia (Figure 3.1).  
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Figure 3.1 Circulating genotypes of HEV71 between 1970 and 2010 (WHO, 2011)  

A new emerging serotype of HFMD pathogen, CVA6, has been reported as responsible 

for HFMD outbreaks in Europe and Asia since 2008 (Bian et al., 2015). This serotype has 

different clinical characteristics from the “classic” HFMD caused by EV71 and CVA16. 

These CVA6-associated HFMD infections have been reported in adults and in winter time 

while the classic EV71/CVA16 mainly occurs in children younger than 5 years old. The 

virus serotype CVA6 has been reported in HFMD outbreaks in many countries across 

America, Europe and Asia (Bian et al., 2015; Puenpa et al., 2016); in particular, Finland 

(Osterback et al., 2009), France (Mirand et al., 2012), Cuba (Fonseca et al., 2014), 

Singapore (Chen et al., 2012), Taiwan (Chen et al., 2012), Thailand (Puenpa et al., 2013), 

Japan (Fujimoto et al., 2012), and China (Song et al., 2017; Zeng et al., 2018). CVA6 has 

also been involved in several outbreaks in young adults in the USA, such that among 

military trainees in Texas, USA, in 2015 where 53 cases were reported (Banta et al., 

2016), and another 63 reported cases from Alabama, Connecticut, California, and Nevada 

in 2011-2012 (CDC, 2012). This suggests that the spread of CVA6 has the potential to 

cause HFMD outbreaks in adults and that we should also be aware of this potential.  
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3.4. Epidemiology of HFMD 

3.4.1. Vulnerable groups of HFMD 

This disease occurs most commonly in children under 5 years old and can be severe, 

even leading to death (L. G. Chan et al., 2000a; WHO, 2011; Xing et al., 2014). Children 

younger than three years old are especially vulnerable (L. G. Chan et al., 2000a; L. Y. Chang 

et al., 2004; Deng et al., 2013; Z. Wang et al., 2016; Xing et al., 2014; D. Zhang et al., 2017). 

A study in Malaysia found the median age of deaths of children during HFMD outbreaks 

was 1.5 years old (L. G. Chan et al., 2000a). Other studies in China found that the highest 

incidence was reported among children one to three years old (Deng et al., 2013) or six 

to 23 months old (Z. Wang et al., 2016; Xing et al., 2014), and that the median age of HFMD 

patient was reported 23.7 months (D. Zhang et al., 2017). 

Although most of the HFMD reported cases were children younger than 5 years, older 

children and adults can also suffer from this disease (Banta et al., 2016). However, the 

percentage of EV71 infected adults who developed HFMD was much lower than for 

children, and with much less severity (L. Y. Chang et al., 2004). The percentage of EV71 

adult infections that were asymptomatic (53%) was almost nine times higher than that 

for children (6%) (L. Y. Chang et al., 2004). Of all adults who were infected with EV71, 

only 8% had HFMD disease and no complication cases were reported, while in children 

infected with EV71, 73% were uncomplicated HFMD and 21% had complications which 

resulted in deaths or long-term sequelae in the following months (L. Y. Chang et al., 2004).  

Interestingly, males appeared to be reported with HFMD more frequently than 

females; both for the number of total cases and the number of severe cases 

(Samphutthanon, Tripathi, Ninsawat, & Duboz, 2013; Z. Wang et al., 2016; Z. Yang, Zhang, 

Cowling, & Lau, 2017; D. Zhang et al., 2017). In particular, the gender ratio was reported 

as 1.9 male/1 female in a study in Guangdong, China (D. Zhang et al., 2017). Similarly, the 

reported percentage of male HFMD patients was 64.6% in Hong Kong (Z. Yang et al., 

2017), 66.6% in Zhejiang, China (Z. Wang et al., 2016), and 56.81% in Thailand 

(Samphutthanon et al., 2013). However, there is no explanation in the literature for the 

role of gender in HFMD infection or development.  

3.4.2. Transmission pathways 

HFMD is a highly contagious disease that is transmitted from person to person by 

direct contact with respiratory secretions, droplets or fomites of an infected person 
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(WHO, 2011). The virus EV71, which is involved in most HFMD outbreaks, and plays an 

important role in severe HFMD cases, can last up to two weeks in the upper respiratory 

tract post-infection (WHO, 2011). Another pathway of transmission of HFMD is through 

contaminated environments such as water, food, or surface or through faecal-oral 

transmission (Rajtar, Majek, Polański, & Polz-Dacewicz, 2008; WHO, 2011). The virus 

EV71 can survive up to 12 weeks in the intestinal tract (WHO, 2011). 

The multiple pathways of transmission of HFMD along with the long and resistant 

survival of enteroviruses in watery environments, especially in tropical and subtropical 

areas (Rajtar, Majek, Polanski, & Polz-Dacewicz, 2008), and in stools (Chung, Huang, 

Chang, Lin, & Ning, 2001) facilitate the spread of HFMD. In addition, asymptomatic adults 

with the viruses are also a source for spread of HFMD. The household transmission rate 

of EV71 in Taiwan was fairly high (52%), of which the transmission sources were siblings 

(84%), cousins (83%), parents (41%), grandparents (25%), and uncles and aunts (26%) 

(L. Y. Chang et al., 2004).  

In addition to its easy transmission, HFMD also has the potential for reinfection and 

recurrence. A study by Huang et al (J. Huang et al., 2018) found that during the period 

2008 to 2015, 398,010 patients had been reported with recurrent HFMD in China, with 

viruses EV71 and CVA16 laboratory-confirmed. In this study, the authors also reported 

the recurrent probability of HFMD was increasing over time, with the reported recurrent 

probability of 1.9%, 3.3%, 3.9%, and 4.0% for 12 months, 24 months, 36 months, 38.8 

months, respectively (J. Huang et al., 2018). However, the time of infection with HFMD 

viruses was not found to be related to any increase or decrease in severity of the infection 

(J. Huang et al., 2018).  

3.4.3. Worldwide HFMD outbreaks  

A brief overview of the worldwide epidemic of HFMD is presented in Figure 3.2. In 

this figure, the red colour indicates the HFMD outbreaks that involved more than 10,000 

cases, and the blue indicates the involvement of virus CVA6, an recently emerging HFMD 

virus serotype. The first outbreaks of HFMD were detected in 1957 in New Zealand and 

Canada (Robinson et al., 1958). During the 1960s, HFMD outbreaks remerged in New 

Zealand (Duff, 1968) and started to be reported in other countries in North America 

(Flewett et al., 1963). HFMD outbreaks were then reported in some countries in Europe 

as an EV71 infection (Chumakov et al., 1979; Nagy et al., 1982). 
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The first HFMD outbreak reported in the Asian region was in Japan in 1973 (Ishimaru 

et al., 1980). Eventually, HFDM outbreaks started to be reported in other countries in the 

Western Pacific region including China (Xing et al., 2014) and Singapore (K. P. Chan et al., 

2003), Australia (McMinn, Stratov, Nagarajan, & Davis, 2001), Malaysia (L. G. Chan et al., 

2000a), Taiwan (CDC, 1998; Ho et al., 1999), Vietnam (Tu et al., 2007), and Thailand 

(Puenpa et al., 2013). In recent decades, HFMD has become endemic in China, Japan, 

Singapore and Vietnam. Since 2015 these countries have been required to provide 

regular reports to the World Health Organisation for the Western Pacific Region (WPRO) 

(WPRO, 2018b). 

 

Figure 3.2 Worldwide epidemics of HFMD (Lei et al., 2015). 

The countries that have reported the highest number of HFMD cases in recent years 

are China, Japan, Korea, Singapore, and Vietnam (WPRO, 2018b). For example, the WPRO 

report showed that in 2016, there were 2,468,174 HFMD cases and 220 deaths reported 

in China; 69,121 cases reported in Japan, 42,147 cases reported in Singapore, and 48,866 

cases and one death reported in Vietnam (WPRO, 2017). In its report, WPRO presents 

differences in the seasonal distributions of HFMD in these countries (Figure 3.3).  The 

report categorizes these countries in two groups: (1) countries in a temperate climate 

zone and (2) countries or regions in a tropical climate zone (WPRO, 2018b). Among the 

countries in the temperate climate zone, the distributions of HFMD in China had quite 
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steady double peaks in the six years (2012-2017) with the main peak around May and 

the second peak around October. However, other countries in the temperate climate zone, 

namely Japan and Republic of Korea, only reported a single peak in the middle of the year. 

Interestingly, a two-year outbreak cycle was noted in Japan, that is, high peaks and high 

numbers of HFMD cases were reported in 2011, 2013, 2015, and 2017 while the other 

four years 2010, 2012, 2014, 2016 reported low numbers of HFMD cases and no 

significant peak within the year.   
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Figure 3.3 Seasonal distributions of HFMD in countries in the temperate zone (China, Japan, 
Republic of Korea) and in countries/regions in the tropical zone (Hong Kong SAR, Macao SAR, 
Singapore, Vietnam (adapted from surveillance report by WPRO, 2018) 
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Among the countries or regions in the tropical climate zone, Macao SAR presented 

clear two peaks of HFMD across the year (Figure 3.2). The first (the main peak) in Macao 

varied year by year during the 2012-2017 period, with the earlier peak reported during 

weeks 13-16 in 2014 while the later peak was reported during weeks 25-31 in 2017. The 

second peak (the smaller one) was reported in the latter part of the year. In addition, a 

third peak was also reported in 2014 and 2017 in Macao. In Singapore, the distribution 

of HFMD fluctuated across the year, and there was no clear peak. The highest incidence 

was reported during weeks 16-22 in 2012, or during weeks 40-43 in 2013. It appeared 

that there was no clear seasonal pattern in Singapore. In summary, the seasonal 

distributions of HFMD vary across countries, and in some cases, even within one country. 

The difference in the seasonal patterns of HFMD in the countries discussed above 

suggests that climate zones or climate characteristics play an important role in the 

distribution of HFMD in these countries or regions (Kottek, Grieser, Beck, Rudolf, & Rubel, 

2006). However, at the same time, the difference among countries in the same climate 

zone suggests that other factors also contribute to the distribution of HFMD. This 

difference in distribution of HFMD also suggests that there are different mechanisms at 

work in different regions/countries (Smitt et al., 2014). Consequently, to understand the 

factors influencing HFMD in each region or country, regional studies are necessary. 

Understanding the factors influencing HFMD in each region is important for the 

preparedness and prevention of the disease specific to that region. 

3.5. Diagnosis and treatment of HFMD 

The symptoms of HFMD range from mild symptoms with fever, skin eruptions on 

hand, feet and vesicles in the mouth to more severe symptoms which often involve the 

central nervous system and/or severe respiratory symptoms (WHO, 2011). The severity 

of HFMD infection is categorised into four grades: grades 1 and 2a are considered mild, 

while grade 2b, 3 and 4 are considered severe and need to be treated in hospital (Jones, 

2018; WHO, 2011) 

For virus detection, clinical samples are taken by swab samples of the throat and 

vesicle (WHO, 2011), which are easy to implement for both inpatients and outpatients. 

The virus EV71 can also be detected by rectal swab (WHO, 2011). However, vesicle swab 

is considered the most appropriate for detecting a current infection.  
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For treatment, mild HFMD cases (grade 1 and 2a) can be managed at home while 

severe cases need to be treated in hospital, often with an antiviral treatment such as 

ribavirin or intravenous gamma globulin (K. Cai et al., 2019).  

3.6. Vaccine development for HFMD  

In general, enteroviruses, which belong to the group of ribonucleic acid viruses, 

change quite rapidly (WHO, 2011). The rapid evolution of these viruses also makes it 

difficult to develop a vaccine against them. In addition, the fact that there are many 

serotypes of viruses responsible for HFMD (WHO, 2011) challenges vaccine development 

for this disease. The group most susceptive to HFMD is children from six months old to 

one year old (Lei et al., 2015); thus, this group should receive priority for vaccination. 

Consequently, vaccine development has been focused on children from 6 months old (F. 

Zhu et al., 2014).  

A vaccine was first developed against the most important HFMD virus, EV71, with a 

successful trial in children in 2014 (R. Li et al., 2014; F. Zhu et al., 2014). A large trial of a 

vaccine against EV71 was carried out in China for 12 000 healthy children from 6 to 71 

months old from 2012 to 2013 (R. Li et al., 2014). This vaccine was reported to effectively 

protect 97.4% of children who received both doses of vaccine for over 11 months (R. Li 

et al., 2014). Another trial of vaccine against EV71 on children from 6 to 32 months old 

was carried out by Zhu et al (F. Zhu et al., 2014), who recruited participants in 2012 and 

monitored them for 14 months. This trial reported that 94.8% of vaccinated children 

were protected (F. Zhu et al., 2014). Since 2015, two vaccines against EV71 have been 

available for private purchase in China (Yi, Shin, Kim, Kim, & Chang, 2017). Wang et al 

(2017) argues that a national vaccination for EV71 would be cost-effective and that EV71 

should be included in the routine vaccination schedule for children. 

The cross-protection of EV71 vaccine for other virus serotypes such as CVA16 is not 

achievable because the antibody cross-reaction between EV71 and CVA16 is weak (Y. Cai, 

Ku, Liu, Leng, & Huang, 2014; J. Wang et al., 2014); hence, the develop of a bivalent vaccine 

against both EV71 and CVA16 is necessary (Lei et al., 2015). However, the inactivated 

CVA16 vaccine might not be effective because infection with this virus serotype does not 

induce an effective immune response (J. Wang et al., 2017). Another challenge in vaccine 

development for HFMD prevention is the increasing spread of the new virus serotype, 

CVA6, in both adults and children during recent years (Ben-Chetrit et al., 2014; Bian et 
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al., 2015). This increased prevalence of CVA6 elevates the demand for vaccine studies and 

development against this virus serotype. 

Since only the vaccine against EV71 is available for purchase in China (Yi et al., 2017), 

and an effective vaccine against CVA16 has not yet been successfully developed (Jingjing 

Wang et al., 2014), preventive measures such as early detection and early control of the 

spread of HFMD are critical to minimize HFMD cases, and thus, reduce the impacts of 

HFMD. For these preventive measures, it is necessary to better understand the factors 

influencing HFMD. 

3.7. Factors influencing HFMD  

3.7.1. Climatic and environmental factors influencing HFMD 

Evidence of a significant association between climate factors especially temperature, 

and HFMD has been reported in some recent studies in Asian countries (Dong et al., 2016; 

Hii et al., 2011; Y. Huang et al., 2013; T. Li, Yang, Di, & Wang, 2014; Onozuka & Hashizume, 

2011; L. Zhu et al., 2015). However, the relationship between HFMD and temperature in 

studies conducted in different geographical settings appears inconsistent (Dong et al., 

2016; Duan et al., 2018; Hii et al., 2011; Y. Huang et al., 2013; Onozuka & Hashizume, 

2011; Phung et al., 2018; Xiao et al., 2017). The association between HFMD and 

temperature was positive in some studies (Kim, Ki, Park, Cho, & Chun, 2016; Onozuka & 

Hashizume, 2011; Xiao et al., 2017) and negative in other studies or across different 

temperature ranges (Urashima, Shindo, & Okabe, 2003; L. Zhu et al., 2015). For example, 

a study in Beijing, China identified average temperature as the most significant climate 

factor influencing HFMD in all four seasons (Dong et al., 2016), so that the average 

temperature always showed a positive association with the incidence of HFMD across 

each year. A positive association between temperature and HFMD was also seen in other 

studies in other Asian cities/countries such as Guangzhou, China (Y. Huang et al., 2013), 

in Fukuoka, Japan (Onozuka & Hashizume, 2011), in Korea (Kim et al., 2016), and in 

Singapore (Hii et al., 2011). The study in Singapore (Hii et al., 2011) found that a 1oC 

increase in maximum temperature above 32oC was significantly associated with a 36% 

increase in HFMD incidence. In contrast, a study in Shandong, China (L. Zhu et al., 2015) 

identified a negative association between temperature and HFMD when the average 

temperature was above 21oC, and a study in Tokyo (Urashima et al., 2003) also detected 

a negative association with the number of days per week of average temperature above 
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25oC. The association between ambient temperature has been shown to be non-linear in 

studies in Tokyo (Urashima et al., 2003), Beijing (M. Xu et al., 2015), and Shandong (L. 

Zhu et al., 2015).  

In addition to temperature, humidity and rainfall have also been found to be 

associated with the increased incidence of HFMD. Humidity has been reported to have a 

positive association with HFMD (Y. Huang et al., 2013; Onozuka & Hashizume, 2011). For 

example, a one percent increase in relative humidity led to an increase of 1.42% in the 

weekly number of HFMD cases in Guangzhou, China (Y. Huang et al., 2013) and an 

increase of 4.7% in the weekly number of HFMD in Fukuoka, Japan (Onozuka & 

Hashizume, 2011). Cumulative rainfall is also related to HFMD incidence, but it shows 

both positive and negative associations (Hii et al., 2011; Song et al., 2015). In a study in 

Singapore, a one millimetre increase of weekly cumulative rainfall below 75mm 

increased the incidence of HFMD by 0.3%; however, with one millimetre above 75mm, 

the weekly cumulative rainfall was associated with a 0.5% decrease in the HFMD 

incidence (Hii et al., 2011). Other climate factors found to be related to HFMD were the 

rise of wind and the number of windy days in a week (T. Li et al., 2014). In this study, 

authors used two models including either temperature (model 1) or atmospheric 

pressure (model 2) together with other factors such as wind velocity and number of 

windy days. They found that a 1m/h rise in wind velocity corresponded to an increase of 

4.01% (model 1) or 2.65% (model 2) of HFMD incidence, and one additional day in the 

number of windy days corresponded to an increase of 24.73% (model 1) or 25.87% 

(model 2) in the weekly number of HFMD cases.  

Recent studies suggest that air pollution acts as a modification factor on the climate-

HFMD associations in Guangdong, China (Du et al., 2019), or as a factor influencing HFMD 

along with climate factors and ozone levels in Guilin, China (Yu et al., 2019), or as a factor 

alone influencing HFMD in Chengdu, China (Yin et al., 2019). Du et al. (2019) analysed the 

interaction between climate factors and air pollution on daily HFMD incidence and found 

that the effects of climate factors (temperature and humidity) on HFMD potentially vary 

by levels of air pollution (calculated according to air quality index). The study by Yu et al. 

(2019) found that low PM2.5 (particulate matter that has a diameter of less than 2.5 

micrometres) and high ozone level have certain negative (protective) effects on HFMD 

incidence. Yin et al. (2019) found that certain levels (101-218 µg/m3) of PM10 (particulate 

matter that has a diameter of less than 10 micrometres) has a positive association with 
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HFMD incidence. Findings from these studies suggest a need for further examinations to 

clarify the effects of air quality on the climate-HFMD associations. 

Common methods that were used to analysis the relationship between climate or 

environmental variables and HFMD in those studies are time-series regression analyses 

including multiple linear regression (Urashima et al., 2003), generalised addictive model 

(Kim et al., 2016), seasonal autoregressive integrated moving average model (Du et al., 

2017; Song et al., 2015), distributed non-linear regression model ((Du et al., 2019)), 

generalised linear regression model (Phung et al., 2018), and Poisson regression model 

(Hii et al., 2011; Yu et al., 2019). To perform such analyses, weekly data or monthly data 

on numbers of cases of HFMD along with the corresponding climate variables were 

selected depending on their availability (Hii et al., 2011; Y. Huang et al., 2013; Urashima 

et al., 2003). In recent studies such as study in Beijing, China (M. Xu et al., 2015) or in 

Guilin, China (Yu et al., 2019), daily data were also used to explore the daily relationship 

between climate variables and HFMD. 

 

3.7.2. Socio-economic and health-related factors influencing HFMD 

Climate factors are not alone in affecting the HFMD incidence; the difference in 

association between climate factors and HFMD distribution in different regions suggests 

that other spatial related factors also contribute to HFMD incidence. Studies in some 

regions in China such as Liaocheng city (S. Zhang & Zhao, 2015), Shandong province (Y. 

Liu et al., 2013), Guangdong province (Deng et al., 2013), and Sichuan province (L. Liu, 

Zhao, Yin, & Lv, 2015) have examined both spatial and temporal factors and have found 

high-risk clusters of HFMD in specific periods. The high-risk clusters were specific to each 

study region; however, they tended to occur in areas that have higher population density 

(Deng et al., 2013; X. Huang et al., 2015; Y. Liu et al., 2013) and in transit hubs of highways 

and railways (Y. Liu et al., 2013). Understanding the existence of high-risk clusters in 

specific areas would enable public health planning to focus on these areas to maximize 

the prevention and control effects. 

Very few studies examined certain socio-economic or health-related factors that 

potentially influence HFMD incidence or severity of HFMD (Xiao et al., 2017; L. Zhu et al., 

2016). Although certain socio-economic or health-related factors, including population 

density, GDP per person, ratio of licensed physicians and hospital beds, did not have 
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statistically significant effects on the climate-HFMD associations in a study by Xiao et al. 

(2017) in mainland China; another study by L. Zhu et al. (2016) in Guangdong, China 

suggested that the number of healthcare institutions and level of household income have 

modification effects on the climate-HFMD association. 

To examine factors influencing the severity of HFMD, a study by Zhang et al (D. Zhang 

et al., 2017) compared certain characteristics of severe cases of HFMD patients and a 

control group of mild cases of HFMD patients. This study found that the group of severe 

HFMD patients had higher birth weight and more allergy history but less breast-feeding. 

The severe group also had longer time interval between symptoms onset to 

hospitalisation (D. Zhang et al., 2017). Thus, when there are any suspicious symptoms, 

early hospitalisation to receive early diagnoses and treatments is important for reducing 

the risk of develop severe HFMD.  

Hygiene related factors such as drinking unboiled water, changes in water quality 

due to presence of precipitation or floating materials, use of unsanitary toilets, eating out, 

and contact with HFMD patients were also related to the increases in the risk of HFMD in 

Republic of Korea (Park et al., 2010). This study suggested direct contact and 

contaminated water play an important role on transmission of HFMD.  

The role of multiple factors influencing HFMD across different studies in different 

regions suggest how necessary regional studies are for exploring and perhaps explaining 

the mechanisms by which these factors influence HFMD distribution so that we can 

develop appropriate preparedness and prevention strategies and reduce the effects of 

HFMD on children’s health and the socio-economy. 

3.8. Effects of HFMD on children’s health and the socio-economy 

HFMD mostly occurs in children under five years old. Most of the cases are mild with 

fever and skin eruptions on hands, feet, mouth or buttock, and vesicles in the mouth 

(WHO, 2011). The most common clinical problem in children is dehydration due to 

painful mouth ulcers (WHO, 2011). In severe cases caused by EV71, there may be impacts 

on the central nervous and pulmonary systems (WHO, 2011), which can lead to sequelae 

such as altered psycho-behaviour and even death. One research study in Thailand 

reported that 14% of cases were severe (Owatanapanich et al., 2016).  

The number of children that have suffered long-term sequelae or even died from 

HFMD has been high during recent decades (Broccolo et al., 2019; Jones, 2018; WPRO, 
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2018b; Xing et al., 2014). Between 2008 and 2012, there were 7,200,092 probable cases 

of children suffering from HFMD and 2,457 reported deaths in China (Xing et al., 2014). 

The biweekly reports by WPRO (2018b) indicated 2,712,925 cases and 384 deaths in 

China in 2014. In 2015, among the millions of children suffering from HFMD, there were 

124 reported deaths in China and five in Vietnam (WPRO, 2018b). In 2016, there were 

220 deaths in China and one in Vietnam (WPRO, 2018b). In addition, severe HFMD cases 

affect children’s health through long term neurological sequelae (Jones, 2018). Broccolo 

et al (2019) have raised further questions regarding the long-term sequelae of HFMD. In 

their study, the authors identified the persistence of the virus in the patients years after 

the patients were infected with HFMD virus and this study also reported symptoms that 

are potential long-term sequalae of HFMD.  

Recently, another serotype, CVA6, has been found to cause HFMD in adults (CDC, 

2012; Downing et al., 2014; Fujimoto et al., 2012; Stewart, Chu, Introcaso, Schaffer, & 

James, 2013). In 2012 the American CDC reported that 24% of HFMD cases were adults, 

half of whom were related to a child with HFMD (CDC, 2012). Some symptoms reported 

in adults include fever, joint pains and widespread crusted pruritic papules on the scalp, 

ears, and face. The virus can also lead to painful purpuric vesicular eruptions on hands 

and feet (Ben-Chetrit et al., 2014; Christoffers, Riezebos-Brilman, & Kardaun, 2016; 

Stewart et al., 2013). 

The social and economic effects of HFMD can include the cost for treatment and 

hospital care, especially in severe cases, and the cost of leave for parents to take care of 

their children. Moreover, HFMD epidemics may result in closure of schools and childcare 

centres, which would cause disruption of education and social effects such as loss of 

parent’s work productivity due to that closure. Although these economic and social 

effects have not yet been studied, the economic costs, education and social disruption are 

likely to be significant given the millions of children that suffer from HFMD every year in 

the Western Pacific Region (WPRO, 2018b). 

3.9. Current prevention and control strategies for HFMD 

The most recent guidelines for HFMD prevention by WHO (2011) include eight major 

activities: (1) establishing and strengthening surveillance; (2) conducting information 

and education campaigns on good hygiene and basic sanitation; (3) providing assistance 
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to kindergartens, day-care facilities and schools during outbreaks; (4) strengthening 

infection-control measures in both health care facilities and communities; (5) improving 

clinical case-management services, particularly for severe manifestations requiring 

intensive medical care; (6) exchanging information and disseminating good practices 

related to the preparedness, response to, and management of HFMD, particularly during 

outbreaks; (7) providing an administrative framework for national agencies/bodies to 

implement prevention and control options; and (8) monitoring and evaluation.  

These WHO guidelines highlight the importance of preparedness, strengthening 

surveillance, and the need for an administrative framework for national agencies to 

sufficiently implement prevention and control; and the need for a combination of 

interventions to reduce HFMD incidence. They also point out the need to provide timely 

data and information for risk assessment and subsequent decision-making about 

appropriate public intervention. However, these guidelines have not provided any 

climate or environment-based prevention and control for HFMD. It should be noted that 

much new information about HFMD sensitiveness to climate variables and other factors 

influencing HFMD has become available since 2011, so these guidelines may need to be 

updated. 

Although many studies regarding HFMD have been conducted recently, most of them 

focus on vaccine development (R. Li et al., 2014; Yi et al., 2017), early detection of severe 

cases and treatment (L. G. Chan et al., 2000b; Owatanapanich et al., 2016), with few 

studies focusing on prevention and control for HFMD according to the recommendations 

by WHO (WHO, 2011). Regarding recommendation numbers 1 to 3 in the WHO 

guidelines, focusing on nursery schools, a study by (Matsumoto et al., 2016) examined 

the effectiveness of early detection and intervention of infectious disease outbreaks in 

Japan, using the Nursery School Absenteeism surveillance systems (NSASSy). This study 

found that these systems can help in confirming the infectious disease cases and offering 

advice for caregivers. However, this study did not examine the effectiveness of this 

measure for different kinds of the common infectious diseases in nursery schools 

(Matsumoto et al., 2016); thus, it did not provide sufficient evidence for effectiveness of 

this preventive measure for HFMD.  

Another study by Tanabe et al (2019) analysed the effectiveness of the surveillance 

system and prevention measures for infection control in nursery schools in Japan with 
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more specific examination for different infectious diseases, including HFMD. The 

prevention measure they used in this study was that the health staff made phone calls to 

the schools to provide notification and advice when an infection at the school was 

reported (Tanabe et al., 2019). Then they calculated the “cluster avoidance” contributable 

to this prevention measure at nursery schools. This study pointed out that this prevention 

measure was successful in reducing the spread of many infectious diseases but not HFMD 

(Tanabe et al., 2019). In particular, this prevention measure can help with 100% cluster 

avoidance for fever, enterohemorrhagic Escherichia coli infection, respiratory syncytial 

virus infection, or streptococcal pharyngitis infection with; 78.8% cluster avoidance for 

diarrhoea; 50% cluster avoidance for vomiting or gastroenteritis infectious; 20% cluster 

avoidance for mumps; but only 6.7% cluster avoidance for HFMD (Tanabe et al., 2019). 

Thus, this recommended prevention measure did not show much effectiveness for 

controlling HFMD outbreaks in Japan.  

Chan et al (2017) conducted a literature review on measures used to prevent 

transmission of HFMD in China and found that the most common preventive measures 

were “environmental disinfection” and “facility closure”. They noted that early isolation 

of symptomatic individuals was the most effective measure (J. H. Y. Chan et al., 2017) and 

that this preventive measure caused less potential socio-economic impacts than closure 

of the facility. However, they argued that facility closure is necessary when isolation and 

disinfection fail to contain the spread of HFMD in the facility. Another preventive measure 

for HFMD is enhancing personal hygiene practice. For example, frequently washing hands 

of children and their caregivers was shown to reduce the risk of contracting HFMD in a 

study in China (Ruan et al., 2011). However, a study by Chang et al (2013) found that 

alcohol-based cleaning products had poor effectiveness in eliminating EV71, and that 

though 95% ethanol is the most effective concentration it still cannot fully inactivate 

EV71. Consequently, the author suggested that alcohol-based hand disinfectants alone 

are not enough to prevent the transmission of HFMD (S. C. Chang et al., 2013).  

HFMD is a notifiable disease in some countries in the Western Pacific region; however, 

in developed countries in Europe, where HFMD outbreaks have emerged since the 1990s, 

there is no compulsory surveillance for HFMD (Hassel et al., 2015) and HFMD is still not 

a notifiable infectious disease in those countries. This may be related to the lower 

awareness of this disease and the lack of interest in, and funding for, research on HFMD 
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to provide a better understanding of and methods for improving prevention and control 

of the disease.  

Although some prevention and control measures have been carried out and a few 

studies have examined the effectiveness of such measures, much remains to be done. The 

nursery (school-based) surveillance and notifications in Japan appeared to have limited 

effectiveness for HFMD (Tanabe et al., 2019), and certain disinfectants are not useful 

against HFMD viruses (S. C. Chang et al., 2013). Further knowledge of the factors 

influencing HFMD is needed in order to provide insights into potential effects of 

surrounding factors on HFMD and thus to guide the development of prevention and 

control of HFMD. In particular, climate factors that may influence HFMD require more 

study, as they are projected to change as a result of global warming. Understanding of 

factors influencing HFMD is necessary to develop targeted prevention and control 

frameworks for HFMD in the context of climate change. This is especially essential in a 

country such as Vietnam, which has a very high number of HFMD cases every year and is 

also vulnerable to climate change.  

3.10. Conclusion  

This chapter has provided an overview of the history of HFMD outbreaks worldwide, 

highlighting its emergence as a public health threat in many countries in the Western 

Pacific Region. This chapter has also explained the epidemiological characteristics of the 

disease and identified the most vulnerable group, namely children younger than five 

years old. Diagnosis and symptomatic treatment as well as current strategies for its 

prevention and control have also been described. Moreover, this chapter has identified 

the factors influencing HFMD, with a special focus on the climate factors which may 

exacerbate HFMD in the context of climate change. Finally, this chapter has discussed the 

challenges for prevention and control for HFMD, particularly the challenges due to the 

virus’ characteristics and the potential risks associated with climate variables. 

The next chapter will provide a description of the research study context: the Mekong 

Delta Region in Vietnam. This is a region that is highly vulnerable to the effects of climate 

change, especially temperature increase and sea level rise. At the same time, this region 

has among the highest incidences of HFMD reported in Vietnam.  
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CHAPTER 4 CLIMATE CHANGE AND HAND-FOOT-MOUTH DISEASE IN 

THE MEKONG DELTA REGION 

4.1. Introduction  

The previous chapter described the characteristics and the outbreak patterns of 

HFMD, an infectious disease that is sensitive to climate variables, and has discussed the 

prevention and control strategies for HFMD recommended by the World Health 

Organization (WHO) and the strategies being implemented in countries facing HFMD 

outbreaks in the Western Pacific Region.  

This chapter presents some background for the Mekong Delta Region (MDR), a region 

highly vulnerable to climate change and also experiencing regular HFMD outbreaks. This 

chapter consists of four main sections. The first section describes the major 

characteristics of the MDR in Vietnam. The second one describes the climate change 

situation and climate change adaptation being carried out in the MDR region. The third 

section discusses climate change in relation to population health in the MDR, especially 

among children. The last section describes the current situation of HFMD and identifies 

existing strategies for HFMD prevention and control in the region. 

4.2. Characteristics of the Mekong Delta Region, Vietnam  

The MDR is located in the south of Vietnam (Figure 4.1). It has 12 provinces and 1 

central city (considered the equivalent to a thirteenth province), with a total land area of 

4081.8 thousand hectares, of which 2622.9 thousand hectares are used for agriculture 

(General Statistics Office, 2017) (Table 4.1). The MDR is very crowded with a population 

of 17.7 million and a population density of 435 person/km2, much higher than the 

national population density of 283 person/km2 (General Statistics Office, 2017).  
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Figure 4.1 The Mekong Delta Region in the southern Vietnam (Pham, Nguyen, Vu, & Nakamura, 

2018) 

The MDR had almost 10.6 million people in the labour pool in 2017, an increase of 

308,000 compared to 2014 (General Statistics Office, 2017). Some 50% of the labour 

force is in agriculture and another 33% is employed in the service sector. The proportion 

of agricultural productive land in the MDR (64.3%) is the highest of all 6 regions in 

Vietnam (General Statistics Office, 2017). Of all the 6305 farms in the MDR, 3328 are 

cultivation farms, 2036 are for livestock, and 904 are fish farms (General Statistics Office, 

2017). The number of fish farms in the MDR is second only to the Red River Delta in 

Vietnam, due to the extensive river systems in this region.  

This region plays an important economic role in Vietnam (Fabres, 2011; General 

Statistics Office, 2017). Half of the national rice production and cereals production 

(General Statistics Office, 2017), 74% of fish farms, and 81% of shrimp farms are located 

in this region (Fabres, 2011). Moreover, this region is also the major contributor to 

foreign-exchange earnings, with 90% of the rice exports and aquatic products, making 

the MDR the region that is the fourth highest earner of foreign exchange for Vietnam 

(Fabres, 2011).  
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The MDR has a complex system of rivers, consisting of nine intertwining rivers and 

vast areas of orchards and aquatic rice fields. Residential life is highly affected by hydro-

meteorological factors as many aspects of life depend on the water. The people have 

unique skills of planting rice in water, combined with raising shrimp. They depend on 

floating markets for shopping, and transportation is frequently on water. The change in 

climate and its effects on the environment, especially on aquatic systems, are likely to 

result in unprecedented livelihood challenges to the communities in this region (Fabres, 

2011). 

The MRD is one of six ecological regions in Vietnam. The other five regions are the Red 

River Delta (RRD), the Northern Midlands and Mountain areas (NMM); the Northern 

Central and Central Coastal areas (NCC), the Central Highlands, and the South East region. 

The characteristics of the MDR in comparison with other regions in Vietnam are 

presented in Table 4.1. The available data was for 2014 and 2017 according to regular 

reports published as Statistical Yearbook of Vietnam by the General Statistics Office 

(General Statistics Office, 2014, 2017). Health related data was extracted from the Health 

Statistics Yearbook in 2013 by the Ministry of Health (2013a), and from Nutritional 

Reports by the National Institute of Nutrition in 2014 and 2015 (National Institute of 

Nutrition, 2014, 2015). 

Table 4.1 Population, health status, and labour characteristics in the MDR and other 

regions of Vietnam in 2014 and 2017 

Region (*)  RRD NMM NCC Central 

Highlands 

South 

East 

MDR 

 Population and health status in 2014 and 2017 

Population density 

(000/km2) 

2014 983 122 204 101 669 432 

2017 1004 128 208 106 711 435 

Life expectancy 

(years) 

2014 74.5 70.7 72.6 69.5 75.9 74.6 

2017 74.7 71.0 72.9 70.2 76.1 74.8 

2013 391.3 593.9 425.6 532.8 328.7 299.9 



51 
 

Region (*)  RRD NMM NCC Central 

Highlands 

South 

East 

MDR 

Health budget per 

capita (VND1.000)  

 
      

Percentage of 

children under 1-

year old immunized 

full vaccination 

2014 98.6 96.8 97.0 95.0 97.7 97.6 

2017 97.8 96.0 97.4 96.0 94.7 96.4 

Crude birth rate 

(‰) 

2014 18.1 21.1 17.5 18.4 15.4 14.6 

2017 14.7 18.6 16.1 17.0 13.4 11.9 

Sex rate at birth 

(male/female) 

2014 118,0 116,1 105,5 108,0 108,9 114,1 

2017 116.2 117.8 106.4 102.9 109.0 116.5 

Crude death rate 

(‰) 

2014 7.1 7.0 7.6 5.7 5.4 7.3 

2017 6.8 7.4 7.2 5.7 5.4 7.9 

Percentage of 

underweight 

children under five 

years old 

2014 10.2 19.8 17.0 22.6 8.4 13.0 

2015 10.8 19.5 16.1 21.6 9.1 12.2 

Labour characteristics in 2014 and 2017 

In-migration rate 

(‰) 

2014 3.1 2.3 5.3 7.7 18.5 2.2 

2017 1.3 0.7 2.4 1.9 7.9 0.6 

Out-migration rate 

(‰) 

2014 3.6 4.3 7.1 6.1 7.3 8.9 

2017 1.3 1.8 2.6 2.6 2.4 4.6 

2014 30.9 16.8 19.8 36.6 57.4 64.3 
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Region (*)  RRD NMM NCC Central 

Highlands 

South 

East 

MDR 

Agriculture land (% 

of total area) 

2017 
37.4 22.3 23.0 44.4 57.9 64.3 

Under-employment 

rate (% of working 

age population) 

2014 2.44 1.45 2.58 2.49 0.61 4.20 

2017 1.20 1.30 1.76 1.56 0.51 3.24 

Source: Statistical Yearbook of Vietnam (General Statistics Office, 2014, 2017), Health 

Statistics Yearbook (Ministry of Health, 2013a), and Nutritional Report (National 

Institute of Nutrition, 2014, 2015). 

The health system of Vietnam includes four national institutes responsible for the 

health implementation in four major regions of the north, the centre, the highlands, and 

the south of Vietnam. The MDR is covered by the Pasteur Institute in Ho Chi Minh city 

(PIHCMC), which is in charge of 20 provinces in the south of Vietnam, comprising the 

South East region and the MDR. According to the report of the PIHCMC, HFMD is now 

among the four most common infectious diseases in the South of Vietnam. The others are 

influenza, diarrhoea, and dengue (Pasteur Institute in Ho Chi Minh city, 2014, 2015). In 

2014, HFMD ranked the third highest of all infectious diseases in the south of Vietnam. In 

particular, the numbers of cases reported were 153,098 influenza; 132,648 diarrhoea; 

55,647 HFMD, and 24,788 dengue fever (Pasteur Institute in Ho Chi Minh city, 2014). In 

2015, HFMD ranked the fourth of all infectious diseases in the south, after influenza, 

diarrhoea, and dengue fever (Pasteur Institute in Ho Chi Minh city, 2015). In 2014, there 

were eight deaths due to HFMD making it the second leading cause of death attributable 

to infectious diseases in the South of Vietnam, only after dengue fever (19 deaths).  

Despite the fact that this region has large numbers of infectious diseases, it has the 

lowest health budget per capita in Vietnam in 2017 (Table 4.1). In comparison with other 

regions in Vietnam in 20017, the MDR has the lowest crude birth rate, but the highest 

crude death rate (General Statistics Office, 2017). The percentage of underweight 

children under five years old in the MDR (13.0%) is much higher than those in the RRD 

and the South East (10.2% and 8.4%, respectively) (National Institute of Nutrition, 2014). 
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The percentage of underweight children under five years old in the MDR was slightly 

reduced in 2015 (12.2%), but still higher than the percentages in the RRD and the South 

East (National Institute of Nutrition, 2015).  

The characteristics of climate of the MDR, including sunshine hours, air temperature, 

rainfall, humidity, and water level of two rivers in the MDR from 2010 to 2017 are 

described in Table 2.2. These data are taken from the National Statistical Yearbooks 

published in 2014 (General Statistics Office, 2014)and 2017 (General Statistics Office, 

2017). The total sunshine duration in the MDR increased during the period 2014 - 2016 

(ranging from 2104.6 to 2373.4 hours/year) compared to the previous period of 2010-

2013 (ranging from 1892.4 to 2071.9 hours/year). Consequently, the mean air 

temperatures in 2015 and 2016 reached 28oC (2015) and 28.2oC (2016), higher than 

those of the previous years, which ranged from 27.5oC to 27.8oC. In contrast, the 

maximum water levels reported at two stations on the Mekong Delta Rivers were the 

lowest of the period in 2015 (235cm) and 2016 (284cm), much lower than previous 

years, which ranged from 325cm to 435cm.  

Table 4.2 Climate characteristics of the MDR from 2010 to 2017 

Climate 

characteristics 

2010 2011 2012 2013 2014 2015 2016 2017 

A Total 

sunshine 

duration 

(hours/year) 

1914.3 1892.9 2071.9 1987 2195.8 2373.4 2104.6 1947 

B Mean air 

temperature 

(oC) 

27.5 27.5 27.7 27.8 27.7 28.0 28.2 27.9 

C Total rainfall 

(mm/year) 

2244.4 2445.9 2153.9 1941.3 2065.7 2297.2 2304.1 2175.2 
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D Mean 

humidity 

(%) 

84.0 79.5 81.3 81.0 81.0 80.0 80.4 80.8 

E Maximum 

water level   

(cm) 

412 NA 325 435 398 255 307 NA 

F  352 NA 290 383 320 235 284 NA 

Source: Statistical Yearbook of Vietnam in 2014 (General Statistics Office, 2014) and 

2017 (General Statistics Office, 2017) 

Note: A, B, C, D data were collected from Ca Mau station, data for E were collected from 

Tan Chau station, data for F were collected from Chau Doc station. 

4.3. Climate change and climate change adaptation in the MDR  

4.3.1. Climate change in the MDR 

Although climate changes are occurring all over the world, the most vulnerable 

populations are those in developing countries (WHO, 2015a) due to their susceptibility 

to harm and lack of capacity to cope and adapt. The MDR in Vietnam is among the South 

East Asian regions most vulnerable to climate change (Figure 4.2) (A.A. Yusuf & H. 

Francisco, 2009). This “vulnerability” was analysed using “exposure”, “sensitivity”, and 

“adaptive capacity”. In this research by Yusuf and Francisco (2009), exposure was 

calculated for climate-related hazards including tropical cyclones, floods, landslides, 

droughts and sea level rise; sensitivity was calculated on the basis of population density 

and protected areas; and adaptive capacity was calculated as a function of socio-economic 

factors, technology, and infrastructure. In Vietnam, the dominant hazards found in the 

North-western region are droughts, in the Eastern coastal areas are cyclones and 

droughts, and in the MDR are sea level rise and floods.  
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Figure 4.2 Climate change vulnerability map of Southeast Asia (A.A. Yusuf & H. Francisco, 2009) 

The temperature in the MDR has increased 0.5oC over the last 50 years and is 

expected to increase by 1.1oC with the low emission scenario or by 3.6oC with the high 

emission scenario (ICEM, 2009). Along with the increasing temperatures, the numbers of 

hot days are also expected to significantly increase (Tuan & Chinvanno, 2011) with the 

definition of hot day as a day with maximum temperature above 35oC (Figure 4.3).  

 

Figure 4.3 Number of hot days in a year in the MDR (Tuan & Chinvanno, 2011) 
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In addition to the increase in temperature and numbers of hot days, an increased risk 

of floods is also reported by Tuan and Chinvanno (2011). The annual maximum water 

depth and flood areas in the MDR in the 1980s and projections into the 2030s is presented 

in Figure 4.4. Provinces living with floods, including An Giang, Dong Thao, Long An and 

Can Tho, are likely to experience more floods with deeper water levels (Tuan & 

Chinvanno, 2011), and the flood boundary tends to extend to the south east of the MDR, 

toward Ca Mau and Bac Lieu provinces.  

 

Figure 4.4 Flood maximum depth in 1980s and 2030s in the MDR (Tuan & Chinvanno, 2011) 

 

In contrast to the increase of temperature and floods, the mean annual precipitation 

is expected to decline in the MDR (MRC, 2010; Tuan & Chinvanno, 2011). Although the 

annual mean total precipitation across the countries of the Lower Mekong Basin is mostly 

expected to increase (MRC, 2010), the annual mean total precipitation in the MDR is 

expected to decrease by 100 – 120 millimetres in the period 2026-2041 compared to the 

period 1985-2000 (Figure 4.5). Reduced precipitation in the MDR will contribute to 

saltwater intrusion in the soil (Evers & Pathirana, 2018).  
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Figure 4.5 Changes in mean annual total precipitation as predicted for the 2026-2041 period 

compared to the previous period of 1985-2000 (MRC, 2010). 
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The average sea level calculated in 2017 from the National Hydro-meteorological 

stations was 2.9cm higher than that in 2016 (Ministry of Natural Resources and 

Environment, 2019). Sea level is expected to rise up to 21cm (13-32cm) for the RCP2.6 

scenario and 25cm (17-35cm) for the RCP8.5 scenario by 2050 (Ministry of Natural 

Resource and Environment, 2016). These numbers are expected to be 44cm (27-66cm) 

to 73 (49-103cm), respectively, by 2100 (Ministry of Natural Resource and Environment, 

2016). A 1m sea level rise threatens to displace 7 million residents, and flood the homes 

of more than 14.2 million residents in the MDR (ADB, 2013). The projection of inundation 

in the MDR with a scenario of one meter sea level rise is presented in Figure 4.6, where 

about 30% of the whole MDR is expected to be inundated (Carew-Reid, 2008). With a 

30cm sea level rise, it is expected that 30,000ha of agriculture area will be affected (Vu, 

Yamada, & Ishidaira, 2018). Population displacement forced by sea level rise would 

increase social tensions and potentially the risks of conflict (WHO, 2015a).   

 

Figure 4.6 Areas under inundation in the MDR in 2100 under an assumed 1 meter sea level rise 

(Carew-Reid, 2008) 
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4.3.2. Climate change adaptation in the MDR 

The Viet Nam Institute of Meteorology, Hydrology, and Climate Change (IMHEN) was 

established in 2014 according to the law 74 issued on 13 January 2014 by the Prime 

Minister (Prime Minister, 2014). This is the specific agency responsible for implementing 

research on climate change and hydro-meteorology, with 255 staff and over 400 studies 

already conducted relating to climate change and hydro-meteorology. However, no 

studies have been conducted about health issues (IMHEN, 2019). The organizational 

structure of IMHEN is presented in Figure 4.6. 

 

Figure 4.7 The structure of the Viet Nam Institute of Meteorology, Hydrology, and 

Climate Change 

According to Law 1670 issued on 31 October 2017 by the Prime Minister of Vietnam 

(Prime Minister, 2017), a national targeted program for climate change adaptation and 

green development was developed for the 2016-2020 period under the leadership of the 
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Ministry of Natural Resources and Environment (VN MONRE). Many areas of government 

were involved in the program, namely the Ministry of Planning and Investment, the 

Ministry of Finance, the Ministry of Agriculture and Rural Development, the Ministry of 

Construction, the Ministry of Industry and Trade, and the Ministry of Transport. 

Interestingly, the Ministry of Health was not involved in the program, which suggests a 

neglect of health interests in connection with climate change in Vietnam. The neglect of 

the health aspects of climate change adaptation was also evident in the book Climate 

Change Adaptation Measures in Vietnam in 2015 (Schmidt-Thomé, Nguyen, Pham, Jarva, 

& Nuottimäki, 2015). In this book, the section about impacts of climate change only 

focuses on environment, hydrogeology, and ground water reserves, and the impacts of 

climate change and socio-economic development on environment, hydrogeology, and 

ground water reserves in two targeted provinces, without mentioning any potential 

impact of climate change on health. 

However, despite the slow recognition of the importance of climate and health, in 

2018, The Ministry of Health recognised the impacts of climate change on health and 

signed a National Climate Change Adaptation Plan of the health sector to 2030, with the 

vision to 2050 under Decision No. 7562/Q’-BYT dated 24/12/2018. This plan aims at 

improving the health sector's ability to cope with climate change in order to prevent and 

minimize environmental risk factors, and climate change affecting the health and health 

system, contributing to protect and improve population health. To do that, this plan 

consists of two objectives: (1) Develop and complete mechanisms and policies of the 

health sector in response to climate change, and (2) Increase awareness and capacity of 

health workers and the community on health protection and climate change response.  

Studies have been done in the MDR regarding floods, one of the major concerns 

related to climate change in that region (Evers & Pathirana, 2018). The effectiveness of 

adaptation methods for responding to flood risks in Can Tho city has been examined by 

Radhakrishnan et al (Radhakrishnan et al., 2018) who argues that the classic coping 

measures for floods such as elevating the floor level of buildings is no longer effective. A 

framework was suggested in order to integrate the current adaptation plans and propose 

a new approach, “Agile Urban Adaptation”, to improve sustainability and resilience in 

urban settings (Pathirana, Radhakrishnan, Ashley, Quan, & Zevenbergen, 2018). A flood 
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model was developed by Ngo et al (Ngo, Pathirana, Zevenbergen, & Ranasinghe, 2018) 

for flood forecasting based on prediction of water levels.  

A climate change and children project was conducted by UNICEF in Vietnam to 

reduce the children’s vulnerability (UNICEF, 2019). The project focused on “Child-

Centred Disaster Risk Reduction” (CCDRR), an approach to identifying and reducing the 

potential loss of lives, health status, assets and services by supporting the government in 

implementing CCDRR. In particular, the project focused on promoting the Safe School 

model, community-based child protection systems, raising awareness of natural disaster 

among children, and mapping risks in schools and communities (UNICEF, 2019).   

 

4.4. Climate change and health in the MDR  

Climate change in the MDR is expected to worsen the health issues in this region, via 

four main means: (1) extreme weather events that cause more injuries and deaths, water 

contamination, infectious diseases, food shortages, and mental health problems; (2) 

droughts and heavy rainfall causing a reduction in crop yields and agriculture that may 

lead to malnutrition; (3) increases in the number of hot days that exacerbate heat-related 

health problems; and (4) changes in temperature and rainfall patterns that  affect vector-

borne diseases, possibly extending the geographical habitat of the vectors (ADB, 2013). 

A few studies have explored the potential association between climate factors and 

health issues in the MDR (Phung et al., 2017; Phung, Huang, Rutherford, Chu, Wang, & 

Nguyen, 2015). One important climate factor which is used as an indicator for climate 

change is the increase of ambient temperature, along with more frequent hot days or 

extreme temperatures (Phung et al., 2016). Extreme temperature was linked with a 

higher demand for hospitalisation of young children (Phung, Rutherford, et al., 2015). A 

one degree increase in temperature was associated with a 1.3% increase of the risk of 

hospital admission (95% CI, 0.9-1.8) for all causes of disease and this risk was even higher 

for infectious diseases (2.2%; 95%CI, 1.4-3.1) (Phung et al., 2016). Hypertension also has 

a positive association with salinity intrusion, a problem that is expected to be increased 

with sea level rise (Talukder, Rutherford, Chu, Hieu Nguyen, & Phung, 2018). Heatwave 

also contributes to the increases of the risk of hospitalization (Phung et al., 2017) with a 
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2.5% (95%CI, 0.8-4.3) increase in rate of hospitalisation for all causes of disease and a 

3.8% (95%CI, 1.5-6.2%) increase for infectious diseases.  

Climate related factors have resulted in increases in the risk of infectious diseases 

such as diarrhoea, and dengue in the MDR (Pham et al., 2018; Phung, Huang, Rutherford, 

Chu, Wang, & Nguyen, 2015; Phung, Huang, Rutherford, Chu, et al., 2015b; Phung, Huang, 

Rutherford, Chu, Wang, Nguyen, Nguyen, & Manh, 2015; Phung, Huang, Rutherford, Chu, 

Wang, Nguyen, Nguyen, Manh, et al., 2015). In particular, an increase of 1oC in 

temperature was related to a 1.5% increase in diarrhoeal risk at lag 2 weeks and a 1.1% 

increase in diarrhoeal risk at lag 4 weeks (Phung, Huang, Rutherford, Chu, et al., 2015b). 

Another study conducted by Phung et al (2015a) also found a positive association 

between diarrhoea and three climate factors, namely temperature, humidity and rainfall, 

with the increase of diarrhoea admission in hospital relative risk (IRR) = 1.07 (95%CI, 

1.04-1.08) for temperature; IRR = 1.13 (95%CI, 1.12-1.15) for humidity; and IRR = 1.05 

(95%CI, 1.05-1.08) for rainfall. Dengue vulnerability maps were developed by Pham et al 

(Pham et al., 2018), accounting for temporal and spatial patterns of dengue and 

precipitation in the MDR. This study argued that the most significant factor associated 

with dengue vulnerability is rainfall (Pham et al., 2018).   

Children are among the groups most vulnerable to climate change. A UNICEF report 

on children and the changing climate (2015) highlights the many ways that children are 

affected by climate change: threat to life and health during disasters, undermining access 

to food, water, and education, or increasing children’s exposure to violence, exploitation 

and abuse (UNICEF, 2015).  

Although climate change impacts on health have been recognized in Vietnam in 

recent years, little specific action has been taken concerning health. In 2012, a Committee 

of Climate Change was formed at the national level and with sub-committees at a 

provincial level according to the Law 43 issued by the Prime Minister, on the 9th of 

January 2012 (Prime Minister, 2012). However, this committee’s scope only includes new 

energy, coastal defences, disasters, adaptation, ecosystems and wildlife, and food 

security, with no focus on health. It appears that in Vietnam, climate change is seen as an 

environmental matter only, not a health matter. More evidence of the association 



63 
 

between climate change and health is necessary to raise awareness of such links and 

involvement of the health sector in the climate change adaptation process in Vietnam. 

4.5. Hand – Foot – Mouth disease in the Mekong Delta Region  

4.5.1. Epidemiology of HFMD in the MDR 

Since the first HFMD outbreak identified in Vietnam in 2003 (Tu et al., 2007), the 

number of reported HFMD cases has increased significantly (WHO, 2011; WPRO, 2018b) 

By 2008 and 2009 the numbers of reported cases were around ten thousand, double the 

2007 numbers. There was a peak of 157,654 cases in 2012 and the level remained 

relatively high in the following years (WPRO, 2018b). The HFMD incidence in Vietnam in 

2014 and 2015 is presented in Figure 4.7.  

 

Figure 4.8 Hand-Foot-Mouth disease in Vietnam, 2014 and 2015 (WPRO, 2016)  

According to the WPRO (2018b), most of the HFMD cases in Vietnam are in the South. 

In particular, in 2015, 88% of the total HFMD cases occurred in the south of Vietnam, 

which includes the Mekong Delta Region (MDR). Although HFMD has been present in 

Vietnam since 2003, only since 2011 has it been compulsory to report cases through the 
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health surveillance system; and only since then has this data become accessible online 

through the WPRO update reports.  

Young children, especially those less than three years old, form the majority of HFMD 

cases, accounting for 87% of all deaths in a study conducted by Nguyen et al (2014), and 

accounting for 93.4% of reported cases in Dak Lak by Van Pham et al (2017).  

From a gender perspective, more male HFMD cases were reported than female. In 

particular, 62.4% of HFMD cases reported were male in the study in Dak Lak (Van Pham 

et al., 2017), and 69% of deaths reported were male in a study with data from all hospitals 

in Vietnam (N. T. B. Nguyen et al., 2014).  

In contrast to the belief that the major transmission of HFMD is at childcare centres, 

a study in Vietnam in 2014 showed that only a small proportion (18%) of HFMD patients 

were identified as possibly transmitted at childcare centres (N. T. B. Nguyen et al., 2014), 

and in fact most of the cases could be from contact with some asymptomatic person or 

person with mild infection (unidentified cases). However, this study also indicated that 

the exposure history of the HFMD cases (whether patients attended day-care centres or 

had known contact with other HFMD cases) was poorly reported. In addition, as 

discussed in a study in Taiwan (L. Y. Chang et al., 2004), asymptomatic adults can play 

important roles in transmission of infectious diseases. This suggests the need for further 

studies to confirm the transmission pathways for HFMD in Vietnam, which may lead to a 

change of target for prevention activities from schools and childcare centres to 

community-based/household intervention in future.  

4.5.2. Etiology of HFMD in the MDR 

As a result of the significant number of HFMD cases in the MDR and the associated 

requirement for HFMD prevention, a number of recent studies have focused on the 

viruses causing HFMD in the south of Vietnam (Anh et al., 2018; Donato et al., 2016; 

Geoghegan et al., 2015; Hoa-Tran et al., 2018; Hoang Minh Tu et al., 2019; Hoang et al., 

2019; Khanh et al., 2012; Le, Nguyen, Nguyen, & Pham, 2019; Nhan et al., 2018; N. T. T. 

Thao et al., 2017). Most of them were conducted in hospitals in Ho Chi Minh city, the 

neighbouring city of the MDR, and the biggest city in Vietnam. The first virology study 

conducted by Tu et al (Tu et al., 2007) indicated that in 2005, 42.1% of HFMD cases were 

caused by human enterovirus (EV71) and 52.1% of HFMD cases were caused by 
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coxsackievirus A16 (CVA16). Within the EV71 infections, three subgenogroups were 

identified: C1, C4, and C5 (Tu et al., 2007). Similar to findings from other countries (L. Y. 

Chang et al., 2004; Hassel et al., 2015; Koh et al., 2016; NikNadia et al., 2016), the EV71 

infections in this study were more likely to be related to complications of HFMD than 

Coxsackies infections, with 29.5% of EV71 infections complicated by acute neurologic 

diseases and 1.3% resulting in death.  

Other studies were conducted after that, focusing on virus serotypes and testing 

methods for detecting the viruses causing HFMD (N. T. Thao et al., 2010) and the 

prevalence of EV71 among HFMD patients (Khanh et al., 2012; Tran et al., 2011). A study 

by Thao et al (2010) identified EV71 and CVA16 as the major pathogens of HFMD in 

Vietnam and found that a multiplex RT-PCR assay is sufficient to detect EV71 and CVA16 

infections. There were large outbreaks of HFMD in Vietnam in 2011 and 2012 which 

caused more than 200 000 admissions to hospital and 207 deaths (Donato et al., 2016; N. 

T. B. Nguyen et al., 2014). In the 2011 epidemic, there were a total of 113 121 cases and 

170 deaths reported in all hospitals in Vietnam (N. T. B. Nguyen et al., 2014). Those deaths 

were analysed to identify the characteristics of patients for the purpose of treatment and 

early diagnosis of severe cases. This study found that younger children, especially those 

less than 3 years old, and those who were cared for at home formed the majority. In 

particular, 87% of deaths were less than three years old and only 18% of deaths had 

attended childcare centre (N. T. B. Nguyen et al., 2014). Donato et al (2016) identified the 

virus dominant during the 2011-2012 epidemic, reporting that 37.6% of cases were 

positive to EV71, and that the subgenogroup C4 was dominant (78 of 87 samples), and 

half of them were in the MDR (Donato et al., 2016).  

Since the large outbreaks in 2011-2012, more studies have been conducted regarding 

virology characteristics, virus transmission to Vietnam from other countries in Southeast 

Asia, and virus detection methods for HFMD in southern Vietnam (Duy et al., 2017; 

Geoghegan et al., 2015; Hoang Minh Tu et al., 2019; Hoang et al., 2019; Le et al., 2019; A. 

T. Nguyen et al., 2016; Nhan et al., 2018; Tan le et al., 2015; Thanh et al., 2015). The 

subgenogroup of EV71 and its potential transmission to Vietnam was analysed by 

Geoghegan et al (2015), who suggested that the subgenogroup C4 was likely to be 

transmitted from China while the subgenogroup B5 was closely related to HFMD 

outbreaks in Malaysia and Taiwan.   
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4.5.3. Diagnosis and treatment of HFMD in the MDR 

The diagnosis and treatment of HFMD in the MDR follows the “Guideline for 

Diagnosis and Treatment for HFMD”, provided within the regulation 2554/QĐ-BYT, 

issued on 19th July 2011 by the Ministry of Health (Ministry of Health, 2011) This 

guideline consists of three main sections: (1) diagnostic symptoms for different levels of 

infection (four grades of infection), (2) treatment strategies applied for each grade of 

HFMD infection, and (3) a short recommendation for disease prevention given at the end 

of the guideline.  

The first major part of this guideline explains the signs and symptoms of HFMD for 

different grades of infection (Ministry of Health, 2011). Grade 1 is described as 

‘uncomplicated infection” with fever and vesicles or papules on hands, feet, buttocks or 

in the mouth. Grade 2 is divided into two groups: 2a and 2b. Grade 2a is assigned when 

there is a presence of myoclonus as reported by the caregiver or having fever above 39oC 

for more than 2 days along with vomiting and difficulties in sleeping and unreasonable 

crying. Grade 2b is assigned when the myoclonus is observed by a physician, or heart rate 

above 150 per minute, or when the case is unresponsive to antipyretics. Grade 3 is 

assigned when there is autonomic dysfunction with fever that is unresponsive to 

antipyretics, hypertension and persistent tachycardia (heart rate above 170 per minute), 

or in some cases, very low heart rate and low temperature. Grade 4 is assigned when 

there is an exhibit of cardiopulmonary compromise with pulmonary oedema and/or 

haemorrhage, SpO2 less than 92%. A study focused on factors associated with the 

progression from mild to severe of HFMD suggested that vesicular rash may be an 

indicator for progression of the disease (Hoang et al., 2019); that is, children with 

vesicular rash showed less progression of severity. However, when a rash was present 

with a macular rash, it was significantly associated with increasing risk of progression of 

severity (Hoang et al., 2019). 

The second part of the guideline describes the treatment required for different 

grades of HFMD infection (Ministry of Health, 2011). Grades 1 and 2a are considered as 

mild and patients can be taken care of at home with regular check up with a doctor every 

day or every two days for up to 10 days. Grades 2b, 3 and 4 are considered severe and 

should be treated in hospital. Supportive treatments such as antipyretics (paracetamol 

and/or ibuprofen) for reducing fever and pain are recommended, and antibiotics are 
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recommended for use when there are multiple infections. The guideline also 

recommends that HFMD patients should be monitored closely for early detection of 

complications.   

For the prevention of nosocomial infection in hospital, the guideline recommends 

that HFMD patients should be isolated in a separate ward and that all health staff should 

follow the guidelines for disinfection measures such as wearing a mask and washing with 

disinfectant before and after taking care of patients (Ministry of Health, 2011). 

Disinfection of surfaces, hospital beds and seats in wards for HFMD patients should also 

be carried out regularly to minimise nosocomial infection in hospital.  

4.5.4. Current prevention and control for Hand – Foot – Mouth disease in the MDR 

The prevention and control measures for HFMD in Vietnam are provided in the 

“Guideline for monitoring, prevention and control of HFMD” in regulation 581/QĐ-BYT 

issued on the 22nd February 2012 by the Ministry of Health (Ministry of Health, 2012). 

This regulation indicates that the health organizations responsible for prevention and 

control measures for HFMD at a provincial level are the provincial health office and 

provincial centre for preventive medicine. They need to report cases and deaths to the 

health organizations at national level, the General Department for Preventive Medicine 

and the National Institutes, within 48 hours of a case being identified. The health system 

for prevention and control of infectious diseases in Vietnam is summarised visually in 

Figure 4.8. 

This regulation also requires that the outbreak control measures for HFMD need to 

be carried out within 48 hours following confirmation of an outbreak. This regulation also 

points out that community communication should focus on four ideas: (1) The target 

group for HFDM is children under five years, especially children under three; (2) The 

disease is transmitted through the gastrointestinal tract, and also through direct contact 

with patients; and there is no vaccination for HFMD, thus implementing hygienic 

behaviours is critical; (3) The community should be aware of the symptoms of HFMD and 

take children to a medical unit when there are any suspicious symptoms; and (4) The 

public need to follow the three “clean” slogan – eat clean (food security), drink clean (safe 

water), and live clean (tidy up the living environment). Other recommendations for 

HFMD prevention include: personal hygiene such as washing hands regularly, cleaning 

toys and other facility surfaces at home and at childcare centres and kindergartens, waste 
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collection and disposal, early detection of first case (check health status to detect first 

case) and isolation (isolate ill children for 10 days).  

Such recommendations do not consider other factors related to HFMD, such as the 

contribution of climate factors to HFMD. HFMD is known to be sensitive to climate 

variables (Duan et al., 2018; Xiao et al., 2017; Yu et al., 2019), consequently; its 

distributions are expected to be different in the different regions in Vietnam. In the 

context of climate change in the MDR, and in order to prevent and control HFMD 

epidemics, there is an urgent need to better understand the risk factors for HFMD, in 

particular the factors that relate to climate change and the risk and vulnerability for that 

climate hazard. This knowledge will help develop an early warning system and improve 

surveillance systems and targeted strategies for HFMD prevention and control in the 

MDR. This also can help provide recommendations for building a national framework for 

HFMD prevention and control in Vietnam.  
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Figure 4.9 The health systems for prevention and control of infectious diseases and HFDM in 

Vietnam 

 

4.6. Conclusion  

This chapter has described the characteristics of the MDR and the current climate 

change issues and the HFMD situation in the region. In particular, this chapter has 

described the current climate change situation in the MDR, focusing on the increases of 

temperature, sea level rise and issues related to floods; the vulnerability of this region to 
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climate change; and the projections for climate change in this region. It has briefly 

described the association between climate factors and certain health issues in the MDR 

including the increases of hospitalisation in young children, the increases of certain 

infectious diseases including dengue, diarrhoea and HFMD. It has also argued that 

children are the group most vulnerable to climate change. Despite the increase of health 

issues related to climate change, there is a lack of formal climate change adaptation 

involving the health sector in Vietnam and in the MDR.  

In addition, this chapter has described the recent HFMD outbreaks in the MDR, 

mostly occurring in children younger than five years old. It has also described the current 

prevention and control measures for this disease in the MDR. It has pointed out the 

limited understanding of the association between climate factors and HFMD in this 

region, which is important for HFMD prevention and control in the context of climate 

change, and also important for raising awareness of health issues related to climate 

change, thus, promoting climate change adaptation regarding health. 

The next chapter will summarize the literature review from Chapter 2 to Chapter 4 

and articulate the rationale and the aims of the study and research question, and explain 

the methodology used to answer this research question.  

  



71 
 

CHAPTER 5 RESEARCH METHODOLOGY 

5.1. Introduction 

The previous chapters have provided background literature on how climate change 

influences health, focusing on infectious diseases; hand-foot-mouth disease (HFMD) as 

an emerging and climate sensitive infectious disease; and the Mekong Delta Region 

(MDR) in Vietnam which is facing issues related to both climate change and HFMD every 

year. These chapters examined the current knowledge and gaps in understanding of the 

effects of climate on HFMD in the MDR – information necessary for improving prevention 

and control of this disease as well as for building climate change adaption regarding 

health in Vietnam. This chapter presents the research methodology used to address 

identified gaps.  

 This chapter consists of six sections. The first section summarises the rationale, and 

the conceptual framework for this research, drawing from the background literature of 

the three previous chapters. The second section explains the overall research design. The 

third section introduces the research setting—the MDR in Vietnam. The fourth section 

explains how the data was collected for the purpose of this research and how the data 

were managed. The fifth section describes the data analysis techniques used in this 

research. The final section describes issues related to study rigor and ethics. 

5.2. Research rationale and conceptual framework  

This section provides a summary of the literature discussed in the three previous 

chapters that determine the rationale for this research. They are the impacts of climate 

change on health and, in particular, on infectious diseases; HFMD – an emerging 

infectious disease sensitive to climate change; and the MDR in Vietnam where both 

climate change and HFMD are issues that increasingly threaten population health. 

Climate change poses a great threat to human health in various ways (IPCC, 2018; 

Smitt et al., 2014; Watts et al., 2018; WHO, 2018). One significant way is by changing 

patterns of infectious diseases or increasing their incidence (Watts et al., 2018; WHO & 

UNFCCC, 2019; Wu, Zhou, Chen, & Xu, 2014). Climate change is projected to lead to 

changes in the environments in the future; thus, these changes may result in a heavier 

burden of disease, especially climate-sensitive infectious diseases (WHO & UNFCCC, 

2019). More understanding of the association between climate and infectious diseases 
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and better detection of vulnerability are necessary for reducing the impacts of climate 

change on health and for improving regional adaptation plans to protect health, especially 

in developing countries.  

HFMD is a highly contagious disease that affects millions of children every year, 

especially in the Western Pacific Region (WPRO, 2018b). Previous studies have found that 

HFMD is sensitive to climate variables such as temperature, humidity, and rainfall (Duan 

et al., 2018; Koh et al., 2016; Onozuka & Hashizume, 2011; Samphutthanon et al., 2013; 

Yu et al., 2019). As identified in Chapter 3, HFMD appears to react to the changes of these 

climate variables differently in different regions of the world (Coates et al., 2019; Duan et 

al., 2018). Thus, a regional study is necessary for understanding the mechanism of 

climate–HFMD associations in each specific region. Moreover, few studies have focused 

on analysing the current prevention and control strategies in order to improve 

prevention and control of this disease in the context of a changing climate. 

 Within the Western Pacific Region, Vietnam suffers one of the highest reported 

incidences of HFMD every year (WPRO, 2018a). In Vietnam, most HFMD cases are 

reported from the south, including the MDR. The MDR is identified as a region that is 

highly vulnerable to climate change (A.A. Yusuf & H. Francisco, 2009) and this may 

increase the numbers of HFMD cases in this region. While numerous studies have 

examined HFMD in Vietnam, most have focused on virology and clinical aspects of the 

disease for the purpose of treatment (Hoa-Tran et al., 2018; Hoang Minh Tu et al., 2019; 

Hoang et al., 2019; Le et al., 2019; A. T. Nguyen et al., 2016; Nhan et al., 2018). Yet research 

focussed on the factors influencing HFMD, important for the purpose of prevention and 

control, is limited. 

For these reasons, this research aims to investigate the factors influencing HFMD in 

the MDR in the context of climate change and to explore what health staff need in order 

to improve HFMD prevention and control in this region. To do that, this research seeks to 

answer the following question: 

What are the factors influencing HFMD in the MDR in the context of climate 

change, and what strategies could improve HFMD prevention and control in 

Vietnam? 

To answer the research question, the following focus questions need to be answered: 
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1. What are the effects of climate factors on the distribution of HFMD in the MDR? 

2. What are the spatial and space-time distributions of HFMD in the MDR?  

3. What are the potential factors influencing HFMD spatial distribution, and their 

modification impacts on the climate–HFMD associations in the MDR? 

4. What is the current situation of HFMD and its prevention and control from the 

points of view of the health staff in the MDR and in Vietnam? 

5. What support do the health staff require in order to enhance effective strategies 

for HFMD prevention and control in Vietnam in the context of climate change? 
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Figure 5.1 Conceptual framework for this research 
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5.3. Research design 

This study applied a mixed methods approach combining quantitative and qualitative 

techniques to answer the research question and the five focus questions (Figure 5.2). For 

quantitative analysis, time-series regression analysis was used first to examine the 

association between climate factors and the daily and weekly distributions of HFMD in 

the MDR (step 1). Then, spatial and space-time analysis was used to explore the spatial 

distribution of HFMD in the 12 provinces and one central city in the MDR; and to detect 

high-risk spatial clusters and space-time clusters (step 2). Spatial autoregressive models 

(SAR) were used to examine the potential factors influencing HFMD regarding spatial 

distribution among provinces (step 3). Finally, the identified factors from step 3 were 

examined for their modification effects on the climate–HFMD associations found in step 

1. These three steps will be explained in detail in three sections (5.6.1 to 5.6.3). 

For qualitative analysis, thematic analysis was used to analyse the information from 

in-depth interviews with key informants (health workers) at both national and provincial 

levels, the two main levels that are in charge of developing strategic plans for disease 

control in Vietnam, in order to understand their points of view on the current situation 

of HFMD at their working levels. This analysis also helped in classifying the supports that 

these health workers need in order to improve HFMD prevention and control in the MDR 

and in Vietnam, especially in the context of climate change (section 5.6.4). 
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Figure 5.2 Research design and analysis framework  
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5.4. Research setting: The Mekong Delta Region in Vietnam 

This study drew on data collected in all 12 provinces and one central city (which will 

be referred to as 13 provinces for the purpose of analysis) in the MDR. They are Long An, 

Tien Giang, Dong Thap, Ben Tre, Tra Vinh, Vinh Long, An Giang, Soc Trang, Kien Giang, 

Bac Lieu, and Ca Mau provinces, and Can Tho city (Figure 5.3).  

 

Figure 5.3 Map of the Mekong Delta Region with Can Tho as the central city. 

 

The population characteristics and health budget per capita of these 13 provinces are 

presented in Table 5.1. The central city—Can Tho city—has the highest urban/rural ratio 

along with the highest population density of all provinces in the MDR; however, it has a 

low health budget per capita (214,000 VND) compared to the regional mean (299,000 

VND).  
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Table 5.1 The Population and Health Budget per Capita in the 13 Provinces in the MDR  

Provinces Total population 

(thousand) 

Population 

density 

(person/km2) 

Urban/Rural 

ratio  

(km2/km2) 

Health budget 

per capita 

(thousand VND) 

Total 17804.7 436 33/100 299.9 

Long An 1503.1 334 22/100 232.5 

Tien Giang 1762.3 702 18/100 205.4 

Ben Tre 1268.2 530 11/100 330.8 

Tra Vinh 1049.8 445 20/100 412.0 

Vinh Long  1051.8 689 20/100 246.4 

Dong Thap 1693.3 500 22/100 278.9 

An Giang 2164.2 612 42/100 274.1 

Kien Giang  1810.5 285 36/100 296.8 

Can Tho 1282.3 891 200/100 214.0 

Hau Giang 776.7 479 32/100 311.7 

Soc Trang 1315.9 397 47/100 391.8 

Bac Lieu 897.0 336 36/100 328.7 

Ca Mau 1229.6 236 29/100 361.0 

Source: Statistical Yearbook of Viet Nam (2018), Health Statistics Yearbook (Ministry of Health, 

2013a).  
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5.5. Data collection  

5.5.1. Quantitative data collection 

The data collected can be categorised into four groups: reported cases of HFMD, 

climatic variables (hydro-meteorological variables), socio-economic and health related 

factors, and the spatial characteristics of the 13 MDR provinces. The first data category, 

the HFMD daily and weekly reported cases, were collected from 2010 to 2016, with 

completeness across years depending on availability. The weekly reported cases of HFMD 

were collected from the Disease Surveillance Reports of Provincial Centres for Preventive 

Medicine in the 13 provinces. Following the adoption of the National Communicable 

Disease Control Legislation in 2011, it has been compulsory to report all cases of HFMD 

through the health care system. Thus, HFMD records of reported cases from 2011 to 2016 

are available in most provinces. Weekly reports were collected from all 13 provinces; 

however, the periods of available data vary from 4 years (2013-2016) to 7 years (2010-

2016). Daily reports of HFMD were provided by the Provincial Hospitals from 1 January 

2014 to 31 August 2016 in nine provinces (Ben Tre, Ca Mau, Can Tho, Dong Thap, An 

Giang, Kien Giang, Soc Trang, Tien Giang, and Vinh Long).   

The second data category, the climatic variables, was collected from the Hydro-

Meteorological Centre for the Southern Region of Vietnam during the corresponding 

period to the extent that the data was available. The climate factors of interest in this 

study include temperatures (maximum temperatures, minimum temperatures, and 

average temperatures, oC), humidity (%), and cumulative rainfalls (mm), as suggested by 

previous studies (Coates et al., 2019; Duan et al., 2018) . 

The third data group includes potential modification factors identified via the 

literature review and examined in Chapter 3. The socio-economic factors were collected 

from the Statistics Yearbook of Vietnam in 2014 (General Statistics Office, 2014) and they 

include population density, number of kindergartens; monthly average income per 

capita, provincial health budget; households with permanent houses; households with 

access to safe water; and households with access to hygienic toilets. The health related 

factors were collected from the Health Statistics Yearbook (Ministry of Health, 2013a) 

and reports of the National Institute of Nutrition in 2013 (National Institute of Nutrition, 

2013). These factors include: percentage of newborns breastfed within 1 hour of birth; 
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percentage of infants (under 1 year old) who were fully immunised; and nutritional 

conditions (underweight/overweight and obese) of children under 5 years old.  

For the fourth group of variables relating to spatial characteristics used for the 

purpose of mapping and spatial analysis, the shapefiles of 13 provinces of the Mekong 

Delta Region, were obtained from the Global Map of Vietnam ©ISCGM, Department of 

Survey and Mapping, Ministry of Natural Resources and Environment–Vietnam (Ministry 

of Natural Resources and Environment, 2016).  

5.5.2. Qualitative data collection 

Qualitative data collection consisted of a literature review and in-depth interviews 

with health staff. First, literature and document reviews were conducted to provide a 

broad knowledge of climate change and its impacts on health (Chapter 2), a 

comprehensive understanding of the current HFMD situation in different countries in the 

world; factors were identified that influence HFMD; and the current prevention and 

control measures for HFMD in these countries (Chapter 3) and the situation of climate 

change as well as the status of HFMD in Vietnam (Chapter 4) were identified. Different 

literature review methods were carried out to obtain the information in these Chapters. 

In particular, regarding Chapter 2 – Climate change and infectious diseases – which are 

both broad topics, the literature review approach started with searches of grey literature 

of the popular and reputed sources for each area, that is the IPCC for “climate change”, 

and the World Health Organization for “infectious diseases” and for “impacts of climate 

change on infectious diseases”.  A similar review approach was used for Chapter 4 – 

Climate change and HFMD in Vietnam; however, the key words used for literature review 

in this chapter were both English and Vietnamese. The key words used in difference 

sections of these two chapters are summarised in Appendix 5.5. 

Regarding Chapter 3 – HFMD - the key search terms and key word searches in English 

were used. They included Hand-Foot-Mouth disease, epidemiology, factors, Enterovirus 

EV71, Coxsackievirus, prevention and control, climate, and regulations. The literature 

review process searched for documents from both grey literature and peer-reviewed 

journal articles. The grey literature documents were obtained from government and 

institutional websites, and from reputed organisations such as the World Health 

Organization. The peer-reviewed journal articles were obtained using Scopus as the 
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primary search engine, and other databases, such as PubMed and Google Scholar. The 

screening and selection processes are outlined in Figure 5.4. Scopus was used first to 

search for all documents, which were then screened by their titles to exclude non-related 

and duplicated documents. PubMed and Google Scholar were then used to check for any 

other potentially useful documents. After that, their abstracts were screened to select 

documents that focused on the purpose of this study. Finally, full texts were screened to 

choose the most relevant documents to include in the systematic review of this study. 

During the full text stage, references to the related documents were also screened to 

avoid missing valuable documents. 
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Figure 5.4 The screening and selection process for the literature review 
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Second, in-depth, face-to-face interviews with stakeholders were conducted using a 

semi-structured questionnaire focussing on the situation of HFMD and HFMD prevention 

and control; climate change and its influence on HFMD, and health staff requirements 

designed to improve HFMD prevention and control (Appendix 5.1). All in-depth 

interviews were conducted by the researchers in Vietnamese, and, with permission, all 

were audio recorded. The stakeholders who were chosen represented health staff at both 

national and provincial levels in order to identify their perspectives on the current 

climate change and HFMD situation, and on the difficulties for HFMD prevention and 

control in the MDR and in Vietnam, especially the preparedness for and adaptation to 

climate change in order to protect health. The interviews also focused on the needs of 

stakeholders for the integration of communicable disease prevention and management 

into climate change adaptation. A total of 17 stakeholders were selected from both 

national and provincial levels. Recommendation/introduction letter was obtained from 

Vietnam Health Environment Management Agency, Ministry of Health and sent to the 

intended health offices at national level and provincial levels. Then, phone calls were 

made to confirm the willingness of the candidate and set schedule for interviews. The 

response rate is 100%, all participated interviews were recommended by their own 

workplace to represent their organisations. The national informants included senior 

professionals from the Ministry of Health, in particular, one from the Environmental 

Health Management Agency and one from the General Department for Preventive 

Medicine. Fifteen provincial key informants were selected from five provinces (Ben Tre, 

Tra Vinh, Can Tho, Ca Mau and Dong Thap). Can Tho was chosen because this is the central 

city of the Mekong Delta region; Dong Thap is the province having the highest number of 

HFMD cases in the MDR; and three other provinces were chosen for their geographical 

spread across the MDR. In each province, the interviewees included a public health 

manager in the Provincial Health Office, a manager of a Department of Infectious Disease 

Control in a Provincial Centre for Preventive Medicine, and a paediatrician in a provincial 

hospital.  

The in-depth interviews focused on two main subjects: (1) describing and 

understanding the current situation for prevention and control of HFMD in the MDR, 

including the level of involvement of health authorities in protecting health (and 

specifically in relation to HFMD) from impacts of climate change; and (2) what could be 
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improved if we understood more about the factors influencing HFMD, including targeting 

the high risk locations and populations most vulnerable to the HFMD related climate 

hazards in the MDR.  

5.5.3. Data management 

Quantitative data, including weekly and daily HFMD cases, were provided in different 

formats because they were extracted from the original report forms or records of each 

provider (provincial centres for preventive medicine or provincial hospitals). Thus, the 

data first had to be unified in one final form in Excel for convenient preparation for data 

analysis. A “week” form was created for the weekly HFMD data of the 13 provinces, and 

another form was developed for the daily HFMD data of nine provinces. All the cases were 

checked for missing, incomplete or inconsistent data. Unsatisfactory data were deleted 

from the database. All the data were then exported to STATA version 15 for rechecking 

and analysing.  

The climate variables including temperature, humidity and rainfall were also 

compiled in Excel from 2014 to 2016 for nine provinces (daily) and from 2010 to 2016 

for all 13 provinces (weekly). Other potential influencing/modification factors such as 

health related factors and socio-economic factors were also added into Excel for each 

province at a baseline of 2013 or 2014, depending on availability. These types of data 

were not considered to significantly change throughout the time period of data collection, 

and the data from 2013/2014 was used as a reference. After careful checking, all data 

were exported to STATA for analysing.  

For the purpose of mapping and spatial analysis, the shapefiles of the 13 provinces 

were merged and linked with HFMD data and other factors in Stata dataset using Stata 

15.  

Qualitative data from the 17 in-depth interviews were recorded using voice recorder 

and transcribed into Excel files for analysis. These entire interviews were first analysed 

in Vietnamese for precise understanding. Key themes were coded, and related sentences 

were translated into English for advanced analysis. Then the findings were translated 

into English for reporting purposes. 
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5.6. Data analysis  

Two statistical software programs were used for data analysis. First, data 

management, temporal analyses (section 5.6.1), some parts of spatial analysis (5.6.2), and 

spatial autoregressive models (section 5.6.3) were carried out using Stata software 

version 15 (StataCorp, 2017). Second, spatial clusters and space-time cluster analysis 

were carried out using SaTScan version 9.6—software developed by Martin Kulldorff 

from Harvard Medical School, together with the National Cancer Institute, and Farzad 

Mostashari of the New York City Department of Health and Mental Hygiene (Kulldorff M. 

and Information Management Services Inc, 2009).  

5.6.1. Temporal analysis  

5.6.1.1. Daily effects of climatic factors on Hand-Foot-Mouth disease in Can Tho 

city – the central city of the Mekong Delta Region.  

Temporal analysis was conducted using the daily data from 2012 to 2014 for Can Tho 

city to explore the principal relationship between climate factors and HFMD distribution. 

The findings from this analysis were published on the Journal of the Science of Total 

Environment in January 2017 (H. X. Nguyen et al., 2017) with title “Temporal and spatial 

analysis of hand, foot, and mouth disease in relation to climate factors: a study in the 

Mekong Delta region, Vietnam”. Time-series regression was used to examine the 

temporal patterns of HFMD in relation to the climate factors, comprising average 

temperature, humidity and cumulative rainfall. First, seasonality and long-term trends 

were controlled by using a flexible spline function of time for the three years from 2012 

to 2014 using 7 knots per year, which is considered an appropriate method to control for 

seasonality and trends, while leaving sufficient information from which to estimate the 

daily effects (Bhaskaran, Gasparrini, Hajat, Smeeth, & Armstrong, 2013).  

Second, for each climate factor the lag effects of up to 6 days lag (from day 0 to 6 days 

in advance) were examined using a Generalized Linear Model (GLM) and the distributed 

lag model, while adjusting for spline function of time, day of the week, and the offset of 

population. The equation is: 

𝐿𝑛(𝑌) =  𝛽𝑜 + ∑ 𝛽𝑖 𝑇𝑖 +  ∑ 𝛽𝑗𝐻𝑗 +  ∑ 𝛽𝑧𝑅𝑧 + 𝑠(𝑡𝑖𝑚𝑒) + 𝑑𝑜𝑤 + 𝐿𝑛(𝑝𝑜𝑝)  (1) 
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where, Y is the daily count of HFMD cases, Ti is the average daily temperature at lag i day, 

Hj is the daily humidity at lag j day, Rz is the daily cumulative rainfall at lag z day, s(time) 

is the flexible spline function of time (7 knots per year), dow is the day of the week, and 

pop is population in Can Tho city. 

Third, the best prediction model was selected based on the lowest Akaike’s 

Information Criteria (AIC) and Bayesian Information Criteria (BIC) to present the 

temporal pattern of HFMD across a year in Can Tho city. The temporal pattern of HFMD 

over 52 weeks of a year was examined using the cases predicted from the best prediction 

model. 

5.6.1.2. Daily effects of climatic factors on Hand-Foot-Mouth disease in multiple 

provinces of the Mekong Delta Region.  

Three significant climate factors (average temperature, humidity and rainfall) were 

used for analysing their influence on daily distribution of HFMD from each of the nine 

provinces of the MDR for which complete data was available for the period of 2014-2016. 

The findings of the effects of climate factors on HFMD in each province then were used to 

generate pooled estimates of effects on HFMD for the general Mekong Delta Region. 

Similar to the premier analysis in Can Tho city, the daily cases of HFMD of each province 

and daily average temperature, average humidity and cumulative rainfall were used as 

input in a distributed generalized linear model with Poisson family, allowing 6 days lag, 

and 7 knots per year for analysing the temporal pattern of HFMD in each province to these 

climate variables. The equation for each province is: 

𝐿𝑛(𝑌) =  𝛽𝑜 + ∑ 𝛽𝑖 𝑇𝑖 +  ∑ 𝛽𝑗𝐻𝑗 +  ∑ 𝛽𝑧𝑅𝑧 + 𝑠(𝑡𝑖𝑚𝑒) + 𝑑𝑜𝑤  

where, Y is the daily incidence of HFMD cases, Ti is the average daily temperature at lag i 

day, Hj is the daily humidity at lag j day, Rz is the daily cumulative rainfall at lag z day, 

s(time) is the flexible spline function of time with 7 knots per year, and dow is the day of 

the week. The flexible cubic spline function of time helps in controlling for seasonal 

patterns and long-term trends. This function helps to model long-term patterns smoothly 

and can capture a seasonal pattern even when it varies from year to year (Bhaskaran et 

al., 2013). Figure 5.5 shows the flexible cubic spline model for summary data of the nine 

provinces and Figure 5.6 shows the residuals plot of these data after removing the 

(2) 
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seasonal patterns and long-term trends. The details of the flexible cubic spline and 

residual checking for each of the nine provinces are presented in Appendix 5.2. 

 

Figure 5.5 The flexible cubic spline model of daily HFMD count in the Mekong Delta 
region, 2014-2016 

 

Figure 5.6 Residuals variation of daily HFMD count in the MDR after removing seasonal 
patterns and long-term trends 
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Sensitivity analysis was conducted including (1) changing the amount of control for 

seasonality and long-term trends in the model by changing the number of knots in the 

spline-based approach, (2) specifying exposure and confounder variables in different 

ways (including/excluding other factors), and (3) changing the way lagged effects are 

included in the model (individual lag with no constraint, cumulative lag, individual lag 

with constraints). The optimal models were those with 7 knots per year in the spline 

function; three climatic factors (average temperature, humidity and rainfall); and 

individual lag with constraints for each province.  

Finally, random-effect meta-regression analysis (Harris et al., 2008) was used to 

analyse the pooled estimates of the effect sizes of climate factors on HFMD across the 

MDR for each lag day, synthesising daily effects of climate factors on HFMD in each 

province. The use of random-effect allows the true effect size to be varied across the nine 

provinces (Harbord & Higgins, 2008). The percentages of variability of the estimates that 

are due to heterogeneity are measured as I2.  

𝑦𝑖 =  𝜃 +   𝑢𝑖 +  𝜖𝑖 

where 𝑢𝑖~ 𝑁(0, 𝜏2) and 𝜖𝑖~ 𝑁(0, 𝜎𝑖
2); and 𝑦𝑖 is the effect estimate and 𝜎𝑖is standard error 

for each province; 𝜃  is the mean effect among provinces; 𝜏2is the between-province 

variance. 

5.6.1.3. Weekly effects of climate factors on Hand-Foot-Mouth disease in the 

whole Mekong Delta Region 

Two steps were involved in analysing the weekly effects of climate factors on HFMD 

in the whole MDR. First, Generalized Linear Models were used to examine the weekly 

effects of climate factors on HFMD in each of the 13 provinces from 2010 to 2016. The 

equation is: 

𝐿𝑛(𝑌) =  𝛽𝑜 + ∑ 𝛽𝑖 𝑇𝑖 +  ∑ 𝛽𝑗𝐻𝑗 +  ∑ 𝛽𝑧𝑅𝑧 + 𝑠(𝑡𝑖𝑚𝑒)  

where, Y is the weekly incidence of HFMD in each province, Ti is the average weekly 

temperature at lag i week, Hj is the weekly average humidity at lag j week, Rz is the weekly 

cumulative rainfall at lag z week, s(time) is the flexible spline function of time (5 knots 

per year).  

(4) 

(3) 
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To control for seasonal patterns and long-term trends, a flexible cubic spline function 

of time was created using 5 knots per year for the period of 7 years. This function helps 

model long-term patterns smoothly and can capture a seasonal pattern even when it 

varies from year to year. Figure 5.7 shows the flexible cubic spline model for summary 

weekly data of the 13 provinces in the MDR and Figure 5.8 shows the residuals plot of 

these data after removing the seasonal pattern and long-term trend. The details of the 

flexible cubic spline and residual checking for each of the 13 provinces are presented in 

Appendix 5.3 

 

Figure 5.7 The flexible cubic spline model of weekly HFMD count in the MDR, 2010-

2016 
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Figure 5.8 Residuals variation of weekly HFMD in the MDR, 2010 – 2016, after removing 
seasonal pattern and long-term trend.  

 

Second, random-effect meta-regression analysis was used to analyse the pooled 

estimates of the effect sizes of each climate factor on HFMD for the whole MDR region 

from lag 0 week to lag 2 weeks each based on findings of individual provinces. Random-

effect allowed weekly effects to be varied across the MDR and the coefficient of 

inconsistency (I-squared) was measured to describe percentages of variability of the 

estimates that are due to heterogeneity. The formula is: 

𝑦𝑖 =  𝜃 +   𝑢𝑖 +  𝜖𝑖 

 where 𝑢𝑖~ 𝑁(0, 𝜏2); 𝜖𝑖~ 𝑁(0, 𝜎𝑖
2); and 𝑦𝑖 is the effect estimate and 𝜎𝑖is standard error for 

each province; 𝜃  is the mean effect among provinces; and 𝜏2is the between-province 

variance. 

 

(5) 
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5.6.2. Spatial and space-time analysis  

5.6.2.1. Spatial distributions of HFMD in 13 provinces  

The spatial distributions of HFMD in the MDR were analysed using Stata and SatSCan 

in different steps. First, Stata was used to produce thematic maps of the MDR, in 

particular, to present spatial distributions of HFMD incidence throughout the 2013-2016 

period along with potential influencing factors for the 13 provinces.  

Second, spatial clusters of HFMD across the 13 provinces within the study period were 

detected using SatSCan software (Kulldorff M. and Information Management Services Inc, 

2009). Spatial analysis detected HFMD clusters over space at a provincial level. This 

spatial scan statistic was used to analyse the geographical distribution of HFMD across 

the MDR, in order to detect if there are any geographical clusters of HFMD incidence 

(Kulldorff M., 1997), in other words, to determine if there are any areas with higher 

numbers of HFMD than would be expected if the risk of HFMD was evenly distributed 

across the 13 provinces. The data included in this scan were the yearly incidence of HFMD 

in the 13 provinces from 2013 to 2016, the population of the 13 provinces, and location 

(longitudes and latitudes) of the provinces. The spatial scan statistic imposed a circular 

window on the map of the MDR with flexibility both in location and size. Poisson 

probability model was used to detect clusters of cases for high rates, using a maximum 

setting on the cluster size of 20% (20% of population at risk), and Monte Carlo 

replications of 9999. The expected number of cases in each is under the null-hypothesis 

of no difference between provinces. The expected number of HFMD cases was calculated 

as follow: 

𝐸(𝑐𝑖) = 𝑝𝑖

𝐶

𝑃
 

where 𝑐𝑖 is the observed number of HFMD cases and the 𝑝𝑖 is the population of the 

province i while C and P are the total number of HFMD cases and population of the whole 

region respectively.  

5.6.2.2. Hot and cold spot detection  

Hot and cold spots for HFMD were detected using Local Moran’s I analysis (Pisati, 

2012), using Stata software (StataCorp, 2017). Moran’s local index is defined in the 

following equation: 

(6) 
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𝐼𝑖  =  ∑ 𝑤𝑖𝑗
𝑠𝑡𝑑

𝑁

𝑗 = 1

(
𝑦𝑖  −  �̅�

𝜎𝑦
) (

𝑦𝑗  −  �̅�

𝜎𝑦
) 

where 𝜎𝑦 denotes the standard deviation of y which is the HFMD incidence, and 𝑤𝑖𝑗
𝑠𝑡𝑑 

denotes the elements of a row-standardized spatial weights matrix, with 𝑤𝑖𝑖
𝑠𝑡𝑑  =  0 

(Pisati, 2012). The row-standardized weight matrix was created with inverse distance 

(distance-based). The row-standardized weight matrix creates proportional weight when 

provinces have an unequal number of neighbouring provinces, balancing out observation 

with few neighbours. A distance band of 96 000 metres which was the median distance 

between provinces was used to create this row-standardized weight matrix. The 

neighbours within this distance band are weighted equally. When 𝐼𝑖 is larger than 𝐸(𝐼𝑖), 

this indicates that province 𝑟𝑖 is surrounded by provinces that on average are similar to 

𝑟𝑖 with respect to HFMD incidence. This is called positive spatial autocorrelation. These 

regions can be called hot spots when HFMD incidence if this region is higher than average, 

or cold spots if HFMD incidence of this region is lower than average.  

5.6.2.3. Space-time clusters of HFMD  

A spatial scan statistic was used to detect high-risk space-time clusters of HFMD for 

the period of 2013-2016 using SaTScan software (Kulldorff M. and Information 

Management Services Inc, 2009). Space-time analysis detected HFMD clusters over both 

space and time at a provincial level. The data included in this scan were the yearly 

incidence of HFMD in the 13 provinces from 2013 to 2016, the population of the 13 

provinces, and location coordinates of the provinces.  The coordinates used were the 

decimal degrees of latitude and longitude of each province. The space-time scan statistic 

performed a cylindrical window with a circular geographic based across the map of the 

MDR and with height corresponding to time from 2013 to 2016 (Kulldorff M, 2005). 

Yearly scans were performed to observe changes in clustering and to control time trends 

within the study period. For each year, the spatial units were the 13 provinces. For the 

setting of the maximum size of the spatial cluster size, the scans were conducted with a 

maximum cluster size of 20% and the number of Monte Carlo replications was set to 9999 

for each run to ensure sufficient statistical power.  

(7) 
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5.6.3. Socio-economic and health related factors influencing the distributions of 

HFMD in the MDR 

“Everything is related to everything else, but near things are more related than distant 

things” 

The First Law of Geography – Waldo R. Tobler 

For the 13 provinces in the MDR, neighbouring provinces are expected to have more 

influence on each other than on provinces far away. Spatial autoregressive models using 

spatial weight matrix were employed to examine these neighbouring features across the 

13 provinces of the MDR while analysing the relationship between potential influence 

factors and distributions of HFMD across the 13 provinces. 

5.6.3.1. The analysis processes 

Spatial autoregressive models, i.e. spatial lag models (SAR) for panel (longitudinal) 

data were used to fit datasets of HFMD records and potential influencing factors on the 

13 provinces of the MDR, using STATA 15 (STATA, 2017). The potential influencing 

factors consisted of ten socio-economic factors and health related factors collected from 

the 13 provinces of the MDR from 2013 to 2016 along with the yearly HFMD records 

(Table 5.2).  

Table 5.2 Potential factors influencing HFMD count in the MDR and sources  

No Potential factors Year Source 

1 Population density 2014 GSO 

2 Numbers of childcares and kindergartens 2014 GSO 

3 Numbers of children per class 2014 GSO 

4 Monthly average income per capita 2014 GSO 

5 Percentage of houses with access to clean water 2014 GSO 

6 Percentage of houses with access to hygiene toilet 2014 GSO 

7 Health budget per capita 2013 HYB 

8 Percentage of infants who were breastfed within 1 hour 2013 HYB 
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No Potential factors Year Source 

9 Percentage of children under 1 year old having full 

immunization 

2013 HYB 

10 Percentage of malnutrition of children under 5 years 

old 

2013  NIN 

GSO: Vietnam General Statistical Office 

HYB: Health Yearbook 

NIH: National Institute of Nutrition 

Four analysis steps were involved to answer the focus question 3 (FQ 3).  

Step 1: All ten social-economic and health related factors were included in the SAR 

model for analysis of their effects on HFMD count in the 13 provinces, adjusting for the 

spatial correlation among the 13 provinces. From the findings of this step, three 

significant factors were identified.  

Step 2: Correlations among the ten socio-economic and health related factors were 

analysed to detect factors with high correlation with other factors. Pairwise correlation 

coefficients between ten independent variables (ten potential factors) are presented in 

Table 7.5 of Chapter 7. From this analysis, the factor “provincial health budget per capita” 

was found to have high correlations with many other factors; thus, it was excluded in 

further analysis to avoid excessive correlation.  Two other factors, “monthly average 

income per capita” and “percentage of houses with access to a hygienic toilet”, were found 

to have high correlation with each other; thus, they were calculated in separate SAR 

models. 

Step 3: A selective process was conducted to identify which factors make the greatest 

contribution to a predictive model of HFMD. We put each factor to the model that keeps 

the most significant factor identified in step 1 and step 2, that is, percentage of children 

under 1 year old having full immunization. Consequently, we selected the factors that 

contributed the most to the predictive model depending on AIC; i.e. the SAR model with 

the lowest AIC was considered as the best model. Two factors were identified: percentage 

of children under 1 year old having full immunization and percentage of houses with 

access to clean water.  
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Step 4: The two factors identified in the previous step were used to analyse their 

potential modification effects on the climate-HFMD associations which were examined in 

section 5.6.1. The associations between climate factors and HFMD were compared for 

provinces that have lower/higher percentages of children under 1 year old having full 

immunization; and between provinces that have lower/higher percentage of houses with 

access to clean water, using random-effect meta-analysis for each group.  

 

5.6.3.2. The spatial lag model analysis 

To implement the SAR analysis, 4 steps were conducted: (1) preparing data for 

analysis, (2) creating spatial-weighting matrices, (3) fitting spatial autoregressive 

models, and (4) calculating direct and indirect impacts.  

• Preparing data for SAR analysis 

Shapefiles of the MDR were obtained from the web database from the Department of 

Survey and Mapping, Ministry of Natural Resources and Environment, Vietnam (Ministry 

of Natural Resources and Environment, 2016). These shapefiles were merged into a Stata 

dataset to help calculate distances and find neighbours for spatial analysis. The 

dependent variable was incidence of HFMD of 13 provinces from 2013 to 2016 and 

independent variables consisted of the ten socio-economic and health related factors in 

2013 or 2014 depending on availability (Table 5.2).  

The dataset contains a continuous outcome variable, i.e. incidence of HFMD, along 

with ten variables to predict the incidence of HFMD. Each variable has multiple values for 

different time points per spatial unit during the study period (2013-2016).  

• Creating Spatial-weighting matrix: W  

Spatial-weighting matrix W was created to be a contiguity matrix based on nearest 

neighbours (spectral normalization, i.e. largest eigenvalue). This matrix helped to 

generate spatial lags for the dependent variable, which is the incidence of HFMD in these 

provinces, allowing for HFMD incidence spill-over from nearby provinces.   
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• Fitting Spatial Lag Model (SAR) 

The spatial lag model consists of a spatial lag-dependent variable, HFMD incidence of 

the 13 provinces of the MDR, for the panel data from 2013 to 2016, and independent 

variables that included socio-economic and health related factors (Elhorst, 2010). The 

standard model for SAR is presented in equation 8: 

𝑦𝑖𝑡 = 𝛿 ∑ 𝑤𝑖𝑗𝑦𝑗𝑡

𝑁

𝑗=1

 +  𝑥𝑖𝑡𝛽 +  𝜇𝑖  +  휀𝑖𝑡 

where i is an index for the spatial units which are the provinces and t is an index for the 

time dimension (time period of 2013 to 2016);  𝑦𝑖𝑡 𝑖𝑠 the vector of incidence of HFMD in 

province i at time t; w𝑖𝑗  is the element of the spatial weight matrix W, which was 

described in the previous section; 𝑥𝑖𝑡 is the potential factors influencing HFMD in 

province i and at time t; 휀it is random effects with mean 0 and variance 𝜎2 ; 𝜇𝑖 is the vector 

of spatially specific effects which control for all space-specific time-invariant variables.  

• Calculating direct and indirect impacts 

In SAR models, due to the spatially structured endogeneity present in the model as 

shown in equation 7, the coefficients are a combination of direct and indirect effects (also 

known as spill-over effects). Thus, in order to interpret results, the mean of the direct 

impacts and spill-over impacts derived from SAR were calculated using the command 

estat impact in Stata (STATA, 2017). The direct effect on the MDR is the mean of the direct 

effects calculated for each of the 13 provinces. The direct effect on each province of one 

factor on HFMD represents the average change of HFMD in that province due to an 

increase of one unit in the factor in that province. In short, a direct effect is the effect of 

the spatial unit on itself (Golgher & Voss, 2016).  

Due to spatial spill-overs, a one unit change in the factor of one province affects the 

change in HFMD in other provinces, thus, the indirect effect (spill-over effect) of each 

province represents the changes in HFMD of that province arising from one unit increase 

in the factor of other provinces (Golgher & Voss, 2016). The indirect effect for the MDR is 

the mean of the indirect effects calculated for each province of the 13 provinces. In 

general, indirect effects that are the effects that spatial units (provinces) have on other 

spatial units (other provinces). 

(8) 
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5.6.4. Thematic analysis for in-depth interviews 

Thematic analysis was used to analyse information from in-depth interviews with 

health staff at the provincial and national levels. First, themes and codes were developed 

from the designed semi-structured questionnaire and from the first analysis (reading 

through the transcripts) of the in-depth interviews for informants at both levels (Figure 

5.9). The working experiences of interviewees were included in the interviews and are 

also reported in the findings chapter to provide a better understanding of the background 

and roles of interviewees in relation to disease prevention and control; however, this 

supporting information was not presented in the themes and codes map in Figure 5.9. 

The second step in data analysis involved reading carefully all transcripts of the 

interviews to understand and report the points of view of the interviewees on the current 

situation of HFMD in their provinces as well as the difficulties in prevention and control 

of the diseases. Their needs for support in order to improve HFMD prevention and control 

were also analysed and discussed. All of the key information was then described 

following the themes and codes, and the key information and quotations were translated 

into English for reporting purposes. An Excel file was used to store the transcripts as well 

as the findings from the qualitative analysis.  
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Figure 5.9 The themes and codes for qualitative analysis 
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5.7. Research rigour and ethical issues 

In research, rigour is described as “reliability” and “validity”; however, the natures of 

quantitative and qualitative analyses are different; consequently, the terms reliability and 

validity in these study designs are different (Babbie, 2016; Neuman, 2014; Silverman, 

2006). 

5.7.1. Quantitative research 

In quantitative research, reliability refers to the repeatability and the consistency of 

results, while validity refers to the matching between the operational definition and the 

concept it is proposed to measure (Neuman, 2014). Regarding the issue of reliability in 

quantitative data collection, all data were collected from authorities. The HFMD reported 

cases were collected from the disease surveillance reports of Centres for Preventive 

Medicine in the 13 provinces with the same form for all provinces, designed by the 

researcher in consultation with experts. However, not all provincial sources used that 

form. Some submitted their own forms for reporting data. Thus, the researcher was 

required to transcribe these data into an Excel file and check for missing, incomplete or 

inconsistent data before exporting to Stata for further checking for outliers (explained in 

section 5.5.3). During analysis, sensitive analysis for model checking was carried out as 

explained in section 5.6.1 for temporal analysis, and correlation analysis was carried out 

for spatial autoregressive model as explained in section 5.6.3.  

The health-related data such as average health budget per capita, percentage of 

infants with full immunization, etc were collected from the National Health Statistics 

Yearbook, published by the Ministry of Health. The climatic data were collected from the 

national surveillance systems from the Hydro-Meteorological Centre for the Southern 

Region of Vietnam. Other supportive data such as the demographic and socio-economic 

information were collected from the General Statistic Office in Vietnam.  Regarding the 

issue of validity in this study, the potential factors influencing HFMD were carefully 

analysed and selected through analysis of the literature to fit the models to examine the 

effects of these factors on distributions of HFMD.  

5.7.2. Qualitative research 

In qualitative research, reliability refers to dependability or consistency (Neuman, 

2014; Silverman, 2006). Two qualitative methods were used in this study: a literature 
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review and in-depth interviews. Regarding reliability in the literature review for the 

study, all data were extracted from official sources and published works such as 

government documents and peer-reviewed journals. In addition, a clear searching 

process was developed, and key words were selected in consultation with supervisors 

and with colleagues in related areas (Figure 5.9). To ensure the reliability of the in-depth 

interviews, all the interviews were conducted by the researcher who has considerable 

experience in this type of data collection. In addition, the semi-structured questionnaires 

were developed in consultation with supervisors and experts to ensure the stability and 

reliability of all key information collected. The structure of the questionnaire followed a 

progression from broad (general) questions to focus (detailed) questions, categorised 

into two main themes, HFMD and climate change, to discern the participant’s knowledge, 

experiences, and opinions.  

In qualitative research, validity refers to truthfulness, or authenticity (Neuman, 

2014). To ensure the validity of the study, certain strategies were involved. First, the 

interviewees were carefully chosen to represent the different roles in the health system 

related to HFMD prevention and control at the provincial and national levels. In 

particular, in each province, three interviewees were chosen from three different 

workplaces: one from a department for preventive medicine, one from a health office, and 

one from a hospital. They play different roles in HFMD prevention and control in each 

province. At national level, two experts were involved, representing different roles and 

perspectives on HFMD and climate change from the General Department for Preventive 

Medicine and from the Vietnam Health Environment Management Agency. Second, semi-

structured questionnaires for the in-depth interviews were carefully designed based on 

the literature review and in consultation with supervisors and experts in the field work, 

with certain modification to suit each group of stakeholders. Third, all interviews were 

recorded and carefully transcribed, translated, and analysed by the researcher. All 

findings were derived closely from the interview transcripts to describe the true 

experiences and opinions of the interviewees.  

5.7.3. Research Ethics 

The ethical considerations in this study include informed consent and protection of 

privacy (Neuman, 2014). Regarding informed consent, all participants in this study were 

informed about the purposes and features of this study, the voluntary nature of their 
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participation, and their right to stop participating or answering questions at any time 

without any consequences or penalties. Written informed consent documents were 

obtained from each participant when they agreed to participate in the interviews and for 

audio recording. The researcher guaranteed the confidentiality of information when 

reporting results in all forms, including this final thesis and any publications. All 

participants’ identities are anonymous and will not to be disclosed to any others.  

Ethical clearance was obtained from the Griffith University Ethics Committee (GU Ref 

number: 2016/604, fully approved on 16th August 2016). This study was only undertaken 

after receiving approval from the Griffith University Human Research Ethics Committee. 

5.8. Conclusion 

This chapter has described the research aims and research questions which were 

developed from understanding of the literature and of the gaps of knowledge on HFMD 

in the research setting—the MDR. This chapter has also described the research design, 

which consists of both quantitative and qualitative methods to answer the research 

question and five focus questions. It then explained the data collection process for 

quantitative data (from the national and provincial centres for preventive medicines, and 

the provincial hydro-meteorological centres, and online databases), and qualitative data 

(from in-depth interviews with stakeholders on the field). Subsequently, this chapter 

explained the comprehensive data analysis process that was carried out to analyse 

quantitative and qualitative data. First, temporal analysis, spatial and space-time 

analysis, spatial autoregressive analysis, and meta-analysis were carried out to analyse 

quantitative data to answer the focus questions 1 to 3. Then, thematic analysis were 

carried out to analyse qualitative data to answer the focus questions 4 and 5. This chapter 

also explained research rigour and ethical issues of this study. 

The next chapters will present the findings from both quantitative and qualitative 

analysis; corresponding with the research focus questions. Chapter 6 and Chapter 7 will 

present findings from the quantitative analyses which answer the focus questions 1 to 3. 

In particular, Chapter 6 will present findings from the temporal analysis, while Chapter 7 

will present findings from the spatial analysis. Chapter 8 will present findings from the 

qualitative analysis which answer the focus questions 4 and 5.   
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PART II: RESEARCH FINDINGS AND DISCUSSION  

 

CHAPTER 6 TEMPORAL PATTERNS OF HAND-FOOT-MOUTH DISEASE 

IN RELATION TO CLIMATE FACTORS IN THE MEKONG DELTA REGION  

6.1. Introduction  

In the previous chapters, Chapter 3 described the factors influencing the distribution 

of HFMD in different countries and explored the sensitivity of HFMD to climate factors 

such as temperature, humidity, and rainfall; and Chapter 4 outlined the current situation 

of HFMD in the Mekong Delta region (MDR) of Vietnam as well as climate change 

projections for this region. This chapter describes the influence of climate factors on 

HFMD in the MDR, Vietnam.  

The findings described in this chapter are from temporal analysis that was explained 

in sections 5.6.1 in Chapter 5 (Research Methodology), using data from 2010 to 2016. 

This chapter first presents the daily effects of climate factors on distributions of HFMD in 

the central city (Can Tho city) and in nine provinces (those for which we have daily data) 

of the MDR. After that, this chapter describes the weekly effects of climate factors on 

HFMD distributions in the whole MDR (2010-2016). A map of the MDR, and the 

population of the 13 provinces, is presented in Figure 6.1 
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Figure 6.1 The Mekong Delta Region and its population distribution 
 

6.2. Daily effects of climate factors on Hand-Foot-Mouth disease in the 

Mekong Delta Region 

This section starts with describing the daily effects of climate factors on HFMD in Can 

Tho city (2012-2014), then presents the daily effects of climate factors on HFMD in each 

of the nine provinces of the MDR for which data is available (2014-2016). Finally, this 

section presents the estimated effects of climate factors on HFMD in the whole region, 

using meta-analysis for the findings of each of the nine provinces. 

6.2.1. Daily effects of climate factors on Hand-Foot-Mouth disease in Can Tho city, 

the centre city of the region 

This section has been published on the paper “Temporal and spatial analysis of hand, 

foot, and mouth disease in the relation to climate factors: A study in the Mekong Delta 

Region, Vietnam” on the Journal of the Science of the Total Environment (H. X. Nguyen et 

al., 2017).  
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Table 6.1 provides the descriptive statistics of reported cases of HFMD and climate 

variables in Can Tho city from 2012 to 2014.  A total of 3,786 cases HFMD were reported 

in the three years from 2012 to 2014 with an average of 3 to 5 cases per day. During the 

study period, the average temperature ranged from 21.9oC to 31oC with a mean of 27oC. 

Daily humidity ranged from 58% to 95%, and the cumulative daily rainfall ranged from 0 

mm to 97.5mm.  

Table 6.1 Descriptive Statistics of Hand-Foot-Mouth Disease and Climate Factors in Can 

Tho City, 2012 to 2014 

Variable Minimum 25th 50th Mean 

(Watts et 

al.) 

75th Maximum 

Hand-Foot-Mouth (daily counts of cases) 

2012 0 2 4 5 (4) 7 30 

2013 0 1 2 3 (2) 4 16 

2014 0 1 3 4 (3) 5 30 

Climate factors (average daily values) 

Temperature (oC) 21.9 26.6 27.6 27 (1.3) 28.5 31 

Humidity (%) 58 77 81 80.8 (5.2) 58 95 

Cumulative rainfall (mm) 0 0 0 3.9 (9.7) 0 97.5 

 

The distributions of HFMD over time, along with daily average temperature, humidity 

and cumulative rainfall in Can Tho city are presented in Figure 6.2. Since Can Tho is 

located in the tropical climate zone, the average temperature is always high all year long. 

The lowest temperatures are around January (about 24 to 270C in 2012 and 2013, and 

only went down to 220C in early 2014) while the highest are from April to May – the 

beginning of the wet season. Humidity and rainfall also increase from May to November 

which is the wet season of a year. The numbers of HFMD cases appear to have increased 



105 
 

at the beginning and at the end of the wet season in 2012 and 2013, and remained high 

all through the wet season in 2014.  

 

Figure 6.2 Daily cases of Hand-Foot-Mouth disease, daily average temperature, humidity 

and cumulative rainfall in Can Tho city, 2012-2014 

 

Average daily temperature, humidity and rainfall are all statistically significantly 

associated with the changes in HFMD incidence but with different lag days over a week 

(Table 6.2.). The distributed lag model indicates that temperature at lag 5 and 6 days, 

humidity at lag 3 and 6 days, and rainfall at lag 1 and 6 days have a statistically significant 

association with HFMD changes (p≤0.05). While a 1oC increase in temperature was 

associated with a 5.6% increase in HFMD rate at lag 5 days (95% CI 0.3-10.9), it was also 

associated with a 4.7% decrease in HFMD rate at lag 6 days (95% CI -9.2-0.2). A 1% 

increase in humidity at both lag 3 days and lag 6 days was associated with a 1.7% increase 

in HFMD (95% CI 0.7-2.7 and 95% CI 0.8-2.6, respectively). An increase in 1 millimetre of 
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rainfall was associated with a 0.5% increase of HFMD rate at lag 1 day and lag 6 days 

(95% CI 0.2-0.9 and 95% CI 0.1-0.8, respectively).  

Table 6.2. The Lag Effects of Climate Factors on the Incidence of HFMD in Can Tho City 

(Distributed Lag Models) 

Lag 

(days) 

Temperature (oC) Humidity (%) Rainfall (mm) 

Change, % 95%CI Change, % 95%CI Change, % 95%CI 

0 3.2 -1.3-0.08 -0.9 -1.8-0.003 0.03 -0.3-0.4 

1 -4.3 -9.5-0.9 0.2 -0.7-1.2 0.5* 0.2-0.9 

2 3.3 -2-8.5 -0.1 -1.1-0.9 -0.09 -0.4-0.3 

3 0.3 -5-5.5 1.7* 0.7-2.7 -0.3 -0.6-0.09 

4 -3.8 -9-1.4 -0.8 -1.8-0.2 -0.5 -0.9-(-0.1) 

5 5.6* 0.3-10.9 -1.8 -1.2-0.8 -0.4 -0.8-(-0.03) 

6 -4.7 -9.2-0.2 1.7* 0.8-2.6 0.5* 0.1-0.8 

 CI: Confidence Interval 

*: Statistically significant (p value <0.05) 

The model was adjusted for seasonal and long-term trends using a flexible spline function of time 
(6 D.F. per year), and day of the week. 

 

The optimal multivariable predictive model was identified, using the significant lags 

of these three climate factors and the smallest AIC and BIC values (Table 6.3). It comprises 

temperature at lag 5 days, humidity at lag 6 days, and rainfall at lag 1 day, adjusted for 

seasonal and long-term trends.  
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Table 6.3. Identification of the optimal multiple distributed lag model in Can Tho city 

Model % change of 
HFMD 

95%CI AIC BIC Model % change of 
HFMD 

95%CI AIC BIC 

Model 1   5367 5502 Model 9   5362 5496 
Lag 5: 

Temperature 
1 -2.8-4.7   Lag 6: 

Temperature 
-2.7 -6.4-1   

Lag 3: 
Humidity 

1.3 4.7-2.0   Lag 3: 
Humidity 

1.3 0.5-2   

Lag 1:Rainfall 0.5 0.2-0.8   Lag 1:Rainfall 0.5 0.2-0.8   
Model 2   5362 5497 Model 10   5357 5492 

Lag 5: 
Temperature 

0.7 -3-4.4   Lag 6: 
Temperature 

-2.5 -6.2-
1.2 

  

Lag 3: 
Humidity 

1.5 0.7-2.3   Lag 3: 
Humidity 

1.5 0.7-2.3   

Lag 4:Rainfall -0.7 -1.1-0.3  Lag 4:Rainfall -0.7 -1.1-(-0.3)  
Model 3   5370 5505 Model 11   5364 5499 

Lag 5: 
Temperature 

-0.7 -4.7-
3.3 

  Lag 6: 
Temperature 

-2.7 -6.4-
0.9 

  

Lag 3: 
Humidity 

1.3 0.5-2.1   Lag 3: 
Humidity 

1
.3 

0.5-2.1   

Lag 5: 
Rainfall 

-0.5 -0.9-(-
0.06) 

  Lag 5: 
Rainfall 

-0.5 -0.9-(-
0.08) 

  

Model 4   5366 5501 Model 12   5367 5502 
Lag 5: 

Temperature 
2.1 -1.7-

5.9 
  Lag 6: 

Temperature 
-1 -5-2.9   

Lag 3: 
Humidity 

1.3 0.5-2   Lag 3: 
Humidity 

1.3 0.5-2.0   

Lag 6: 
Rainfall 

0.4 0.09-
0.8 

  Lag 6: 
Rainfall 

0.4 -0.008-
0.7 

  

Model 5*   5355 5490 Model 13     
Lag 5: 

Temperature 
2.1 -1.6-

5.9 
  Lag 6: 

Temperature 
-0.1 -4-3.8 5357 5491 

Lag 6: 
Humidity 

1.7 0.9-2.6   Lag 6: 
Humidity 

1.7 0.8-2.5   

Lag 1: 
Rainfall 

0.5 0.2-0.9   Lag 1: 
Rainfall 

0.6 0.2-0.9   

Model 6     Model 14   5356 5491 
Lag 5: 

Temperature 
1.9 -1.8-

5.7 
5535 5490 Lag 6: 

Temperature 
0.08 -3.8-

3.9 
  

Lag 6: 
Humidity 

1.7 0.9-2.5   Lag 6: 
Humidity 

1.6 0.8-2.5   

Lag 4:Rainfall -0.6 -1-(-0.2)  Lag 4:Rainfall -0.6 -1-(-0.2)  
Model 7   5360 5495 Model 15   5360 5495 

Lag 5: 
Temperature 

0.4 -3.6-
4.5 

  Lag 6: 
Temperature 

-0.1 -4-3.8   

Lag 6: 
Humidity 

1.7 0.9-2.5   Lag 6: 
Humidity 

1.7 0.8-2.5   

Lag 5:Rainfall -0.5 -0.9-(-0.05)  Lag 5:Rainfall -0.5 -0.9-(-0.1)  
Model 8   5363 5497 Model 16     

Lag 5: 
Temperature 

2.8 -1-6.7   Lag 6: 
Temperature 

1 -3-5.2 5364 5499 

Lag 6: 
Humidity 

1.5 0.7-2.4   Lag 6: 
Humidity 

1.5 0.6-2.3   

Lag 6:Rainfall 0.3 -0.04-0.7  Lag 5: Rainfall 0.3 -0.08-0.7  

*The best model has the lowest values of AIC and BIC 

Note: The models were adjusted for seasonal and long-term trends using a flexible spline function 
of time (7 knots per year) as well as day of the week. 
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The temporal pattern of HFMD incidence predicted from Model 5, the best model, is 

presented in Figure 6.3. It shows that HFMD incidence tends to increase from September 

and reach a peak from week 41 to week 50 of the year – corresponding to October to 

December, which is the rainy season in the MDR, and then gradually decreases to the 

lowest level from June to August. 

 

Figure 6.3 Temporal pattern of HFMD across 52 weeks of the year in Can Tho city. 

Incidence rate (per 100,000 person-weeks) was predicted by Model 5 in Table 6.3 (Lag-

6 humidity, Lag-5 temperature, and Lag-1 cumulative rainfall) 

 

6.2.2. Daily effects of climate factors on Hand-Foot-Mouth disease in multiple 

provinces in the Mekong Delta Region 

There were nine provinces included in this daily effect analysis: Can Tho, Ca Mau, 

Dong Thap, An Giang, Kien Giang, Soc Trang, Tien Giang, Vinh Long, and Ben Tre (Figure 

6.4).  
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Figure 6.4 Map of the nine provinces included in this study section 

Table 6.4 provides the descriptive statistics of the daily reported cases of HFMD and 

daily climate variables from 2014 to 2016 in these nine provinces of the Mekong Delta 

Region. The average daily total number of HFMD cases in the nine provinces ranged from 

4 to 156 cases per day, with a mean of 44.8 cases. The highest mean and maximum daily 

number of cases was reported in Dong Thap (11.8 and 50 cases, respectively) while the 

lowest mean and maximum daily number of cases was reported in Ben Tre (1.4 and 8 

cases, respectively). During the study period, the average temperature ranged from 

22.6oC to 32oC with a mean of 28.2oC. Daily humidity ranged from 39% to 94% with a 

mean of 67.1%, and the cumulative daily rainfall ranged from 0 mm to 72.6mm with a 

mean of 3.2mm.  
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Table 6.4 Descriptive statistics of Hand-Foot-Mouth Disease and climate factors in the 

nine provinces of the Mekong Delta Region, 2014 to 2016 

Variable Minimum 25th 50th Mean  75th Maximum 

Hand-Foot-Mouth (daily counts of cases) 

Mekong Delta region 4 24 36 44.8 61 156 

Can Tho 0 0 2 2.5 4 17 

Ca Mau 0 1 3 4.1 6 29 

Dong Thap 0 0 10 11.8 10 50 

An Giang 0 2 4 4.9 6 24 

Kien Giang 0 1 3 3.6 5 22 

Soc Trang 0 1 3 5 7 31 

Tien Giang 0 2 4 5 7 22 

Vinh Long 0 2 5 6.3 9 36 

Ben Tre 0 0 1 1.4 2 8 

Climate factors (average daily values) 

Temperature (oC) 22.6 27.4 28.3 28.2 29.5 32 

Humidity (%) 39 60 67 67.1 73 94 

Cumulative rainfall 
(mm) 

0 0 0 3.2 2.5 72.6 

 

The daily incidences of HFMD in the nine provinces studies are presented in Figure 

6.5. This figure shows the similarity in the temporal distributions of HFDM in most 

provinces with a yearly peak during the same period, especially in Dong Thap, Tien Giang, 

and Vinh Long in the north of the MDR. The seasonal trends are not very clear in Ben Tre 

where the incidences were very low and in Can Tho where the incidence seems to be high 

all year. Dong Thap and Vinh Long – neighbouring provinces located in the north of the 

MDR – had the highest incidences of HFMD during these 3 years (maximum incidence 

was 29.7 per 106 and 34.6 per 106, respectively) while An Giang in the north-west of the 
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MDR and Ben Tre in the north-east of the MDR had the lowest incidences of HFMD 

(maximum incidence was 11.1 per 106 and 6.3 per 106, respectively). 

 

Figure 6.5 Daily incidence (per 106) of Hand-Foot-Mouth disease in the nine provinces 

of the Mekong Delta Region, 2014-2016 

The seasonal patterns of HFMD of the nine provinces, along with the distributions of 

average temperature, humidity and rainfall in the MDR are presented in Figure 6.6. The 

increase of HFMD seems to follow the increase of humidity and rainfall during the 

corresponding period from May to November (Fig 6.6). The HFMD peaks often occur late 

in the wet season each year.  
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Figure 6.6 Summary of daily cases of Hand-Foot-Mouth disease, daily average 

temperature, daily average humidity and daily cumulative rainfall in the Mekong Delta 

Region, 2014-2016  

Daily effects of temperature, humidity and rainfall on HFMD are presented in Table 

6.5 with different lag days in a week. In general, it appears that there are frequent 

switches between positive and negative associations between HFMD and all three climate 

factors at different lag days in all nine provinces. Statistically significant associations of 

temperature and HFMD were only identified in two provinces: Kien Giang and Soc Trang 

in the south of the MDR. In particular, a 1oC increase in temperature at lag 0 day and lag 

5 days was associated with a 7.05% increase of HFMD in Kien Giang. In the same way, a 

1oC increase in temperature at lag 6 days was associated with an 8.72% increase of HFMD 

in Soc Trang.   

The statistically significant associations of humidity and HFMD were also identified in 

two neighbouring provinces in the centre of the MDR: Dong Thap and Vinh Long. In 

particular, humidity was associated with HFMD incidence at lag 2 and 3 days in Dong 

Thap with a 1% increase in humidity associated with a 0.36 % increase in HFMD at lag 2 
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and 3 days. A 1% increase in humidity was also associated with a 0.7% increase of HFMD 

at lag 3 days in Vinh Long.  

The effects of rainfall on HFMD distribution are more diverse. Cumulative rainfall 

(mm) was found to have a positive association with HFMD at the same day in Can Tho 

(1.16%) and at lag 2 days in Tien Giang (0.51%) while having negative associations at 

other lag days and in other provinces. A 1mm increase in cumulative rainfall was 

associated with an 1.17% decrease of HFMD in Can Tho at lag 5 days, a 0.46% decrease 

of HFMD in Ca Mau at lag 4 days and 5 days, a 0.33% decrease at lag 4 days and 6 days in 

Dong Thap, and a 0.52% decrease of HFMD at lag 2 and 5 days in Soc Trang.  
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Table 6.5 The Daily effects of temperature, humidity and rainfall on Hand-Foot-Mouth 

Disease in nine provinces of the Mekong Delta Region, from 2014 to 2016  

Provinces Variables Lag 0 Lag 1 Lag 2 Lag 3 Lag 4 Lag 5 Lag 6 

C
an

 T
h

o
 

Temperature %C 3.12 5.49 -0.3 -0.30 3.12 -1.65 -5.49 

CI -4.2–10.6 -12.1–1.6 -6–5.7 -6–5.7 -4.2–11 -10.9–8.6 -12.1–1.3 

Humidity %C -0.45 0.17 -0.45 0.63 0.87 0.63 -0.84 

 CI -1.2–0.4 -1.1–1.6 -1.2–0.4 -0.3–1.66 -0.4–2.3 -0.3–1.66 -1.9–0.4 

Rainfall %C 1.16* 0.12 -0.50 -0.01 -0.50 -1.17* 0.60 

 CI 0.17–2.3 -0.9–1.3 -1.2–0.3 -1–1.1 1.2–0.3 -2.1– -0.1 -0.4–1.7 

C
a 

M
au

 

Temperature %C 3.06 -3.68 -0.39 -0.56 -0.56 3.18 1.46 

 CI -3.3–9.9 -10.4–3.6 -7.2–6.9 -4.2–3.2 -4.2–3.2 -3.4-10.2 -4.6-7.9 

Humidity %C -0.31 0.67 0.33 0.07 -0.14 -0.14 0.41 

 CI -1–0.4 -0.1–1.5 -0.4–1.1 -0.6–0.8 -0.6–0.3 -0.6–0.3 -0.3–1.2 

Rainfall %C 0.20 0.20 -0.27 -0.27 -0.46* -0.46* -0.06 

 CI -0.2–0.6 -0.2–0.6 -0.7–0.2 -0.7–0.2 -0.9–0 -0.9–0 -0.7–0.6 

D
o

n
g 

T
h

ap
 

Temperature %C 0.13 0.13 -0.73 -0.73 0.81 0.81 0.82 

 CI -1.9–2.2 -1.9–2.2 -3–1.6 -3–1.6 -1.6–3.3 -1.6–3.3 -2.8–4.6 

Humidity %C -0.14 -0.14 0.36* 0.36* 0.07 0.21 0.17 

 CI -0.4–0.2 -0.4–0.2 0–0.7 0–0.7 -0.4–0.5 -0.3–0.7 -0.3–0.6 

Rainfall %C 0.12 -0.31 0.06 0.06 -0.33* -0.06 -0.33* 

 CI -0.2–0.5 -0.7–0.1 -0.2–0.3 -0.2–0.3 -0.6– -0.1 -0.4–0.3 -0.6– -0.1 

A
n

 G
ia

n
g 

Temperature %C 5.10 -0.38 0.79 -0.38 1.69 0.12 0.12 

 CI -0.2-10.7 -4.6-4.0 -5-6.9 -4.6-4 -3.9-7.6 -2.7-3 -2.7-3 

Humidity %C -0.08 0.03 0.03 0.00 0.27 -0.23 -0.23 

 CI -0.7-0.6 -0.4-0.4 -0.4-0.4 -0.6-0.7 -0.4-1 -0.6-0.2 -0.6-0.2 

Rainfall %C -0.09 -0.09 0.42 0.10 -0.33 0.10 0.11 

 CI -0.5-0.3 -0.5-0.3 -0.1-1 -0.3-0.5 -0.9-0.2 -0.3-0.5 -0.4-0.7 

K
ie

n
 G

ia
n

g 

Temperature %C 7.05* -3.39 2.30 -2.08 -5.16 7.05* -2.08 

 CI 1.9-12.5 -10.3-4.1 -5.1-10.3 -6.7-2.7 -11.8-2 1.9-12.5 -6.7-2.7 

Humidity %C 0.73 -0.47 0.04 0.11 -0.30 0.11 0.74 

 CI -0.1-1.6 -1.2-0.4 -0.8-0.9 -0.4-0.7 -1.1-0.6 -0.4-0.7 -0.1-1.6 

Rainfall %C -0.17 -0.17 -0.42 -0.11 0.21 -0.42 -0.50 

 CI -0.6-0.3 -0.6-0.3 -0.9-0 -0.7-0.5 -0.4-0.9 -0.9-0 -1.1-0.1 
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Provinces Variables Lag 0 Lag 1 Lag 2 Lag 3 Lag 4 Lag 5 Lag 6 
So

c 
T

ra
n

g 

Temperature %C 1.93 1.93 -0.52 -0.52 -1.27 -5.68 8.72* 

 CI -1.4-5.4 -1.4-5.4 -4.3-3.4 -4.3-3.4 -8.5-6.5 -12.3-1.5 2.2-15.6 

Humidity %C 0.23 0.43 0.44 0.23 -0.39 0.00 0.00 

 CI -0.3-0.7 -0.3-1.3 -0.3-1.2 -0.3-0.7 -1.1-0.4 -0.5-0.5 -0.5-0.5 

Rainfall %C 0.29 0.07 -0.52* -0.07 0.29 -0.52* 0.14 

 CI -0.1-0.7 -0.5-0.6 -0.9- -0.1 -0.6-0.5 -0.1-0.7 -0.9- -0.1 -0.4-0.7 

T
ie

n
 G

ia
n

g 

Temperature %C -0.69 1.70 1.39 1.02 -2.54 -0.69 1.70 

 CI -4.7-3.5 -2.4-5.9 -4.6-7.7 -5.4-7.9 -8.2-3.5 -4.7-3.5 -2.4-5.9 

Humidity %C 0.48 0.13 -0.33 0.86* -0.56 0.47 -0.28 

 CI -0.2-1.2 -0.5-0.8 -1-0.4 0.1-1.6 -1.2-0.1 -0.2-1.2 -0.9-0.4 

Rainfall %C -0.05 -0.21 0.51* -0.14 0.10 -0.14 0.22 

 CI -0.5-0.5 -0.7-0.3 0-1 -0.5-0.2 -0.4-0.6 -0.5-0.2 -0.3-0.7 

V
in

h
 L

o
n

g 

Temperature %C 1.91 4.62 -6.04 5.87 -0.51 4.62 -3.93 

 CI -3.5-7.6 -0.3-9.7 -11.9-0.2 -0.9-13.1 -6.4-5.7 -0.3-9.7 -8.9-1.3 

Humidity %C -0.30 -0.09 0.25 0.70* -0.09 0.42 -0.34 

 CI -0.9-0.3 -0.5-0.4 -0.4-1 0-1.5 -0.5-0.4 -0.2-1.1 -1-0.3 

Rainfall %C 0.04 -0.15 -0.20 0.04 -0.45 -0.18 -0.11 

 CI -0.3-0.4 -0.6-0.4 -0.7-0.3 -0.3-0.4 -0.9-0.1 -0.7-0.3 -0.6-0.4 

B
en

 T
re

 

Temperature %C 1.14 -0.90 -3.76 3.71 -5.18 3.71 0.91 

 CI -8-11.1 -11-10.3 -13.2-6.7 -4.1-12.1 -15.1-

5.8 

-4.1-12.1 -7.3-9.9 

Humidity %C 0.26 0.47 -0.23 0.47 0.60 0.03 0.06 

 CI -0.8-1.4 -0.3-1.3 -1.3-0.9 -0.3-1.3 -0.5-1.9 -1-1.2 -1-1.2 

Rainfall %C -0.59 0.67 -0.36 -0.16 0.03 -0.36 0.15 

 CI -1.4-0.3 -0.1-1.5 -0.9-0.2 -0.9-0.7 -0.7-0.9 -0.9-0.2 -0.6-1 

%C: percentage of changes of HFMD with 1 degree increase in temperature or 1% increase of 
humidity, or 1mm increase of rainfall 

CI: Confidence Interval 

*: Statistically significant (p<0.05) 

Note: The models were adjusted for seasonal and long-term trends using a flexible spline function 
of time (7 knots per year), and day of the week. 
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For the whole MDR, the estimated daily effects of climate factors on HFMD are 

presented in Table 6.6, as the results of random-effect meta-analysis. All three climate 

factors were significantly associated with HFMD incidences. These associations were 

found positive at lag 0 day for temperature (1.7%) and at lag 3 days for humidity (0.3%) 

and negative at lag 5 days for rainfall (-0.3%). Heterogeneity of the effects of climate 

factors on HFMD among the nine provinces was very low regarding temperature (0% - 

38.8%) and humidity (0% - 16.5%), but more significant regarding rainfall, especially at 

lag 2 days (58,2%). The forest plots of the pooled estimates of the effects of climate factors 

on HFMD in the MDR for different lag days generated by random-effect meta-analysis are 

shown in Appendix 6.1. 

Table 6.6 The Estimated lag effects of climate factors on Hand-Foot-Mouth Disease in the 

Mekong Delta Region 

Lag 

(days) 

Temperature (oC)  Humidity (%)  Rainfall (mm) 

% Change (CI) Heterogeneity % Change (CI) Heterogeneity % Change (CI) Heterogeneity 

0 1.7* (0.1 – 3.3) 12.9% 0 (-0.2 – 0.2) 16.2% 0.1 (-0.1 – 0.2) 22.2% 

1 0.3 (-1.3 – 1.9) 14.4% 0 (-0.2 – 0.2) 0% -0.1 (-0.2 – 0.1) 0% 

2 -0.7 (-2.3 – 0.8) 0% 0.1 (-0.01 – 0.3) 0% -0.1 (-0.4 – 0.1) 58.2%* 

3 -0.3 (-1.7 – 1.1) 0% 0.3* (0.1 – 0.5) 0% -0.01 (-0.2 – 0.1) 0% 

4 -0.2 (-1.8 – 1.4) 0% -0.1 (-0.3 – 0.1) 0% -0.2 (-0.4 – 0) 39.5% 

5 1.3 (-0.7 – 3.3) 37.5% 0.1 (-0.1 – 0.2) 0% -0.3* (-0.4 –-0.1) 28.5% 

6 0.1 (-2 – 2.2) 38.8% -0.01 (-0.3–0.2) 16% -0.1 (-0.3 – 0.1) 15.5% 

%C: percentage of changes of HFMD with 1 degree increase in temperature or 1% increase of 
humidity, or 1mm increase of rainfall 

*: Statistically significant (p value <0.05) 

CI: Confidence Interval 
 

6.3. Weekly effects of climate factors on Hand-Foot-Mouth disease in the 

Mekong Delta Region 

This section starts by describing some characteristics of climate factors and HFMD in 

the 13 provinces of the MDR during the study period of 2010-2016. After that, this section 

describes the effects of climate factors on HFMD incidence in each of these 13 provinces. 
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Finally, this section presents the estimated effects of climate factors on HFMD in the 

whole region, using meta-analysis for the findings of each of the 13 provinces. 

This section has been published on the paper “Temporal relationships between 

climate variables and hand-foot-mouth disease: a multi-province study in the Mekong 

Delta Region, Vietnam” on the International Journal of Biometeorology (H.X. Nguyen, Chu, 

Tran, Rutherford, & Phung, 2019). 

6.3.1. Descriptive analysis 

The total numbers of HFMD cases in the MDR from 2010 to 2016 are shown in Figure 

6.7. The highest numbers were reported in Dong Thap (34,060 cases), Ben Tre (23,906 

cases), and Long An (20,523 cases). The lowest numbers of HFMD cases were reported in 

Hau Giang, Tra Vinh, Can Tho, and Bac Lieu (3049 cases, 5201 cases, 6534 cases, and 6643 

cases, respectively). 

 

Figure 6.7 Total numbers of Hand-Foot-Mouth disease cases in 13 provinces of the 

Mekong Delta Region, 2010-2016 
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Table 6.7 provides a summary of mean, maximum, minimum of weekly HFMD cases, 

average temperature, average humidity, and average cumulative rainfall in all 13 

provinces of the MDR within the 2010 to 2016 period. The weekly number of cases of 

HFMD ranged from 21 to 2340 cases, with a mean of 510.6 cases. The highest mean 

weekly case number is in Dong Thap province (93.4), followed by Ben Tre and Vinh Long 

(65.6 and 52.9, respectively). The highest maximum weekly case numbers are in Dong 

Thap (432 cases) and An Giang (407 cases). In contrast, the lowest mean weekly case 

numbers are in Hau Giang and Tra Vinh (14.7 and 16.3, respectively). Hau Giang also had 

the lowest maximum weekly number of cases during this study period (49 cases). During 

the study period, the weekly average temperature ranged from 24.6oC to 31.4oC with a 

mean of 28.2oC. At the same time, weekly average humidity ranged from 58.6% to 92%, 

and the weekly cumulative rainfall ranged from 0 mm to 20.6mm. 

Table 6.7 Descriptive statistics of Hand-Foot-Mouth Disease and climate factors in the 

Mekong Delta Region, 2010 to 2016 

Variable Minimum 25th 50th Mean 

(Watts et 

al.) 

75th Maximum 

Hand-Foot-Mouth (average weekly number of cases) 

Mekong Delta region 21 201 437 510.6 674 2340 

Can Tho 0 8 16 17.9 26 80 

Ca Mau 0 12 28.5 36.4 47 191 

Dong Thap 0 42 75 93.4 115 432 

An Giang 0 15.5 29 44.4 58 407 

Kien Giang 0 9 19 30.4 37 183 

Soc Trang 0 7 22 38.1 53 268 

Tien Giang 2 15 32 42.6 53 225 

Vinh Long 0 24 47.5 52.9 72 174 

Ben Tre 0 26.5 54.5 65.6 91 331 
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Variable Minimum 25th 50th Mean 

(Watts et 

al.) 

75th Maximum 

Long An 0 24.5 47 56 79.5 298 

Tra Vinh 0 4 10 16.3 22.5 93 

Bac Lieu 1 12.5 19 25.5 33 86 

Hau Giang 0 8 13 14.7 19 49 

Climate factors (average weekly values) 

Temperature (oC) 24.6 27.5 28.3 28.2 29 31.4 

Humidity (%) 58.6 69.6 75.6 74.8 79.6 92 

Cumulative rainfall (mm) 0 0.01 2.12 3.7 5.3 20.6 

 

The distribution of weekly HFMD incidence in 13 provinces of the MDR is shown in 

Figure 6.8. All provinces presented similar seasonal patterns of HFMD with higher 

incidences from the middle to the end of each year. Highest incidences of HFMD were 

observed in Dong Thap and Ben Tre (up to 250 per 1,000,000), while the lowest incidence 

of HFMD was observed in Hau Giang (up to 60 per 1,000,000). Interestingly, among these 

13 provinces, Can Tho, the centre city of the MDR, did not have a high incidence of HFMD 

(up to 80 per 1,000,000). In most provinces, the highest peaks of HFMD were reported in 

2011 and 2012 and the incidence remained quite persistent in the following years. 

However, in Dong Thap, Vinh Long, and Bac Lieu, there were higher peaks in 2015 and 

2016 compared to the period of 2013-2014. 
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Figure 6.8 Weekly incidence (per 1,000,000) of Hand-Foot-Mouth Disease in the 13 

provinces of the Mekong Delta region, 2010-2016  

 

The trends in weekly HFMD cases, weekly average temperature, weekly average 

humidity and weekly cumulative rainfall from 2010 to 2016 are provided in Figure 6.9. 

This figure presents clear seasonal patterns of HFMD corresponding with higher 

humidity and rainfalls during the wet season every year.  
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Figure 6.9 Summary of weekly cases of Hand-Foot-Mouth Disease, weekly average 

temperature, weekly average humidity and weekly cumulative rainfall in the Mekong 

Delta Region, 2010-2016  

 

6.3.2. Weekly effects of climate factors at provincial level 

Weekly effects of climate factors on HFMD in the 13 provinces of the MDR for 2 weeks 

lag are shown in Table 6.8. A significant association between average temperature and 

HFMD is evident in all week lags in a number of provinces (Figure 6.16). Interestingly, 

statistically significant associations between temperature and HFMD were reported in 

neighbouring provinces for each lag week. At lag 0 day, a 1oC increase in average 

temperature was associated with a 11.4% increase of HFMD in Can Tho (95%CI 3.8-19.6), 

a 6.6% increase of HFMD in Soc Trang (95%CI 0.9-12.7), a 9.4% increase of HFMD in Vinh 

Long (95%CI 4.2-14.9), a 4.4% increase of HFMD in Ben Tre (95%CI 0.1-8.9), a 7% 

increase of HFMD in Tra Vinh (95%CI -0.1-14.7), and a 9.8% increase of HFMD in Hau 

Giang (95%CI 2.4–17.7) and these 6 provinces are all neighbouring provinces in the 

middle of the MDR. At lag 1 week, a 1oC increase in average temperature was also 

associated with a 13.5% increase of HFMD in Soc Trang, a 5.9% increase of HFMD in Tien 

Giang, a 8.5% increase of HFMD in Vinh Long, a 9.7% increase of HFMD in Ben Tre, a 7.3% 
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increase of HFMD in Bac Lieu, and a 8.7% increase of HFMD in Hau Giang. At lag 2 weeks, 

a total of 8 out of 13 provinces showed significant positive associations between 

temperature and HFMD. The highest associations between average temperature and 

HFMD were recorded in Kien Giang (12.6%) and Ca Mau (10.5%) – two neighbouring 

provinces in the south-west of the MDR while the lower associations were reported the 

north-east provinces where the lowest was reported in Dong Thap (5.5%).  

 

Table 6.8 The Weekly effects of temperature, humidity and rainfall on Hand-Foot-Mouth 

Disease in the 13 provinces of the Mekong Delta Region, from 2010 to 2016 

Provinces Variables Lag 0 week Lag 1 week Lag 2 weeks 

% 

change 

CI % 

change 

CI % 

change 

CI 

Can Tho Temperature 11.4* 3.8 – 19.6 -1.2 -8.4 – 6.7  3.3 -4.1 – 11.3  

 Humidity 0.9 -0.8 – 2.9  -0.5 -2 – 1.2 0.2 -1.4 – 2.1 

 Rainfall 0.2 -1 – 1.6 0.2 -1.1 – 1.6 -0.5 -1.7 – 0.9 

Ca Mau Temperature 3.8 -1.5 – 9.4 3.5 -2.4 – 9.8 10.5* 4.3 – 17 

 Humidity 0.4 -0.9 – 1.8 1.1 -0.3 – 2.7 2.6* 1 – 4.3 

 Rainfall 1.2* 0.1 – 2.4 0.8 -0.3 – 1.9 0.6 -0.4 – 1.7 

Dong Thap Temperature 3.5 -0.4 – 7.6  2.9 -1.4 – 7.4  5.5* 1.2 – 10 

 Humidity 0.3 -0.6 – 1.3 0.8 -0.2 – 1.9 1.7* 0.6 – 2.8 

 Rainfall 1.3* 0.6 – 2.1 0.8* 0.1 – 1.6 0.6 -0.1 – 1.3 

An Giang Temperature 2 -3.4 – 7.6 4.3 -1.7 – 10.7 2.0 -3.8 – 8.1 

 Humidity 0.8 -0.5 – 2.3 1.6* 0.2 – 3.2  1.9* 0.5 – 3.6 

 Rainfall 1.2* 0.2 – 2.3 -0.4 -1.3 – 0.5 -1.1* -1.9 – -0.2  

Kien Giang Temperature 2.2 -3.4 – 8.2 1.1 -5.1 – 7.7 12.6* 5.8 – 19.9 

 Humidity 1.1 -0.3 – 2.6 0.5 -0.8 – 2.1 3.3* 1.5 – 5.3 

 Rainfall 0.6 -0.4 – 1.8 -0.7 -1.6 – 0.4 -0.3 -1.3 – 0.8 

Soc Trang Temperature 6.6* 0.9 – 12.7 13.5* 6.4 – 21.1 6.7* 0.3 – 13.4 

 Humidity 0 -1.2 – 1.4 1.3  -0.1 - 3 0.9 -0.5 – 2.4 

 Rainfall 0.9 -0.1 – 2 2.4* 1.2 – 3.6 0.8 -0.2 – 1.9 

Tien Giang Temperature 1.2 -3.5 – 6 5.9* 0.4 – 11.7 8.6* 3.1 – 14.4 

 Humidity 1.4* 0.2 – 2.8 1.4* 0.1 – 2.8 2.2* 0.8 – 3.7 

 Rainfall -0.2 -1 – 0.6 0 -0.8 – 0.9 0 -0.8 – 0.8 
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Vinh Long Temperature 9.4* 4.2 – 14.9 8.5* 2.7 – 14.8 10.1* 4.3 – 16.2 

 Humidity 1.8* 0.5 – 3.2 2* 0.7 – 3.6 2.5* 1.1 – 4.1 

 Rainfall 0.8 -0.1 – 1.8 0.3 -0.6 – 1.2 0.2  -0.7 – 1.1 

Ben Tre Temperature 4.4* 0.1 – 8.9 9.7* 4.6 – 15.2 8.5* 3.5 – 13.7 

 Humidity 1.5* 0.4 – 2.8 2.1* 0.9 – 3.5 2.9* 1.6 – 4.4 

 Rainfall 0.1 -0.6 – 0.9 0.3 -0.5 – 1.1 -0.2 -1 – 0.5 

Long An Temperature 6.1 -0.6 – 13.3 2.7 -4.6 – 10.6 10.3* 2.5 – 18.6 

 Humidity 2* 0.2 – 4.1 1 -0.7 - 3 1.6 -0.2 – 3.7 

 Rainfall 0.1 -1 – 1.4 0 -1.1 – 1.3 0.6 -0.6 – 1.9 

Tra Vinh Temperature 7* -0.1 – 14.7 2.2 -5.3 – 10.4 -0.6 -7.7 – 7.1 

 Humidity 0.5 -1.1 – 2.3 2.1* 0.3 – 4.3 0.6 -1 – 2.6 

 Rainfall 1.4* 0.2 – 2.9 1.1 -0.1 – 2.5 -0.3 -1.4 – 0.9 

Bac Lieu Temperature -1.8 -7.3 – 3.9 7.3* 0.5 – 14.6 5.1 -1.4 - 12 

 Humidity -0.4 -1.7 – 4.2 2.4* 0.7 – 4.2 0.6 -0.8 – 2.1 

 Rainfall 0.3 -0.8 – 1.6 0.6 -0.5 – 1.9 1.1 0 – 2.4 

Hau Giang Temperature 9.8* 2.4 – 17.7 8.7* 0.4 – 17.6 7.7 -0.2 – 16.2 

 Humidity 1 -0.6 – 2.9 2.9* 1 – 5.3 2.6* 0.7 – 4.9 

 Rainfall -0.1 -1.5 – 1.4 -1.2 -2.4 – 0.2 -0.7 -2 – 0.7 

%C: percentage of changes of HFMD with an increase of 1 degree in temperature or 1% in 
humidity, or 1mm of rainfall 

CI: Confidence Interval 

*: Statistically significant (p value <0.05) 

 

Weekly average humidity was also related to the change in weekly number of HFMD 

cases in the 13 provinces of the MDR in all 3 weeks lag (Table 6.8). A significant positive 

association between a 1% change of average humidity and HFMD in the same week was 

found in four neighbouring provinces in the north-east of the MRD: Long An, Vinh Long, 

Ben Tre, and Tien Giang (2%, 1.8%, 1.5%, and 1.4% respectively). Moreover, a significant 

positive association between average humidity and HFMD at lag 1 week was found in 7 

of the 13 provinces, with the highest association in Hau Giang (2.9%, 95%CI 1-5.3) and 

the lowest in Tien Giang (1.4%, 95%CI 0.1-2.8). The weekly average humidity also had an 

influence on HFMD at lag 2 weeks in 8 neighbouring provinces but not for Can Tho which 

is located in the middle of these 8 provinces. The increase in number of HFMD cases 

corresponding to a 1% increase in humidity ranged from 1.7% (95%CI 0.6-2.8) in Dong 



124 
 

Thap to 3.3% (95%CI 1.5-5.3)) in Kien Giang. It appears that there were more provinces 

that have significant association between humidity and HFMD at lag 1 and 2 weeks than 

at lag 0 week; and the association also appears to be higher along the week lag, from 2% 

maximum at lag 0 to 2.9% maximum at lag 1 week and to 3.3% maximum at lag 2 weeks.  

Weekly cumulative rainfall also had a significant influence on the change in number 

of HFMD cases in some provinces (Table 6.8). There were statistically significant 

increases of number of HFMD cases (from 1.2% to 1.4%) in four provinces (Ca Mau, Dong 

Thap, An Giang, and Tra Vinh) associated with a 1mm increase of cumulative rainfall in 

the same week. The weekly cumulative rainfall also had positive associations with the 

number of HFMD cases in Dong Thap (0.8%, 95%CI 0.1-1.6) and Soc Trang (2.4%, 95%CI 

1.2-3.6) at lag 1 week; and in Bac Lieu (1.1%, 95%CI 0-2.4) at lag 2 weeks. In contrast, the 

weekly cumulative rainfall had a negative association with the number of HFMD cases in 

An Giang -1.1% (95%CI -1.9- -0.2) at lag 2 weeks. Of all three climate factors, the 

statistically significant association between rainfall and HFMD was reported in fewer 

provinces compared to the associations with temperature and humidity.  

6.3.3. Weekly effects of climate factors at regional level 

Random-effect meta-analysis pooled estimates of the effects of these climate factors 

in the whole MDR are presented in Table 6.9. Weekly average temperature and humidity 

had significant positive associations with HFMD in all 3 lag weeks (0 to 2 weeks lag) while 

weekly cumulative rainfall only had a significant positive association with number of 

HFMD cases in the same week. In particular, a 1oC increase in average temperature was 

associated with a 4.5% increase of HFMD at the same week, a 5.3% increase at lag 1 week, 

and a 7% increase at lag 2 weeks in the whole MDR. Similarly, a 10% increase in average 

humidity was associated with a 9.6% increase of number of HFMD cases at the same 

week, a 15.2% increase at lag 1 week and 18.8% increase at lag 2 weeks. A 10mm increase 

in cumulative rainfall had a significant positive association with a 6.1% increase in the 

number of HFMD cases in the whole MDR in the same week. 
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Table 6.9 The Estimated Weekly Lag Effects of Climate Factors on Hand-Foot-Mouth 

Disease in the Mekong Delta Region  

Lag 

weeks 

Temperature (1oC)  Humidity (10%)  Rainfall (10mm) 

% change (CI) Heterogeneity % change (CI) Heterogeneity % change (CI) Heterogeneity 

0 4.5* (2.6 – 6.4) 32.1% 1* (0.6 – 1.3) 0% 0.6* (0.3 – 0.9) 20.4% 

1 5.3* (3.2 – 7.4) 29.5% 1.5* (1.1 – 2) 11.4% 0.3 (-0.1 – 0.7) 56.3% 

2 7* (5 – 8.9) 19.5% 1.9*(1.4 – 2.4) 25.8% 0.04 (-0.3 – 0.4) 38.2% 

%C: percentage of changes of number of HFMD cases with a 1 degree increase in temperature or 
a 1% increase of average humidity, or a 1mm increase of cumulative rainfall 

*: Statistically significant (P<0.05) 

 

The details of pooled estimates of the effects of weekly average temperature, weekly 

average humidity and weekly cumulative rainfalls on weekly HFMD in the whole MDR at 

different lag weeks are presented in Appendix 6.2.  

6.4. Conclusion 

This chapter has provided evidence on the effects of climate factors (average 

temperature, humidity and rainfall) on HFMD in the MDR using both daily and weekly 

numbers of cases. Daily pooled estimated effects of climate factors on HFMD in the 

multiple provinces of the MDR indicate that temperature had a positive association with 

HFMD at the same day (lag 0 day), while humidity had a positive association at lag 3 days. 

In contrast, rainfall had a negative association with HFMD at lag 5 days. In Can Tho city, 

the best predictive model was identified, comprising temperature at lag 5 days, humidity 

at lag 6 days, and rainfall at lag 1 day, showing the peak of HFMD from October to 

December which is the late rainy season in the MDR.  

Weekly pooled estimate effects of climate factors on HFMD in the whole MDR were 

reported statistically positive for temperature and humidity at all week lag. Weekly 

average temperature and weekly average humidity had a positive association with HFMD 

at all 3 weeks lag (week 0, 1, and 2), while weekly cumulative rainfall only had a 

statistically significant positive association with HFMD in the same week. The 

associations between temperature and humidity and HFMD at different lag weeks in each 
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of the 13 provinces appear to be connected with neighbouring provinces. The evidence 

of the effects of climate factors on HFMD reflect important implications that prevention 

and control strategies of this disease need to take into account climate factors, and that 

climate change responses also need to consider health aspects.  

The next chapter will describe the spatial and space-time distributions of HFMD 

across the 13 provinces of the MDR. It will also present certain demographic, socio-

economic and health-related factors influencing HFMD distribution across these 13 

provinces and the potential modification effects of these factors on the climate–HFMD 

associations found in this chapter. 
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CHAPTER 7 SPATIAL AND SPACE-TIME CLUSTERS OF HAND-FOOT-

MOUTH DISEASE, AND THE SOCIO-ECONOMIC AND HEALTH-RELATED 

FACTORS INFLUENCING HAND-FOOT-MOUTH DISEASE 

 

7.1. Introduction 

The previous chapter has described the temporal patterns of hand-foot-mouth 

disease (HFMD) and the daily and weekly associations between climate factors and 

HFMD in the Mekong Delta Region (MDR). It revealed the significant associations 

between daily and weekly climate and incidence of HFMD, and identified the 

heterogeneity of these effects across provinces of the MDR. This chapter consists of three 

sections that explore (1) Spatial distribution and space-time clusters of HFMD in the 

MDR; (2) Socio-economic and health related factors influencing HFMD; and (3) The 

modification effects of socio-economic and health related factors on the association 

between climate factors and HFMD.  

7.2. Spatial distribution and space-time clusters of Hand-Foot-Mouth 

Disease in the Mekong Delta Region 

This section describes some descriptive analysis of the HFMD cases reported in the 

MDR and the spatial distribution of HFMD in the MDR. After that, it presents the spatial 

clusters and space-time clusters detected across the 13 provinces of this region. Finally, 

it describes the spatial and space-time clusters of HFMD on a smaller scale, within Can 

Tho city.   

7.2.1. Spatial distribution of HFMD in the MDR 

There were 102,567 HFMD cases reported from 2013 to 2016 in the 13 provinces of 

the MDR. The yearly incidence rates of HFMD during that period are presented in Figure 

7.1. The four provinces that had the highest incidence rates (per 100,000 person-year) of 

HFMD during the study period were Ben Tre, Dong Thap, Long An, and Vinh Long. These 

provinces are neighbours forming a U shape along the north bank of the Mekong River. 

Interestingly, another neighbouring province of Vinh Long and Ben Tre, namely Tra Vinh 

province, had both a low incidence rate of HFMD during the study period, and a 

decreasing trend (from 72 to 38 per 100,000 person-years) from 2013 to 2016.  
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Provinces on the south side of the Mekong River appeared to have lower incidence 

rates from 2013 to 2016.  However, there was an increasing trend of HFMD incidence 

reported in An Giang – the neighbour of Dong Thap – from 84 to 100 per 100,000 person-

years from 2013 to 2016. In contrast, a decreasing trend of HFMD incidence appeared in 

Kien Giang and Ca Mau, the provinces on the far south-west of the MDR.  

 

Figure 7.1 Yearly incidence rates (per 100,000) of HFMD in the 13 provinces of the MDR 

during the period of 2013-2016.  

Spatial distribution of HFMD across 13 provinces of the MDR was detected using 

SaTScan (described in section 5.6.2 in Chapter 5). First, geographical clusters of HFMD 

were detected by spatial scan statistic using geographical distribution of HFMD across 

the MDR. These clusters are areas with higher numbers of HFMD cases than would be 

expected if the risk of HFMD was evenly distributed across all 13 provinces. The spatial 

clusters of HFMD each year across the MDR from 2013 to 2016 are presented in Table 

7.1. 
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Table 7.1 High-risk clusters of Hand-Foot-Mouth Disease in the MDR, 2013 to 2016 

Scan 

timeframe 
Location ID Provinces 

Annual Cases 

(/100,000) 
LLR RR P 

2013 

3 Ben Tre 2291 1013 2.3 <0.0001 

13 Vinh Long 2120 621 2.07 <0.0001 

6 Dong Thap 1793 522 1.77 <0.0001 

9 Long An 1588 235 1.52 <0.0001 

2014 

6 Dong Thap 2132 700 1.84 <0.0001 

3 Ben Tre 2224 611 1.89 <0.0001 

13 Vinh Long 2224 496 1.86 <0.0001 

9 Long An 1809 255 1.5 <0.0001 

10 Soc Trang 1518 54 1.23 <0.0001 

2015 

6 Dong Thap 1886 1038 2.26 <0.0001 

13 Vinh Long 1490 227 1.66 <0.0001 

3 Ben Tre 1428 223 1.59 <0.0001 

9 Long An 1267 125 1.4 <0.0001 

4 Ca Mau 1041 11 1.12 <0.0001 

2 Bac Lieu 1058 10 1.14 <0.0001 

2016 

6 Dong Thap 1573 960 2.37 <0.0001 

13 Vinh Long 1334 303 1.87 <0.0001 

3 Ben Tre 1221 250 1.71 <0.0001 

9 Long An 938 52 1.28 <0.0001 

 2 Bac Lieu 890 17 1.2 <0.0001 

LLR: Log likelihood ratio; RR: relative risk. 
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Figure 7.2 presents the map of spatial clusters of HFMD each year detected in the 

previous table. Four provinces are detected as “always high-risk clusters” in the four 

years (2013-2016): Long An, Dong Thap, Vinh Long and Ben Tre with relative risk ranked 

from 1.52 to 2.3 in 2013, from 1.5 to 1.84 in 2014, from 1.4 to 2.26 in 2015 and from 1.28 

to 2.37 in 2016. These four provinces are “neighbouring”, in this instance, connected in a 

U-shape.  

 

Figure 7.2 Map of provinces with high-risk of hand-foot-mouth disease, from 2013 to 

2016. 

In 2014, another high-risk province, Soc Trang (relative risk: 1.23, lower than the four 

“always high-risk clusters”), was detected. It shares a border with the high-risk province 

Vinh Long. In 2015, two additional high-risk provinces were detected: Ca Mau and Bac 

Lieu, neighbouring provinces in the south of the MDR with relative risk 1.12 and 1.14, 

respectively. However, in 2016, only Bac Lieu remained a high-risk province (relative 

risk: 1.2).  
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After detecting the high-risk clusters that have higher numbers of HFMD cases than 

would be expected, local Moran’s I analysis was used to detect the high-risk clusters 

accounting for the incidence in their neighbouring provinces, which is often referred to 

as “hot and cold spots” detection. The hot and cold spots detected from this analysis are 

presented in Figure 7.3 and the details of local Moran’s I findings are presented in 

Appendix 7.1. There was no statistically significant hot spot detected in the analysis. One 

low-low cluster or “cold spot” (i.e. a low risk province surrounded by low risk provinces) 

was detected in Kien Giang in all four years of the study period. That means Kien Giang 

has statistically significantly positive spatial autocorrelation with its neighbouring 

provinces and all of them had low risk of HFMD during the study period. A low-high 

cluster was detected in Tra Vinh in 2014. That means Tra Vinh has negative spatial 

autocorrelation with its neighbouring provinces, in other words, Tra Vinh – which has 

low risk of HFMD – is surrounded by provinces with high-risk of HFMD.  

 

 Figure 7.3 Spatial clusters of Hand-Foot-Mouth Disease across the Mekong Delta Region 

 



132 
 

7.2.2. Space-time clusters of HFMD in the whole MDR  

The weekly number of cases of HFMD in the 13 provinces from 2013 to 2016 (i.e. 208 

weeks) was used to scan for space-time clusters occurring during the study period. Table 

7.2 presents the high-risk clusters that occurred each year and their occurrence time, 

based on a retrospective space-time scan using a discrete Poisson model (as described in 

section 5.6.2 in Chapter 5). The names of the 13 provinces and their ID numbers used in 

Table 7.2 are provided in Appendix 7.2.  

Five space-time clusters were detected in 2013, involving eight provinces at different 

times of the year. Two clusters were detected early in the year: the first cluster was from 

week 1 to week 3 in Bac Lieu and Ca Mau – two neighbouring provinces in the south of 

the MDR; and the second cluster from week 1 to week 26 in Dong Thap in the west of the 

MDR. Three other clusters were detected at the end of the year from September to 

December: the first cluster was from week 40 to week 52 in three eastern provinces; the 

second cluster was from week 21 to week 52 in Long An in the north; and the third cluster 

was from week 48 to week 52 in Soc Trang, also in the east. Overall, it appears that in 

2013, clusters were detected in the early part of the year in the southern and western 

provinces of the MDR and at the end of year in the northern and eastern provinces.  

In 2014, seven space-time clusters were detected, mostly in the middle of the year, 

from week 19 to week 47. The longest clusters lasted for 25 weeks (from week 19 to week 

44 in Dong Thap, and from week 22 to week 47 in Ben Tre) while the shortest cluster 

lasted only 2 weeks from week 30 to week 31 in An Giang.  

In 2015 and 2016, the space-time clusters were detected during quite similar 

timeframes, that is, from week 38 to week 50 in 2015 and from week 36 to week 50 in 

2016. In addition, more provinces were involved in these years (10 provinces and 9 

provinces, respectively). In addition, a higher annual incidence was detected: up to 3,590 

cases per 100,000 in 2015 and up to 3,121 cases per 100,000 in 2016.  
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Table 7.2 Provinces with high risk of Hand-Foot-Mouth Disease in the Mekong Delta 

Region from 2013 to 2016 

Scan 

timeframe 

Cluster time 

(weeks) 

ID of 

Provinces  

Annual numbers of 

cases (/100,000) 
LLR RR p 

2013 

1 – 3 2, 4 1989 51.4 1.83 <0.01 

1 – 26 6 1953 350 1.86 <0.01 

40 – 52 3, 12, 13 2362 699.9 2.3 <0.01 

41 – 52 9 2338 265.7 2.19 <0.01 

48 – 52 10 1896 43.9 1.75 <0.01 

2014 

19 – 44  6 2685 783.2 2.27 <0.01 

21 – 46  9 2315 396.8 1.92 <0.01 

21 – 46 13 2642 448 2.18 <0.01 

22 – 47 3 2685 577.6 2.23 <0.01 

23 – 47  10 1985 168.7 1.62 <0.01 

30 – 31 1 1855 14.9 1.48 <0.01 

24 – 31  4 1606 12.2 1.28 <0.01 

2015 

38 – 49 9 2776 592 3.09 <0.01 

38 – 52  6 3590 1577.7 4.17 <0.01 

39 – 49  3, 12, 13  2447 899.1 2.8 <0.01 

41 – 50  2, 4, 7  2397 652.8 2.7 <0.01 

42 – 50  1 1403 55.1 1.52 <0.01 

44 – 50  8 1473 44.9 1.59 <0.01 

2016 36 – 50  6 3121 1515 4.56 <0.01 
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Scan 

timeframe 

Cluster time 

(weeks) 

ID of 

Provinces  

Annual numbers of 

cases (/100,000) 
LLR RR p 

37 – 48  1 1483 204 2.03 <0.01 

38 – 48 3, 12, 13 2330 1143 3.4 <0.01 

38 – 50  9 1877 325 2.59 <0.01 

39 – 50  2, 7, 10  1671 429.9 2.34 <0.01 

LLR: Log likelihood ratio; RR: relative risk.  

 

7.2.3. Spatial distribution and space-time clusters of Hand-Foot-Mouth Disease in 

Can Tho city - the central city of the Mekong Delta Region 

This section has been published as “Temporal and spatial analysis of hand, foot, and 

mouth disease in relation to climate factors: A study in the Mekong Delta Region, 

Vietnam” in the Journal of the Science of the Total Environment (H. X. Nguyen et al., 2017).  

The spatial pattern and spatio-temporal clusters of HFMD are presented in Figure 7.4 

and Table 7.3. Geographically, high incidence rates were observed in the communes of 

Thoi Lai, Binh Thuy and Ninh Kieu districts (Figure 7.4a). The map of 2012 to 2014 

(Figure 7.4b) indicates that there were significant single-centre clusters and multi-centre 

clusters in the research location in all three years. Most of the clusters were in communes 

in the Ninh Kieu district – the centre of Can Tho city and close to the main traffic routes 

running through Can Tho city. This relationship was particularly obvious in 2013.  
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Figure 7.4 Incidence rates and spatial clusters of Hand-Foot-Mouth Disease in Can Tho 

city, 2012-2014, setting 20% as the maximum cluster size. 

Using a model setting of 20% of the total population, the most-likely clusters of HFMD 

in Can Tho city in the three years from 2012 to 2014 were detected in this study. They 

are listed in Table 7.3. In 2012, two most-likely clusters were recorded. The spatio-

temporal cluster with the highest LLR was located at 10.03oN, 105.51oE with a cluster 

radius of 10.38 km; it occurred from 30 October to 28 December. The annual incidence 

rate within this window was 806.5/100,000 with relative risk of 5.73 (p≤0.01). This 

cluster was repeated in 2013 with the same centre but an earlier time period, which was 

from 6 September to 23 December, and a lower incidence rate of 289.6/100,000. Another 

cluster was also detected in 2013, which lasted longer, from 1 January to 8 June, in Long 

Tuyen commune (at 10.03oN, 105.7oE with a cluster radius of 4.97km), which is near the 

centre of Can Tho city. Three spatio-temporal clusters were recorded in 2014 with cluster 

centres in Truong Thanh commune, Thoi An Dong commune, and Truong Xuan commune. 

Most of the clusters were located along the main roads crossing Can Tho city, and close 

to the centre of Can Tho city. 
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Table 7.3 The Most-likely Clusters of Hand-Foot-Mouth Disease in Can Tho City, 2012-

2014 

Scan 

timeframe 
Cluster time 

Cluster 

centre/radius 

Annual 

Cases 

(/100,000) 

LLR RR P 

1 Jan. 2012-

31 Dec. 2012 

30 Oct. 2012 

-28 Dec. 2012 

(10.03oN, 

105.51oE)/10.38 km 
806.5 164.2 5.73 <0.01 

 

4 Jan. 2012 

-28 Feb. 2012 

(10.21oN, 

105.58oE)/9.91km 
364.4 35.5 2.47 <0.01 

1 Jan. 2013-

31 Dec. 2013 

6 Sept. 2013-23 

Dec. 2013 

(10.03oN, 

105.51oE)/8.54 km 
289.6 59.3 3.97 <0.01 

 
1 Jan. 2013-8 

Jun. 2013 

(10.03oN, 

105.7oE)/4.97 km 
139.1 17.6 1.87 <0.01 

1 Jan. 2014-

31 Dec. 2014 

18 May. 2014-3 

Nov. 2014 

(10.02oN, 

105.6oE)/9.60 km 
178.1 36.5 2.32 <0.01 

 
15 Mar. 2014-9 

Jun. 2014 

(10.06oN, 

105.7oE)/6.99 km 
188.7 22.0 2.36 <0.01 

 
1 Jan. 2014-18 

Jan. 2014 

(9.99oN, 

105.5oE)/8.81km 
476.4 21 5.79 <0.01 

       LLR: Log likelihood ratio; RR: relative risk. 

7.3. Socio-economic and health-related factors influencing HFMD in the 

MDR  

This section describes the characteristics of ten socio-economic and health-related 

factors in the MDR, then presents the influence of these ten factors on the distribution of 

HFMD across the 13 provinces of the MDR. These are findings of spatial autoregressive 

analysis described in section 5.6.3 in Chapter 5. After that, this section indicates the most 

significant factors among the ten factors influencing HFMD.  
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7.3.1. The socio-economic and health related factors in the MDR 

 Demographic characteristics, household conditions, economic status, health service 

and children’s health-related conditions were analysed to identify their potential effects 

on HFMD distribution. For each province, the following factors were identified: (1) 

population density; (2) number of childcare centres and kindergartens; (3) number of 

children per class in these centres, (4) monthly average income per capita, (5) percentage 

of houses with access to clean water, (6) percentage of houses with access to a hygienic 

toilet; (7) provincial health budget per capita; (8) percentage of children under 1 year old 

having full immunisation; (9) percentage of infants who were breastfed within 1 hour of 

birth; and (10) percentage of children under 5 years old who are malnourished (wasting). 

The details of the ten factors are described in Table 7.4. 

Table 7.4 Socio-economic and health-related factors in the 13 provinces of the Mekong 

Delta Region 
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An 

Giang 

610 28 194 62.9 55.3 2472 274.1 82.3 93.3 6.2 

Bac Lieu 356 31 87 99.5 38.1 2214 328.7 88.5 88.9 9.3 

Ben Tre 535 33 174 73.9 33.4 2162 330.8 74.7 88.8 6 

Ca Mau 230 26 132 99.1 41.2 2154 361 98.9 86.1 8.6 

Can Tho 879 25 167 76.2 58.9 2673 214 100 96.8 5.9 

Dong 

Thap 

498 21 191 43.3 35.8 2134 278.9 72.5 92.5 6.7 
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Hau 

Giang 

480 28 84 64.3 27.1 2088 311.7 99.1 99.8 6.1 

Kien 

Giang 

275 26 136 89.2 40.3 2642 296.8 97.9 93.7 6.7 

Long An 329 29 203 93.1 49.6 2430 232.5 97.2 93.6 5.6 

Soc 

Trang 

395 27 137 89.7 34.7 1913 391.8 75.6 85.9 6 

Tien 

Giang 

684 34 221 93.2 51.4 2596 205.4 84 88.5 6.6 

Tra 

Vinh 

440 29 117 93.3 28.3 2098 412 64 93 11.2 

Vinh 

Long 

685 16 123 49.2 36.6 2205 246.4 80 92.7 4.8 

Average 492 27.2 151 79.0 40.8 2291 299 85.7 91.8 6.9 

 

The spatial distributions of socio-demographic factors along with average incidence 

rates (per 100,000 person-years) of HFMD in the MDR are presented in Figure 7.5. The 

highest population density was reported in Can Tho – the central city of the MDR. 

However, the incidence rate of HFMD in Can Tho was lower than in other provinces, along 

with lower numbers of children per class in the childcare centres and kindergartens. 
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Among the four provinces that have the highest incidence rates of HFMD, Tien Giang and 

Ben Tre have higher population density, and score higher in other indicators: numbers of 

childcare centres and kindergartens, and numbers of children per class. The other 

provinces that have the highest incidence rates of HFMD were Long An and Dong Thap. 

Although they do not have high population density, both Long An and Dong Thap have 

high numbers of childcare centres/kindergartens and Long An also has very high 

numbers of children per class.  

 

Figure 7.5 Population densities, numbers of childcare centres/kindergartens, and 

numbers of children per class in these centres, along with average incidence of hand-foot-

mouth disease in the MDR, 2013 – 2016. 

The spatial distributions of economic factors (average income per capita, percentage 

of houses with access to clean water, percentage of houses with access to a hygienic toilet) 

along with average incidence rates (per 100,000 person-years) of HFMD in the MDR are 

presented in Figure 7.6. Three neighbouring provinces: Dong Thap, Vinh Long, and Ben 

Tre, which have highest average incidence of HFMD, also have quite low average income, 

low percentage of households with access to safe water and low percentage of houses 
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with access to a hygienic toilet. Can Tho city, which reported a low average incidence of 

HFMD, has a high average income and a high percentage of houses with access to a 

hygienic toilet.  

 

Figure 7.6 Economic and household conditions along with average incidence of hand-

foot-mouth disease in the MDR, 2013 – 2016. 

The spatial distributions of health-related factors (provincial health budget per capita, 

percentage of children under 1 year old having full immunisation, percentage of infants 

who were breastfed within 1 hour of birth, and percentage of children under 5 years old 

who were malnourished) along with average incidence rates (per 100,000 person-years) 

of HFMD in the MDR are presented in Figure 7.7. The health budget per capita appeared 

to be lower in provinces in the north and centre of the MDR, than in provinces in the 

south-east. The percentages of infants who were breastfed within 1 hour of birth in 

provinces in the south-west and in the north of the MDR were higher than in the centre, 

with the lowest percentage reported in Tra Vinh province. The percentages of children 

under 1 year old having full immunisation were higher in provinces in the west than in 

the east of the MDR. The percentage of children under 5 years old who are malnourished 
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was lowest in Long An province in the north of the MDR, which also reported a high 

percentage of breastfed infants. Provinces with incidence of HFMD less than 100 per 

100.000 person-year, (except for Tra Vinh) have lower health budget per capita, higher 

percentage of children under 1 year old having full immunisation, and higher percentage 

of infants who were breastfed within 1 hour of birth. 

 

Figure 7.7 Children’s health related factors along with average incidence of hand-foot-

mouth disease in the MDR, 2013 – 2016. 

 

7.3.2. Effects of the socio-economic and health related factors on HFMD  

The effects of the ten socio-economic and health related factors on distribution of 

HFMD across the 13 provinces are presented in Table 7.5; including direct impacts, spill-

over impacts and total impacts. The spill-over effects of all ten factors on neighbouring 

provinces were low compared to their direct effects, and were all statistically 

insignificant. In other words, these ten factors have impacts mostly on HFMD in their own 

province and have very low impact on neighbouring provinces. The total impacts took 
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into account the combination of direct impacts and spill-over impacts of ten factors on 

HFMD across the MDR.  

Table 7.5 Factors influencing the distribution of Hand-Foot-Mouth Disease in the Mekong 

Delta Region, 2013 – 2016  

Factors 

Direct impacts Spill-over impacts Total impact 

dy/dx 95% CI dy/dx 95% CI dy/dx 95% CI 

Population density -0.06 -0.3– 0.1 0.01 0.0 – 0.0  -0.05 -0.22 – 0.13 

Number of 

childcare centres 

and kindergartens 

0.35 -0.5– 1.2 -0.07 -0.3 – 0.1  0.27 -0.39 – 0.94 

Number of children 

per class 
-2.35 -8.3 – 3.6 0.49 -1.3 – 2.3  -1.86 -6.20 – 2.47  

Percentage of 

houses with access 

to clean water 

-0.95 -3.1–1.2 0.20 -0.2 – 0.6  -0.76 -2.63 – 1.12  

Percentage of 

houses with 

access to hygienic 

toilet 

-4.66 -10 – 0.7 0.97 -1.6 – 3.5  -3.69* 
-7.11 –  

-0.27  

Monthly average 

income per capita 
-0.15 -0.3 – 0.0 0.03 0.0 – 0.1 -0.12 -0.26 – 0.02 

Provincial health 

budget per capita 
-1.30 

-2 –  

-0.5 

0.27 -0.3 – 0.9  -1.03* 
-1.55 – 

 -0.51 

Percentage of 

infants who were 

breastfed within 1 

hour of birth 

-0.66 -3.5 – 2.2 0.14 -0.6 – 0.8 -0.52 -2.69 – 1.64  

Percentage of 

children under 1 
-8.99 

-15.2 –  

-2.8 

1.86 -1.8 – 5.5  -7.13* 
-12.93 –  

 -1.33 
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year old having 

full immunisation 

Percentage of 

children under 5 

years old who were 

malnourished 

-0.81 -8.6 – 7.0 0.17 -1.6 – 1.9  -0.64 -6.72 – 5.43 

*: p<0.05 

CI: confidence interval 

The three factors that had statistically significant negative (protective) associations 

with HFMD were percentage of houses with access to a hygienic toilet, provincial health 

budget per capita, and percentage of children under 1 year old having full immunisation 

(Table 7.5). Of the three significant factors, the highest was percentage of children under 

one year old with full immunisation, that is, a 1% increase in the percentage of children 

with full immunisation is associated with a decrease of -7.13 (95%CI -12.93 to - 1.33) in 

average HFMD incidence. Two other factors—percentage of houses with access to a 

hygienic toilet and provincial health budget per capita—are also associated with a lower 

average incidence of HFMD (-3.96; 95% CI -7.11 to -0.27 and -1.03; 95% CI -1.55 to -0.51, 

respectively) in the MDR. Surprisingly, population density appeared to have almost no 

association with average incidence of HFMD (-0.05; 95% CI -0. 22 – 0.13).  

The model matrix of correlation among the ten socio-economic and health related 

factors is presented in Table 7.6. Interestingly, provincial health budget appears to have 

a high negative correlation with other factors including population density (-0.6), number 

of childcare centres and kindergartens (-0.58), percentage of households with access to a 

hygienic toilet (-0.71), and average income per capita (-0.74). Higher health funding 

seems to be given to “less developed” provinces, which have lower access to hygienic 

toilets and lower average income; lower population density (which often refers to level 

of urbanization), and fewer childcare centres and kindergarten (which may relate to 

population density). In contrast, provincial health budget per capita showed a positive 

correlation with level of malnutrition (wasting) of children under 5 years old; which is 

also often an indicator of a less developed province.  
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Table 7.6 Correlations among the ten socio-economic and health-related factors 

Factors 
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Population 

density 

1.0          

Numbers of 

children per class 

-0.16 1.0         

Numbers of 

childcare centres 

and 

kindergartens  

0.33 0.18 1.0        

Percentage of 

houses with 

access to clean 

water 

-0.48 0.64 -0.12 1.0       

Percentage of 

houses with 

access to hygienic 

toilet 

0.44 0.09 0.65 0.10 1.0      

Monthly average 

income per capita 

0.37 0.13 0.49 0.11 0.80* 1.0     

Provincial health 

budget per capita 

-0.60* 0.14 -0.58* 0.31 -0.71* -0.74* 1.0    

Percentage of 

infant who were 

breastfed within 

1 hour of birth 

-0.11 0.01 -0.10 0.24 0.41 0.49 -0.40 1.0   

Percentage of 

children under 1 

year old having 

full immunisation 

0.34 -0.02 -0.13 -0.44 0.05 0.31 -0.37 0.32 1.0  
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Percentage of 

children under 5 

years old who 

were 

malnourished 

-0.36 0.02 -0.55 0.25 -0.52 -0.38 0.61 -0.16 -0.06 1.0 

*: highly correlated factors 

To avoid excessive correlation of provincial health budget per capita with other 

factors, this factor was excluded from the model in further analysis. The two other factors 

that had extremely high correlation—monthly average income per capita and percentage 

of houses with access to a hygienic toilet—were calculated in separate models as 

presented in Table 7.7. Model 1 in Table 7.7 presents the effects of eight factors (excluding 

monthly average income per capita) on HFMD across the MDR while Model 2 presents 

the effects of eight factors (excluding percentage of houses with access to hygienic toilet). 

Model 3 presents the effects of all nine factors on HFMD across the MDR. The negative 

effects of percentage of children under 1 year old having full immunisation on HFMD 

incidence were reported in all three models with the most significant correlation in Model 

1 (-12.3%). Other factors that have negative (protective) effects on HFMD were 

percentage of houses with access to a hygienic toilet and percentage of houses with access 

to clean water, with varying effect. Similar to the findings of the full model presented in 

Table 7.5, population density appeared to have almost no association with HFMD. 
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 Table 7.7 Effects of socio-economic and health factors on Hand-Foot-Mouth Disease, 

controlling for the correlation among the factors.  

Factors Model 1  Model 2  Model 3 

Population density 0.007 -0.10 0.009 

Number of childcare centres and 

kindergartens 
-2.24 -0.26 -2.34 

Number of children per class 1.08 0.78 1.18 

Percentage of houses with access to 

clean water 
-2.67 -3.49 -2.50 

Percentage of houses with access to 

hygienic toilet 
-5.46 x -4.71 

Monthly average income per capita x -0.14 -0.06 

Percentage of infants who were 

breastfed within 1 hour of birth 
2.72 1.93 2.93 

Percentage of children under 1 year 

old having full immunisation 
-12.3* -10.42 -11.17 

Percentage of children under 5 

years old who were malnourished 
1.403 2.24 1.50 

       *: indicates that p<0.05 

x: indicates factor that was excluded in the model 
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A selective process was conducted to identify the contribution of individual factors in 

the predictive model of HFMD. In this process, the author kept the most statistically 

significant factors identified in the previous analysis, which is the percentage of children 

under 1 year old having full immunisation, then added each of the seven remaining 

factors into the spatial autoregressive models (SAR). Findings of this selective process 

are presented in Table 7.8.  

Table 7.8 Model sensitivity analysis for contribution of each factor on the SAR.  

Factors Spatial autoregressive models 

1 2 3 4 5 6 7 8 9 

Percentage of 

children under 1 year 

old having full 

immunisation 

-

6.53 

-

6.73 

-

5.90 

-

8.24 
-12.0^ 

-

6.29 
-4.36 -4.71 -6.51 

Population density  0.02        

Number of childcare 

centres and 

kindergartens 

  0.37       

Number of children 

per class 
   

-

7.30 
     

Percentage of houses 

with access to clean 

water 

    -3.15^     

Percentage of houses 

with access to 

hygienic toilet 

     
-

2.02 
   

Monthly average 

income per capita 
      -0.12   
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Percentage of infants 

who were breastfed 

within 1 hour of birth 

       -1.57  

Percentage of 

children under 5 

years old who were 

malnourished 

        3.46 

AIC 
549.

9 

551.

9 

551.

4 

549.

6 
543.8* 

551.

2 
550.4 551.3 551.4 

^: p<0.05 

*: Model with lowest AIC 

The best predictive model with lowest AIC is the one that contains two factors: 

percentage of children under 1 year old having full immunisation and percentage of 

houses with access to clean water. Provinces with a higher percentage of children under 

1 year old having full immunisation and higher percentage of houses with access to clean 

water have a statistically lower incidence of HFMD. Following this, these two factors will 

be used to analyse their potential modification effects on the climate-HFMD association 

in the MDR. 

7.4. Modification effects on the associations between climate factors and 

HFMD in the MDR  

The associations between climate factors and HFMD were compared for provinces 

that have lower/higher percentages of children under 1 year old having full 

immunisation; and between provinces that have lower/higher percentages of houses 

with access to clean water (Table 7.9). First, considering the factor of percentage of 

children under 1 year old having full immunisation, the temperature-HFMD associations 

and humidity-HFMD associations calculated in provinces with a lower percentage of 

children under 1 year old having full immunisation were much lower than those 

calculated in provinces with a higher percentage of children under 1 year old having full 

immunisation (3% compared to 6.4%  for temperature-HFMD association, and 0.8% 

compared to 1.2% for humidity-HFMD association). However, the rainfall-HFMD 

associations in the two groups are quite similar (0.6% and 0.7%, respectively).  
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In contrast, when considering the factor of percentage of houses with access to clean 

water, the temperature-HFMD associations and humidity-HFMD associations calculated 

in provinces that have lower percentages of houses with access to clean water were 

higher than those calculated in provinces that have higher percentages of houses with 

access to clean water (5.9% compared to 3.1% for temperature, and 1.1% compared to 

0.8% for humidity). Interestingly, the rainfall-HFMD associations in these two groups are 

slightly different (0.7% and 0.5%. respectively). These associations are similar to the 

pattern reported while comparing groups with low and high percentage of children under 

1 year old having full immunisation. In other words, the two factors appear to have 

modification effects on the association between temperature/humidity and HFMD, while 

very low effects on the association between rainfall and HFMD.  

Table 7.9 Potential modification effects of the two factors on the associations between 

climate and Hand-Foot-Mouth Disease. 

Factors 

Temperature Humidity Rainfall 

%C 95% CI %C 95% CI %C 95% CI 

Percentage of 

children 

under 1 year 

old having 

full 

immunisatio

n   

Low  3.0 0.9 – 5.1 0.8 0.2 – 1.3  0.6 0.01 – 1.1  

High 6.4 3.5 – 9.2  1.2 0.6 – 1.8  0.7 0.2 – 1.1  

Percentage of 

houses with 

access to 

clean water 

Low  5.9 3.1 – 8.8 1.1  0.6 – 1.7  0.7 0.2 – 1.2  

High 3.1 0.8 – 5.5  0.8 0.2 – 1.3  0.5 0.1 – 1 

%C: percentage of change in incidence of HFMD  

CI: Confidence Interval 
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7.5. Conclusion 

This chapter has presented the spatial distribution and space-time clusters of HFMD 

across the 13 provinces in the MDR. During the study period 2013-2016, four high-risk 

clusters were detected in the four neighbouring provinces of Long An, Dong Thap, Vinh 

Long and Ben Tre, which are connected in a U-shape, and are located in the north of the 

MDR. Space-time clusters were mainly reported in the last third of each year within the 

study period, for about week 36 to week 52 of the year, except for 2014 when the peak 

time was reported earlier from week 19 to week 46. This chapter has also described the 

spatial distribution and space-time clusters of HFMD particularly in Can Tho city – the 

central city of the MDR. Most of the space-time clusters were located along the main roads 

or close to the centre of Can Tho city. Some repeated clusters were also reported which 

suggests the need for further focus on these locations for the purpose of prevention and 

control of HFMD. 

This chapter has also presented an analysis of the influence of certain socio-economic 

and health-related factors on HFMD at a provincial level. It identified two main 

influencing factors: the percentage of children under 1 year old having full immunisation, 

and the percentage of houses with access to clean water. The modification effects of these 

health-related factors on the association between climate factors and HFMD were 

examined. Interestingly, the potential modification effects of these two factors on climate-

HFMD associations appeared to be contrary. Significant differences in higher/lower 

groups for the temperature-HFMD and humidity-HFMD associations were found, while 

the rainfall-HFMD associations were only found to have a slight difference between the 

high- and low-incidence provinces for both modifying factors.  

The next chapter will explore the current situation of HFMD from the points of view 

of health officers, public health practitioners, and paediatricians in the MDR (provincial 

level) and health officers at the national level. It will also give the officers’ description of 

their needs in the efforts to improve HFMD prevention and control in the MDR, and in 

Vietnam in general.  

 

  



151 
 

CHAPTER 8 HAND-FOOT-MOUTH DISEASE IN THE MEKONG DELTA 

REGION: PERSPECTIVES OF HEALTH STAFF AT PROVINCIAL AND 

NATIONAL LEVEL  

 

8.1. Introduction 

The previous chapters have described the temporal and spatial patterns of HFMD in 

relation to climate factors and examined some socio-economic and health related factors 

influencing HFMD in the MDR. This chapter will explore the current situation of HFMD in 

the MDR and the broader Vietnam, and the prevention and control for HFMD, from the 

perspectives of health staff at the provincial and national levels and from document 

reviews of regulations that relate to HFMD in Vietnam. This chapter will also explore the 

needs of health staff for improving prevention and control strategies for this disease, 

particularly in the context of a changing climate.  

This chapter has 4 sections: (1) The roles of key health care professional involved in 

prevention and control activities in the MDR; (2) The current situation of HFMD and its 

prevention and control from the point of view of health staff at provincial level and their 

perspective on climate change and its effect on health in their provinces; (3) The current 

situation of HFMD and prevention and control from the point of view of health staff at 

national level and their perspective on climate change and its effects on health in 

Vietnam; and (4) the challenges and needs of health staff in order to improve HFMD 

prevention and control in the context of climate change. 

8.2. The key health informants’ roles within the health system in Vietnam 

This section describes the roles and experiences of the key informants utilised for the 

in-depth interviews as well as the key responsibilities of their agencies in the health care 

system of Vietnam. The key informants involved are health staff who are responsible for 

HFMD prevention and control from both public health units and clinical units at both 

national and provincial level.  

For each of the chosen provinces, the views of three health staff were sought: one 

health officer at Provincial Department of Health (PDH), one manager in charge of 
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infectious disease control in the Provincial Centre for Preventive Medicine (PCPM), and 

one paediatrician from the provincial hospital.   

At the national level, the views of two key informants were sought: one from the 

General Department of Preventive Medicine (GDPM) and one from the Vietnam Health-

Environment Management Agency (VIHEMA). Figure 8.1 shows the organization of the 

health system and where each of the seventeen informants work within the system in 

Vietnam.  

 

Figure 8.1 The seventeen key informants’ positions in the health system of Vietnam. 
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8.2.1. Provincial Department of Health 

The health officers of the Provincial Department of Health (PDH) interviewed were 

mostly younger and have fewer years of experience in this position compared to those 

working in PCPM and provincial hospitals. Health officers who are in charge of infectious 

diseases’ prevention and control often also manage other related health areas such as 

environmental health, school health, food security, or waste management. However, the 

combinations of their tasks are different in different provinces, depending on assignment 

by their managers. Some of the health officers had been transferred from the Provincial 

Centre for Preventive Medicine after they had worked there for a few years; thus, they 

understand more about the implementation of the health activities in that agency. 

The responsibility of the PDH in Vietnam is stated in the joint regulation of Ministry 

of Health and Ministry of Home Affairs (Regulation number 51/2015/TTLT-BYT-BNV in 

11 December 2015) (Ministry of Health, 2015). The PDH is a specialized agency of the 

Provincial People’s Committee (PPC) with responsibility for advice and assistance to the 

PPC in the management of health including preventive medicine, medical examination 

and treatment, rehabilitation, forensic medicine, psychiatric forensic medicine, 

traditional medicine, medical equipment, pharmacy, cosmetics, food safety, health 

insurance, population and family planning, reproductive health and other health 

activities in the province according to the law.  

The PDH is under the direction and management (of organization, staffing, and 

operation) of the PPC. At the same time, it is under the direction, guidance, inspection and 

examination (of professional skills) of the Ministry of Health. Regarding preventive 

medicine, the PDH has six major responsibilities: 

+ Directing, guiding, and evaluating the implementation of prevention and control 

of infectious diseases; HIV/AIDS; prevention and treatment of opioid addiction; 

non-infectious diseases, work-related diseases; injuries; environmental health; 

school health; hygiene and occupational health; community nutrition; border 

medical quarantine; insecticidal and germicidal chemicals used for domestic and 

medical purposes in the province. 

+ Directing and organizing the supervision of infectious diseases, non-

communicable diseases and unclarified diseases; early detection and control of 



154 
 

epidemics and notifying the situation of the transmission of diseases according to 

the law; advising the PPC on the announcement of epidemics according to the law. 

+ Directing and organizing vaccination activities and use of medical subjects 

according to the law; receiving applications and granting the eligibility certificates 

for vaccination units in the province. 

+ Issuing, re-issuing, or revoking biosafety certificates for laboratories in the 

province according to the law. 

+ Acting as liaison point for prevention and control of tobacco use, and for 

prevention of the harmful effects of alcoholic beverages in the province. 

+ Hosting the provincial Steering Committee for HIV/AIDS prevention and control. 

8.2.2. Provincial Centres for Preventive Medicine  

The managers who are in charge of infectious disease control in the Provincial Centres 

for Preventive Medicine (PCPM) were interviewed. They were the most experienced 

health staff with work experience ranging from 20 to 36 years.  

In 2017, according to Regulation number 26/2017/TT-BYT issued on 26 June 2017 

by the Ministry of Health (Ministry of Health & Ministry of Home Affairs, 2015), a 

significant restructure of the healthcare system at the provincial level was begun with the 

intention of merging the Centres for Preventive Medicine with other health-related 

centres such as the Centre for Reproductive Health Care, the Centres for International 

Health Quarantine, etc. into a unified centre namely “Centre for Disease Control”. This 

process aims to be completed in all 63 provinces in Vietnam before 01 January 2021. The 

new CDC style system is presented in Appendix 8.1 (along with regulation 26).  

In both the existing system and the proposed system, the PCPM have the 

responsibility for infectious disease prevention and control. The Department for 

Infectious Diseases Control (DIDS) under the PCPM is the unit in charge of implementing 

all measures for infectious disease prevention and control in the province, collaborating 

with provincial hospitals, and reporting to the PDH as well as managing the prevention 

and control measures in district health units within the province. In addition, the DIDS is 

often in charge of immunization and sometimes also in charge of parasitic disease control. 
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8.2.3. Provincial hospitals 

The paediatricians interviewed were those who are managers in the of provincial 

hospitals’ children’s wards or infectious wards (depending on the organizational 

structure of the hospital). According to Regulation number 1895 of the Ministry of Health 

issued in 1997 namely “Hospital Regulations” (Ministry of Health, 1997), hospitals are 

health units that provide medical examination and treatment, and healthcare facilities for 

patients. In particular, they have seven major roles: (1) providing medical examination 

and treatments, (2) organizing health examinations and health certification according to 

the law, (3) implementing scientific research, (4) directing and managing cottage 

hospitals, (5) implementing preventive medicine, (6) international cooperation and 

collaboration, and (7) managing hospital finances according to law.  

The interviews focused on exploring the implementation of roles (1) and (5) in 

provincial hospitals, which are more specifically related to HFMD treatment, and 

prevention and control within a hospital setting. 

8.2.4. General Department of Preventive Medicine 

The General Department of Preventive Medicine (GDPM) is the national department 

under the Ministry of Health of Vietnam (MOH). According to regulation 468 (Ministry of 

Health, 2014), it performs the functions of advising and assisting the MOH in managing 

and organizing the implementation of preventive medicine nationwide; in particular, (1) 

prevention and control of infectious diseases and non-communicable diseases; (2) 

border medical quarantine; (3) vaccination; (4) laboratory tests in the field of preventive 

medicine and biosafety; (5) community nutrition; (6) primary healthcare and health 

enhancement of community; (7) capacity building for the preventive medicine systems; 

(8) management of public services related to preventive medicine in Vietnam.  

The interview focused on exploring the first role of the GDPM that is prevention and 

control of infectious diseases, with a special focus on HFMD prevention and control.  

8.2.5. Vietnam Health-Environment Management Agency 

According to regulation number 1534 of Ministry of Health in 2013 (Ministry of 

Health, 2013b), the Vietnam Health-Environment Management Agency (VIHEMA) is an 

organization under the MOH, along with the GDPM. It performs the functions of advising 

and assisting the MOH in (1) hygiene and environmental health; (2) hygiene and safe 
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water; (3) occupational health; (4) prevention of work-related health issues and injuries; 

(4) management of household chemical use, insecticides and germicidal preparations 

used for household and medical purposes; (5) environmental protection in medical 

activities according to the law.  

This interview focused on the roles of environmental health activities in relation to 

both infectious diseases prevention and control, and climate change as an environmental 

factor influencing health and particularly infectious diseases such as HFMD.  

8.3. The perspectives of provincial health staff on the current situation of 

HFMD and prevention and control  

This section describes the current situation of HFMD (in comparison with other 

infectious diseases) in each province from the point of view of provincial health staff: 

health officers, public health practitioners, and paediatricians. It found that despite some 

differences there is similarity in the points of view of these three groups of health staff.  

8.3.1. Situation and trends of HFMD in each province 

In most provinces, the most common infectious diseases named were dengue and 

HFMD, except for Tra Vinh province, which was detected as a “cold spot” in Chapter 7. In 

Tra Vinh, respiratory infection, diarrhoea and dengue were named as the most common 

infectious diseases while HFMD was considered in an “average range”. After dengue and 

HFMD, the other common infectious diseases in the five provinces of the interviewees are 

diarrhoea, respiratory infection, measles, rubella and typhus fever. Only one Zika case 

was reported, yet it was still named when asking for “most common diseases in your 

province”, conveying the concern of some health staff about this new disease.  

In response to the question regarding trends and patterns of the most common 

infectious diseases, dengue was noted by all interviewees from the five provinces as 

having an increasing trend in recent years. Dengue clearly follows annual seasonal 

patterns, i.e. outbreaks in the rainy season. However, recently, dengue incidence has been 

reported to be prolonged until the dry season, which is considered unusual for this 

disease. Dengue incidence was reported to increase very fast at the beginning of the rainy 

season in 2016. 
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“Numbers of dengue increase very fast this year…often peak from March to 

May…” –Interviewee 7 

“Dengue is associated with the rainy season, but in recent years, it often occurs 

from the rainy season to the beginning of the dry season…maybe it is due to 

climate change…” – Interviewee 13 

HFMD was reported as endemic in these provinces with a “stable” trend or slightly 

reduced in most provinces, except for Dong Thap (where HFMD incidence was the highest 

of all thirteen provinces in the MDR as defined in Chapter 6 and 7). The patterns of HFMD 

reported by most interviewees were different to dengue. In particular, HFMD was 

described as happening all year round with a seasonal pattern that is not as clear as 

dengue. HFMD peaks occur mostly in the last third of the year, except for Can Tho where 

HFMD was said to have two peaks: the first one from March to May, and the second (main) 

one from July to December.  

 “HFMD is slightly increasing (this year). There are often two peaks a year, 

from March to May and from July to December” – Interviewee 8 

The interviewees in Dong Thap were most concerned about HFMD. They believed the 

level of HFMD in Dong Thap is the second or third highest in Vietnam, only after Ho Chi 

Minh City, the biggest city in Vietnam, with the peak lasting from August until December. 

“HFMD often starts to increase from week 35 and peak at week 47-

48…HFMD’s peaks in the whole MDR are the same, from September to 

December” – Interviewee 14 

“HFMD happens all year round, but increases after Tet holiday and after 

summer vacation in the previous years. But since 2015, and now in 2016, 

numbers of HFMD are still high during summer vacation, even higher than 

after summer vacation, when children go back to school” – Interviewee 15 

Interestingly, there were two occasions often referred as “time references” for HFMD 

aberration. That is after Tet holiday, which often occurs late January or early February 

according to the Lunar Calendar, and after summer vacation, which usually occurs from 

June to August. The underlying explanation would be related to the increased chance of 

“gathering” of people. Tet holiday, the biggest holiday in Vietnam, is when people gather 

to celebrate the Lunar New Year, visiting their relatives and friends and often travelling 



158 
 

distances to do so. However, some health staff commented that it was “strange” that 

HFMD seems to be increasing during the summer vacation, with the numbers of HFMD 

cases during summer vacation even higher than when children go back to school. This is 

a surprise because it is commonly believed that many HFMD cases are transmitted at 

schools (childcare centres and kindergartens); thus, it is expected that HFMD should 

decrease during summer vacation when children do not go to school.  

The health staff offered some explanations or suggestion for further investigation. 

First, the most commonly affected group for HFMD is children under three years old and 

many of them have not attended school yet; thus, the transmission “major location” may 

not necessarily be at school. It is also suggested that HFMD can be transmitted from 

infected adults (who may not exhibit symptoms) to children: 

“When we report HFMD cases, we ticked if the children go to school or not... 

About 70%...or sometimes even 85% of children who had HFMD did not go to 

school…The most vulnerable children are those under three years old” – 

Interviewee 13 

“Later, the Pasteur Institute did a study on this…They found that 30% of 

HFMD cases were transmitted from the household…this percentage was less 

that what we reported…Maybe it (HFMD) was transmitted from adults to 

children” – Interviewee 13 

As in Dong Thap, some health staff in other provinces also reported that HFMD seems 

to have appeared more in schools in the years before 2014, but from 2014 there were 

fewer HFMD cases detected at school. One interviewee even reported that there was no 

HFMD case reported at school in 2016. This suggests the importance of transmission at 

household or community level and that community or household transmission should be 

the focus for further investigation and prevention and control. 

Regarding the spatial distribution of HFMD, some health staff reported that there is 

no difference between urban and rural areas while others think that urban areas seem to 

have more HFMD cases. Their insight is that the higher the population density, the higher 

the numbers of HFMD cases reported. However, they also suggested that parents living 

in better economic conditions (mostly in urban areas) tend to pay more attention to their 
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children’s health symptoms and that there is a higher chance that they would take their 

children to hospital to seek health care.  

“Higher numbers of HFMD cases were reported in Ninh Kieu, Phong Dien, Thot 

Not, and Binh Thuy…. Binh Thuy and Thot Not are now in process of 

urbanization of the residential area…the environment is affected. Binh Thuy 

is being rapidly urbanized…However, Phong Dien is a rural area but still has 

high incidence…” – Interviewee 7 

“I think the urban area has more cases than rural areas…but there is no 

research… Maybe because of more contact…” – Interviewee 13 

 “HFMD cases were reported everywhere. But it seems higher density [has] 

higher cases. Maybe because a family with good economic condition will pay 

more attention and send their children to hospital even when (the children) 

only have fever…thus, a higher number of cases is reported in urban” – 

Interviewee 14 

 

8.3.2. The challenges for implementation of prevention and control for HFMD at 

provincial level 

8.3.2.1. Law, regulations, and health systems for HFMD prevention and 

control 

There are a number of regulations regarding the prevention and control of infectious 

diseases in general, and HFMD in particular in Vietnam. The first one is the Law of 

Prevention and Control of Infectious Diseases—Law 03/2007/QH12—issued in 2007 by 

the Vietnam Government (Appendix 8.2). The second one is Regulation 13, issued on 17th 

April 2013 by the Ministry of Health, namely “Guidelines for Monitoring of Infectious 

Diseases” (Appendix 8.3). The third one is Regulation 54, issued on 28th December 2015 

by the Ministry of Health, namely “Guidelines for reporting infectious diseases”. There 

are three modes of report specified in this regulation: online report, paper report, and 

phone report. The fourth one is Regulation 581, issued on 24th February 2012 by the 

Ministry of Health, namely “Guidelines for Monitoring, Prevention and Control of HFMD” 

(Appendix 8.4). In 2011, the Ministry of Health also issued the regulation 2554/QĐ-BYT 

which includes the “Guidelines for Diagnosis and Treatment for HFMD” for hospitals 
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(Appendix 8.5). Another important document is the Decision 02 on conditions for 

disclosure of infectious diseases, signed by the Minister of Health on 28th January 2016 

(Appendix 8.6). In this Decision, HFMD is categorized in group B for disclosure of 

outbreak. This Decision also put provincial governments in charge of disclosure of HFMD 

outbreaks in their provinces within 24 hours of receiving the reports of the provincial 

department of health and the standard for announcing the elimination of an HFMD 

outbreak is 14 days with no new cases.  

A joint regulation between Ministry of Health and Ministry of Education—Regulation 

13, issued on 12 May 2016—provides guidelines for school health activities in order to 

advance students’ health and prevent diseases or health-related issues. Following this 

regulation, the provinces develop their own action plans for HFMD prevention and 

control each year according to the Law, the regulations, and the situation of their 

provinces. 

A summary of a provincial health system’s responses to an HFMD outbreak is 

presented in Figure 8.2. Often, the first authorities to notice a case of HFMD are provincial 

or district hospitals. They inform the provincial or district centres for preventive 

medicine about the suspected HFMD cases. The provincial or district centres for 

preventive medicine will report the numbers of cases to the provincial department of 

health. At the same time, the centres for preventive medicine notify the local health units 

where the cases come from, i.e. the community health units, to co-operate in 

implementing a case investigation and/or prevention and control measures when 

necessary. The provincial departments of health report the cases to the national level – 

the General Department for Preventive Medicine and the national institute in charge of 

their region, the Pasteur Institute in Ho Chi Minh City in the case of the MDR. It is required 

that private health units need to report suspected cases of HFMD to the Health Office; 

however, this requirement was not always followed. 
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Figure 8.2 The provincial reports and responses for a HFMD outbreak 

The provincial centres for preventive medicine (PCPM) play a central role in 

prevention and control of infectious diseases. They receive notifications from clinical 

units, report the outbreak situation to provincial departments of health (PDH), and guide 

the district centres and community health units to implement prevention and control 

measures. The first action to determine the outbreak location and transmission is “case 

investigation” by the local health offices in the community health units. They go to the 

patient’s address to obtain information about individual characteristics (name, age, 

gender, first day symptoms were developed, hospital admission date, etc.) and potential 

related factors (children attend school or not, contact with any suspicious people, sources 
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of water used, etc.). The forms for case investigation vary in different provinces, but the 

main content is similar. 

Depending on the information collected from the case investigation, public health 

practitioners in the PCPM request the district health staff to cooperate with community 

health staff to implement outbreak control measures, focusing on health education 

around personal hygiene (using soap to wash hands) and using a disinfectant chemical 

(Chloramines B) to clean high-risk spaces: households, classes at schools, etc. When there 

is a HFMD case detected at a school, the health staff ask the school to make sure that the 

child does not go to school for at least 10 days and only comes back to school after all 

blisters have completely dried/healed. If there are two HFMD cases detected in one class, 

the class will be closed for 10 days from when the last case was detected to break the 

cycle of transmission.  

Specific prevention activities are carried out regularly in order to reduce the risk of a 

HFMD outbreak. Before the annual peak of HFMD each year, and/ or on Tet holiday, 

and/or after summer vacation, provinces often use media to provide health 

communication in the community or at school, focusing on encouraging HFMD preventive 

practices such as regular washing of hands and toys with soap; food safety; early 

detection of HFMD cases; and encouraging parents or carers to take their children to 

hospital or health units if there are any suspicious symptoms. The target groups for 

prevention focus are slightly different in different provinces. For example, Dong Thap 

focuses on mothers of children under three years old, especially mothers whose children 

do not go school. They often cooperate with the reproductive healthcare centre and 

immunization staff to carry out health communication for HFMD prevention for this 

target group.   

8.3.2.2. HFMD prevention and control from the point of view of health staff 

When asked about implementation of HFMD prevention and control measures, two 

out of the fifteen interviewees indicated that HFMD prevention and control is “easier than 

that for dengue”, suggesting that “there is not much more” they can do about HFMD 

prevention and control. Most of the interviewees stated that HFMD prevention and 

control is hard or even “extremely hard”. The first reason is that health communication 

for HFMD prevention and control is very “challenging” as it is hard to ask parents/carers 
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to practice hygiene behaviours such as washing hand with soap regularly; especially as 

this is an emerging disease and communities are not yet used to it.  

 “It’s hard because HFMD is related to individual behaviours, but it is hard to 

change communities’ behaviours… we need to monitor and remind 

regularly…” – Interviewee 10 

“We have to work very hard to educate communities about HFMD, and to 

prevent and control for HFMD…but it does not seem to have any reduction…” 

– Interviewee 14 

 “Because this disease is related to hygiene behaviours of mothers or 

carers…They thought they just need to wash hands with water are enough … 

no dirt means clean…they do not know to use soap …. Moreover, the target 

group is children under three-year-old. It’s hard to keep washing their hands” 

– Interviewee 15 

Another reason reported that makes HFMD prevention and control difficult is the 

poor awareness and response of communities to HFMD, and consequently, the poor 

practices to prevent and control the disease. Interviewees offered some explanations for 

the poor awareness and response of the communities such as that people are busy 

working, or there are inconsistent messages about soap, or they dislike the recommended 

disinfectant, or that HFMD is not perceived as a serious illness. 

“People do not care about infectious diseases’ prevention and control…they 

are busy to earn a living… And there is confusing advertisement about adverse 

impacts of soaps…” – Interviewee 1 

“Only for very serious outbreak… I mean many deaths…that the communities 

will pay attention and be willing to act for that…” – Interviewee 11 

“We ask them (the household of HFMD patient) to clean the toys and surface 

first and then clean with chloramine B to have best results, but they do not 

comply… they do not think this is important … They prefer disinfectant with 

good scent, not like chloramine B” – Interviewee 14 

On the other hand, overreaction by parents/carers (refuse to care for mild cases at 

home or district hospital) can also lead to overload of children with HFMD at the 

provincial hospital, and thus increasing risk of nosocomial infection: 



164 
 

“It’s hard to convince patients with mild symptoms to stay home or at a district 

hospital…thus, it (the provincial hospital) is often overloaded” – Interviewee 

3 

This raises an issue about the balance required in health messages from authorities. 

They need to convince people in the community to take HFMD seriously, but not to panic 

and convince them of the importance of following a doctor’s instructions. 

Interestingly, one challenge for HFMD prevention and control is due to “outbreak 

declaration”. Although the standards for disclosing or announcing a HFMD outbreak are 

clearly stated in the regulation, the implementation of this matter is difficult in practice. 

This is considered as a constraint to prevention and control efforts. 

“We have clear standards on outbreak disclosure…but they [the Provincial 

People’s Committee] did not announce HFMD outbreak…Disclosure of an 

outbreak will help to gain funds for implementing control measures, but 

disclosure of outbreak will lose “awards” [competition between the provinces] 

…” – Interviewee 10 

The case reporting by private health units was also identified as one cause of difficulty 

in reporting and controlling of HFMD. Although regulations do require all private health 

units to notify the authority (such as district health units) about suspected HFMD cases; 

in practice, this requirement was not always followed. This is an important barrier for 

early detection and control for HFMD, especially in urban areas where people have better 

incomes and are more able to utilise private health facilities.  

Another challenge sometimes mentioned in interviews regarding the difficulties in 

HFMD prevention and control is climate change and its direct and indirect impacts on 

health. These issues will be discussed in detail in Section 8.3.3. 

8.3.2.3. Collaboration on implementing HFMD prevention and control  

HFMD prevention and control requires a lot of collaboration between health and 

education units; between public health practitioners and medical doctors; and between 

provincial staff, national staff, and district/community’ staff. In all provinces whose staff 

were interviewed, the health staff interviewed all reported strong collaboration amongst 

these sectors. The collaboration between health and education units involves actions for 

proactive prevention before any HFMD outbreaks as well as control measures and 
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elimination of transmission when outbreaks occur. The proactive prevention activities 

include health education for teachers and other school staff with an emphasis on food 

safety and personal hygienic behaviours such as regular hand washing (of teachers and 

children) with soap and washing toys with disinfectant. In addition, health staff regularly 

educate and remind teachers about early symptoms of HFMD (and other infectious 

diseases) in order to help them detect suspicious cases early and refer them to medical 

units. During an outbreak, health staff help schools by providing Chloramine B for 

disinfection and providing advice on the student exclusion period or class closure/school 

closure when necessary to break the transmission cycle. The success of such measures is 

highly dependent on the commitment of the school and teachers: 

“Schools ensure that students do not go to school while having HFMD…” – 

Interviewee 5 

“Prevention intervention at school requires the commitment of teachers … 

cleaning toys with chloramines B…early notice of ill children and isolation…” 

– Interviewee 7 

 “Before the school year starts, health staff often come to school to evaluate 

the health-related preparedness of the school… provide health 

education/communication…” – Interviewee 11 

8.3.3. Climate change and its potential effects on health/HFMD 

The knowledge or awareness of health staff regarding climate change and health vary 

greatly across the provinces. Some of the staff stated that they had never thought about 

climate change before, or never thought it would have any relation to health in general 

(not to mention HFMD). On the other hand, a few staff were really interested in climate 

change and eager to learn more about it and its potential effects on health. 

Regarding the neglect or lack of knowledge or concern about climate change of the 

health staff, these health staff think that climate change is something that concerns the 

environment officers, and is beyond their knowledge.  

“I do not know…maybe people in department of environment resource will 

know about this (climate change) …maybe it has some effects on health… but 

I do not know” – Interviewee 4 
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“I do not know about climate change. Climate change topic is new…This 

question is beyond my ability to answer…I do not know about climate change; 

thus, I cannot know how it effects health…” – Interviewee 14 

With those who answer “yes” on the question “Have you ever heard about climate 

change?”, they answer with some hesitance and always use the word “maybe” to describe 

what they think of climate change. In general, they think that climate change may be 

related to change in seasonal patterns, or cause more droughts and less floods, or cause 

saline intrusion. Consequently, it affects the population’s life by causing negative impacts 

on the economy:  

“We used to have two distinct seasons—a wet and a dry season—but now 

these seasons are not very clear…maybe it is because of climate change” – 

Interviewee 2 

“In recent years, we do not have floods [which is the good thing here] …that 

effect the population’s life, especially those whose lives depend on sediments 

for cultivation…for fish and shrimp farms…Now, if we do not have enough 

floods, the crops will not be achieved…” – Interviewee 7 

Concerning the impacts of climate change on health, health staff suggested that 

climate change can have indirect impacts on health in several ways. First, by reducing 

floods and causing more droughts, climate change causes reduction in water supply 

which results in poor hygiene practices, consequently, more gastrointestinal diseases and 

zoonotic diseases (transmitted from cattle), mentioned by some interviewees. In 

addition, lack of water supply means that people store water for later use, and such water 

storage will facilitate mosquito breeding, resulting in increased risk of dengue. Most 

health staff suggested that climate change with higher temperatures or higher humidity 

was somehow related to the increased incidence of dengue. Also, the lack of floods and 

fish (that come along with floods)—the natural enemies of mosquitoes—will help the 

mosquitoes to multiply. Fewer floods also mean more standing water, which is exactly 

the preferred environment for the Aedes mosquitoes to breed.  

Another explanation provided about climate change and health links is that climate 

change causes extreme weather that can lead to people easily getting tired, which reduces 

the body’s resistance, reduces immunity, or causes “certain body responses”. However, 
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they also stated that these ideas are their opinion, but they need scientific evidence to 

confirm. In summary, health staff suggested that climate change may have an influence 

on diseases such as dengue, HFMD, gastrointestinal diseases, respiratory infection, 

measles, typhus fever, diseases that are related to nutrition condition, infectious diseases 

in general, etc.  

 “More droughts mean people have to store water…increase mosquito’s 

development…more dengue…Climate change can cause a change in the 

environment and change in human behaviours that may result in affecting 

infectious diseases…climate change can somehow affect the immunity…” – 

Interviewee 13 

“Thinking about climate change and respiratory diseases, I think it can have 

a direct impact…Climate extremes can cause some bodily responses…but the 

talk about the relationship between climate change and HFMD – we need to 

do scientific research…then we can confirm…Extreme heat will make people 

easily get tired, reduce the body resistance…That is what I understand…” – 

Interviewee 15 

Although they do not have evidence, some health staff have already developed some 

initial thoughts on a response to climate change impacts on health. For example, they 

advised community on ways to cope with higher temperatures. 

“Climate change has impacts on temperature…so in hot period, which is from 

April to June, we advise communities to avoid heat and maintain their health 

by drinking more water, try to reduce time working outdoors, and implement 

some water treatment for safer use of water” – Interviewee 13 

8.3.4. Needs of provincial health staff to improve prevention and control 

In the face of the many challenges for prevention and control of infectious diseases in 

general, and HFMD in particular, health staff described their needs in order to improve 

prevention and control. First, they are eager to be provided with more knowledge and 

research evidence to improve their prevention and control strategy development and 

implementation in the context of climate change, which they have never had to think of 

or deal with before. In particular, they would like to have evidence about climate change 

impacts on health, especially for HFMD and other infectious diseases. Furthermore, they 
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would like to have more evidence about HFMD transmission and target groups, so they 

can focus more effort on high-risk groups and locations. Moreover, they also want 

evidence about the effectiveness of some preventive measures they are using now, such 

as the effectiveness of soap in killing the virus, or alternative chemicals that the 

community can use for home disinfection instead of chloramine B which has an 

unpleasant smell and can only be provided by health staff during outbreaks. From the 

hospitals’ point of view, they wish to know more about the possible warning signals of a 

HFMD outbreak, so they can prepare special medicine for treatment (of severe cases) in 

hospital to prevent deaths. This will also help to reduce overloading of hospitals, reducing 

the risk of nosocomial infection and severe sequelae or death. This issue of early warning 

was also mentioned by the public health professionals who indicated that they also want 

to know about the possible warning signals of a HFMD outbreak in order to provide 

timely health education and communication with communities and schools in advance to 

reduce the risk of an outbreak.  

The above information or research evidence should be provided in “easy way/words” 

so that all health staff can understand. Moreover, the interviewees state that the best way 

for introducing the research evidence is on websites of the Ministry of Health and on 

websites of provincial departments of health. Multi-province training was also suggested, 

to convey the research findings to provincial health staff and to provide a convenient 

opportunity for staff to ask questions directly and to learn from/discuss with other 

provinces easily. Moreover, the health staff also expressed a need for more help on health 

risk communication, so that they can minimize the unnecessary “fear” of some people in 

the community – which often leads to hospital overload during an outbreak – or deal with 

the community’s lack of awareness about prevention of the disease.  Some technical 

supports were also mentioned as being required, including training for the new online-

report systems; or upgrading of computers. Financial support for supplying Chloramine 

B during outbreaks or carrying out regular health communication are also named as 

specific needs for improving prevention and control. Another important requirement 

stated by health managers is the need for human resources. Human resources are the key 

to implementation of successful prevention and control. But in some provinces, few 

health staff want to work in the prevention and control area because the salary is low. 

This results in frequent moving of health staff out of this public health area.  
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“…need to ensure “a liveable salary” for staff working in infectious disease 

control so they can concentrate on their work…we need to provide additional 

remuneration for them…although there is a policy that determines 

remuneration for “people who work in risky sector”—which is infectious 

disease control—but they cut it off in reality…” – Interviewee 8 

8.4. The perspective of national health staff on current situation of HFMD 

and prevention and control 

Two experts from the General Department of Preventive Medicine (GDPM) and the 

Vietnam Health-Environment Management Agency (VIHEMA) were interviewed to 

understand the national views on the current situation of HFMD in Vietnam and their 

needs in order to improve strategies for HFMD prevention and control, especially in the 

context of climate change.  

8.4.1. Situation and trends of HFMD in Vietnam 

The GDPM advises the Ministry of Health on development of legislation/guidelines for 

prevention and control for HFMD along with other infectious diseases. Law 54/2015/TT-

BYT (presented in section 8.3.2.1) regulates the reporting of infectious diseases from 

community health units to provincial health units and to the GDPM as the office at 

national level responsible for reporting and implementing prevention and control of 

infectious diseases. The GDPM is the only health agency that is authorized by the Ministry 

of Health for international notification/declaration of infectious diseases.  

The most common diseases in Vietnam reported by the GDPM are dengue and HFMD, 

which are similar to those reported at the provincial level. Interestingly, dengue was 

described as having an “abnormal pattern” recently, e.g. dengue cases were detected 

during the dry seasons in some locations such as the Central Highlands. Some 

interviewees in the MDR also reported this “abnormal pattern”. 

“Dengue and HFMD are both common in Vietnam. This year, the pattern of 

dengue was abnormal…for instance in the Central Highlands, there were 

dengue cases reported during dry season…” – Interviewee 16 

“Dengue and HFMD are “hot” now…and other emerging diseases such as Zika, 

Ebola…” – Interviewee 17 
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Regarding HFMD, although the interviewees stated that HFMD is one of the two most 

common diseases, the national health experts consider HFMD as a “stable” disease that 

attracts less attention than dengue. There was not much information reported regarding 

HFMD, which suggests a lack of interest in the disease that has thousands of cases per 

year in children.  

“HFMD seems to decrease in recent years…after peak in 2011. It seems stable 

now…” – Interviewee 16 

Describing the “high-risk” locations of HFMD, the health experts reported that HFMD 

was mainly reported in the MDR, and there was a movement in high-risk detection from 

the school to the community setting. The change may be explained by the fact that when 

HFMD first emerged it was easier to detect cases in school. However, now early detection 

of cases is more common in the community or at home. 

“When HFMD first occurred, it was mainly detected at schools, but now there 

are less outbreaks reported at school…maybe due to early detection of new 

cases and isolation” – Interviewee 16 

8.4.2. The HFMD prevention and control in Vietnam  

HFMD prevention and control are implemented at provincial level. At the national 

level, however, the GDPM is in charge of developing guidelines and a national plan for 

prevention and control programs. There is a National Health Target program for dengue 

prevention and control, but not for HFMD. The first challenge that HFMD prevention and 

control face is that it is not included in the National Health Target programs. 

Consequently, limited national resources are devoted to HFMD prevention and control, 

which rely mostly on provincial resources. Moreover, since there is no vaccination for 

HFMD nor specific treatment in place, prevention measures play a crucial role. The 

informants believe that for HFMD, which is caused by several serotypes of virus, vaccine 

development is hard and will not be effective; consequently, no research on vaccination 

is being conducted in Vietnam.  

Although HFMD prevention and control measures are difficult, informants shared 

their opinion on potential opportunities for further prevention and control. First, the 

application of information technology in the health report system (introduced from 2016 

under Regulation 54) can enhance the accuracy and promptness of notifying and 
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updating HFMD cases or outbreaks; then, such a system can help authorities respond 

more promptly. However, to fully deploy this online reporting system in all 63 provinces 

is a challenge, especially in remote areas. The national health staff need to provide further 

training for provincial health staff; then these provincial health staff need to provide 

training for health staff at lower levels.  

Another potential opportunity is that emerging diseases have received increasing 

attention in recent years. Therefore, “reserve resources” (human resources, financial 

resources, etc) have been made available to deal with emerging diseases. These kinds of 

resources are not included in the yearly health plans but are always obtainable when they 

are needed, i.e. to respond to an emerging epidemic.   

8.4.3. Climate change and health in Vietnam and needs of health experts in 

improving HFMD prevention and control in the context of climate change 

The national health staff showed more awareness of climate change and health than 

the provincial health staff, and they often provided suggestions or mentioned their needs 

for better prevention and control in the context of climate change. The informants named 

a few research projects that have been done in Vietnam regarding climate change and 

health. For example, research on climate change and increasing of hospitalization, or 

association between climate change and dengue. The national experts also suggested that 

climate change can cause changes in the location of a disease, i.e. wider spread of 

infectious diseases such as dengue. 

“Climate change causes changes in the disease spreading location. For 

example, in Ha Noi, we used to have not much concern about dengue, because 

we thought that dengue mostly occurred in the south. But for the last 5 to 10 

years, Ha Noi has had a lot of dengue outbreaks…If we had had a plan or 

projection about the spread of dengue before, we would have been better 

prepared…and controlled better to reduce the burden of this disease…So now, 

with other provinces with no or few dengue outbreaks…we need to have a 

project or forecast if they will have more dengue in the future… to make 

adaptation plan…” – Interviewee 17 
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Yet, the national experts also believed that much more evidence on climate change 

and health is needed. In addition, scientific evidence from research should be provided in 

a form that is easy for the health practitioners as well as the community to understand:  

“...the problem is that these articles [research articles on climate change and 

health] are for the academics only. They are very difficult to understand for 

government staff, managers, and community in general. They [the research 

findings] should be simplified, for example, made into graphic or simple 

words…somehow make it understandable for the community. Or transfer 

them into a kind of usable application. That’s the important thing” – 

Interviewee 17 

They also suggested that research should be done at the provincial level as the 

provinces develop their own annual health plans. 

“Projects of changing health issues or diseases are important [for us] to 

develop health plans, especially at provincial level. The provincial health staff 

need to develop their health plan every year for their province; thus, they 

should know what the priority health issues in their provinces are…that are 

affected by climate change. We need to provide them with evidence to develop 

their responsive plans…” – Interviewee 17 

The key informants also commented that to conduct climate-health studies effectively 

and precisely, there is a need for both health information systems and environment or 

hydro-meteorological information systems to agree on a standardized form for collecting 

information.   

“…I think we need to collect data exactly in the same manner in both 

sources…The managers from both sectors [Health sectors and Environment 

sector] need to sit together to build up a standard system for collecting 

information...close collaboration is required…” – Interviewee 16 

The health experts proposed some requirements for scientific evidence about the 

climate-health association to convince policy makers about the importance of climate 

change and health and the needs for climate change adaptation regarding health aspects. 

“We need to provide convincing evidence for the authorities – who make 

decisions – about the importance of climate change and health…for policy 
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development and planning regarding health…there is a Department of 

Climate Change under the Ministry of Natural Resources and Environment 

(VN MONRE)…Ministry of Health (MOH) is also one member…but little money 

was given to health to implement climate change and health related 

activities…” – Interviewee 17 

The need for close collaboration between MONRE and MOH was raised in the 

interviews. The first need is collaboration in standardizing data collection and sharing 

collected data between MONRE and MOH for the purpose of research. To ensure this 

happens in practice, the interviewee emphasised that government legislation is essential. 

“We need legislation from government about sharing and using 

meteorological data from MONRE …” – Interviewee 17 

8.5. Conclusion 

This chapter has provided the views of health staff at both national and provincial 

level regarding the current situation of HFMD and its prevention and control in Vietnam, 

especially in the MDR, in the context of climate change. Although there are certain 

differences of opinion on the status of HFMD in different provinces (which reflects the 

seriousness of HFMD outbreaks or the numbers of HFMD cases reported in the 

provinces), in general, there are similar concerns about HFMD as an emerging disease in 

the MDR. Certain good prevention and control measures have been carried out, especially 

in school settings, which help to reduce the risks of HFMD at school. However, changes in 

climate may increase the risks of HFMD and other infectious diseases. To respond to these 

concerns, health staff require more knowledge for strategy development to improve the 

prevention and control of this disease, especially in a changing climate. 

This chapter has also described the needs of the health staff at both national and 

provincial levels for improving HFMD prevention and control in the context of climate 

change. Convincing evidence about the climate-health associations, building/improving 

health staff capacity, and strengthening collaboration between the health and 

environment sectors are some of the suggestions from the key informants as the country 

faces climate-health issues in the future.  
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The next chapter will summarise and discuss the findings presented in Chapters 6 to 

8 and provide recommendations for future application of these findings to improve 

HFMD prevention and control in the MDR in the context of climate change.  

 

 

  



175 
 

CHAPTER 9 DISCUSSION AND RECOMMENDATIONS 

 

9.1. Introduction 

This research investigates the factors influencing HFMD in the MDR, in the context of 

climate change. It also explores the status of HFMD prevention and control in the MDR 

from the perspective of health workers who actually deal with HFMD in the field. It 

furthers identifies the support needs of these health workers in order to improve HFMD 

prevention and control, especially in the context of climate change. 

The preceding chapters have critically summarised the literature, articulated a strong 

rationale for the research, outlined the methods used to answer the research question 

and focus questions, and presented the findings that emerged. This chapter summarises 

these main findings of this research in six sections, and discusses them in the context of 

the current knowledge/evidence, discusses their implications and significance. The 

chapter will conclude by offering recommendations for improving prevention and 

control of HFDM as well as useful insights for future studies.  

This chapter consists of six sections to discuss the six main findings of this study. The 

first section summarises the associations between climate factors and HFMD found in this 

study, then, discusses the findings found at different provinces and using different types 

of data (daily/weekly) within this study; and how the findings of this study align with 

other studies elsewhere in the Western Pacific Region. The second section discusses of 

the spatial and space-time distributions of HFMD in comparison with findings from 

studies in other countries. The third section analyses the socio-economic and health-

related factors influencing HFMD across the 13 provinces of the MDR identified in this 

study, then discusses how these findings relate to published research from other 

countries. The fourth section discusses the findings from the in-depth interviews with 

health workers at different levels and positions of the health system, on the status of 

HFMD prevention and control in the MDR. These findings also suggest the support that 

these health staff require in order to improve prevention and control of HFMD in their 

provinces, and more broadly in Vietnam, especially in the context of climate change. The 

fifth section indicates the challenges and opportunities for promoting climate change 

adaptation to protect health, focusing on infectious diseases in Vietnam. The final section 
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discusses the significance of this study and offers recommendations for practice and 

policy, and some insight for future studies. 

9.2. Climate factors and HFMD in the MDR 

This study has provided evidence to extend our knowledge of the climate-HFMD 

relationships, in a regional setting, and at both daily and weekly basic. This is the first 

study in the MDR to examine both daily and weekly effects of the three climate factors 

(temperature, humidity, and rainfall) on HFMD for each province of the MDR, and for the 

whole MDR. At provincial level, this study analysed the effects of climate factors up to 7 

lag days (lag 0 to 6 days) and found significant associations between all three climate 

factors and HFMD; however, the magnitude of these associations varied across the 

provinces. In particular, temperature and humidity had statistically significant positive 

associations with HFMD, while rainfall had both statistically significant positive and 

negative associations with HFMD at different lag days. The humidity-HFMD associations 

were notable at lag 2 and 3 days in three neighbouring provinces in the north of the 

Mekong River, while the rainfall-HFMD associations varied a lot across provinces. 

Similarly, the weekly effects at provincial level were also found to show positive 

associations between temperature/humidity and HFMD; that is, positive temperature-

HFMD associations were mostly found at lag 2 weeks while positive humidity-HFMD 

associations were mostly found at lag 1 week, or at lag 2 weeks. Weekly effects of rainfall 

were also found to have both positive and negative associations; that is, a positive 

association at lag 0 week but a negative association at lag 2 weeks. 

At the regional level, positive daily associations were found between temperature and 

HFMD at lag 0 days, and between humidity and HFMD at lag 3 days. In contrast, a negative 

association was found between rainfall and HFMD at lag 5 days. However, for weekly 

effects, all three climate factors were found to have positive associations with HFMD; with 

temperature and humidity at all 3 week-lags for, and rainfall at lag 0 week only.   

Within this study, there are some similarities and differences among the climate-

HFMD associations found at provincial level and regional level as well as in different 

timeframe settings (daily and weekly). Table 9.1 presents a summary of the climate-

HFMD associations found in different levels and timeframes in the MDR (summarising 

the findings in Chapter 6). At both provincial and regional level, and with both daily and 
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weekly analysis, temperature-HFMD and humidity-HFMD associations were all positive 

(Table 9.1). However, rainfall-HFMD associations were found positive and/or negative at 

different locations and times (Table 9.1). The inconsistent relationship between rainfall 

and HFMD may be explained by the high variability of rainfall across these provinces. 

These inconsistent associations were also found in a national level study on climate and 

HFMD in different regions with different climate zones in Vietnam (Phung et al., 2018). 

In addition, the spatial heterogeneities of temperature and humidity were small across 

provinces at different lag weeks, but spatial heterogeneities of rainfall were more 

significant, especially at lag 1 week. These heterogeneities suggest the potential 

importance of other factors such as the spatial effects of differences in socio-economic 

levels of the provinces on the climate-HFMD relationship, which will be discussed in 

Section 9.4. 
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Table 9.1 Summary of Climate-HFMD Associations in Different Location and Time  

Daily analysis Lag days 

0 1 2 3 4 5 6 

Can Tho 

city 

T      +  

H    +   + 

R  +     + 

Nine 

provinces 

T +     + + 

H   + +++    

R +  + -  - - - - - - 

The whole 

region 

T +       

H    +    

R      -  

Weekly analysis Lag 0 week Lag 1 week Lag 2 weeks 

Thirteen 

provinces 

T ++++++ ++++++ ++++++++ 

H ++++ +++++++ ++++++++ 

R ++++ ++ - 

The whole 

region 

T + + + 

H + + + 

R +   

Only statistically significant associations are presented; T: temperature; H: humidity; 
R: rainfall 

+ : indicates positive association 

-  : indicates negative association 
The numbers of (+) or (–) represent the numbers of provinces where the climate-

HFMD association was significant in that lag day/week. 
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The significant temperature-HFMD associations found in this study share some 

similarities with other studies in the Western Pacific Region. In this study, temperatures 

(daily average temperature and weekly average temperature) were found to have 

statistically significant positive associations with HFMD in Can Tho city, in other 

provinces of the MDR, and also in the whole MDR (estimated by meta-analysis). The 

positive temperature-HFMD associations found in this study are consistent with other 

studies from China (Y. Huang et al., 2013; Xiao et al., 2017; C. Xu, 2017; L. Zhu et al., 2016), 

Japan (Onozuka & Hashizume, 2011), Singapore (Hii et al., 2011), and South Korea (Kim 

et al., 2016) confirming the positive temperature-HFMD association. In particular, the 

study by Y. Huang et al. (2013) in Guangzhou, China, used weekly data and found a 

significant positive association between temperature and HFMD at lag 1 week, which is 

similar to the finding in this study, but with lower effects reported, that is 1.86% (95%CI: 

0.92-2.81%), compared to 4.5% (95%CI: 2.6-6.4%) found in this study.  

One difference between studies in China and this study is the range of temperature. 

For example, a study in Guangdong (Du et al., 2019) described a wide mean temperature 

range, from 7.3oC to 36.9oC because the study location is in the subtropical climate zone. 

That study suggested a cut-off point for the temperature-HFMD relationship of 23.5oC. 

Compared to studies in China, this study conducted in the MDR, which is in the tropical 

climate zone, had a much narrower temperature range, from 24.6oC to 31.4oC (Table 6.7), 

with a minimum temperature above the cut-off point suggested by Du et al (Du et al., 

2019). A study in Singapore (Hii et al., 2011), with minimum temperature ranged of 22.8-

27.6oC and maximum temperature ranged of 27.7-34.6oC, used weekly data and found 

positive associations between maximum temperature (above 32oC) and HFMD at lag 1 

and 2 weeks; and a positive association when the difference between maximum and 

minimum temperature exceeded 7oC. To sum up, the positive association between 

temperature and HFMD found in this study provides convincing evidence of the positive 

temperature-HFMD association in the MDR, and is consistent with positive associations 

reported in other studies in similar climate zones and difference climate zones, although 

using different types of data for analysis.  

Humidity-HFMD associations have not been extensively analysed in other studies, 

because humidity was used as a modifying factor in analysis of temperature-HFMD 

association in some of those other studies (M. Xu et al., 2015; L. Zhu et al., 2016). However, 
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this study found a consistent positive association between humidity and HFMD at both 

provincial level and regional level, especially at lag 3 days (Table 9.1). In particular, in 

Can Tho city, the positive humidity-HFMD association was found at lag 3 days and lag 6 

days, which is similar to three other provinces, and similar to the estimated positive 

association for the whole of the MDR at lag 3 days. In weekly analysis, positive humidity-

HFMD associations were found at all three lag weeks. This humidity-HFMD positive 

association is also consistent with previous studies such as two studies: one in 

Guangdong, China (Du et al., 2019) and one in Guangzhou, China (Y. Huang et al., 2013). 

In particular, the study by Y. Huang et al. (2013) analysed weekly data and found a 

positive association between humidity and HFMD at lag 1 week (1.42%; 95%CI: 0.97 – 

1.87%), similar to the corresponding finding of this study at lag 1 week (1.5%; 95%CI: 

1.1-2%). However, this study found positive associations between humidity and HFMD 

in all three week lags (weeks 0 to 2), while Y. Huang et al. (2013) only reported such an 

association at lag 1 week. The other study by Du et al. (2019) used daily data only, and 

analysed humidity along with air pollution as a modification factor, and found positive 

associations between humidity and HFMD with different levels of air pollution; however, 

this study did not account for lag effects of humidity. In summary, this study provides 

convincing evidence for significant humidity-HFMD associations in the MDR, which are 

also confirmed by certain other studies, and suggests the importance of humidity in 

understanding the climate-HFMD relationship.  

Similar to humidity, in other studies, rainfall was considered as a modification factor 

for the temperature-HFMD association (Xiao et al., 2017; L. Zhu et al., 2016). This study 

found that rainfall has both positive and negative associations with HFMD in daily and 

weekly analysis. Daily positive associations between rainfall and HFMD were found at lag 

1 day in Can Tho, and lag 0 day or lag 2 days in other provinces, while negative 

associations were found mostly from lag 4 to lag 6 days in other provinces, and at lag 5 

days for the whole region. Weekly analysis found mostly positive associations between 

rainfall and HFMD, with one exception at lag 2 weeks in only one province. The “co-exit” 

of positive and negative associations between rainfall and HFMD was also found in a 

study in Singapore (Hii et al., 2011). Hii et al. (2011) analysed weekly data and suggested 

that a positive rainfall-HFMD association was seen when cumulative rainfall below 75mm 

while a negative rainfall-HFMD association was seen when cumulative rainfall exceeded 

75mm. Another study in Beijing, Tianjin, and Hebei, China (C. Xu, 2017) found only 
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negative associations between rainfall and HFMD. This study found significant 

associations between rainfall and HFMD, both positive and negative, which were also 

confirmed in other studies.  

The best predictive model of HFMD for Can Tho city consists of lag 5 day for 

temperature, lag 3 day for humidity and lag 6 day for rainfall. This HFMD climate-based 

prediction model can be used to develop a warning for HFMD outbreaks in Can Tho, using 

the hydro-meteorological data of the previous week.  Such a model needs to use regular 

updates of daily hydro-meteorological data to operate; thus, data collection and data 

sharing across the Ministry of Health and the Ministry of Natural Resources and 

Environment are necessary.  

Although the biological mechanism of the climate-HFMD relationship remains 

unclear, one plausible explanation may be that increasing temperature and humidity 

create a favourable environment for the survival of the enterovirus (Rajtar, Majek, 

Polanski, et al., 2008). Children are more sensitive to temperature due to their 

physiological modality (greater temperature transfer between the environment and 

body), metabolic modality (greater metabolic rate), and cardiovascular modality (higher 

heart rate and lower cardiac output) (Z. Xu et al., 2012). Warmer temperatures may be 

associated with children going out more often, gathering in play areas where close 

proximity facilitates direct transmission among children (W. Liu et al., 2015). In addition, 

higher humidity may facilitate persistence resistance of the virus, enhancing its virulence 

(Gao, Sun, Lu, & Li, 2014), and may also help the virus to attach to the surface of small 

articles such as toys and survive better, which facilitates the transmission of the virus 

among young children (W. Yang & Marr, 2012). The inconsistent relationship between 

rainfall and HFMD may be explained by the difference in the mechanisms. For instance, 

moderate rainfall may help facilitate the transmission of the virus in the surface 

environment (K. Levy, Woster, Goldstein, & Carlton, 2017) and contaminated 

groundwater (Gelting et al., 2005), whereas heavy rainfall may break the chain of 

transmission by flushing out contaminated stagnant water (P. Wang et al., 2016) and 

interrupt the transmission by reducing the physical activity and social contact of children 

(Belanger, Gray-Donald, O'Loughlin, Paradis, & Hanley, 2009). In addition, the geographic 

location can also be one explanation for the variance of the climate-HFMD relationship 

(Xing et al., 2014; L. Zhu et al., 2016), because it is related to the living environment of the 
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host (population) and the pathogens (L. Zhu et al., 2016); along with climatic condition of 

each geographic location (Xiao et al., 2017). 

The differences between the climate-HFMD findings in Can Tho city and those in other 

provinces of the MDR, and the estimated findings for the whole region may be related to 

a few issues. First, Can Tho, as the central city of the MDR, has a different proportion of 

urban and rural areas from that of the other 12 provinces (Table 5.1). Furthermore, Can 

Tho may have certain characteristics that differ from other provinces, such as having the 

highest population density (Table 5.1) but lowest health budget per capita (Table 7.4), 

which may result in different mechanisms influencing the climate-HFMD associations. 

The different associations reported in different provinces also suggest the importance of 

other factors’ contribution to the climate-HFMD associations, which will be discussed in 

the following sections. 

9.3. Spatial and space-time distribution of HFMD in the MDR 

This study detected the spatial clusters and space-time clusters of HFMD across the 

13 provinces of the MDR. This study also found one “cold spot” of HFMD in the MDR. 

These understandings about spatial and space-time clusters of HFMD in the MDR help 

health staff at the national level to prioritise the high-risk provinces, and health staff in 

each province to develop HFMD prevention and control plans in their provinces, focusing 

on these periods and locations. These findings also suggest certain characteristics of 

provinces with higher risks of HFMD that should receive more attention in future studies. 

9.3.1. Spatial and space-time clusters across the 13 provinces of the MDR 

This study found varied distributions of HFMD in the MDR across the 13 provinces of 

the MDR, using SaTScan for the 2013-2016 period. It identified four high-risk provinces 

that reported the highest incidences of HFMD during the study period: Long An, Dong 

Thap, Vinh Long, and Ben Tre. These provinces are spatially connected to each other in a 

U-shape in the North of the MDR. In addition to being neighbours, three out of the four 

provinces (Dong Thap, Vinh Long, and Ben Tre) share the same characteristics of higher 

population density, lower percentages of access to hygienic facilities (access to a hygienic 

toilet or access to safe water), and lower percentages of children under one year old 

having full immunisation compared to the average numbers of the MDR (Table 7.4, 

Chapter 7). In contrast, Long An appears to have “good characteristics”, except for the 
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lower health budget per capita and higher numbers of schoolchildren per class compared 

to the average numbers of the MDR (Table 7.4, Chapter 7).  

This study also found three other provinces that had comparatively higher risks of 

HFMD in some years: Soc Trang in 2014, Ca Mau in 2015, and Bac Lieu in 2015 and 2016. 

Compared to the average numbers of the MDR, Soc Trang has lower population density 

and higher health budget per capita. However, this province also has a lower percentage 

of houses with access to a hygienic toilet and a lower percentage of children under 1 year 

old having full immunisation. Although Ca Mau has a good percentage of houses with 

access to hygienic facilities, it has a higher percentage of children under 5 years old who 

are malnourished and a lower percentage of children under 1 year old having full 

immunization compared to the average numbers of the MDR. Finally, Bac Lieu has almost 

universal access to safe water (99.5%, compared to the average of 79% of the MDR), but 

it has a higher percentage of children under 5 years old who are malnourished (9.3%, 

compared to the average of 6.9% of the MDR). To sum up, there is no single factor that 

plays a critical role in the risks of HFMD across the 13 provinces. The analysis of all ten 

factors will be discussed in Section 9.4. 

This study detected a cold spot, which is Kien Giang province, in all four years (2013-

2016). This province is located in the far south-west of the MDR, bordering on provinces 

that also reported lower risks of HFMD. This study also detected a low-high spot which is 

Tra Vinh province. This province has a lower risk of HFMD although it borders the high-

risk provinces of Vinh Long and Ben Tre, which reported higher risks of HFMD in all four 

years of the study period. Although Tra Vinh has many disadvantage factors such as the 

highest percentage of children who are malnourished, and extremely low percentage of 

houses with access to a toilet, there is good access to safe water (93.3%, compared to the 

average of 79%) and the highest budget per capita for health (VND412000, compared to 

the average of VND299000). This suggests that good access to safe water and higher 

budget for health may play important roles in reducing the risks of HFMD.  

This study detected space-time clusters of HFMD, in other words, identified the high-

risk period of a year in conjunction with high-risk locations of HFMD outbreaks across 

the 13 provinces during the period 2013-2016. The high-risk locations detected were An 

Giang, Ben Tre, Ca Mau, Dong Thap, Long An, Soc Trang, and Vinh Long, which were all 

discussed in previous paragraphs. The period of higher clusters of HFMD during all four 
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years is weeks 40 to 47. Interestingly, the beginning of those space-time clusters 

appeared to happen close together in time; suggesting patterns of sequential 

transmission from province to province. For example, in 2015, the sequence  of the 

clusters was that the first two space-time clusters were detected in week 38, then the 

following clusters were detected in weeks 39,  41, 42, and 44. This sequential 

transmission pattern from province to province suggests that public health staff need to 

monitor the outbreak situation in their neighbouring provinces and the province that first 

reports a HFMD outbreak should promptly inform other provinces in their region about 

the outbreak. An inter-province health notification system should be established in order 

to promptly notify other provinces of the outbreak in order to reduce the potential spread 

of HFMD in the MDR.  

9.3.2. Spatial and space-time clusters within Can Tho city 

The spatial analysis specifically conducted in Can Tho city, the central city of the MDR, 

showed that geographically, high incidence rates of HFMD were observed in the 

communes of Thoi Lai, Binh Thuy and Ninh Kieu districts. The map of high-risk clusters 

indicates that there were significant single-centre clusters and multi-centre clusters in 

Can Tho in the study period of 2012-2014. Most spatial clusters of HFMD were located in 

certain communes of Ninh Kieu district, which is the centre of Can Tho city, or were 

located close to the main traffic routes running through the city. The connection among 

spatial clusters in Can Tho city was particularly visible in 2013, along the national route 

running through Can Tho city. These areas may have higher population densities than 

other parts of Can Tho. The detection of most HFMD clusters in the centre city or along 

transport routes in Can Tho is similar to previous studies in some provinces/cities in 

China such as in Sichuan (L. Liu et al., 2015), Guangzhou (Deng et al., 2013), Henan (X. 

Huang et al., 2015), or Liaocheng (S. Zhang & Zhao, 2015) 

The detection of HFMD space-time clusters at the same location and overlapping 

periods in 2012 (30 October to 28 December) and 2013 (6 September to 23 December) 

in Can Tho city suggests the potential for repeated outbreaks in the same spots and that 

location and period should be focused on for the purpose of prevention and control of 

HFMD in this city. This also suggests a need for further studies analysing the specific 

characteristics of the high-risk locations in order to provide a better understanding of the 

risks of HFMD. 
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9.4. Socio-economic and health-related factors influencing HFMD in the 

MDR 

This study, using spatial autocorrelation models, identified four factors (among the 

ten socio-economic and health-related factors analysed as explained in Chapter 5) that 

had a significant association with the distributions of HFMD across the 13 provinces of 

the MDR during the study period of 2013-2016. These factors are related to hygienic 

conditions (percentage of houses with access to a hygienic toilet, and percentage of 

houses with access to safe water), the immunisation status of children (percentage of 

children under 1 year old having full immunisation), and level of expenditure for health 

purposes (average health budget per capita). Having a better access to a hygienic toilet 

and safe water, having full immunisation for infants, and being provided with higher 

budget for health all help to reduce the risks of HFMD in the MDR. However, this study 

did not capture another potential modification factor, air pollution, which has been 

analysed in some recent studies (Du et al., 2019; Yu et al., 2019). This suggests a need for 

future studies to provide further understanding of the role of air pollution in HFMD and 

its association with climate factors.  

This study is among the very few studies that have analysed the socio-economic and 

health-related factors that impact on distributions of HFMD. This study helps in filling the 

gap of understanding of the multiple factors influencing HFMD, which is necessary for the 

purpose of prevention and control. A previous study in Guangdong and Henan provinces, 

China (D. Zhang et al., 2017) only analysed certain characteristics of HFMD patients to 

identify potential factors that might influence the severity of HFMD epidemics. It found 

less severe cases of HFMD in the breast-feeding group compared to the non-breast-

feeding group (D. Zhang et al., 2017), while another study suggested that socio-economic 

factors such as GDP and number of hospital beds per capita showed positive associations 

with HFMD (L. Li, Qiu, Xu, & Wang, 2018). Economic factors such as household income 

and number of healthcare institutions were reported to have modification effects on the 

climate-HFMD relationship in a study in Shandong, China (L. Zhu et al., 2016). In contrast, 

a national scale study in China (Xiao et al., 2017) suggested that socio-economic and 

health-related factors (population density, GDP, licensed physicians, hospital bed per 

1,000 people, total travel passengers per year; and number of elementary school students 

per 1,000 people) are not statistically significant explanations for the differing climate-
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HFMD associations. This may be due to the “wide-range” of the study geography; that is, 

a national study in the whole of mainland China, and the fact that at national scale, these 

factors may be ruled out by the wide-scale differences of geographic and climate variables 

(Xiao et al., 2017).  Studies at local level (in the same climate zone) should provide more 

accurate assessments of multi-factor influences on HFMD at a specific location.  

Adults can play important roles in the transmission of HFMD due to their 

asymptomatic infections (L. Y. Chang et al., 2004), or because of the new virus serotypes 

CVA6 that are reported to cause HFMD in more adults (Bian et al., 2015). The study by 

Deng et al. (2013) found that the majority of HFMD patients (67.3% to 79.2%) were 

home-cared children. Although the health staff interviewed that infected adults are rarely 

reported in Vietnam, more transmission in the communities is reported. These studies 

suggest the need for further studies to examine and to confirm the role of adult-to-child 

transmission in Vietnam. Such evidence will be useful for selecting the target groups for 

HFMD prevention and control. The roles of adults in HFMD transmission may also lead to 

a change of targets so that settings with high risk of HFMD such as community-based or 

households would also receive attention and implement prevention activities similar to 

school settings (childcare centres and kindergartens) for the purpose of prevention and 

control of HFMD.  

9.5. HFMD prevention and control in the MDR  

This research has provided an analysis of the current HFMD prevention and control 

in the MDR, via a review of laws and regulations regarding HFMD combined with in-depth 

interviews with health staff at both national and provincial levels. This study enriches our 

knowledge of HFMD from the perspectives of health staff who are dealing with this 

disease in the field, yet whose voice and valuable experiences are rarely heard. The 

following section discusses the success of HFMD prevention and control in the MDR 

during the recent decade, then the challenges that remain for HFMD prevention and 

control in communities and hospitals. Subsequently, this section discusses the support 

required by health staff in order to deal with the challenges identified and improve the 

HFMD prevention and control in practice.  
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9.5.1. Status of HFMD prevention and control in the MDR 

This study described the status of HFMD prevention and control in the MDR, and 

certain achievements suggested by health staff in the prevention and control. First, HFMD 

has been recognised as an epidemic disease and the Ministry of Health has taken an active 

role in prevention and control through a number of regulations related to HFMD 

detection, treatment, prevention and control during the last ten years in Vietnam 

(Ministry of Health, 2011, 2012, 2013c, 2015; The Goverment of Vietnam, 2007; The 

Prime Minister of Vietnam, 2016). This study has provided a summary of those 

regulations, consisting of six related documents concerning HFMD that cover clinical 

aspects (diagnosis, testing, treatment, and prevention for transmission at clinical units) 

and public health aspects (prevention and control for HFMD at schools and in the 

community). From the document review and in-depth interviews, this study has 

identified the roles of different health institutions in the health system of Vietnam 

focusing on the implementation of HFMD prevention and control. Essentially, this study 

has identified the central roles of the provincial health systems in developing provincial 

plans for prevention and control, as well as exploring the interactions among three 

provincial health institutions: the provincial health office (administrative support for 

health workers), the provincial centres for preventive medicine (preventative work), and 

the provincial paediatric hospitals (treatment). The interviewees were selected from 

these three types.  

This study has described efforts of health staff in early detection and control for 

HFMD, via interviews with health staff at both provincial and national level. Such efforts 

may have contributed to the reduction of HFMD incidence in schools, and the reduction 

of the number of deaths caused by HFMD. The intensive prevention and control measures 

carried out in schools, frequent risk communication with school teachers, and the 

implementation of the strict rule of excluding sick children for 10 days and the 

requirement to close class when there are two children in a class infected with HFMD, as 

well as the intensive utilisation of disinfectant when an infection is detected appear to be 

successful in breaking the transmission cycle in schools. This study found a strong 

collaboration between the health sector and the education sector reported by health staff 

in all provinces. This may contribute to the joint-regulation between Ministry of Health 

and Ministry of Education, and the long-time cooperation between the two sectors in 
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protecting children’s health in the school-based setting. This finding suggests that certain 

measures may be keys for success in implementation of prevention and control measure: 

the need for suitable regulations in place, the implementation of those regulations, and 

the commitment of the manager and staff (in this case: staff in the health and education 

sectors).  

The reductions of numbers of deaths attributable to HFMD were reported by health 

staff in the MDR during recent years. This can be explained by early detection of severe 

cases, and better treatment in the hospitals in the MDR. The provincial paediatric hospital 

staff have gained more knowledge from the national institutes and national hospitals 

about detection of potential severe cases and from regularly updated training for 

treatment; consequently, there is better preparedness for symptomatic treatment in 

provincial hospitals. These achievements may be related to the numbers of studies on 

HFMD diagnosis, testing, early detection of severe cases that have been conducted in 

Vietnam during recent years (Duy et al., 2017; Hoa-Tran et al., 2018; Hoang et al., 2019; 

Khanh et al., 2012; Le et al., 2019; N. T. B. Nguyen et al., 2014; Thanh et al., 2015; N. T. 

Thao et al., 2010; Tran et al., 2011; Tu et al., 2007). 

9.5.2. Challenges for HFMD prevention and control in the MDR and the support 

that health staff need in order to improve HFMD prevention and control 

Despite the noticeable positive health impacts of HFMD prevention and control in 

school-based settings seen in the decreasing trend of HFMD incidence reported in 

schools, certain challenges still remain for prevention and control of HFMD in the MDR, 

especially in community-based settings. The yearly numbers of HFMD cases reported in 

the community still remain high despite health communication provided by health staff. 

Another challenge for HFMD prevention and control is the underestimation by some 

people in the population or even by health staff of the seriousness of HFMD due to its low 

mortality rate. Such underestimation often results in not seeking medical attention when 

there are suspected symptoms of HFMD. Thus, this poor perception of risk impedes early 

detection and implementation of HFMD transmission control.  

Another challenge for HFMD prevention and control in the MDR and Vietnam is that 

there is no vaccine against HFMD available in Vietnam. Although a vaccine against EV71 

has been successfully developed and sold in China since 2017 (R. Li et al., 2014; Yi et al., 

2017; F. Zhu et al., 2014), no vaccine against HFMD is available in Vietnam.   
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In addition, the changes in seasonal patterns of certain common infectious diseases in 

the MDR (dengue fever and HFMD) have been recognised by some health staff as a new 

challenge for prevention and control. They raise the question of a potential threat to 

community health arising from the changing patterns of infectious diseases and suggest 

the importance of climate change in the issue of HFMD. To cope with the challenges that 

may be posed by climate change, provincial health staff need to be provided with updated 

knowledge and research-based evidence on the impacts of climate change on health and 

infectious diseases in general, and on HFMD in particular. Moreover, they need to be 

advised about measures to cope with climate change and its potential impacts on health. 

Importantly, such knowledge/information should be simplified from research findings to 

words or graphics that are easy to understand for all health staff and the general 

community. The health staff themselves also suggested that researchers should translate 

research knowledge into a usable form, for example, a simple computer application 

usable by all health staff, to take advantage of the development of information technology. 

Regarding the mode of access to such research evidence/knowledge, the website of the 

Ministry of Health and the websites of provincial departments of health were identified 

as easy places to access this information because health staff can easily and frequently 

access these websites. Multi-province training is also suggested to convey the research 

findings to provincial health staff. This training could be a convenient opportunity to ask 

questions directly and to learn from/discuss with other provinces easily. 

To help prioritise the effort to reduce the spread of HFMD, health staff need additional 

scientific evidence on the major transmission pathway for HFMD in the MDR, and in 

Vietnam.  Although HFMD was mostly reported in schools in the early years, recently, 

there have been more reported cases among children who have not yet attended schools 

(childcare centres or kindergartens). This information from health staff in the MDR is 

consistent with some recent studies in other countries such as China (Deng et al., 2013; 

P. Wang et al., 2016), which found the highest prevalence of HFMD in those less than three 

years old. In addition, health staff indicated the roles of adults and asymptomatic 

transmission, which has also been suggested by another study in Taiwan, which reported 

a high proportion of household transmission (L. Y. Chang et al., 2004). Such transmission 

from adults and asymptomatic infected people in the community may be the explanation 

for the lack of success of the nursery school-based prevention measures implemented in 

Japan as described in a study by Tanabe et al (2019). These measures started from the 
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absence of reports of children at school, identifying and notifying any suspected cases of 

infectious diseases. Although they minimised the transmission of some other infectious 

diseases, HFMD transmission was not reduced. 

Regarding prevention and control for HFMD transmission in hospitals, HFMD patients 

should be treated in isolated wards (Ministry of Health, 2013c). However, this 

requirement may not be feasible if hospitals that do not have enough wards for complete 

isolation, or when “peak” periods cause overloads of hospitals. Thus, paediatricians 

suggested the need for early warning for HFMD outbreaks as well as early warning for 

other infectious diseases. Such early warning systems would help the hospital to prepare 

for the potential overloading and develop a strategy to refer patients to other 

hospitals/health units such as district hospitals. This action could also help in reducing 

nosocomial infections due to overcrowding in provincial hospitals. This kind of early 

warning system can also help the hospital to prepare for necessary and in some cases, 

rare and expensive medicines, to treat severe cases in order to prevent deaths.  

Early warning of the HFMD outbreaks would also help public health staff to provide 

timely health education and communication with communities and schools in advance, 

to reduce the risk of an outbreak. Efforts have been made to predict HFMD outbreaks 

based on climate factors such as temperature (Zhong et al., 2018), using daily 

temperature, historical rate of HFMD, and air quality data. To develop such early 

warnings for HFMD, meteorological data, historical reports of HFMD, and air quality data 

should be made available from the Ministry of Natural Resources and Environment, 

which collects and manages the data. For such sharing data to happen in practice, a 

regulation should be made to ensure the data is transferable/accessible among the 

Ministries for the purpose of improving health. 

9.6. Challenges for prevention and control of HFMD in a changing climate, 

and opportunities to protect health 

With its focus on prevention and control in the context of climate change, this study 

has identified challenges for the prevention and control of HFMD in the context of climate 

change, and also potential opportunities from tackling climate change as well as potential 

benefits from a climate change adaptation that focuses on health. The first challenge is 

that few health staff in the MRD are aware of climate change at all, not to mention the 
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impacts of climate change on health. This gap in their knowledge results in an absence of 

preparedness or actions to deal with climate-related health issues. Furthermore, the lack 

of awareness of health staff means there is no advocacy for tackling climate-related health 

issues and no risk communication to the community on climate-related health issues.  

Another challenge detected in this study is a noticeable gap in climate change 

adaptation in Vietnam, namely, the “absence of health” in the National Climate Change 

Adaptation Plan (NCCAP) for the period of 2016 – 2020 (Prime Minister, 2017). 

Consequently, there are no actions planned to protect the people’s health from the risks 

posed by climate change in Vietnam. The absence of health in the NCCAP in Vietnam may 

be an explanation for the lack of concern for the impacts of climate change on health; and 

conversely, the fact that health staff, communities, and especially policymakers show no 

concern for health risks associated with climate change results in the absence of health 

in the NCCAP and the failure to act to protect health. The fact that many of the health staff 

interviewed regard climate change as an environmental or agricultural matter, not a 

health matter, suggests that their concerns regarding climate change are for its impacts 

on people’s life through impacts on the economy such as decreasing agricultural 

production.   

In contrast to the neglect of the impacts of climate change on health issues in Vietnam, 

in the rest of the world climate impacts on health have received high attention. The World 

Health Organization (WHO) has called for actions to protect health from the impacts of a 

changing climate for many decades and states that “Climate change is already harming, 

and will continue to harm, human health” (WHO & UNFCCC, 2015, p. 11). The WHO is 

working with the United Nation Framework Convention on Climate Change (UNFCCC) to 

update the Climate and Health profiles for many countries. A new country profile is being 

developed and updated from the previous version of 2015 and is expected to be 

published in 2019 (WHO & UNFCCC, 2019). The 2015 version included 40 countries while 

the upcoming version of 2019 is expected to cover 80 countries. In the 2015 version, 

WHO suggested the need for the community to play a role in supporting reductions in 

greenhouse gas emissions, and in implementing the preventive public health measures in 

order to protect populations from “the worst consequences of global warming” (WHO & 

UNFCCC, 2015). This country profile will help policymakers at country and regional level 
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to develop climate change adaptation plans to cope with the threats to health due to 

climate change in their countries and regions.  

The great threat posed by climate change to humans now and projected in the future 

cannot be ignored. However, there are also opportunities in responding to climate 

change. The Paris Agreement (UNFCCC, 2015) provided an opportunity for improving 

health in developing countries because it called for global support for developing and 

vulnerable countries in dealing with climate change and its impacts. Co-benefits and 

cross-protection from such climate change actions are opportunities for improving health 

in these countries. Another opportunity is that global actions regarding climate change 

facilitate sharing information across countries to meet the same goal of climate change 

adaptation.  

9.7. Limitations 

This study has some limitations. Firstly, this study used secondary data collected from 

the surveillance data which may not capture all HFMD cases due to under-reporting. Such 

under-reports can occur when “mild symptom” patients do not seek medical service or 

when there is a failure to record cases in the reporting chain from community level to 

provincial and national level. Secondly, the Mekong Delta Region is located in the hot and 

humid tropical climate zone, so it may not be representative of other regions of Vietnam 

that have different climate characteristics. Thus, the external generalization of the results 

to other provinces in Vietnam must be done with caution. Thirdly, this study was 

designed as a population-based study; thus, it cannot explain the individual factors 

influencing the distribution of HFMD as well as their potential modification effects on the 

relationship between climate factors and HFMD.  

9.8. Significance and recommendations of this study 

9.8.1. Significance of this study 

This study provides evidence to extend our knowledge of the climate-HFMD 

relationship, especially the consistently positive association between ambient 

temperature and HFMD on both daily and weekly basis. This study also identifies 

humidity and rainfall, which are sometimes referred to as modification factors for the 

temperature-HFMD associations, as climate factors that, along with temperature, 

influence HFMD. The biological mechanism behind the climate-HFMD association 
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remains to be clarified, but how the changes in climate might affect HFMD prevention and 

control efforts in Vietnam and other countries in a similar situation demands further 

attention. The climate-HFMD relationship and the best predictive model found in this 

study, can be used to develop an environmental-based warning system for HFMD.This 

study has detected spatial clusters and space-time clusters of HFMD across the study 

region and identified locations with consistently high risk of HFMD during the study 

period. This study has also identified a cold spot of HFMD. Such understanding of spatial 

and space-time clusters of HFMD, hot/cold spots in the region can help health staff in this 

region to develop prevention and control plan for HFMD in their provinces, and help the 

national health staff to prioritise these provinces in national plans.  

In addition to climate factors, this study has identified four socio-economic and 

health-related factors influencing HFMD across the study region during the study period. 

These factors are related to hygienic conditions of households, to the immunisation status 

of children, and the level of expenditure for health purposes in each province. Having 

better access to a hygienic toilet and safe water, having full immunisation for infants, and 

being provided with higher budget for health will help to reduce the risks of HFMD in the 

MDR.  

Additionally, this study has taken one more step in examining the modification effects 

of the two factors (the percentage of children under 1 year old having full immunisation 

in and percentage of houses with access to clean water) that have the most effects on 

HFMD on climate-HFMD associations in this region. This study found a difference in the 

level of climate-HFMD associations among the different groups in relation to the two 

modification factors. These findings suggest that the socio-economic and health-related 

factors can have an influence on the climate-HFMD associations.  

This study has detected a gap in climate change adaptation in Vietnam which 

coincides with the paucity of research into the impacts of climate change on health in this 

country. More health advocacy and campaigns for promoting climate change adaptation 

to protect health are needed in Vietnam. This study also suggests that the health impacts 

of climate change found in this study should be used as scientific evidence for promoting 

and guiding actions for such health advocacy and campaigns. 

Another significance of this study is enriching the knowledge of HFMD from the 

perspectives of health staff who are dealing with this disease in the field, since it is rare 
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that their voice and valuable experiences are heard in the research. The implementation 

of interviews with health staff in this study helped in raising awareness of these health 

staff about the potential impacts of climate change on health, in particular, infectious 

diseases. Future studies should consider involving health staff at local level and national 

level, those dealing with the health issues related to climate change, to facilitate useful 

and usable research in the field, so-called “translational research”. 

This study used mixed methods to provide a comprehensive understanding of HFMD 

in the MDR. The research question of this study was built up from a combination of 

literature reviews of studies globally and a document review of the laws and regulations 

regarding HFMD in Vietnam, which provided a rich background of scientific evidence at 

international level (from grey literature of international and intergovernmental 

organisations) merging with knowledge from the local level (the MDR). This study, as a 

locally based regional study, provides valuable understanding of how HFMD distribution 

is influenced by local factors (climate, socio-economic and health related factors), which 

are importance for developing regional strategies for prevention and control of HFMD. In 

the MDR, quantitative analysis provided quantifiable evidence on the factors influencing 

HFMD, while qualitative analysis provided a comprehensive understanding of HFMD and 

its prevention and control from the perspective of health staff. The methods of this study 

can be applied for future studies of other infectious diseases, and in other regions.  

9.8.2. Recommendations of study 

In a changing climate, the traditional prevention and control measures also need to 

be adapted to be able to deal effectively with climate-sensitive infectious diseases such 

as HFMD. The evidence of high-risk clusters within and across provinces suggests that 

the four provinces with higher risks of HFMD that should receive more attention in 

prevention and control, which national health staff should prioritise when developing a 

national plan. The sequence of outbreaks found across provinces in this study suggests 

the need for inter-province collaboration such as an inter-province health notification 

system in order to promptly notify other provinces of an outbreak in order to reduce the 

potential spread of HFMD in the MDR. To establish such inter-provincial collaboration, a 

national plan is necessary, which should make use of up-to-date communication 

technology to share information across provinces. In addition, a regular surveillance and 
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analysis system should be established in the MDR to update any changes or detect the 

reappearance of any clusters to provide more knowledge of this field.  

The climate-HFMD associations found in this study suggest the need for climate 

change adaptation to include health sector and to protect health, especially from climate-

sensitive diseases such as HFMD. The potential incidental benefits (co-benefits) and 

cross-protection from actions to deal with climate change are opportunities for 

improving health in developing countries such as Vietnam. The global actions regarding 

climate change facilitate sharing information and support across countries and offer 

opportunities for Vietnam to make use of that information and support for dealing with 

climate-related health issues.  

The evidence found in this study regarding factors influencing HFMD in the MDR, can 

be used by provincial public health staff to conduct more effective health risk 

communication with the community. The clusters found in this study help provincial 

health staff to develop a yearly plan for HFMD prevention and control, focusing on the 

high-risk areas. The evidence found in this study can be used by national health staff to 

develop a national plan regarding HFMD prevention and control, and also to promote 

health advocacy to tackle climate-related health issues.  

The potential modification effects of socio-economic and health-related factors on the 

climate-HFMD relationship found in this study suggests the need for further studies 

examining the mechanism of these modification. Furthermore, future studies should 

include air pollution to provide further understanding of the role of this factor on HFMD 

and its association with climate factors in the climate-HFMD relationship, which was not 

examined in this study. Future studies on spatial and space-time clusters should also be 

carried out on a smaller scale, such as at district level, to provide more detail insights into 

the clusters detected in each province, especially in the four high-risk provinces identified 

in this study. 

9.9. Conclusion 

This chapter has discussed the important findings in this study and has suggested 

further actions to improve HFMD prevention and control in the context of climate change 

in the MDR. This chapter has also discussed the significance of this study and 

recommended topics for future studies. This chapter first discussed the evidence from 
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quantitative analyses to identify the climate factors that influence the distribution of 

HFMD, the spatial and space-time clusters of HFMD across the study setting. It then 

discussed the effects of socio-economic and health-related factors on the distribution of 

HFMD and their potential modification effects on climate-HFMD associations. 

Subsequently, this chapter discussed the knowledge of HFMD in the MDR and the 

current prevention and control for MDR from the perspectives of health staff in this 

region. The perspectives of national health experts were also discussed. They expressed 

the need for collaboration among the Ministries, especially the Ministry of Health and the 

Ministry of Natural Resources and Environment, for the purpose of developing an 

evidence-based early warning system and also for the purpose of developing a future plan 

for climate change adaptation to involve the health sector and include the consideration 

of health in the adaptation plan. 

Finally, this chapter presented the significance of this study and offered 

recommendations for policy maker related to climate change and health, for health staff 

at national and provincial level, and for further studies to unlock the mechanism of 

climate effects on HFMD, the socio-economic and health-related factors that influence 

HFMD. The next chapter will summarise the main achievements and implications of this 

study for a more comprehensive understanding of HFMD for the purpose of improving 

prevention and control of HFMD as well as promoting climate change adaptation to 

protect health in Vietnam. 
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CHAPTER 10 CONCLUSION 

This study aims to investigate the factors influencing HFMD in the MDR, in the context 

of climate change, and to explore the perspective of health staff on the current status of 

HFMD and its prevention and control as well as what these health staff need to improve 

HFMD prevention and control. In particular, this study aims to uncover the climate, socio–

economic, and health-related factors influencing HFMD distribution across the 13 

provinces of the MDR. It also explores the status of prevention and control of HFMD in 

the MDR, and the challenges and opportunities for improving HFMD prevention and 

control in this region, and in a broader Vietnam, in the context of climate change. For that 

purpose, this study begins by exploring the relationships between climate factors 

(temperature, humidity, and rainfall) and HFMD, on both a daily and a weekly basis, in 

different provinces of the MDR, and in the whole MDR and thus provides evidence for the 

climate-HFMD associations. It then detects the spatial and space-time distributions of 

HFMD across the 13 provinces and the high-risk locations and periods of HFMD in this 

region. It further determines two out of ten socio-economic and health-related factors 

examined as having the most influence on the distribution of HFMD across the 13 

provinces: the percentage of children under one-year-old having full immunisation, and 

the percentage of houses with access with safe water. This study also explores the status 

of HFMD prevention and control from the perspectives of health workers who deal with 

HFMD in the field and offers recommendations for improving the prevention and control 

of this disease. Finally, the study identifies a gap in climate change adaptation in Vietnam, 

which is the absence of considerations of health in its activities and goals. Health is an 

important aspect which should be included in climate change adaptation plans for the 

purpose of minimising the impacts of climate change on health in Vietnam, and obtaining 

the co-benefit from climate change adaptation to protect health.  

This study starts with literature reviews that are presented in Chapters Two to Four, 

covering the current understanding of climate change and its impacts on health; current 

knowledge of hand-foot-mouth disease (HFMD); and the Mekong Delta region (MDR) 

which is faced with issues of both climate change and HFMD. Climate change is recognised 

as a global issue and international and inter-government organisations are promoting 

efforts to mitigate the effects of climate change, and thus, alleviate the potential effects of 

climate change on environment, and on human life and health (Chapter Two). Climate 
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change can affect human health directly or indirectly by increasing the risk of natural 

disasters, and by elevating existing risks of health-related issues such as undernutrition, 

food- and water-borne diseases, vector-borne diseases and other climate-sensitive 

diseases. Children are among the groups most vulnerable to these risks. Efforts have been 

made in climate change adaptation to protect health, with the Paris Agreement 

highlighting the importance of inter-government commitments to combatting climate 

change. This agreement also states the importance of sharing knowledge, technology and 

support with vulnerable countries, which are also developing countries, in the global 

combat against climate change.  

One particular impact of climate change on human health is through its influences on 

infectious diseases. This issue is now receiving more attention due to the rise of emerging 

and re-emerging infectious diseases during recent decades.  Chapter Two points out a 

need for research/study to be carried out in order to provide comprehensive 

understanding of this issue by providing scientific evidence of the effects of climate 

factors on different types of infectious diseases, and to provide recommendations for 

enhancing prevention and control of infectious diseases in the context of a changing 

climate, especially in developing countries, with a focus on vulnerable children. 

Chapter Three describes an emerging infectious disease that is sensitive to climate 

factors, HFMD, which affects millions of children every year, especially children under 

five years old. This disease has spread rapidly during recent decades, especially in the 

Western Pacific Region.  Its pathogen consists of several groups of enterovirus, most 

commonly EV71 and CVA16, with a rise of a new serotype: CVA6, which is reported to 

cause HFMD in adults. Although the group most vulnerable to HFMD is young children, 

the disease can also cause infection in adults, with a high proportion of asymptomatic 

infection that may be the host of HFMD. The common transmission pathways of HFMD 

are direct contact through droplets of infected person, or faecal-oral transmission 

involving contaminated environments such as water, food, surfaces, all of which are 

common problems in developing countries. The clinical aspects, including diagnosis and 

treatment of HFMD, are also described in this chapter. For the purpose of prevention and 

control, vaccine development and availability are explained. A vaccine against one virus 

serotype, EV71, has been successfully developed and is available to purchase but only in 

China. Certain factors have been identified that influence HFMD in some countries, 
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including climate factors and some socio-economic factors and health-related factors. 

The climate factors of temperature, humidity, and rainfall have been reported to be 

associated with HFMD; however, these climate-HFMD associations vary across studies in 

different geographic locations and climate zones, which suggests the need for regional 

studies to examine the specific effects of climate factors on HFMD in a specific region. In 

addition, the current status of prevention and control of HFMD, and some challenges for 

prevention and control due to the potential risks associated with climate variables are 

also reported, suggesting the need for further studies to deal with these challenges, with 

the goal of improving prevention and control of HFMD, especially in regions that 

experience higher risks of HFMD. 

A region that is reported to have the highest numbers of HFMD cases every year is the 

Mekong Delta Region (MDR) in Vietnam. The MDR is characterised by high population 

density but has the lowest health budget per capita compared to the five other regions in 

Vietnam. It is also highly vulnerable to climate change, especially increases in 

temperature and numbers of hot days. Other impacts of climate change in this region 

include rising sea level, flooding, and saline intrusion. Some initial efforts have been 

made, such as the establishment of an institute responsible for implementing research on 

climate change, and the development of a national climate change adaptation plan in 

Vietnam. However, this national climate change adaptation plan does not include 

considerations of health in its goals or in any activities. The absence of considerations of 

health on climate change activities suggests a lack of awareness of the relationship 

between climate change and health issues. At the same time, in the MDR, there has been 

an increase of HFMD caseload in recent decades. There is increasing concern regarding 

HFMD, and a few regulations have been issued to guide diagnosis, treatment and 

prevention and control of HFMD within the health system of Vietnam. Numbers of studies 

have been carried out regarding the epidemiological characteristics, aetiology, diagnosis, 

and treatment of HFMD in Vietnam. However, there is a lack of understanding of the 

factors influencing HFMD in the region, which is knowledge necessary for guiding 

regional prevention and control of the disease.  

This study uses a mixed method approach combining quantitative and qualitative 

technique, to meet the aims of the research. Quantitative techniques consist of time-series 

analysis for temporal patterns of HFMD; spatial and space-time analysis to explore high-
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risk clusters of HFMD in time and space; and spatial autoregression analysis to examine 

socio-economic and health-related factors in the distribution of HFMD across the 13 

provinces of the MDR. Qualitative techniques consist of document reviews and in-depth 

interviews with key informants at local and national levels. Qualitative analysis explores 

the current legislation related to HFMD in Vietnam, the current status of HFMD and 

challenges for prevention and control of HFMD from the perspectives of health workers 

who dealing with HFMD in the field (at provincial level), or in charge of HFMD prevention 

and control at the national level. The combination of quantitative and qualitative methods 

in this study takes advantage of both methods to develop a comprehensive understanding 

of the status of HFMD, its prevention and control, and the status and awareness of climate 

change in the MDR, from the data reported and from the points of view of practitioners.  

In this study, the climate-HFMD relationships were found to be statistically significant 

in both daily and weekly analysis in the MDR. Of the three climate factors, temperature 

and humidity were found to have consistent positive associations with HFMD, while 

rainfall was found to have both positive and negative associations. Regarding the daily 

effects of climate factors, temperature was found to be most significant at lag 0 day or lag 

5 days, while humidity was found to be most significant at lag 3 day. Rainfall was found 

to mostly have positive associations at lag 0 to 2 days, but a negative association at lag 3 

to 6 days, except for Can Tho city. Regarding weekly effects of climate factors, 

temperature and humidity were consistently positively associated with HFMD at all three 

lag weeks (0 to 2-week lags), while rainfall was found to be positively associated with 

HFMD at the same week (lag 0). A predictive model is generated; consisting of lag 5 days 

for temperature, lag 3 days for humidity and lag 6 days for rainfall for Can Tho city. 

In this study, spatial distributions of HFMD are also explored, with four provinces 

identified as high-risk clusters for the study period. They are Long An, Dong Thap, Vinh 

Long, and Ben Tre, located in the north of the MDR, and sharing borders with each other 

in a U-shape. Characteristics of the high-risk provinces vary, suggesting that there is no 

single factor having a dominant contribution to the distribution of HFMD. Spatial 

autoregressive analysis of ten socio-economic factors identified four factors having 

significant associations with HFMD, related to hygiene conditions, the immunisation 

status of children under one year old, and level of expenditure for health purpose. Of all 

the factors analysed, the two factors that most contributed are the percentage of children 
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under one year old having full immunisation, and the percentage of houses with access to 

safe water. Furthermore, the climate-HFMD associations vary between the groups with 

higher/lower numbers of children under one year old having full immunisation, and also 

vary between those groups with higher/lower access to safe water. The variation of 

climate-HFMD associations among those groups suggests that there are other potential 

modification effects of the socio-economic factors on the climate-HFMD associations. 

This study explores the current situation of HFMD not only from data, but also from 

the perspective of health staff. The current challenges for prevention and control of 

HFMD, especially in the context of climate change are also determined from the 

perspective of health staff. In addition, the current regulations related to HFMD are 

described to draw a full picture of HFMD in the MDR. This health staff express their need 

to be provided with evidence of how climate change can affect health, in particular, 

infectious diseases including HFMD. This is an issue most of them have not been aware of 

before. Consequently, they want to know how they can use the knowledge regarding 

climate and other factors influencing HFMD to improve health risk communication with 

their communities to enhance their awareness of the disease, and better prepare them 

for a changing climate. These health staff also suggest an early warning of the HFMD 

outbreaks would help them act promptly to control the outbreaks in communities, and 

also prepare for necessary treatments or actions/plans to deal with overcrowding in 

hospitals to minimise nosocomial infections. To develop such an early warning system, 

data sharing between the Ministries is necessary, and that requires regulations to be in 

place. 

Another significant finding of this study is the low awareness of health staff of the 

potential effects of climate change on health, and at the same time, the lack of 

considerations of health in planning for climate change adaptation in Vietnam. In order 

to protect health from the threat posed by climate change, more knowledge of the impacts 

of climate change on health is necessary, but most importantly, such knowledge should 

be able to reach the policy-makers of both climate change authorities and health 

authorities in Vietnam. The two Ministries (Ministry of Health and Ministry of Natural 

Resources and Environment) will need to collaborate closely to exchange data and 

knowledge, and to develop a climate change adaptation that involves considerations of 

health and serves the ultimate goals of protecting human health. 
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Key recommendations from this study are as follow:  

➢ The national climate change adaptation plan should include the consideration of 

health and involve the health sector to develop action strategies to reduce climate 

change adverse impacts on health;  

➢ To prevent and control HFMD in Vietnam, nation level authorities should focus 

more strongly to the locations with higher risks of HFMD in the four provinces 

identified in this study and set up a surveillance and information sharing system 

across provinces; 

➢ In order to reduce to potential spread of HFMD in the MDR, the sequence of 

outbreaks found across provinces in this study suggests the need for better inter-

province collaboration, and the establishment of an inter-province health 

notification system in order to promptly notify other provinces of an outbreak; 

➢ To meet the support that the health staff needs for dealing with HFMD, they should 

be provided with more information about how climate change affects health to 

enable them to develop more effective communication with community members, 

and develop better plans for improving prevention and control of HFMD at the 

local, regional and national levels. 

In conclusion, this study provides evidence of the climate-HFMD associations which 

health staff at provincial level need to understand in order to develop better plans for 

prevention and control of HFMD, by improving the content of health risk communication 

of HFMD with their community members. The clusters found in this study also assist 

health staff at national level to develop prevention and control plans that focus on these 

high-risk provinces. The effects of socio-economic and health-related factors on HFMD 

and the potential modification of these factors on climate-HFMD associations found in 

this study can be used to develop a better predictive model for HFMD. They suggest that 

multiple factors influence HFMD, and also that the interaction among these factors is 

considerable. These findings also suggest a need for future studies to examine the effects 

of these factors on HFMD in more detail or at smaller scales such as district or commune 

levels. Furthermore, this study recommends that it is important for scientific evidence to 

be ‘translated” into an easier-to-read form for a broader readership such as health staff 

at different levels of the healthcare systems or policy-makers related to climate change 

and health. Finally, this study also points out the need for enhancing collaboration 
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between the health and environment sectors in Vietnam in order to cope with the impacts 

of climate change on HFMD, and on health in general. 
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APPENDICES 

Appendix 2.1 Summary of the common climate-sensitive infectious diseases 

Mode of 
transmission 

Infectious diseases Climate factors Main sources 

Vector-borne 
diseases 

West Nile virus infection Temperature, precipitation, 
relative humidity and winds 

(Paz, 2015) 

Dengue Temperature, precipitation, 
relative humidity and wind 
velocity 

 

Malaria Temperature, rainfall  (Paaijmans et al., 2009) 
(Briet, Vounatsou, 
Gunawardena, Galappaththy, 
& Amerasinghe, 2008) 

Chikungunya fever Temperature (Ryan, Carlson, Mordecai, & 
Johnson, 2019) 

Zika Temperature (Ryan et al., 2019) 
Yellow fever Temperature, rainfall  (Hamlet et al., 2018) 
Lyme borreliosis Temperature, humidity (Elisabet & Thomas, 2006)  
Tick-borne encephalitis Temperature (Daniel et al., 2018) 
Cryptosporidium Temperature, precipitation (Jagai, Castronovo, Monchak, 

& Naumova, 2009) 
Water-borne 
and food-
borne 
diseases 

Campylobacteria infection Temperature (Djennad et al., 2019) 
Diarrheal diseases Temperature, rainfall, flooding, 

and drought 
(Karen Levy, Woster, 
Goldstein, & Carlton, 2016) 

Water-related diseases (diarrheal, 
typhoid fever 

Temperature, flood (Phung, Huang, Rutherford, 
Chu, Wang, & Nguyen, 2015) 
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Appendix 5.1 Guidelines For Developing Semi-Structured Questionnaires For In-Depth Interviews With Health Staff 

Main content Focus information Proposed questions Note 

1. Main 
components of 
health sector in 
provincial level 

Structure of the health office/ department 
(number of offices, name of the office, other 
offices in this health department) 

Can you please describe the structure of your 
office/department?  

Warm up the 
conversation  

General roles/mission of the 
office/department 

Can you please describe the major roles of your 
office/department on protecting population health?  

Health system  

Official position and job of the stakeholders What do you do in your office/department?  

2.  Health issues: 
common 
infectious 
diseases, HFMD 
in this province 

Understand the common health issues and 
current situation of infectious diseases and 
HFMD in the province 

What are the common health issues in this province? 

Health issues 
and HFMD 

What are the common infectious diseases in this province? 

What about HFMD? Who are vulnerable groups (age, gender, 
health status, economic status, etc.) 

When (which season of a year) do you see most cases in your 
province?  

And where HFMD epidemic often occurs? 

3. Prevention and 
control measure 
for infectious 
diseases & HFMD 

To find out if there are guidelines for 
prevention all infectious diseases/or 
different guidelines applied for each 
infectious disease? Guidelines from MOH 
and/or from the WHO?  

What do you do to prevent infectious diseases in your 
province? 

Infectious 
diseases 

prevention and 
control 

Do you use any document to support your work? What are 
they? 

Current measures to prevent and control 
infectious diseases, in particular, HFMD? 

How do you know if there is an outbreak? What type of 
surveillance used in your province? 

What do you do to control once epidemic 
happen? 

Who will inform about the epidemic? Who will in charge for 
control the epidemic?  



223 
 

Who will be involved in? Normally how many health staff will 
join? What is the responsibility of each member?  

Will you connect with the hospital? Collaboration with 
hospital/clinical center and other sectors? 

How will the information be reported/transferred?  

Is it timely response? 

What about the prevention measures for HFMD? Is it easy to 
prevent HFMD? Why or why not?  What do you do to prevent 
HFMD in your province? Are these measures for HFMD 
different from other infectious diseases?  

Focus on HFMD Is it easy to control HFMD epidemic once it happens? What do 
you do to control HFMD? 

Challenge/difficulties in prevention and 
control 

Difficulties/Challenges in prevention and control of infectious 
diseases, in particular, HFMD in your province? 

4. Effects of 
Climate change 
on health  

How climate change affect health, in 
particular, infectious diseases and HFMD 

Do you think climate change is a challenge for prevention and 
control infectious diseases? and how? 

Climate change 
What about HFMD? How will climate change affect HFMD? 
(Socio-economic impacts? Agriculture impact? Disaster? Land 
lost? ) 

5. Current 
adaptation/ 
measure to 
protect health 
from changing of 
climate 

Current climate change adaption to protect 
health in Vietnam/this province 

Given that CC affect population health, do you (your province) 
have measures or adaption strategies to adapt with climate 
change in health sectors? Please describe. 

  

In particular, what are measure strategies to protect health 
from infectious diseases and HFMD in the context of climate 
change? 

  

Collaboration with other sectors 
How do your organization collaborate with other sectors in 
developing climate change adaptation strategies?  
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Further ideas/ requirement regarding 
climate change adaption to help prevent and 
control infectious diseases 

What else should health sector do to protect population 
health from the impact of climate change? 

  

Supports needed by health staff from 
national agency (MOH) or from local 
government. Or need for 
evidence/information/guidelines? 

Which kind of support do you need more to better protecting 
population health from climate change related health issues, 
with special focus on HFMD?  

  

What kind of scientific evidence and its translation you expect 
from scientists for adaptation and prevention?  

  

How to update new knowledge (from scientific) to apply for 
adaptation and prevention programs? 
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Appendix 5.2 Semi-Structured Questionnaires For In-Depth Interviews With Health Staff (In Vietnamese) 

Questionnaire A: For interviews with health staff at provincial health offices and/or provincial centre for preventive medicine 

Questionnaire B: For interviews with health staff at provincial hospital 

Questionnaire C: For interview with health staff at national level 

A. HƯỚNG DẪN PHỎNG VẤN SÂU 

Đối tượng: Cán bộ Sở Y tế và TTYTDP tỉnh 

Mục đích: tìm hiểu thực trạng phòng ngừa và kiểm soát bệnh Tay-Chân-Miệng (TCM), nhu cầu của cán bộ y tế trong bối cảnh biến đổi khí 

hậu tác động lên khu vực, nhằm nâng cao hiệu quả phòng ngừa và kiểm soát bệnh TCM tại khu vực Đồng bằng Sông Cửu Long.  

1. Mô tả về đơn vị Y tế: 

 Chào anh/chị, anh chị có thể mô tả sơ lược về cơ cấu tổ chức của đơn vị mình?  

 

Vai trò và nhiệm vụ chính của đơn vị mình trong ngành Y tế là gì? 

 

Nhiệm vụ chính của anh/chị (tại khoa/phòng ……………………..) là gì?  

 

2. Những vấn đề SK chính tại địa phương (tập trung vào tình hình bệnh truyền nhiễm và TCM) 

 Theo anh chị, những vấn đề sức khỏe nào là phổ biến/ nghiêm trọng nhất ở tỉnh mình? 
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Những bệnh truyền nhiễm nào là phổ biến nhất? Những bệnh đó thường xảy ra khi nào? ở đối tượng nào? 

Tình hình bệnh TCM ở tỉnh mình như thế nào? Có phổ biến không? Bệnh thườn gặp ở đối tượng nào (tuổi, giới, tình trạng 

SK, kinh tế…)? 

Bệnh TCM thường bùng phát vào thời điểm nào trong năm?  

Bệnh TCM thường bùng phát ở đâu? (ổ dịch cũ?) 

3. Phòng chống bệnh truyền nhiễm và bệnh TCM tại địa phương 

 Sở Y tế/TTYT đã làm gì để dự phòng các bệnh truyền nhiễm tại tỉnh mình? (truyền thông GDSK, hệ thống giám sát phát 

hiện sớm v.v.) 

Hoạt động phòng bệnh TCM của tỉnh mình thực hiện như thế nào? Theo anh chị việc phòng bệnh TCM có dễ thực hiện 

không? Tại sao? Việc phòng bệnh TCM có gì khác so việc hoạt động phòng bệnh TN khác? 

Anh/ chị có các tài liệu hướng dẫn về dự phòng bệnh truyền nhiễm không? Gồm những tài liệu gì? Từ nguồn nào? (Bộ Y tế? 

Cục? Viện? tổ chức khác như TCYTTG?)  

Cụ thể với bệnh TCM thì mình có những tài liệu hướng dẫn nào? 

 

 Tiêu chuẩn để xác định 1 vụ dịch bệnh truyền nhiễm là gì? Ví dụ như với TCM thì khi nào xác định là có dịch?  

(Hệ thống giám sát bệnh truyền nhiễm ở tỉnh mình triển khai ntn?) 

 

Ai là người sẽ thông báo dịch? Ai sẽ là người chịu trách nhiệm chính triển khai kiểm soát/khống chế dịch? 
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Ai/các đơn vị nào sẽ tham gia vào việc khống chế dịch? Vai trò của từng đơn vị/cá nhân tham gia ntn? 

- SYT/TTYTDP/BV 

 

Sự phối hợp giữa các đơn vị trong việc triển khai khống chế dịch ntn? 

 

Thông tin về dịch (số ca, diến biến, v.v) được thông báo như thế nào giữa các đơn vị trong tỉnh? Giữa cơ sở y tế các cấp và 

báo cáo dịch lên trung ương?  

 

Cơ chế báo cáo (ngày, tuần, tháng?), việc thông báo dịch và báo cáo có kịp thời để khống chế dịch không? (timely response?) 

Với bệnh TCM, theo anh chị việc khống chế dịch TCM có gì giống và khác so với các bệnh truyễn nhiễm khác? Việc khống 

chế dịch TCM ở tỉnh mình dễ hay khó? Tại sao?  

Theo anh/chị, việc dự phòng và khống chế dịch tại tỉnh mình có những đặc điểm gì thuận lợi?  

- Sự phối hợp giữa các đơn vị có dễ dàng? 

- Có sự hỗ trợ của chính quyền? người dân? 

- Hỗ trợ về chuyên môn? 

 

 Theo anh/chị, việc dự phòng và khống chế dịch tại địa phương có những khó khăn gì? Và hiện đang đối mặt với những thách 

thức nào? (Mô tả cụ thể các thách thức nếu có)  
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4. Biến đổi khí hậu và sức khỏe 

 Chúng ta có nghe nói đến hiện tương biến đổi khí hậu toàn cầu, theo anh chị, hiện tượng này xảy ra ở tỉnh mình như thế 

nào?  

Theo anh/chị, hiện tượng BĐKH ảnh hưởng như thế nào đến tỉnh mình: đến môi trường, cuộc sống của người dân, đến kinh 

tế xã hội, nông nghiệp, thiên tai, đến các vấn đề sức khỏe sẵn có? 

Theo anh chị, BĐKH có ảnh hưởng đến bệnh truyền nhiễm ntn? Cụ thể với bệnh TCM? 

 

5. Thích ứng với biến đổi khí hậu 

 Với những ảnh hưởng của BĐKH trên, tỉnh mình đã hay dự định sẽ có biện pháp nào để thích ứng với biến đổi khí hậu chưa? 

Mô tả cụ thể các biện pháp này. 

Theo anh/chị, biến đổi khí hậu liệu có phải là một thách thức trong phòng chống bệnh truyền nhiễm ở tỉnh mình hay không? 

 

Cơ sở y tế mình có biện pháp/chiến lược gì để thích ứng với BĐKH ảnh hưởng đến SK? 

- với các đối tượng nhạy cảm/ dễ tổn thương 

- hệ thống giám sát, cảnh báo sớm tại thời điểm/địa điểm dễ bùng phát dịch 

- thông điệp  

 

Cơ sở y tế phối hợp với các cơ quan khác như thế nào trong việc phát triển chiến lược phòng chống BĐKH ở địa phương? 
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Theo anh/chị, cơ sở y tế cần làm gì hơn nữa để bảo vệ sức khỏe người dân nói chung khỏi những tác động của BĐKH? Để 

phòng chống bệnh truyền nhiễm và TCM hiệu quả hơn dưới tác động của BĐKH? 

 

Anh chị, cơ sở y tế của tỉnh mình cần được hỗ trợ những gì để thực hiện tốt hơn việc bảo vệ SK người dân khỏi những tác 

động của BĐKH lên SK như đã kể trên? (hỗ trợ từ trung ương, từ các đơn vị khác như UBND, tổ chức quốc tế) 

- hỗ trợ về kiến thức 

- hỗ trợ bằng hướng dẫn thực hành cụ thể? 

Anh chị mong muốn có những kiến thức/ bằng chứng khoa học như thế nào để thực hiện tốt hơn việc thích ứng với BĐKH 

và phòng bệnh? 

 

Nhu cầu về cập nhật những kiến thức mới (từ khoa học) để ứng dụng/triển khai chương trình thích ứng và dự phòng? 

B. HƯỚNG DẪN PHỎNG VẤN SÂU 

Đối tượng: Cán bộ Bệnh viện tỉnh 

Mục đích: tìm hiểu thực trạng phòng ngừa và kiểm soát bệnh Tay-Chân-Miệng (TCM), nhu cầu của cán bộ y tế trong bối cảnh biến đổi khí 

hậu tác động lên khu vực, nhằm nâng cao hiệu quả phòng ngừa và kiểm soát bệnh TCM tại khu vực Đồng bằng Sông Cửu Long.  

1. Mô tả về bệnh viện tỉnh: 

 Chào anh/chị, anh chị có thể mô tả sơ lược về cơ cấu tổ chức của bệnh viện mình?  

 

Vai trò và nhiệm vụ chính của bệnh viện trong ngành Y tế là gì? 



230 
 

 

Nhiệm vụ chính của anh/chị (tại khoa/phòng ……………………..) là gì?  

 

2. Những vấn đề SK chính nhập viện (tình hình bệnh truyền nhiễm và TCM) 

 Ở bệnh viện mình, người dân thường vào viện do những nguyên nhân gì phổ biến? 

Trong các bệnh truyền nhiễm thì bệnh nào nhập viện nhiều nhất? Vào thời điểm nào? Và ở đối tượng nào? 

Tình hình bệnh TCM ở tỉnh mình như thế nào? Có phổ biến không? Bệnh thường gặp ở đối tượng nào (tuổi, giới, tình trạng 

SK, kinh tế…)? 

Bệnh viện thường ghi nhận các trường hợp TCM bùng phát vào thời điểm nào trong năm? Đối tượng nhập viện nhiều nhất? 

Mức độ nghiêm trọng của bệnh TCM? Xu hướng phát triển của bệnh? 

3. Phòng chống bệnh nhiễm khuẩn tại BV 

 BV thực hiện công tác dự phòng nhiễm khuẩn trong bệnh viện ntn? (ai phụ trách, cán bộ triển khai, quy trình đảm bảo?) 

Khi có dịch bệnh xảy ra tại địa phương thì mình phối hợp với Sở Y tế và TTYTDP ntn để phòng chống dịch? (Báo cáo/ ghi nhận 

ca bệnh/ cập nhật thông tin dịch…) 

 

Việc phòng lây nhiễm bệnh TCM tại BV có dễ thực hiện không? Tại sao? 

Việc phòng lây nhiễm TCM có gì khác so phòng lây nhiễm đối với bệnh TN khác? 
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Anh/ chị có các tài liệu hướng dẫn về dự phòng bệnh truyền nhiễm không? Gồm những tài liệu gì? Từ nguồn nào? (Bộ Y tế? 

Cục? Viện? tổ chức khác như TCYTTG?)  

Cụ thể với bệnh TCM thì mình có những tài liệu hướng dẫn nào? 

 Theo anh/chị, việc dự phòng và khống chế dịch tại địa phương có những thuận lời khó khăn gì? Và hiện đang đối mặt với 

những thách thức nào? 

(Mô tả cụ thể các thách thức nếu có)  

 

4. Biến đổi khí hậu: thách thức và ứng phó 

 Chúng ta có nghe nói đến hiện tượng biến đổi khí hậu toàn cầu, theo anh chị, hiện tượng này xảy ra ở tỉnh mình như thế nào?  

Theo anh/chị, hiện tượng BĐKH ảnh hưởng như thế nào đến tỉnh mình: đến môi trường, cuộc sống của người dân, đến kinh 

tế xã hội, nông nghiệp, thiên tai, đến các vấn đề sức khỏe sẵn có? 

Theo anh chị, BĐKH có ảnh hưởng đến bệnh truyền nhiễm ntn? Cụ thể với bệnh TCM? Qua đó có ảnh hưởng đến hoạt động 

của bệnh viện ntn? (gia tăng ca bệnh, quá tải v.v) 

Với những ảnh hưởng của BĐKH trên, BV mình đã/dự định sẽ có biện pháp nào để thích ứng với những tác động do biến đổi 

khí hậu chưa? Mô tả cụ thể các biện pháp này. 

BV mình phối hợp với các cơ quan y tế khác như thế nào trong việc phát triển chiến lược phòng chống BĐKH ở địa phương? 

Theo anh/chị, ngành y tế cần làm gì hơn nữa để bảo vệ sức khỏe người dân nói chung khỏi những tác động của BĐKH? Đặc 

biệt là phòng chống bệnh truyền nhiễm và TCM hiệu quả hơn dưới tác động của BĐKH? 

Theo anh chị, mình cần được hỗ trợ những gì để thực hiện tốt hơn việc bảo vệ SK người dân khỏi những tác động của BĐKH 

lên SK như đã kể trên? (hỗ trợ từ trung ương, từ các đơn vị khác như UBND, tổ chức quốc tế - hỗ trợ về kiến thức, hướng dẫn 

thực hành) 
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Anh chị mong muốn có những kiến thức/ bằng chứng khoa học như thế nào để thực hiện tốt hơn việc thích ứng với BĐKH và 

phòng bệnh? 

Nhu cầu về cập nhật những kiến thức mới (từ khoa học) để ứng dụng/triển khai chương trình thích ứng và dự phòng? 

 

C. HƯỚNG DẪN PHỎNG VẤN SÂU 

Đối tượng: Cục QLMTYT – Cục YTDP 

Mục đích: tìm hiểu thực trạng phòng ngừa và kiểm soát bệnh Tay-Chân-Miệng (TCM), nhu cầu của cán bộ y tế trong bối cảnh biến đổi khí 

hậu tác động lên khu vực, nhằm nâng cao hiệu quả phòng ngừa và kiểm soát bệnh TCM tại Việt Nam nói chung và khu vực Đồng bằng Sông 

Cửu Long nói riêng.  

1. Mô tả về đơn vị Y tế: 

 Chào anh/chị, nhiệm vụ chính của anh/chị tại Cục mình là gì? 

 

Anh chị có thể mô tả sơ lược về cơ cấu tổ chức, vai trò và nhiệm vụ chính của Cục mình trong ngành Y tế là gì? Cụ thể là trong 

công tác phòng chống bệnh truyền nhiễm? 

2. Những vấn đề SK nổi cộm ở Việt Nam trong những năm gần đây? (tập trung vào tình hình bệnh truyền nhiễm và TCM) 

 Những vấn đề sức khỏe nào nổi cộm nhất trong những năm gần đây? 

 

Những bệnh truyền nhiễm nào là phổ biến nhất? Những bệnh đó thường tập trung ở đâu? xảy ra khi nào? và thường hay gặp 

ở đối tượng nào? 
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Tình hình bệnh TCM ở Việt Nam như thế nào (mức độ phổ biến, đối tượng: tuổi, giới, tình trạng SK, kinh tế…)? 

 

Bệnh TCM thường bùng phát vào thời điểm nào trong năm?  

 

Bệnh TCM thường bùng phát ở đâu? (ổ dịch cũ?) 

 

3. Phòng chống bệnh TCM  

 Hoạt động phòng bệnh truyền nhiễm ở VN được thực hiện như thế nào?  

 

Hệ thống giám sát bệnh truyền nhiễm triển khai ntn? 

Việc phòng chống TCM có gì giống và khác so với các hoạt động phòng chống truyền nhiễm khác? 

Các tài liệu hướng dẫn về dự phòng bệnh truyền nhiễm và TCM gồm những tài liệu gì? 

 

Các nguồn tham khảo, tư vấn, hỗ trợ phòng chống bệnh TCM? 
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Sự phối hợp giữa các cấp trong việc triển khai khống chế dịch ntn? 

 

Thông tin về dịch (số ca, diến biến, v.v) được thông báo như thế nào giữa các cấp?  

 

Cơ chế báo cáo (ngày, tuần, tháng?), việc thông báo dịch và báo cáo có kịp thời để khống chế dịch không? (timely response?) 

 

Theo anh/chị, việc dự phòng và khống chế dịch tại VN có những đặc điểm gì thuận lợi?  

- Sự phối hợp giữa các đơn vị có dễ dàng? 

- Có sự hỗ trợ của chính quyền các cấp? 

- Hỗ trợ về chuyên môn? 

 Việc dự phòng và khống chế dịch TCM có những khó khăn gì? Và hiện đang đối mặt với những thách thức nào? 

(Mô tả cụ thể các thách thức nếu có)  

Tại Trung Quốc đã bắt đầu sử dụng vaccine Sinovac (EV71)? Vậy còn Việt Nam? 

 

Vấn đề khử khuẩn bằng CloraminB có thể khuyến nghị 1 số loại thay thế để tiện dùng thường xuyên?  

Vấn đề rửa tay bằng xà phòng có thực sự ngăn chặn? 

Vấn đề tập huấn thường xuyên? Trao đổi khó khăn, thuận lợi? 

Khuyến khích NCKH ở TW và cấp Tỉnh 
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4. Biến đổi khí hậu và sức khỏe 

 Những năm gần đây chúng ta có nghe nói đến hiện tượng biến đổi khí hậu toàn cầu, theo anh chị, hiện tượng này xảy ra ở VN 

như thế nào? Và có ảnh hưởng ntn (đến môi trường, cuộc sống của người dân, đến kinh tế xã hội, nông nghiệp, thiên tai)  

 

Hiện tượng BĐKH ảnh hưởng như thế nào đến các vấn đề sức khỏe sẵn có? Cụ thể là đến bệnh truyền nhiễm và TCM? 

5. Thích ứng với biến đổi khí hậu 

 Để thích ứng với những tác động của biến đổi khí hậu đến SK, Cục mình đã hay dự định sẽ có biện pháp gì?  

- với các đối tượng nhạy cảm/ dễ tổn thương 

- hệ thống giám sát, cảnh báo sớm tại thời điểm/địa điểm dễ bùng phát dịch 

- thông điệp 

Ngành Y tế đã/cần phối hợp ntn với các cơ quan khác (Bộ MT&PTNT) nhằm phát triển chiến lược phòng chống BĐKH hiệu 

quả? Vai trò BYT trong Ủy ban thích ứng BĐKH quốc gia? 

 

Ngành Y tế cần làm gì hơn nữa để bảo vệ sức khỏe người dân nói chung khỏi những tác động của BĐKH? Để phòng chống bệnh 

truyền nhiễm và TCM hiệu quả hơn dưới tác động của BĐKH? 

 

Theo anh chị mình cần được hỗ trợ những gì để thực hiện tốt hơn việc bảo vệ SK người dân khỏi những tác động của BĐKH 

lên SK như đã kể trên? (Chính phủ, tổ chức quốc tế) 

- Hỗ trợ về kiến thức? 
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- Hỗ trợ bằng những hướng dẫn thực hành cụ thể? 

- Kinh phí? 

Theo anh chị, cần có những kiến thức/ bằng chứng khoa học như thế nào để thực hiện tốt hơn việc thích ứng với BĐKH và dự 

phòng BTN? 

 

Khả năng ứng dụng của các kiến thức từ NC khoa học trong triển khai chương trình thích ứng BĐKH và dự phòng BTN? 
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Appendix 5.3 Model Checking For Daily Analysis – Flexible Cubic Spline Models And Residuals  
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Appendix 5.4 Model Checking For Weekly Analysis – Flexible Cubic Spline Models And Residuals  
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Appendix 5.5 Summary of literature review and documental review approaches  

Chapters Topics Key words Searching 

engine  

Main sources and 

database 

Chapter 2. 

Climate change 

and infectious 

diseases 

Global climate change 

Vulnerable assessment of climate 

change 

Climate change and human health 

Climate change and infectious diseases 

Climate change, global warming, 

vulnerability assessment, vulnerable 

to climate change, climate change 

and health, global warming and 

health, climate change and diseases, 

climate change and infectious 

diseases 

Google; 

Scopus; 

PubMed, 

IPCC, UNFCCC, UNEP, 

WHO, CDC, UNICEF 

Chapter 3. Hand-

Foot-Mouth 

diseases (HFMD) 

Etiology of HFMD 

Epidemiology of HFMD 

Diagnosis and treatment of HFMD 

Vaccine development of HFMD 

Factors influencing HFMD 

Effects of HFMD on children health and 

socio-economy 

Prevention and control strategies for 

HFMD 

Hand-Foot-Mouth disease, 

epidemiology of HFMD, factors 

influencing HFMD, Enterovirus EV71, 

Coxsackievirus, prevention and 

control of HFMD, climate and HFMD, 

regulations on HFMD 

Scopus, 

PubMed, 

Google 

Scholar 

WHO, PubMed 

database, Griffith’s 

library 
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Chapter 4. 

Climate change 

and HFMD in the 

Mekong Delta 

Region (MDR), 

Vietnam 

Characteristics of the MDR 

Climate change and climate change 

adaptation in the MDR 

Climate change and health in the MDR 

HFMD in the MDR 

Mekong Delta Region, weather in the 

MDR, climate change in the MDR, 

vulnerability of MDR, climate change 

and health in the MDR, HFMD in the 

MDR, infectious diseases in the MDR, 

HFMD prevention and control 

Google, 

Scopus, 

PubMed 

Vietnamese: websites of 

the Vietnam 

government, ministry of 

health, ministry of 

natural resources and 

environment, law’s 

library. 

English: PubMed 

database 
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Appendix 6.1 The Daily Effects Of Temperature, Humidity And Rainfall In Nine 

Provinces Of The Mekong Delta Region, 2014 to 2016  

  
  

Lag 
days 

% Change Std. Err. z p>|z| [95% Conf. Interval] 

C
an

 T
h

o
 

T
em

p
er

at
u

re
 

0 2.20% 0.029 0.76 0.44 0.966 1.081 

1 -4.55% 0.030 -1.51 0.13 0.898 1.014 

2 2.20% 0.029 0.76 0.44 0.966 1.081 

3 -4.55% 0.030 -1.51 0.13 0.898 1.014 

4 2.20% 0.029 0.76 0.44 0.966 1.081 

5 0.33% 0.050 0.06 0.94 0.909 1.107 

6 -4.55% 0.030 -1.51 0.13 0.898 1.014 

H
u

m
id

it
y 

0 -7.87% 0.041 -1.85 0.06 0.845 1.005 

1 1.30% 0.047 0.28 0.77 0.926 1.108 

2 2.51% 0.064 0.4 0.69 0.907 1.159 

3 1.30% 0.047 0.28 0.77 0.926 1.108 

4 8.54% 0.065 1.36 0.17 0.965 1.221 

5 7.19% 0.069 1.07 0.28 0.944 1.217 

6 -7.87% 0.041 -1.85 0.06 0.845 1.005 

R
ai

n
fa

ll
 

0 12.98% 0.054 2.55 0.01 1.029 1.241 

1 1.30% 0.039 0.34 0.73 0.940 1.092 

2 -8.14% 0.030 -2.57 0.01 0.861 0.980 

3 1.30% 0.039 0.34 0.73 0.940 1.092 

4 -8.14% 0.030 -2.57 0.01 0.861 0.980 

5 -8.14% 0.030 -2.57 0.01 0.861 0.980 

6 6.12% 0.052 1.21 0.22 0.964 1.169 

C
a 

M
au

 

T
em

p
er

at
u

re
 

0 2.55% 0.024 1.09 0.27 0.980 1.073 

1 -2.61% 0.019 -1.36 0.17 0.937 1.012 

2 -2.61% 0.019 -1.36 0.17 0.937 1.012 

3 2.55% 0.024 1.09 0.27 0.980 1.073 

4 -1.62% 0.022 -0.73 0.46 0.941 1.028 

5 5.43% 0.039 1.44 0.15 0.981 1.133 

6 -1.62% 0.022 -0.73 0.46 0.941 1.028 

H
u

m
id

it
y 

0 -3.02% 0.025 -1.18 0.23 0.922 1.020 

1 6.86% 0.039 1.81 0.07 0.995 1.148 

2 3.04% 0.039 0.79 0.42 0.957 1.110 

3 1.22% 0.038 0.33 0.74 0.941 1.088 

4 -3.02% 0.025 -1.18 0.23 0.922 1.020 

5 0.77% 0.039 0.2 0.84 0.933 1.088 

6 2.68% 0.037 0.73 0.46 0.956 1.102 

R
ai

n
fa

ll
 

0 2.15% 0.021 1.04 0.3 0.981 1.063 

1 2.15% 0.021 1.04 0.3 0.981 1.063 

2 -4.18% 0.018 -2.33 0.02 0.924 0.993 

3 -1.09% 0.022 -0.49 0.62 0.947 1.033 

4 -4.18% 0.018 -2.33 0.02 0.924 0.993 
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5 -4.18% 0.018 -2.33 0.02 0.924 0.993 

6 -1.09% 0.022 -0.49 0.62 0.947 1.033 

D
o

n
g 

T
h

ap
 

T
em

p
er

at
u

re
 

0 -0.11% 0.011 -0.11 0.91 0.978 1.020 

1 -0.11% 0.011 -0.11 0.91 0.978 1.020 

2 0.63% 0.023 0.28 0.78 0.963 1.052 

3 -1.87% 0.021 -0.88 0.37 0.941 1.023 

4 0.73% 0.015 0.48 0.63 0.978 1.038 

5 1.23% 0.023 0.54 0.58 0.968 1.058 

6 0.73% 0.015 0.48 0.63 0.978 1.038 

H
u

m
id

it
y 

0 -1.51% 0.014 -1.05 0.29 0.957 1.013 

1 -1.51% 0.014 -1.05 0.29 0.957 1.013 

2 4.99% 0.027 1.92 0.05 0.999 1.104 

3 2.37% 0.018 1.34 0.18 0.989 1.059 

4 0.51% 0.024 0.21 0.83 0.960 1.052 

5 2.37% 0.018 1.34 0.18 0.989 1.059 

6 1.68% 0.022 0.76 0.44 0.974 1.062 

R
ai

n
fa

ll
 

0 1.25% 0.013 0.95 0.34 0.987 1.039 

1 -3.33% 0.011 -2.93 0.003 0.945 0.989 

2 0.07% 0.019 0.03 0.97 0.963 1.040 

3 1.25% 0.013 0.95 0.34 0.987 1.039 

4 -3.33% 0.011 -2.93 0.003 0.945 0.989 

5 -0.68% 0.019 -0.36 0.71 0.957 1.031 

6 -3.33% 0.011 -2.93 0.003 0.945 0.989 

A
n

 G
ia

n
g 

T
em

p
er

at
u

re
 

0 3.44% 0.016 2.15 0.03 1.003 1.067 

1 0.10% 0.015 0.06 0.94 0.973 1.030 

2 0.10% 0.015 0.06 0.94 0.973 1.030 

3 -0.37% 0.028 -0.13 0.89 0.943 1.053 

4 3.44% 0.016 2.15 0.03 1.003 1.067 

5 -2.93% 0.028 -1.03 0.30 0.918 1.027 

6 3.44% 0.016 2.15 0.03 1.003 1.067 

H
u

m
id

it
y 

0 -2.22% 0.021 -1.03 0.30 0.937 1.020 

1 3.08% 0.034 0.93 0.35 0.967 1.099 

2 -2.22% 0.021 -1.03 0.30 0.937 1.020 

3 1.73% 0.034 0.51 0.60 0.953 1.086 

4 2.82% 0.035 0.81 0.41 0.962 1.099 

5 -2.86% 0.019 -1.45 0.14 0.934 1.010 

6 -2.86% 0.019 -1.45 0.14 0.934 1.010 

R
ai

n
fa

ll
 

0 -1.22% 0.015 -0.8 0.42 0.959 1.018 

1 -1.22% 0.015 -0.8 0.42 0.959 1.018 

2 3.37% 0.020 1.68 0.09 0.994 1.075 

3 -1.22% 0.015 -0.8 0.42 0.959 1.018 

4 -2.77% 0.028 -0.97 0.33 0.919 1.029 

5 0.88% 0.027 0.33 0.74 0.957 1.063 

6 3.37% 0.020 1.68 0.09 0.994 1.075 

K
i

en
 

G
i

an g T
e m p
e

ra
t

u
r e 0 4.75% 0.037 1.31 0.19 0.977 1.123 
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1 -2.10% 0.040 -0.52 0.60 0.903 1.061 

2 2.86% 0.042 0.69 0.49 0.949 1.115 

3 -3.67% 0.037 -0.97 0.33 0.893 1.039 

4 -3.15% 0.036 -0.87 0.38 0.901 1.041 

5 2.40% 0.019 1.26 0.20 0.987 1.062 

6 2.40% 0.019 1.26 0.20 0.987 1.062 

H
u

m
id

it
y 

0 6.09% 0.043 1.45 0.14 0.979 1.149 

1 -3.71% 0.041 -0.88 0.38 0.885 1.048 

2 0.06% 0.043 0.01 0.98 0.920 1.088 

3 -0.97% 0.026 -0.37 0.70 0.941 1.042 

4 -0.97% 0.026 -0.37 0.70 0.941 1.042 

5 0.11% 0.040 0.03 0.97 0.927 1.082 

6 9.48% 0.043 2.3 0.02 1.013 1.183 

R
ai

n
fa

ll
 

0 -2.19% 0.016 -1.37 0.17 0.948 1.010 

1 -2.19% 0.016 -1.37 0.17 0.948 1.010 

2 -2.19% 0.016 -1.37 0.17 0.948 1.010 

3 -2.19% 0.016 -1.37 0.17 0.948 1.010 

4 2.11% 0.032 0.67 0.50 0.961 1.086 

5 -5.17% 0.022 -2.32 0.02 0.907 0.992 

6 -5.17% 0.022 -2.32 0.02 0.907 0.992 

So
c 

T
ra

n
g 

T
em

p
er

at
u

re
 

0 1.18% 0.025 0.48 0.63 0.964 1.062 

1 2.94% 0.039 0.76 0.45 0.955 1.110 

2 -2.26% 0.036 -0.63 0.52 0.910 1.050 

3 1.18% 0.025 0.48 0.63 0.964 1.062 

4 -4.09% 0.034 -1.18 0.23 0.895 1.028 

5 2.25% 0.018 1.24 0.21 0.987 1.059 

6 2.25% 0.018 1.24 0.21 0.987 1.059 

H
u

m
id

it
y 

0 1.09% 0.037 0.3 0.76 0.941 1.086 

1 4.58% 0.043 1.09 0.27 0.965 1.134 

2 3.79% 0.026 1.49 0.13 0.988 1.090 

3 3.79% 0.026 1.49 0.13 0.988 1.090 

4 -4.78% 0.038 -1.23 0.21 0.881 1.029 

5 1.90% 0.037 0.52 0.60 0.949 1.094 

6 -2.04% 0.036 -0.57 0.57 0.912 1.052 

R
ai

n
fa

ll
 

0 2.45% 0.017 1.43 0.15 0.991 1.059 

1 0.69% 0.029 0.24 0.81 0.952 1.065 

2 -3.20% 0.016 -1.97 0.05 0.937 1.000 

3 -3.20% 0.016 -1.97 0.05 0.937 1.000 

4 2.45% 0.017 1.43 0.15 0.991 1.059 

5 -3.20% 0.016 -1.97 0.05 0.937 1.000 

6 2.45% 0.017 1.43 0.15 0.991 1.059 

T
ie

n
 G

ia
n

g 

T
em

p
er

at
u

r
e 

0 -0.95% 0.020 -0.47 0.63 0.952 1.030 

1 1.82% 0.023 0.81 0.41 0.975 1.064 

2 0.50% 0.033 0.15 0.87 0.942 1.072 

3 1.82% 0.023 0.81 0.41 0.975 1.064 



247 
 

4 -1.52% 0.026 -0.59 0.55 0.936 1.036 

5 -0.95% 0.020 -0.47 0.63 0.952 1.030 

6 0.88% 0.023 0.38 0.70 0.964 1.055 
H

u
m

id
it

y 

0 5.19% 0.032 1.65 0.09 0.991 1.117 

1 0.65% 0.032 0.2 0.83 0.945 1.072 

2 -2.60% 0.034 -0.76 0.44 0.910 1.042 

3 8.44% 0.034 2.59 0.01 1.020 1.153 

4 -4.73% 0.022 -2.13 0.03 0.911 0.996 

5 4.88% 0.033 1.5 0.13 0.985 1.116 

6 -4.73% 0.022 -2.13 0.03 0.911 0.996 

R
ai

n
fa

ll
 

0 -1.23% 0.013 -0.94 0.34 0.962 1.014 

1 -1.23% 0.013 -0.94 0.34 0.962 1.014 

2 2.59% 0.015 1.7 0.09 0.996 1.057 

3 -1.23% 0.013 -0.94 0.34 0.962 1.014 

4 2.59% 0.015 1.7 0.09 0.996 1.057 

5 -1.23% 0.013 -0.94 0.34 0.962 1.014 

6 2.59% 0.015 1.7 0.09 0.996 1.057 

V
in

h
 L

o
n

g 

T
em

p
er

at
u

re
 

0 3.58% 0.026 1.4 0.16 0.986 1.088 

1 1.03% 0.023 0.46 0.64 0.967 1.056 

2 -0.38% 0.017 -0.22 0.82 0.964 1.030 

3 -0.38% 0.017 -0.22 0.82 0.964 1.030 

4 1.03% 0.023 0.46 0.64 0.967 1.056 

5 5.49% 0.030 1.85 0.06 0.997 1.116 

6 -4.04% 0.025 -1.59 0.11 0.912 1.010 

H
u

m
id

it
y 

0 -3.29% 0.017 -1.89 0.06 0.934 1.001 

1 -0.15% 0.031 -0.05 0.96 0.939 1.062 

2 5.25% 0.018 3 0.003 1.018 1.088 

3 5.25% 0.018 3 0.003 1.018 1.088 

4 -3.29% 0.017 -1.89 0.06 0.934 1.001 

5 5.25% 0.018 3 0.003 1.018 1.088 

6 -3.29% 0.017 -1.89 0.06 0.934 1.001 

R
ai

n
fa

ll
 

0 2.58% 0.025 1.03 0.30 0.977 1.077 

1 -3.30% 0.018 -1.81 0.07 0.932 1.003 

2 -1.01% 0.017 -0.58 0.56 0.956 1.025 

3 -1.87% 0.018 -1.05 0.29 0.947 1.016 

4 -3.30% 0.018 -1.81 0.07 0.932 1.003 

5 -1.87% 0.018 -1.05 0.29 0.947 1.016 

6 -1.01% 0.017 -0.58 0.56 0.956 1.025 

B
en

 T
re

 

T
em

p
er

at
u

re
 

0 -0.36% 0.032 -0.11 0.90 0.936 1.060 

1 -1.61% 0.045 -0.35 0.72 0.900 1.076 

2 -4.36% 0.036 -1.18 0.24 0.888 1.030 

3 6.45% 0.051 1.3 0.19 0.969 1.169 

4 -0.36% 0.032 -0.11 0.90 0.936 1.060 

5 -4.36% 0.036 -1.18 0.24 0.888 1.030 

6 3.79% 0.042 0.91 0.36 0.958 1.124 
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H
u

m
id

it
y 

0 0.95% 0.037 0.26 0.79 0.939 1.085 

1 2.02% 0.057 0.36 0.71 0.915 1.138 

2 -2.61% 0.051 -0.5 0.61 0.879 1.080 

3 9.22% 0.037 2.59 0.01 1.022 1.168 

4 9.22% 0.037 2.59 0.01 1.022 1.168 

5 -3.48% 0.049 -0.69 0.48 0.873 1.067 

6 0.95% 0.037 0.26 0.79 0.939 1.085 

R
ai

n
fa

ll
 

0 -3.99% 0.020 -1.95 0.05 0.921 1.000 

1 7.27% 0.042 1.81 0.07 0.994 1.158 

2 -3.99% 0.020 -1.95 0.05 0.921 1.000 

3 -3.99% 0.020 -1.95 0.05 0.921 1.000 

4 1.53% 0.028 0.56 0.57 0.962 1.071 

5 -3.99% 0.020 -1.95 0.05 0.921 1.000 

6 1.53% 0.028 0.56 0.57 0.962 1.071 

Red colour highlights the % change that is statistically significant (p<0.05) 
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Appendix 6.2 Pooled Estimates of The Daily Effects of Climate Factors on Hand-Foot-

Mouth Disease in Nine Provinces and in The Mekong Delta Region 

 

 

Appendix 6.2.1 Pooled estimates of the effect sizes of the association between climate factors 

and HFMD at lag 0 day in the MDR  
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Appendix 6.2.2 Pooled estimates of the effect sizes of the association between climate factors 
and HFMD at lag 1 day in the MDR  

 

Appendix 6.2.3 Pooled estimates of the effect sizes of the association between climate factors 
and HFMD at lag 2 days in the MDR  
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Appendix 6.2.4 Pooled estimates of the effect sizes of the association between climate factors 
and HFMD at lag 3 days in the MDR  

 

Appendix 6.2.5 Pooled estimates of the effect sizes of the association between climate factors 
and HFMD at lag 4 days in the MDR  
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Appendix 6.2.6 Pooled estimates of the effect sizes of the association between climate factors 
and HFMD at lag 5 days in the MDR  

 

Appendix 6.2.7 Pooled estimates of the effect sizes of the association between climate factors 
and HFMD at lag 6 days in the MDR  
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Appendix 6.3 Pooled Estimates of The Weekly Effects of Climate Factors on Hand-Foot-

Mouth Disease for The Whole Mekong Delta Region 

 

 

Appendix 6.3.1 Pooled estimated of the effect sizes of the association between average 

temperature and HFMD at lag 0 week in the Mekong Delta region 

 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 32.1%, p = 0.126)

Hau Giang

Ben Tre

Soc Trang

Vinh Long

Ca Mau

Study

Tien Giang

ID

Bac Lieu

Kien Giang

An Giang

Long An

Tra Vinh

Can Tho

Dong Thap

0.05 (0.03, 0.06)

0.09 (0.02, 0.17)

0.04 (0.00, 0.09)

0.07 (0.01, 0.13)

0.09 (0.04, 0.15)

0.04 (-0.02, 0.09)

0.01 (-0.04, 0.06)

ES (95% CI)

-0.02 (-0.07, 0.04)

0.02 (-0.04, 0.08)

0.02 (-0.04, 0.07)

0.06 (-0.01, 0.13)

0.07 (-0.00, 0.14)

0.12 (0.04, 0.19)

0.04 (-0.00, 0.08)

100.00

5.06

10.64

7.16

8.38

8.15

%

9.75

Weight

7.78

7.61

8.06

5.78

5.24

4.72

11.67

0.05 (0.03, 0.06)

0.09 (0.02, 0.17)

0.04 (0.00, 0.09)

0.07 (0.01, 0.13)

0.09 (0.04, 0.15)

0.04 (-0.02, 0.09)

0.01 (-0.04, 0.06)

ES (95% CI)

-0.02 (-0.07, 0.04)

0.02 (-0.04, 0.08)

0.02 (-0.04, 0.07)

0.06 (-0.01, 0.13)

0.07 (-0.00, 0.14)

0.12 (0.04, 0.19)

0.04 (-0.00, 0.08)

100.00

5.06

10.64

7.16

8.38

8.15

%

9.75

Weight

7.78

7.61

8.06

5.78

5.24

4.72

11.67

  
0-.194 0 .194

Pooled effect of association between temperature and HFMD at lag 0 week in the MDR
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Appendix 6.3.2 Pooled estimated of the effect sizes of the association between average 
temperature and HFMD at lag 1 week in the Mekong Delta region 

 

Appendix 6.3.3 Pooled estimated of the effect sizes of the association between average 
temperature and HFMD at lag 2 weeks in the Mekong Delta region 

 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 29.5%, p = 0.149)

Kien Giang

Ben Tre

Dong Thap

Tien Giang

Ca Mau

Soc Trang

Tra Vinh

Hau Giang

Long An

ID

Study

An Giang

Vinh Long

Can Tho

Bac Lieu

0.05 (0.03, 0.07)

0.01 (-0.05, 0.07)

0.10 (0.04, 0.15)

0.03 (-0.02, 0.07)

0.06 (0.00, 0.12)

0.03 (-0.03, 0.09)

0.13 (0.06, 0.21)

0.02 (-0.05, 0.10)

0.09 (0.00, 0.17)

0.03 (-0.05, 0.10)

ES (95% CI)

0.04 (-0.02, 0.10)

0.08 (0.02, 0.15)

-0.01 (-0.09, 0.06)

0.08 (0.01, 0.15)

100.00

7.84

10.04

12.15

9.25

8.32

6.27

5.66

5.02

6.01

Weight

%

8.10

8.42

6.16

6.75

0.05 (0.03, 0.07)

0.01 (-0.05, 0.07)

0.10 (0.04, 0.15)

0.03 (-0.02, 0.07)

0.06 (0.00, 0.12)

0.03 (-0.03, 0.09)

0.13 (0.06, 0.21)

0.02 (-0.05, 0.10)

0.09 (0.00, 0.17)

0.03 (-0.05, 0.10)

ES (95% CI)

0.04 (-0.02, 0.10)

0.08 (0.02, 0.15)

-0.01 (-0.09, 0.06)

0.08 (0.01, 0.15)

100.00

7.84

10.04

12.15

9.25

8.32

6.27

5.66

5.02

6.01

Weight

%

8.10

8.42

6.16

6.75

  
0-.208 0 .208

Pooled effect of association between temperature and HFMD at lag 1 week in the MDR

NOTE: Weights are from random effects analysis

Overall  (I-squared = 19.5%, p = 0.247)

Ca Mau

Ben Tre

Can Tho

Tra Vinh

Bac Lieu

ID

Long An

Tien Giang

Kien Giang

Dong Thap

An Giang

Vinh Long

Hau Giang

Soc Trang

Study

0.07 (0.05, 0.09)

0.11 (0.04, 0.17)

0.08 (0.03, 0.14)

0.04 (-0.04, 0.11)

-0.01 (-0.08, 0.06)

0.05 (-0.02, 0.12)

ES (95% CI)

0.10 (0.02, 0.18)

0.09 (0.03, 0.14)

0.13 (0.06, 0.20)

0.05 (0.01, 0.10)

0.02 (-0.04, 0.08)

0.10 (0.04, 0.16)

0.09 (0.01, 0.17)

0.06 (-0.00, 0.13)

100.00

7.63

10.79

5.56

6.01

7.00

Weight

5.14

9.22

6.48

13.05

8.43

8.53

4.91

7.26

%

0.07 (0.05, 0.09)

0.11 (0.04, 0.17)

0.08 (0.03, 0.14)

0.04 (-0.04, 0.11)

-0.01 (-0.08, 0.06)

0.05 (-0.02, 0.12)

ES (95% CI)

0.10 (0.02, 0.18)

0.09 (0.03, 0.14)

0.13 (0.06, 0.20)

0.05 (0.01, 0.10)

0.02 (-0.04, 0.08)

0.10 (0.04, 0.16)

0.09 (0.01, 0.17)

0.06 (-0.00, 0.13)

100.00

7.63

10.79

5.56

6.01

7.00

Weight

5.14

9.22

6.48

13.05

8.43

8.53

4.91

7.26

%

  
0-.196 0 .196

Pooled effect of association between temperature and HFMD at lag 2 week in the MDR
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Appendix 6.3.4 Pooled effect of association between humidity and HFMD at lag 0 week in the 
Mekong Delta region  

 
Appendix 6.3.5 Pooled effect of association between humidity and HFMD at lag 1 week in the 
Mekong Delta region  
 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 0.0%, p = 0.565)

Hau Giang

Ben Tre

Soc Trang

Vinh Long

Ca Mau

Study

Tien Giang

ID

Bac Lieu

Kien Giang

An Giang

Long An

Tra Vinh

Can Tho

Dong Thap

0.10 (0.06, 0.13)

0.09 (-0.08, 0.26)

0.17 (0.05, 0.29)

0.02 (-0.11, 0.15)

0.20 (0.06, 0.34)

0.06 (-0.08, 0.20)

0.15 (0.02, 0.28)

ES (95% CI)

-0.01 (-0.15, 0.12)

0.11 (-0.03, 0.26)

0.09 (-0.04, 0.23)

0.21 (0.02, 0.40)

0.07 (-0.10, 0.24)

0.09 (-0.09, 0.27)

0.06 (-0.04, 0.15)

100.00

5.16

10.43

8.37

7.72

7.85

%

8.53

Weight

8.26

6.81

7.71

4.01

5.12

4.51

15.50

0.10 (0.06, 0.13)

0.09 (-0.08, 0.26)

0.17 (0.05, 0.29)

0.02 (-0.11, 0.15)

0.20 (0.06, 0.34)

0.06 (-0.08, 0.20)

0.15 (0.02, 0.28)

ES (95% CI)

-0.01 (-0.15, 0.12)

0.11 (-0.03, 0.26)

0.09 (-0.04, 0.23)

0.21 (0.02, 0.40)

0.07 (-0.10, 0.24)

0.09 (-0.09, 0.27)

0.06 (-0.04, 0.15)

100.00

5.16

10.43

8.37

7.72

7.85

%

8.53

Weight

8.26

6.81

7.71

4.01

5.12

4.51

15.50

  
0-.404 0 .404

Pooled effect of association between humidity and HFMD at lag 0 week in the MDR

NOTE: Weights are from random effects analysis

Overall  (I-squared = 11.4%, p = 0.331)

An Giang

Long An

Bac Lieu

Kien Giang

Ben Tre

Tien Giang

ID

Ca Mau

Hau Giang

Soc Trang

Tra Vinh

Vinh Long

Study

Can Tho

Dong Thap

0.15 (0.11, 0.20)

0.16 (0.01, 0.31)

0.12 (-0.07, 0.31)

0.27 (0.09, 0.45)

0.07 (-0.08, 0.21)

0.23 (0.10, 0.37)

0.15 (0.01, 0.28)

ES (95% CI)

0.13 (-0.02, 0.28)

0.31 (0.10, 0.52)

0.15 (-0.00, 0.31)

0.20 (0.00, 0.40)

0.23 (0.08, 0.38)

-0.03 (-0.20, 0.13)

0.11 (-0.00, 0.21)

100.00

7.80

5.35

5.79

8.19

9.92

9.21

Weight

7.93

4.23

7.39

4.88

8.18

%

6.81

14.33

0.15 (0.11, 0.20)

0.16 (0.01, 0.31)

0.12 (-0.07, 0.31)

0.27 (0.09, 0.45)

0.07 (-0.08, 0.21)

0.23 (0.10, 0.37)

0.15 (0.01, 0.28)

ES (95% CI)

0.13 (-0.02, 0.28)

0.31 (0.10, 0.52)

0.15 (-0.00, 0.31)

0.20 (0.00, 0.40)

0.23 (0.08, 0.38)

-0.03 (-0.20, 0.13)

0.11 (-0.00, 0.21)

100.00

7.80

5.35

5.79

8.19

9.92

9.21

Weight

7.93

4.23

7.39

4.88

8.18

%

6.81

14.33

  
0-.52 0 .52

Pooled effect of association between humidity and HFMD at lag 1 week in the MDR
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Appendix 6.3.6 Pooled effect of association between humidity and HFMD at lag 2 weeks in the 
Mekong Delta region  

 

Appendix 6.3.7 Pooled effect of association between cumulative rainfall and HFMD at lag 0 
week in the Mekong Delta region  
 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 25.8%, p = 0.183)

Hau Giang

Bac Lieu

Long An

Ben Tre

Tien Giang

Can Tho

Soc Trang

Tra Vinh

Vinh Long

Kien Giang

An Giang

Ca Mau

Study

ID

Dong Thap

0.19 (0.14, 0.24)

0.27 (0.06, 0.47)

0.07 (-0.08, 0.22)

0.17 (-0.02, 0.37)

0.30 (0.16, 0.44)

0.22 (0.07, 0.36)

0.04 (-0.14, 0.21)

0.09 (-0.05, 0.24)

0.07 (-0.11, 0.24)

0.27 (0.12, 0.43)

0.34 (0.15, 0.52)

0.19 (0.03, 0.35)

0.25 (0.08, 0.41)

ES (95% CI)

0.19 (0.07, 0.30)

100.00

5.19

8.51

5.57

9.33

8.72

6.52

8.62

6.52

8.08

5.90

7.67

7.25

%

Weight

12.11

0.19 (0.14, 0.24)

0.27 (0.06, 0.47)

0.07 (-0.08, 0.22)

0.17 (-0.02, 0.37)

0.30 (0.16, 0.44)

0.22 (0.07, 0.36)

0.04 (-0.14, 0.21)

0.09 (-0.05, 0.24)

0.07 (-0.11, 0.24)

0.27 (0.12, 0.43)

0.34 (0.15, 0.52)

0.19 (0.03, 0.35)

0.25 (0.08, 0.41)

ES (95% CI)

0.19 (0.07, 0.30)

100.00

5.19

8.51

5.57

9.33

8.72

6.52

8.62

6.52

8.08

5.90

7.67

7.25

%

Weight

12.11

  
0-.524 0 .524

Pooled effecto of association between humidity and HFMD at lag 2 weeks in the MDR

NOTE: Weights are from random effects analysis

Overall  (I-squared = 20.4%, p = 0.237)

Hau Giang

Ben Tre

Soc Trang

Vinh Long

Ca Mau

Study

Tien Giang

ID

Bac Lieu

Kien Giang

An Giang

Long An

Tra Vinh

Can Tho

Dong Thap

0.06 (0.03, 0.09)

-0.01 (-0.16, 0.13)

0.01 (-0.07, 0.09)

0.09 (-0.02, 0.20)

0.08 (-0.01, 0.17)

0.12 (0.01, 0.23)

-0.02 (-0.10, 0.06)

ES (95% CI)

0.03 (-0.09, 0.15)

0.06 (-0.05, 0.17)

0.12 (0.02, 0.22)

0.01 (-0.11, 0.13)

0.14 (0.01, 0.28)

0.02 (-0.11, 0.15)

0.13 (0.05, 0.21)

100.00

4.51

11.94

7.39

8.99

6.68

%

11.19

Weight

5.94

6.99

7.87

6.03

4.97

5.07

12.43

0.06 (0.03, 0.09)

-0.01 (-0.16, 0.13)

0.01 (-0.07, 0.09)

0.09 (-0.02, 0.20)

0.08 (-0.01, 0.17)

0.12 (0.01, 0.23)

-0.02 (-0.10, 0.06)

ES (95% CI)

0.03 (-0.09, 0.15)

0.06 (-0.05, 0.17)

0.12 (0.02, 0.22)

0.01 (-0.11, 0.13)

0.14 (0.01, 0.28)

0.02 (-0.11, 0.15)

0.13 (0.05, 0.21)

100.00

4.51

11.94

7.39

8.99

6.68

%

11.19

Weight

5.94

6.99

7.87

6.03

4.97

5.07

12.43

  
0-.278 0 .278

Pooled effect of association between cumulative rainfall and HFMD at lag 0 week in the MDR
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Appendix 6.3.8 Pooled effect of association between cumulative rainfall and HFMD at lag 1 
week in the Mekong Delta region 

 

Appendix 6.3.9 Pooled effect of association between cumulative rainfall and Hand-Foot-Mouth 
disease at lag 2 weeks in the Mekong Delta region  

 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 56.3%, p = 0.007)

An Giang

Long An

Bac Lieu

Kien Giang

Ben Tre

Tien Giang

ID

Ca Mau

Hau Giang

Soc Trang

Tra Vinh

Vinh Long

Study

Can Tho

Dong Thap

0.03 (-0.01, 0.07)

-0.04 (-0.13, 0.05)

-0.00 (-0.12, 0.12)

0.06 (-0.06, 0.18)

-0.07 (-0.17, 0.04)

0.03 (-0.05, 0.11)

0.00 (-0.08, 0.09)

ES (95% CI)

0.08 (-0.03, 0.19)

-0.12 (-0.25, 0.01)

0.24 (0.12, 0.36)

0.11 (-0.02, 0.25)

0.03 (-0.06, 0.12)

0.02 (-0.11, 0.15)

0.08 (0.01, 0.16)

100.00

8.67

6.71

6.75

8.01

9.61

9.16

Weight

7.37

6.18

6.80

6.06

8.68

%

5.99

10.01

0.03 (-0.01, 0.07)

-0.04 (-0.13, 0.05)

-0.00 (-0.12, 0.12)

0.06 (-0.06, 0.18)

-0.07 (-0.17, 0.04)

0.03 (-0.05, 0.11)

0.00 (-0.08, 0.09)

ES (95% CI)

0.08 (-0.03, 0.19)

-0.12 (-0.25, 0.01)

0.24 (0.12, 0.36)

0.11 (-0.02, 0.25)

0.03 (-0.06, 0.12)

0.02 (-0.11, 0.15)

0.08 (0.01, 0.16)

100.00

8.67

6.71

6.75

8.01

9.61

9.16

Weight

7.37

6.18

6.80

6.06

8.68

%

5.99

10.01

  
0-.357 0 .357

Pooled effect of association between cumulative rainfall and HFMD at lag 1 week in the MDR

NOTE: Weights are from random effects analysis

Overall  (I-squared = 38.2%, p = 0.079)

Hau Giang

Bac Lieu

Long An

Ben Tre

Tien Giang

Can Tho

Soc Trang

Tra Vinh

Vinh Long

Kien Giang

An Giang

Ca Mau

Study

ID

Dong Thap

0.00 (-0.03, 0.04)

-0.07 (-0.21, 0.06)

0.11 (-0.01, 0.23)

0.06 (-0.06, 0.18)

-0.02 (-0.10, 0.05)

-0.00 (-0.09, 0.08)

-0.05 (-0.18, 0.08)

0.08 (-0.02, 0.19)

-0.03 (-0.14, 0.08)

0.02 (-0.07, 0.10)

-0.03 (-0.13, 0.07)

-0.11 (-0.19, -0.02)

0.06 (-0.05, 0.16)

ES (95% CI)

0.06 (-0.01, 0.13)

100.00

5.08

5.83

5.72

10.72

9.54

5.44

7.38

6.38

8.85

7.53

9.34

7.03

%

Weight

11.15

0.00 (-0.03, 0.04)

-0.07 (-0.21, 0.06)

0.11 (-0.01, 0.23)

0.06 (-0.06, 0.18)

-0.02 (-0.10, 0.05)

-0.00 (-0.09, 0.08)

-0.05 (-0.18, 0.08)

0.08 (-0.02, 0.19)

-0.03 (-0.14, 0.08)

0.02 (-0.07, 0.10)

-0.03 (-0.13, 0.07)

-0.11 (-0.19, -0.02)

0.06 (-0.05, 0.16)

ES (95% CI)

0.06 (-0.01, 0.13)

100.00

5.08

5.83

5.72

10.72

9.54

5.44

7.38

6.38

8.85

7.53

9.34

7.03

%

Weight

11.15

  

0-.234 0 .234

Pooled effect of association between cumulative rainfall and HFMD at lag 2 weeks in the MDR
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Appendix 6.3.10 Pooled estimate of the effect sizes of the association between climate factors 
and Hand-Foot-Mouth disease at lag 0 week in the Mekong Delta region 

 
Appendix 6.3.11 Pooled estimate of the effect sizes of the association between climate factors 
and Hand-Foot-Mouth disease at lag 1 week in the Mekong Delta region 
 



259 
 

 

Appendix 6.3.12 Pooled estimate of the effect sizes of the association between climate factors 
and Hand-Foot-Mouth disease at lag 2 weeks in the Mekong Delta region 
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Appendix 7.1 Spatial Clusters Detection Using Local Moran’s I Analysis  

 

Measures of local spatial autocorrelation 

Weights matrix 

-------------------------------------------------------------- 

Name: Ws 

Type: Distance-based (inverse distance) 

Distance band: 1.0 < d <= 96000.0 

Row-standardized: Yes 

-------------------------------------------------------------- 

Moran's Ii (incidence rate per 100,000 HFMD in 2013) 

-------------------------------------------------------------- 

       Provincename |    Ii    E(Ii)  sd(Ii)     z    p-value* 

--------------------+----------------------------------------- 

           Tra Vinh | -0.523  -0.083   0.324  -1.357   0.087 

         Tien Giang | -0.200  -0.083   0.342  -0.341   0.367 

             Ca Mau | -0.037  -0.083   0.673   0.068   0.473 

          Soc Trang |  0.040  -0.083   0.278   0.444   0.329 

           An Giang |  0.169  -0.083   0.504   0.500   0.309 

          Hau Giang |  0.055  -0.083   0.248   0.559   0.288 

          Vinh Long |  0.074  -0.083   0.225   0.699   0.242 

          Dong Thap |  0.162  -0.083   0.266   0.921   0.179 

            Can Tho |  0.129  -0.083   0.216   0.983   0.163 

           Bac Lieu |  0.282  -0.083   0.358   1.021   0.154 

            Ben Tre |  0.241  -0.083   0.292   1.110   0.133 

            Long An |  0.616  -0.083   0.464   1.507   0.066 

         Kien Giang |  0.602  -0.083   0.311   2.201   0.014 

-------------------------------------------------------------- 

*1-tail test 

Moran's Ii (incidence rate per 100,000 HFMD in 2014) 

-------------------------------------------------------------- 

       Provincename |    Ii    E(Ii)  sd(Ii)     z    p-value* 

--------------------+----------------------------------------- 

           Tra Vinh | -0.643  -0.083   0.326  -1.720   0.043 

         Tien Giang | -0.311  -0.083   0.344  -0.662   0.254 

          Soc Trang | -0.087  -0.083   0.278  -0.012   0.495 

             Ca Mau |  0.082  -0.083   0.685   0.241   0.405 

          Hau Giang | -0.018  -0.083   0.246   0.267   0.395 

           Bac Lieu |  0.062  -0.083   0.361   0.402   0.344 

           An Giang |  0.126  -0.083   0.512   0.409   0.341 

          Dong Thap |  0.030  -0.083   0.266   0.426   0.335 

          Vinh Long |  0.043  -0.083   0.222   0.567   0.285 

            Can Tho |  0.045  -0.083   0.212   0.604   0.273 

            Ben Tre |  0.170  -0.083   0.293   0.867   0.193 

            Long An |  0.569  -0.083   0.471   1.385   0.083 

         Kien Giang |  0.477  -0.083   0.313   1.791   0.037 

-------------------------------------------------------------- 

*1-tail test 

 

Moran's Ii (incidence rate per 100,000 HFMD in 2015) 

-------------------------------------------------------------- 

       Provincename |    Ii    E(Ii)  sd(Ii)     z    p-value* 

--------------------+----------------------------------------- 

         Tien Giang | -0.364  -0.083   0.341  -0.824   0.205 
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           Tra Vinh | -0.256  -0.083   0.323  -0.535   0.296 

           Bac Lieu | -0.124  -0.083   0.356  -0.115   0.454 

          Dong Thap | -0.113  -0.083   0.266  -0.112   0.456 

           An Giang | -0.104  -0.083   0.501  -0.041   0.484 

          Vinh Long | -0.076  -0.083   0.226   0.031   0.488 

             Ca Mau | -0.038  -0.083   0.668   0.068   0.473 

            Ben Tre | -0.015  -0.083   0.292   0.235   0.407 

            Can Tho |  0.005  -0.083   0.217   0.407   0.342 

          Hau Giang |  0.042  -0.083   0.248   0.506   0.306 

          Soc Trang |  0.083  -0.083   0.278   0.599   0.274 

            Long An |  0.427  -0.083   0.462   1.104   0.135 

         Kien Giang |  0.434  -0.083   0.311   1.665   0.048 

-------------------------------------------------------------- 

*1-tail test 

 

Moran's Ii (incidence rate per 100,000 HFMD in 2016) 

-------------------------------------------------------------- 

       Provincename |    Ii    E(Ii)  sd(Ii)     z    p-value* 

--------------------+----------------------------------------- 

           Tra Vinh | -0.387  -0.083   0.323  -0.941   0.173 

         Tien Giang | -0.397  -0.083   0.341  -0.921   0.179 

           Bac Lieu | -0.237  -0.083   0.356  -0.431   0.333 

            Can Tho | -0.084  -0.083   0.217  -0.002   0.499 

           An Giang | -0.016  -0.083   0.501   0.134   0.447 

          Vinh Long | -0.030  -0.083   0.226   0.238   0.406 

          Hau Giang | -0.006  -0.083   0.248   0.310   0.378 

             Ca Mau |  0.140  -0.083   0.668   0.334   0.369 

          Soc Trang |  0.018  -0.083   0.278   0.363   0.358 

            Ben Tre |  0.034  -0.083   0.292   0.404   0.343 

            Long An |  0.281  -0.083   0.462   0.789   0.215 

          Dong Thap |  0.155  -0.083   0.267   0.893   0.186 

         Kien Giang |  0.465  -0.083   0.311   1.763   0.039 

-------------------------------------------------------------- 

*1-tail test 
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Appendix 7.2 The Provinces’ ID Numbers And Names Used In Table 7.2 

 

Provinces’ ID Provinces’ names 

1 An Giang 

2 Bac Lieu 

3 Ben Tre 

4 Ca Mau 

5 Can Tho 

6 Dong Thap 

7 Hau Giang 

8 Kien Giang 

9 Long An 

10 Soc Trang 

11 Tien Giang 

12 Tra Vinh 

13 Vinh Long 

  

  



263 
 

Appendix 7.3 Groups of Provinces with Different Levels of Immunisation of Children 

Less Than One Year Old 
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Appendix 7.4 Groups of Provinces with Different Levels of Access to Safe Water 
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Appendix 8.1 Regulation 26/2017/TT-BYT, Issued By The Ministry Of Health 
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Appendix 8.2 Law 03/2007/QH12, Issued By The Vietnamese Government  

QUỐC HỘI 
 

CỘNG HÒA XÃ HỘI CHỦ NGHĨA VIỆT NAM 
Độc lập – Tự do – Hạnh phúc 

 

Số: 03/2007/QH12 Hà Nội, ngày 21 tháng 11 năm 2007 

  
LUẬT 

Phòng, chống bệnh truyền nhiễm 
_____________ 

Căn cứ Hiến pháp nước Cộng hoà xã hội chủ nghĩa Việt Nam năm 1992 đã được 
sửa đổi, bổ sung một số điều theo Nghị quyết số 51/2001/QH10;  

Quốc hội ban hành Luật phòng, chống bệnh truyền nhiễm, 
Chương I 

NHỮNG QUY ĐỊNH CHUNG 
Điều 1. Phạm vi điều chỉnh, đối tượng áp dụng 
1. Luật này quy định về phòng, chống bệnh truyền nhiễm; kiểm dịch y tế biên 

giới; chống dịch; các điều kiện bảo đảm cho công tác phòng, chống bệnh truyền nhiễm 
ở người. 

Việc phòng, chống nhiễm vi rút gây ra hội chứng suy giảm miễn dịch mắc phải ở 
người (HIV/AIDS) không thuộc phạm vi điều chỉnh của Luật này. 

2. Luật này áp dụng đối với cơ quan, tổ chức, cá nhân trong nước và nước ngoài 
tại Việt Nam. 

Điều 2. Giải thích từ ngữ 
Trong Luật này, các từ ngữ dưới đây được hiểu như sau: 
1. Bệnh truyền nhiễm là bệnh lây truyền trực tiếp hoặc gián tiếp từ người hoặc từ 

động vật sang người do tác nhân gây bệnh truyền nhiễm. 
2. Tác nhân gây bệnh truyền nhiễm là vi rút, vi khuẩn, ký sinh trùng và nấm có 

khả năng gây bệnh truyền nhiễm.  
3. Trung gian truyền bệnh là côn trùng, động vật, môi trường, thực phẩm và các 

vật khác mang tác nhân gây bệnh truyền nhiễm và có khả năng truyền bệnh. 
4. Người mắc bệnh truyền nhiễm là người bị nhiễm tác nhân gây bệnh truyền 

nhiễm có biểu hiện triệu chứng bệnh.  
5. Người mang mầm bệnh truyền nhiễm là người mang tác nhân gây bệnh truyền 

nhiễm nhưng không có biểu hiện triệu chứng bệnh.  
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6. Người tiếp xúc là người có tiếp xúc với người mắc bệnh truyền nhiễm, người 
mang mầm bệnh truyền nhiễm, trung gian truyền bệnh và có khả năng mắc bệnh.  

7. Người bị nghi ngờ mắc bệnh truyền nhiễm là người tiếp xúc hoặc người có biểu 
hiện triệu chứng bệnh truyền nhiễm nhưng chưa rõ tác nhân gây bệnh.  

8. Giám sát bệnh truyền nhiễm là việc thu thập thông tin liên tục, có hệ thống về 
tình hình, chiều hướng của bệnh truyền nhiễm, phân tích, giải thích nhằm cung cấp 
thông tin cho việc lập kế hoạch, triển khai và đánh giá hiệu quả các biện pháp phòng, 
chống bệnh truyền nhiễm. 

9. An toàn sinh học trong xét nghiệm là việc sử dụng các biện pháp để giảm thiểu 
hoặc loại trừ nguy cơ lây truyền tác nhân gây bệnh truyền nhiễm trong cơ sở xét 
nghiệm, từ cơ sở xét nghiệm ra môi trường và cộng đồng. 

10. Vắc xin là chế phẩm chứa kháng nguyên tạo cho cơ thể khả năng đáp ứng miễn 
dịch, được dùng với mục đích phòng bệnh. 

11. Sinh phẩm y tế là sản phẩm có nguồn gốc sinh học được dùng để phòng bệnh, 
chữa bệnh và chẩn đoán bệnh cho người. 

12. Tình trạng miễn dịch là mức độ đề kháng của cá nhân hoặc cộng đồng với một 
tác nhân gây bệnh truyền nhiễm.  

13. Dịch là sự xuất hiện bệnh truyền nhiễm với số người mắc bệnh vượt quá số 
người mắc bệnh dự tính bình thường trong một khoảng thời gian xác định ở một khu 
vực nhất định.  

14. Vùng có dịch là khu vực được cơ quan có thẩm quyền xác định có dịch. 
15. Vùng có nguy cơ dịch là khu vực lân cận với vùng có dịch hoặc xuất hiện các 

yếu tố gây dịch.  
16. Cách ly y tế là việc tách riêng người mắc bệnh truyền nhiễm, người bị nghi 

ngờ mắc bệnh truyền nhiễm, người mang mầm bệnh truyền nhiễm hoặc vật có khả 
năng mang tác nhân gây bệnh truyền nhiễm nhằm hạn chế sự lây truyền bệnh.  

17. Xử lý y tế là việc thực hiện các biện pháp sử dụng vắc xin, sinh phẩm y tế, 
cách ly y tế, tẩy uế, diệt tác nhân gây bệnh truyền nhiễm, trung gian truyền bệnh và các 
biện pháp y tế khác. 

Điều 3. Phân loại bệnh truyền nhiễm 
1. Bệnh truyền nhiễm gồm các nhóm sau đây: 
a) Nhóm A gồm các bệnh truyền nhiễm đặc biệt nguy hiểm có khả năng lây truyền 

rất nhanh, phát tán rộng và tỷ lệ tử vong cao hoặc chưa rõ tác nhân gây bệnh. 
Các bệnh truyền nhiễm thuộc nhóm A bao gồm bệnh bại liệt; bệnh cúm A-H5N1; 

bệnh dịch hạch; bệnh đậu mùa; bệnh sốt xuất huyết do vi rút Ê - bô - la (Ebola), Lát-
sa (Lassa) hoặc Mác-bớc (Marburg); bệnh sốt Tây sông Nin (Nile); bệnh sốt vàng; 
bệnh tả; bệnh viêm đường hô hấp cấp nặng do vi rút và các bệnh truyền nhiễm nguy 
hiểm mới phát sinh chưa rõ tác nhân gây bệnh; 
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b) Nhóm B gồm các bệnh truyền nhiễm nguy hiểm có khả năng lây truyền nhanh 
và có thể gây tử vong.  

Các bệnh truyền nhiễm thuộc nhóm B bao gồm bệnh do vi rút A-đê-nô (Adeno); 
bệnh do vi rút gây ra hội chứng suy giảm miễn dịch mắc phải ở người (HIV/AIDS); 
bệnh bạch hầu; bệnh cúm; bệnh dại; bệnh ho gà; bệnh lao phổi; bệnh do liên cầu lợn ở 
người; bệnh lỵ A-míp (Amibe); bệnh lỵ trực trùng; bệnh quai bị; bệnh sốt Đăng gơ 
(Dengue), sốt xuất huyết Đăng gơ (Dengue); bệnh sốt rét; bệnh sốt phát ban; bệnh sởi; 
bệnh tay-chân-miệng; bệnh than; bệnh thủy đậu; bệnh thương hàn; bệnh uốn ván; bệnh 
Ru-bê-ôn (Rubeon); bệnh viêm gan vi rút; bệnh viêm màng não do não mô cầu; bệnh 
viêm não vi rút; bệnh xoắn khuẩn vàng da; bệnh tiêu chảy do vi rút Rô-ta (Rota); 

c) Nhóm C gồm các bệnh truyền nhiễm ít nguy hiểm, khả năng lây truyền không 
nhanh. 

Các bệnh truyền nhiễm thuộc nhóm C bao gồm bệnh do Cờ-la-my-đi-a 
(Chlamydia); bệnh giang mai; các bệnh do giun; bệnh lậu; bệnh mắt hột; bệnh do nấm 
Can-đi-đa-an-bi-căng (Candida albicans); bệnh Nô-ca-đi-a (Nocardia); bệnh phong; 
bệnh do vi rút Xi-tô-mê-ga-lô (Cytomegalo); bệnh do vi rút Héc-péc (Herpes); bệnh 
sán dây; bệnh sán lá gan; bệnh sán lá phổi; bệnh sán lá ruột; bệnh sốt mò; bệnh sốt do 
Rích-két-si-a (Rickettsia); bệnh sốt xuất huyết do vi rút Han-ta (Hanta); bệnh do Tờ-
ri-cô-mô-nát (Trichomonas); bệnh viêm da mụn mủ truyền nhiễm; bệnh viêm họng, 
viêm miệng, viêm tim do vi rút Cốc-xác-ki (Coxsakie); bệnh viêm ruột do Giác-đi-a 
(Giardia); bệnh viêm ruột do Vi-bờ-ri-ô Pa-ra-hê-mô-ly-ti-cút (Vibrio 
Parahaemolyticus) và các bệnh truyền nhiễm khác. 

2. Bộ trưởng Bộ Y tế quyết định điều chỉnh, bổ sung danh mục bệnh truyền nhiễm 
thuộc các nhóm quy định tại khoản 1 Điều này.  

Điều 4. Nguyên tắc phòng, chống bệnh truyền nhiễm 
1. Lấy phòng bệnh là chính trong đó thông tin, giáo dục, truyền thông, giám sát 

bệnh truyền nhiễm là biện pháp chủ yếu. Kết hợp các biện pháp chuyên môn kỹ thuật 
y tế với các biện pháp xã hội, hành chính trong phòng, chống bệnh truyền nhiễm.  

2. Thực hiện việc phối hợp liên ngành và huy động xã hội trong phòng, chống 
bệnh truyền nhiễm; lồng ghép các hoạt động phòng, chống bệnh truyền nhiễm vào các 
chương trình phát triển kinh tế - xã hội. 

3. Công khai, chính xác, kịp thời thông tin về dịch. 
4. Chủ động, tích cực, kịp thời, triệt để trong hoạt động phòng, chống dịch. 
Điều 5. Chính sách của Nhà nước về phòng, chống bệnh truyền nhiễm 
1. Ưu tiên, hỗ trợ đào tạo chuyên ngành y tế dự phòng. 
2. Ưu tiên đầu tư nâng cao năng lực đội ngũ cán bộ, hệ thống giám sát phát hiện 

bệnh truyền nhiễm, nghiên cứu sản xuất vắc xin, sinh phẩm y tế.  
3. Hỗ trợ, khuyến khích nghiên cứu khoa học, trao đổi và đào tạo chuyên gia, 

chuyển giao kỹ thuật trong phòng, chống bệnh truyền nhiễm. 
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4. Hỗ trợ điều trị, chăm sóc người mắc bệnh truyền nhiễm do rủi ro nghề nghiệp 
và trong các trường hợp cần thiết khác. 

5. Hỗ trợ thiệt hại đối với việc tiêu hủy gia súc, gia cầm mang tác nhân gây bệnh 
truyền nhiễm theo quy định của pháp luật. 

6. Huy động sự đóng góp về tài chính, kỹ thuật và nhân lực của toàn xã hội trong 
phòng, chống bệnh truyền nhiễm. 

7. Mở rộng hợp tác với các tổ chức quốc tế, các nước trong khu vực và trên thế 
giới trong phòng, chống bệnh truyền nhiễm.  

Điều 6. Cơ quan quản lý nhà nước về phòng, chống bệnh truyền nhiễm 
1. Chính phủ thống nhất quản lý nhà nước về công tác phòng, chống bệnh truyền 

nhiễm trong phạm vi cả nước. 
2. Bộ Y tế chịu trách nhiệm trước Chính phủ thực hiện quản lý nhà nước về công 

tác phòng, chống bệnh truyền nhiễm trong phạm vi cả nước. 
3. Các bộ, cơ quan ngang bộ trong phạm vi nhiệm vụ, quyền hạn của mình có 

trách nhiệm phối hợp với Bộ Y tế trong việc thực hiện quản lý nhà nước về công tác 
phòng, chống bệnh truyền nhiễm. 

4. Uỷ ban nhân dân các cấp thực hiện quản lý nhà nước về công tác phòng, chống 
bệnh truyền nhiễm theo phân cấp của Chính phủ. 

Điều 7. Trách nhiệm của cơ quan, tổ chức, cá nhân trong phòng, chống bệnh 
truyền nhiễm 

1. Cơ quan, tổ chức, đơn vị vũ trang nhân dân trong phạm vi nhiệm vụ, quyền hạn 
được giao có trách nhiệm xây dựng và tổ chức thực hiện kế hoạch về phòng, chống 
bệnh truyền nhiễm; phối hợp chặt chẽ, hỗ trợ lẫn nhau khi có dịch xảy ra và tuân thủ, 
chấp hành sự chỉ đạo, điều hành của Ban chỉ đạo chống dịch. 

2. Mặt trận Tổ quốc Việt Nam và các tổ chức thành viên có trách nhiệm tuyên 
truyền, vận động nhân dân tham gia phòng, chống bệnh truyền nhiễm; tham gia giám 
sát việc thực hiện pháp luật về phòng, chống bệnh truyền nhiễm. 

3. Cơ quan, tổ chức, cá nhân trong nước và nước ngoài tại Việt Nam có trách 
nhiệm tham gia phòng, chống bệnh truyền nhiễm theo quy định của Luật này. 

Điều 8. Những hành vi bị nghiêm cấm 
1. Cố ý làm lây lan tác nhân gây bệnh truyền nhiễm.  
2. Người mắc bệnh truyền nhiễm, người bị nghi ngờ mắc bệnh truyền nhiễm và 

người mang mầm bệnh truyền nhiễm làm các công việc dễ lây truyền tác nhân gây 
bệnh truyền nhiễm theo quy định của pháp luật. 

3. Che giấu, không khai báo hoặc khai báo không kịp thời các trường hợp mắc 
bệnh truyền nhiễm theo quy định của pháp luật. 

4. Cố ý khai báo, thông tin sai sự thật về bệnh truyền nhiễm. 



278 
 

5. Phân biệt đối xử và đưa hình ảnh, thông tin tiêu cực về người mắc bệnh truyền 
nhiễm. 

6. Không triển khai hoặc triển khai không kịp thời các biện pháp phòng, chống 
bệnh truyền nhiễm theo quy định của Luật này. 

7. Không chấp hành các biện pháp phòng, chống bệnh truyền nhiễm theo yêu cầu 
của cơ quan, tổ chức có thẩm quyền. 

Chương II 
PHÒNG BỆNH TRUYỀN NHIỄM 

Mục 1 
THÔNG TIN, GIÁO DỤC, TRUYỀN THÔNG VỀ PHÒNG, CHỐNG 

BỆNH TRUYỀN NHIỄM 
Điều 9. Nội dung thông tin, giáo dục, truyền thông về phòng, chống bệnh 

truyền nhiễm 
1. Đường lối, chủ trương của Đảng, chính sách, pháp luật của Nhà nước về phòng, 

chống bệnh truyền nhiễm. 
2. Nguyên nhân, đường lây truyền, cách nhận biết bệnh và các biện pháp phòng, 

chống bệnh truyền nhiễm. 
3. Hậu quả của bệnh truyền nhiễm đối với sức khoẻ, tính mạng con người và phát 

triển kinh tế - xã hội của đất nước. 
4. Trách nhiệm của cơ quan, tổ chức, cá nhân trong phòng, chống bệnh truyền 

nhiễm. 
Điều 10. Đối tượng của thông tin, giáo dục, truyền thông về phòng, chống 

bệnh truyền nhiễm 
1. Mọi người đều được tiếp cận với thông tin, giáo dục, truyền thông về phòng, 

chống bệnh truyền nhiễm. 
2. Người mắc bệnh truyền nhiễm, người bị nghi ngờ mắc bệnh truyền nhiễm, 

người mang mầm bệnh truyền nhiễm, những người trong gia đình họ và các đối tượng 
trong vùng có dịch, vùng có nguy cơ dịch được ưu tiên tiếp cận thông tin, giáo dục, 
truyền thông về phòng, chống bệnh truyền nhiễm. 

Điều 11. Yêu cầu của thông tin, giáo dục, truyền thông về phòng, chống bệnh 
truyền nhiễm 

1. Chính xác, rõ ràng, dễ hiểu, thiết thực, kịp thời. 
2. Phù hợp với đối tượng, truyền thống văn hoá, dân tộc, đạo đức xã hội, tôn giáo, 

tín ngưỡng và phong tục tập quán.  
Điều 12. Trách nhiệm thông tin, giáo dục, truyền thông về phòng, chống bệnh 

truyền nhiễm 
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1. Cơ quan, tổ chức, đơn vị vũ trang nhân dân trong phạm vi nhiệm vụ, quyền hạn 
của mình có trách nhiệm thông tin, giáo dục, truyền thông về phòng, chống bệnh truyền 
nhiễm. 

2. Bộ Y tế có trách nhiệm chủ trì, phối hợp với các cơ quan có liên quan trong 
việc cung cấp chính xác và kịp thời thông tin về bệnh truyền nhiễm. 

3. Bộ Thông tin và Truyền thông có trách nhiệm chỉ đạo các cơ quan thông tin đại 
chúng thường xuyên thông tin, truyền thông về phòng, chống bệnh truyền nhiễm, lồng 
ghép chương trình phòng, chống bệnh truyền nhiễm với các chương trình thông tin, 
truyền thông khác. 

4. Bộ Giáo dục và Đào tạo có trách nhiệm chủ trì, phối hợp với Bộ Y tế, Bộ Lao 
động, Thương binh và Xã hội, các bộ, cơ quan ngang bộ có liên quan xây dựng nội 
dung giáo dục phòng, chống bệnh truyền nhiễm kết hợp với các nội dung giáo dục 
khác.  

5. Uỷ ban nhân dân các cấp có trách nhiệm chỉ đạo, tổ chức thực hiện công tác 
thông tin, giáo dục, truyền thông về phòng, chống bệnh truyền nhiễm cho nhân dân địa 
phương. 

6. Các cơ quan thông tin đại chúng có trách nhiệm ưu tiên về thời điểm, thời lượng 
phát sóng để thông tin, giáo dục, truyền thông về phòng, chống bệnh truyền nhiễm trên 
đài phát thanh, đài truyền hình; dung lượng và vị trí đăng trên báo in, báo hình, báo 
điện tử theo quy định của Bộ Thông tin và Truyền thông. Việc thông tin, giáo dục, 
truyền thông về phòng, chống bệnh truyền nhiễm trên các phương tiện thông tin đại 
chúng không thu phí, trừ trường hợp thực hiện theo hợp đồng riêng với chương trình, 
dự án hoặc do tổ chức, cá nhân trong nước, nước ngoài tài trợ.  

Mục 2 
VỆ SINH PHÒNG BỆNH TRUYỀN NHIỄM 

Điều 13. Vệ sinh phòng bệnh truyền nhiễm trong các cơ sở giáo dục thuộc hệ 
thống giáo dục quốc dân 

1. Cơ sở giáo dục phải xây dựng ở nơi cao ráo, sạch sẽ, xa nơi ô nhiễm, đủ nước 
sinh hoạt, công trình vệ sinh; phòng học phải thông thoáng, đủ ánh sáng; thực phẩm sử 
dụng trong cơ sở giáo dục phải bảo đảm chất lượng vệ sinh an toàn. 

2. Cơ sở giáo dục có trách nhiệm giáo dục cho người học về vệ sinh phòng bệnh 
truyền nhiễm bao gồm vệ sinh cá nhân, vệ sinh trong sinh hoạt, lao động và vệ sinh 
môi trường. 

3. Đơn vị y tế của cơ sở giáo dục chịu trách nhiệm tuyên truyền về vệ sinh phòng 
bệnh; kiểm tra, giám sát vệ sinh môi trường, an toàn vệ sinh thực phẩm và triển khai 
thực hiện các biện pháp phòng, chống bệnh truyền nhiễm. 

4. Bộ trưởng Bộ Y tế ban hành quy chuẩn kỹ thuật quốc gia về vệ sinh phòng bệnh 
trong cơ sở giáo dục quy định tại khoản 1 Điều này. 

Điều 14. Vệ sinh trong cung cấp nước sạch, vệ sinh nguồn nước sinh hoạt 
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1. Nước sạch phải bảo đảm quy chuẩn kỹ thuật quốc gia theo quy định của Bộ 
trưởng Bộ Y tế. 

2. Cơ sở cung cấp nước sạch có trách nhiệm áp dụng các biện pháp kỹ thuật, giữ 
gìn vệ sinh môi trường, tự kiểm tra để bảo đảm chất lượng nước sạch. 

3. Cơ quan nhà nước có thẩm quyền về y tế có trách nhiệm thường xuyên kiểm 
tra chất lượng nước sạch do các cơ sở cung cấp; kiểm tra việc khám sức khỏe định kỳ 
cho người lao động làm việc tại các cơ sở cung cấp nước sạch. 

4. Uỷ ban nhân dân các cấp có trách nhiệm tổ chức thực hiện việc bảo vệ, giữ gìn 
vệ sinh, không để ô nhiễm nguồn nước sinh hoạt; tạo điều kiện cho việc cung cấp nước 
sạch. 

5. Cơ quan, tổ chức, cá nhân có trách nhiệm bảo vệ, giữ gìn vệ sinh, không để ô 
nhiễm nguồn nước sinh hoạt. 

Điều 15. Vệ sinh trong chăn nuôi, vận chuyển, giết mổ, tiêu hủy gia súc, gia 
cầm và động vật khác 

1. Việc chăn nuôi, vận chuyển, giết mổ, tiêu hủy gia súc, gia cầm và động vật 
khác phải bảo đảm vệ sinh, không gây ô nhiễm môi trường, nguồn nước sinh hoạt hoặc 
làm phát tán tác nhân gây bệnh truyền nhiễm. 

2. Cơ quan nhà nước có thẩm quyền về thú y chịu trách nhiệm hướng dẫn tổ chức, 
cá nhân thực hiện các biện pháp vệ sinh trong chăn nuôi, vận chuyển, giết mổ, tiêu hủy 
gia súc, gia cầm và động vật khác để tránh làm lây truyền bệnh cho người. 

Điều 16. Vệ sinh an toàn thực phẩm 
1. Tổ chức, cá nhân trồng trọt, chăn nuôi, thu hái, đánh bắt, sơ chế, chế biến, bao 

gói, bảo quản, vận chuyển, buôn bán thực phẩm có trách nhiệm bảo đảm cho thực phẩm 
không bị nhiễm tác nhân gây bệnh truyền nhiễm và thực hiện các quy định khác của 
pháp luật về vệ sinh an toàn thực phẩm. 

2. Người tiêu dùng có quyền được cung cấp thông tin về vệ sinh an toàn thực 
phẩm; có trách nhiệm thực hiện vệ sinh an toàn thực phẩm, thực hiện đầy đủ các hướng 
dẫn về vệ sinh an toàn thực phẩm, khai báo ngộ độc thực phẩm và bệnh truyền qua 
đường thực phẩm.  

3. Cơ quan nhà nước có thẩm quyền về vệ sinh an toàn thực phẩm có trách nhiệm 
hướng dẫn tổ chức, cá nhân thực hiện các biện pháp bảo đảm vệ sinh an toàn thực phẩm 
để phòng, chống bệnh truyền nhiễm. 

Điều 17. Vệ sinh trong xây dựng 
1. Công trình khi xây dựng phải tuân thủ các quy chuẩn kỹ thuật quốc gia về vệ 

sinh trong xây dựng theo quy định của Bộ trưởng Bộ Y tế. 
2. Dự án đầu tư xây dựng khu công nghiệp, khu đô thị, khu dân cư tập trung, cơ 

sở khám bệnh, chữa bệnh truyền nhiễm chỉ được xây dựng sau khi có thẩm định của 
cơ quan y tế có thẩm quyền về báo cáo đánh giá tác động sức khoẻ. 
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3. Cơ sở khám bệnh, chữa bệnh truyền nhiễm, các cơ sở có nguy cơ làm lây truyền 
tác nhân gây bệnh truyền nhiễm phải có khoảng cách an toàn về môi trường đối với 
khu dân cư, khu bảo tồn thiên nhiên theo quy định của Bộ trưởng Bộ Y tế. 

4. Cơ quan, tổ chức, cá nhân có trách nhiệm tổ chức thực hiện việc bảo đảm vệ 
sinh trong xây dựng.  

Điều 18. Vệ sinh trong việc quàn, ướp, mai táng, di chuyển thi thể, hài cốt 
1. Người tử vong phải được tổ chức mai táng chậm nhất là 48 giờ sau khi chết, 

trừ trường hợp thi thể được bảo quản theo quy định của Bộ trưởng Bộ Y tế; đối với 
người mắc bệnh truyền nhiễm hoặc bị nghi ngờ mắc bệnh truyền nhiễm thuộc nhóm A 
tử vong thì thi thể phải được diệt khuẩn và tổ chức mai táng trong thời hạn 24 giờ. 

2. Việc bảo quản, quàn, ướp, mai táng, di chuyển thi thể, hài cốt thực hiện theo 
quy định của Bộ trưởng Bộ Y tế. 

Điều 19. Các hoạt động khác trong vệ sinh phòng bệnh truyền nhiễm 
1. Cơ quan, tổ chức, cá nhân phải thực hiện biện pháp bảo đảm về vệ sinh nơi ở, 

nơi công cộng, nơi sản xuất, kinh doanh, phương tiện giao thông, xử lý chất thải công 
nghiệp, sinh hoạt và các biện pháp bảo đảm khác về vệ sinh theo quy định của pháp 
luật có liên quan để không làm phát sinh, lây lan bệnh truyền nhiễm. 

2. Mọi người có trách nhiệm thực hiện vệ sinh cá nhân để phòng bệnh truyền 
nhiễm. 

Mục 3 
GIÁM SÁT BỆNH TRUYỀN NHIỄM 

Điều 20. Hoạt động giám sát bệnh truyền nhiễm 
1. Giám sát các trường hợp mắc bệnh, bị nghi ngờ mắc bệnh và mang mầm bệnh 

truyền nhiễm. 
2. Giám sát tác nhân gây bệnh truyền nhiễm. 
3. Giám sát trung gian truyền bệnh. 
Điều 21. Nội dung giám sát bệnh truyền nhiễm 
1. Giám sát các trường hợp mắc bệnh, bị nghi ngờ mắc bệnh và mang mầm bệnh 

truyền nhiễm bao gồm thông tin về địa điểm, thời gian, các trường hợp mắc bệnh, tử 
vong; tình trạng bệnh; tình trạng miễn dịch; đặc điểm chủ yếu về dân số và các thông 
tin cần thiết khác. 

Trong trường hợp cần thiết, cơ quan y tế có thẩm quyền được lấy mẫu xét nghiệm 
ở người bị nghi ngờ mắc bệnh truyền nhiễm để giám sát. 

2. Giám sát tác nhân gây bệnh truyền nhiễm bao gồm các thông tin liên quan về 
chủng loại, đặc tính sinh học và phương thức lây truyền từ nguồn truyền nhiễm. 
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3. Giám sát trung gian truyền bệnh bao gồm các thông tin liên quan đến số lượng, 
mật độ, thành phần và mức độ nhiễm tác nhân gây bệnh truyền nhiễm của trung gian 
truyền bệnh. 

Điều 22. Báo cáo giám sát bệnh truyền nhiễm 
1. Báo cáo giám sát bệnh truyền nhiễm phải được gửi cho cơ quan nhà nước có 

thẩm quyền về y tế. Nội dung báo cáo giám sát bệnh truyền nhiễm bao gồm các thông 
tin quy định tại Điều 21 của Luật này. 

2. Báo cáo giám sát bệnh truyền nhiễm phải được thực hiện bằng văn bản; trong 
trường hợp khẩn cấp, có thể thực hiện việc báo cáo thông qua fax, thư điện tử, điện tín, 
điện thoại hoặc báo cáo trực tiếp và trong thời hạn 24 giờ phải gửi báo cáo bằng văn 
bản. 

3. Chế độ báo cáo giám sát bệnh truyền nhiễm bao gồm:  
a) Báo cáo định kỳ;  
b) Báo cáo nhanh; 
c) Báo cáo đột xuất.  
4. Cơ quan nhà nước có thẩm quyền về y tế khi nhận được báo cáo phải xử lý 

thông tin và thông báo cho cơ quan gửi báo cáo. 
5. Trong trường hợp xác định có dịch, cơ quan nhà nước có thẩm quyền về y tế 

phải báo cáo ngay với cơ quan nhà nước có thẩm quyền về y tế cấp trên và người có 
thẩm quyền công bố dịch. 

6. Bộ trưởng Bộ Y tế quy định cụ thể chế độ thông tin, báo cáo bệnh truyền nhiễm. 
Điều 23. Trách nhiệm giám sát bệnh truyền nhiễm 
1. Uỷ ban nhân dân các cấp chỉ đạo, tổ chức thực hiện giám sát bệnh truyền nhiễm 

tại địa phương. 
2. Cơ quan nhà nước có thẩm quyền về y tế có trách nhiệm giúp Uỷ ban nhân dân 

cùng cấp trong việc chỉ đạo các cơ sở y tế giám sát bệnh truyền nhiễm.  
3. Cơ sở y tế có trách nhiệm thực hiện hoạt động giám sát bệnh truyền nhiễm. Khi 

phát hiện môi trường có tác nhân gây bệnh truyền nhiễm thuộc nhóm A, người mắc 
bệnh truyền nhiễm thuộc nhóm A, người bị nghi ngờ mắc bệnh truyền nhiễm thuộc 
nhóm A, người mang mầm bệnh truyền nhiễm thuộc nhóm A, cơ sở y tế phải thông 
báo cho cơ quan nhà nước có thẩm quyền về y tế, triển khai vệ sinh, khử trùng, tẩy uế 
và các biện pháp phòng, chống bệnh truyền nhiễm khác. 

4. Cơ quan, tổ chức, cá nhân khi phát hiện bệnh hoặc dấu hiệu bệnh truyền nhiễm 
có trách nhiệm thông báo cho Ủy ban nhân dân, cơ quan chuyên môn y tế hoặc cơ sở 
y tế nơi gần nhất.  

5. Trong quá trình thực hiện giám sát bệnh truyền nhiễm, cơ sở xét nghiệm có 
trách nhiệm thực hiện việc xét nghiệm theo yêu cầu của cơ quan y tế có thẩm quyền.  
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6. Bộ trưởng Bộ Y tế ban hành quy định chuyên môn kỹ thuật trong giám sát bệnh 
truyền nhiễm. 

7. Bộ Nông nghiệp và Phát triển nông thôn, Bộ Tài nguyên và Môi trường và các 
bộ, cơ quan ngang bộ khác khi thực hiện nhiệm vụ, quyền hạn thuộc phạm vi quản lý 
nhà nước của mình, nếu phát hiện tác nhân gây bệnh truyền nhiễm thì có trách nhiệm 
phối hợp với Bộ Y tế trong hoạt động giám sát. 

Mục 4 
AN TOÀN SINH HỌC TRONG XÉT NGHIỆM 

Điều 24. Bảo đảm an toàn sinh học tại phòng xét nghiệm 
1. Phòng xét nghiệm phải bảo đảm các điều kiện an toàn sinh học phù hợp với 

từng cấp độ và chỉ được tiến hành xét nghiệm trong phạm vi chuyên môn sau khi được 
cơ quan nhà nước có thẩm quyền về y tế cấp giấy chứng nhận đạt tiêu chuẩn an toàn 
sinh học.  

2. Chính phủ quy định cụ thể về bảo đảm an toàn sinh học tại phòng xét nghiệm. 
Điều 25. Quản lý mẫu bệnh phẩm 
1. Việc thu thập, vận chuyển, bảo quản, lưu giữ, sử dụng, nghiên cứu, trao đổi và 

tiêu hủy mẫu bệnh phẩm liên quan đến tác nhân gây bệnh truyền nhiễm phải tuân thủ 
quy định về chế độ quản lý mẫu bệnh phẩm. 

2. Chỉ cơ sở có đủ điều kiện mới được bảo quản, lưu giữ, sử dụng, nghiên cứu, 
trao đổi và tiêu hủy mẫu bệnh phẩm của bệnh truyền nhiễm thuộc nhóm A. 

3. Bộ trưởng Bộ Y tế quy định cụ thể chế độ quản lý mẫu bệnh phẩm và điều kiện 
của cơ sở quản lý mẫu bệnh phẩm quy định tại khoản 1 và khoản 2 Điều này.  

Điều 26. Bảo vệ người làm việc trong phòng xét nghiệm 
1. Người làm việc trong phòng xét nghiệm tiếp xúc với tác nhân gây bệnh truyền 

nhiễm phải được đào tạo về kiến thức chuyên môn, kỹ năng thực hành và trang bị 
phòng hộ cá nhân để phòng lây nhiễm tác nhân gây bệnh truyền nhiễm. 

2. Người làm việc trong phòng xét nghiệm tiếp xúc với tác nhân gây bệnh truyền 
nhiễm phải chấp hành các quy trình chuyên môn kỹ thuật trong xét nghiệm. 

Mục 5 
SỬ DỤNG VẮC XIN, SINH PHẨM Y TẾ PHÒNG BỆNH 

Điều 27. Nguyên tắc sử dụng vắc xin, sinh phẩm y tế 
1. Vắc xin, sinh phẩm y tế được sử dụng phải bảo đảm các điều kiện quy định tại 

Điều 36 của Luật dược.  
2. Vắc xin, sinh phẩm y tế được sử dụng theo hình thức tự nguyện hoặc bắt buộc. 
3. Vắc xin, sinh phẩm y tế phải được sử dụng đúng mục đích, đối tượng, thời gian, 

chủng loại và quy trình kỹ thuật sử dụng. 
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4. Vắc xin, sinh phẩm y tế phải được sử dụng tại các cơ sở y tế có đủ điều kiện.  
Điều 28. Sử dụng vắc xin, sinh phẩm y tế tự nguyện  
1. Mọi người có quyền sử dụng vắc xin, sinh phẩm y tế để bảo vệ sức khoẻ cho 

mình và cho cộng đồng. 
2. Nhà nước hỗ trợ và khuyến khích công dân tự nguyện sử dụng vắc xin, sinh 

phẩm y tế.  
3. Thầy thuốc, nhân viên y tế trực tiếp tham gia chăm sóc, điều trị cho người mắc 

bệnh truyền nhiễm, người làm việc trong phòng xét nghiệm tiếp xúc với tác nhân gây 
bệnh truyền nhiễm được sử dụng miễn phí vắc xin, sinh phẩm y tế. 

Điều 29. Sử dụng vắc xin, sinh phẩm y tế bắt buộc  
1. Người có nguy cơ mắc bệnh truyền nhiễm tại vùng có dịch và đến vùng có dịch 

bắt buộc phải sử dụng vắc xin, sinh phẩm y tế đối với các bệnh có vắc xin, sinh phẩm 
y tế phòng bệnh. 

2. Trẻ em, phụ nữ có thai phải sử dụng vắc xin, sinh phẩm y tế bắt buộc đối với 
các bệnh truyền nhiễm thuộc Chương trình tiêm chủng mở rộng.  

3. Cha, mẹ hoặc người giám hộ của trẻ em và mọi người dân có trách nhiệm thực 
hiện yêu cầu của cơ sở y tế có thẩm quyền trong việc sử dụng vắc xin, sinh phẩm y tế 
bắt buộc. 

4. Miễn phí sử dụng vắc xin, sinh phẩm y tế bắt buộc trong các trường hợp sau: 
a) Người có nguy cơ mắc bệnh truyền nhiễm tại vùng có dịch; 
b) Người được cơ quan nhà nước có thẩm quyền cử đến vùng có dịch; 
c) Các đối tượng quy định tại khoản 2 Điều này. 
Điều 30. Trách nhiệm trong việc tổ chức sử dụng vắc xin, sinh phẩm y tế 
1. Nhà nước có trách nhiệm bảo đảm kinh phí cho việc sử dụng vắc xin, sinh phẩm 

y tế quy định tại khoản 3 Điều 28 và khoản 4 Điều 29 của Luật này. 
2. Bộ trưởng Bộ Y tế có trách nhiệm: 
a) Ban hành danh mục bệnh truyền nhiễm phải sử dụng vắc xin, sinh phẩm y tế 

bắt buộc quy định tại khoản 1 Điều 29 của Luật này; 
b) Tổ chức triển khai Chương trình tiêm chủng mở rộng và quy định danh mục 

bệnh truyền nhiễm phải sử dụng vắc xin, sinh phẩm y tế bắt buộc, độ tuổi trẻ em thuộc 
đối tượng của Chương trình tiêm chủng mở rộng quy định tại khoản 2 Điều 29 của Luật 
này; 

c) Quy định phạm vi và đối tượng phải sử dụng vắc xin, sinh phẩm y tế bắt buộc 
tuỳ theo tình hình dịch; 

d) Quy định việc sử dụng vắc xin, sinh phẩm y tế quy định tại khoản 3 Điều 27 
của Luật này; điều kiện của cơ sở y tế quy định tại khoản 4 Điều 27 của Luật này; 
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đ) Quy định việc thành lập, tổ chức và hoạt động của Hội đồng tư vấn chuyên 
môn để xem xét nguyên nhân khi có tai biến trong quá trình sử dụng vắc xin, sinh phẩm 
y tế quy định tại khoản 5 và khoản 6 Điều này. 

3. Uỷ ban nhân dân tỉnh, thành phố trực thuộc trung ương (sau đây gọi là Uỷ ban 
nhân dân cấp tỉnh) có trách nhiệm chỉ đạo việc tổ chức triển khai tiêm chủng, sử dụng 
vắc xin, sinh phẩm y tế. 

4. Cơ sở y tế có trách nhiệm thực hiện việc tiêm chủng, sử dụng vắc xin, sinh 
phẩm y tế trong phạm vi chuyên môn theo quy định của Bộ trưởng Bộ Y tế. 

5. Tổ chức, cá nhân sản xuất, kinh doanh, bảo quản vắc xin, sinh phẩm y tế và 
người làm công tác tiêm chủng, sử dụng vắc xin, sinh phẩm y tế có lỗi trong việc sản 
xuất, kinh doanh, bảo quản, sử dụng vắc xin, sinh phẩm y tế thì phải chịu trách nhiệm 
về hành vi vi phạm của mình gây ra tai biến cho người được sử dụng vắc xin, sinh 
phẩm y tế theo quy định của pháp luật. 

6. Khi thực hiện tiêm chủng mở rộng, nếu xảy ra tai biến ảnh hưởng nghiêm trọng 
đến sức khỏe hoặc gây thiệt hại đến tính mạng của người được tiêm chủng, Nhà nước 
có trách nhiệm bồi thường cho người bị thiệt hại. Trường hợp xác định được lỗi thuộc 
về tổ chức, cá nhân sản xuất, kinh doanh, bảo quản vắc xin, sinh phẩm y tế hoặc người 
làm công tác tiêm chủng thì tổ chức, cá nhân này phải bồi hoàn cho Nhà nước theo quy 
định của pháp luật. 

Mục 6 
PHÒNG LÂY NHIỄM BỆNH TRUYỀN NHIỄM TẠI CƠ SỞ KHÁM 

BỆNH, CHỮA BỆNH 
Điều 31. Biện pháp phòng lây nhiễm bệnh truyền nhiễm tại cơ sở khám bệnh, 

chữa bệnh 
1. Cách ly người mắc bệnh truyền nhiễm.  
2. Diệt khuẩn, khử trùng môi trường và xử lý chất thải tại cơ sở khám bệnh, chữa 

bệnh. 
3. Phòng hộ cá nhân, vệ sinh cá nhân. 
4. Các biện pháp chuyên môn khác theo quy định của pháp luật. 
Điều 32. Trách nhiệm của cơ sở khám bệnh, chữa bệnh trong phòng lây 

nhiễm bệnh truyền nhiễm 
1. Thực hiện các biện pháp cách ly phù hợp theo từng nhóm bệnh; chăm sóc toàn 

diện người mắc bệnh truyền nhiễm. Trường hợp người bệnh không thực hiện yêu cầu 
cách ly của cơ sở khám bệnh, chữa bệnh thì bị áp dụng biện pháp cưỡng chế cách ly 
theo quy định của Chính phủ. 

2. Tổ chức thực hiện các biện pháp diệt khuẩn, khử trùng môi trường và xử lý chất 
thải tại cơ sở khám bệnh, chữa bệnh. 
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3. Bảo đảm trang phục phòng hộ, điều kiện vệ sinh cá nhân cho thầy thuốc, nhân 
viên y tế, người bệnh và người nhà người bệnh. 

4. Theo dõi sức khỏe của thầy thuốc, nhân viên y tế trực tiếp tham gia chăm sóc, 
điều trị người mắc bệnh truyền nhiễm thuộc nhóm A.  

5. Thông báo thông tin liên quan đến người mắc bệnh truyền nhiễm cho cơ quan 
y tế dự phòng cùng cấp. 

6. Thực hiện các biện pháp chuyên môn khác theo quy định của pháp luật. 
Điều 33. Trách nhiệm của thầy thuốc và nhân viên y tế trong phòng lây nhiễm 

bệnh truyền nhiễm tại cơ sở khám bệnh, chữa bệnh 
1. Thực hiện các biện pháp phòng lây nhiễm bệnh truyền nhiễm quy định tại Điều 

31 của Luật này. 
2. Tư vấn về các biện pháp phòng, chống bệnh truyền nhiễm cho người bệnh và 

người nhà người bệnh. 
3. Giữ bí mật thông tin liên quan đến người bệnh. 
Điều 34. Trách nhiệm của người bệnh, người nhà người bệnh trong phòng 

lây nhiễm bệnh truyền nhiễm tại cơ sở khám bệnh, chữa bệnh 
1. Người bệnh có trách nhiệm: 
a) Khai báo trung thực diễn biến bệnh; 
b) Tuân thủ chỉ định, hướng dẫn của thầy thuốc, nhân viên y tế và nội quy, quy 

chế của cơ sở khám bệnh, chữa bệnh; 
c) Đối với người mắc bệnh truyền nhiễm thuộc nhóm A ngay sau khi xuất viện 

phải đăng ký theo dõi sức khỏe với y tế xã, phường, thị trấn nơi cư trú. 
2. Người nhà người bệnh có trách nhiệm thực hiện chỉ định, hướng dẫn của thầy 

thuốc, nhân viên y tế và nội quy, quy chế của cơ sở khám bệnh, chữa bệnh. 
Chương III 

KIỂM DỊCH Y TẾ BIÊN GIỚI 
Điều 35. Đối tượng và địa điểm kiểm dịch y tế biên giới 
1. Đối tượng phải kiểm dịch y tế biên giới bao gồm: 
a) Người nhập cảnh, xuất cảnh, quá cảnh Việt Nam; 
b) Phương tiện vận tải nhập cảnh, xuất cảnh, quá cảnh Việt Nam; 
c) Hàng hoá nhập khẩu, xuất khẩu, quá cảnh Việt Nam; 
d) Thi thể, hài cốt, mẫu vi sinh y học, sản phẩm sinh học, mô, bộ phận cơ thể 

người vận chuyển qua biên giới Việt Nam. 
2. Kiểm dịch y tế biên giới được thực hiện tại các cửa khẩu.  
Điều 36. Nội dung kiểm dịch y tế biên giới  
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1. Các đối tượng phải kiểm dịch y tế biên giới quy định tại khoản 1 Điều 35 của 
Luật này phải được khai báo y tế. 

2. Kiểm tra y tế bao gồm kiểm tra giấy tờ liên quan đến y tế và kiểm tra thực tế. 
Kiểm tra thực tế được tiến hành trong trường hợp đối tượng xuất phát hoặc đi qua vùng 
có dịch hoặc bị nghi ngờ mắc bệnh hoặc mang tác nhân gây bệnh truyền nhiễm. 

3. Xử lý y tế được thực hiện khi đã tiến hành kiểm tra y tế và phát hiện đối tượng 
phải kiểm dịch y tế có dấu hiệu mang mầm bệnh truyền nhiễm thuộc nhóm A. Trường 
hợp nhận được khai báo của chủ phương tiện vận tải hoặc có bằng chứng rõ ràng cho 
thấy trên phương tiện vận tải, người, hàng hoá có dấu hiệu mang mầm bệnh truyền 
nhiễm thuộc nhóm A thì phương tiện vận tải, người, hàng hoá trên phương tiện đó phải 
được cách ly để kiểm tra y tế trước khi làm thủ tục nhập cảnh, nhập khẩu, quá cảnh; 
nếu không thực hiện yêu cầu cách ly của tổ chức kiểm dịch y tế biên giới thì bị áp dụng 
biện pháp cưỡng chế cách ly. 

4. Giám sát bệnh truyền nhiễm được thực hiện tại khu vực cửa khẩu theo quy định 
tại Mục 3 Chương II của Luật này. 

Điều 37. Trách nhiệm trong việc thực hiện kiểm dịch y tế biên giới 
1. Đối tượng quy định tại điểm a khoản 1 Điều 35, chủ phương tiện hoặc người 

quản lý đối tượng quy định tại các điểm b, c và d khoản 1 Điều 35 của Luật này phải 
thực hiện việc khai báo y tế; chấp hành các biện pháp giám sát, kiểm tra, xử lý y tế và 
nộp phí kiểm dịch y tế theo quy định của pháp luật. 

2. Tổ chức kiểm dịch y tế biên giới có trách nhiệm tổ chức thực hiện nội dung 
kiểm dịch y tế quy định tại Điều 36 của Luật này và cấp giấy chứng nhận xử lý y tế. 

3. Các cơ quan chức năng tại cửa khẩu có trách nhiệm phối hợp với tổ chức kiểm 
dịch y tế biên giới trong việc thực hiện kiểm dịch y tế biên giới. 

4. Cơ quan nhà nước có thẩm quyền có trách nhiệm phối hợp với các cơ quan hữu 
quan của các nước, các tổ chức quốc tế trong công tác phòng, chống bệnh truyền nhiễm 
tại khu vực biên giới. 

5. Chính phủ quy định chi tiết về kiểm dịch y tế biên giới. 
Chương IV 

CHỐNG DỊCH 
Mục 1 

CÔNG BỐ DỊCH 
Điều 38. Nguyên tắc, thẩm quyền, thời hạn và điều kiện công bố dịch 
1. Việc công bố dịch được thực hiện theo nguyên tắc sau đây: 
a) Mọi trường hợp có dịch đều phải được công bố; 
b) Việc công bố dịch và hết dịch phải công khai, chính xác, kịp thời và đúng thẩm 

quyền. 
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2. Thẩm quyền công bố dịch được quy định như sau: 
a) Chủ tịch Uỷ ban nhân dân cấp tỉnh công bố dịch theo đề nghị của Giám đốc Sở 

Y tế đối với bệnh truyền nhiễm thuộc nhóm B và nhóm C; 
b) Bộ trưởng Bộ Y tế công bố dịch theo đề nghị của Chủ tịch Uỷ ban nhân dân 

cấp tỉnh đối với bệnh truyền nhiễm thuộc nhóm A và đối với một số bệnh truyền nhiễm 
thuộc nhóm B khi có từ hai tỉnh, thành phố trực thuộc trung ương trở lên đã công bố 
dịch;  

c) Thủ tướng Chính phủ công bố dịch theo đề nghị của Bộ trưởng Bộ Y tế đối với 
bệnh truyền nhiễm thuộc nhóm A khi dịch lây lan nhanh từ tỉnh này sang tỉnh khác, 
ảnh hưởng nghiêm trọng đến tính mạng, sức khỏe con người. 

3. Trong thời hạn 24 giờ, kể từ khi nhận được đề nghị công bố dịch, người có 
thẩm quyền quy định tại khoản 2 Điều này quyết định việc công bố dịch. 

4. Thủ tướng Chính phủ quy định cụ thể điều kiện công bố dịch. 
Điều 39. Nội dung công bố dịch  
1. Nội dung công bố dịch gồm: 
a) Tên bệnh dịch; 
b) Thời gian, địa điểm và quy mô xảy ra dịch;  
c) Nguyên nhân, đường lây truyền, tính chất, mức độ nguy hiểm của dịch; 
d) Các biện pháp phòng, chống dịch; 
đ) Các cơ sở khám bệnh, chữa bệnh thực hiện việc tiếp nhận, điều trị người mắc 

bệnh truyền nhiễm. 
2. Các nội dung quy định tại khoản 1 Điều này phải được thông báo kịp thời cho 

cơ quan, tổ chức, cá nhân có liên quan để triển khai các biện pháp chống dịch.  
Điều 40. Điều kiện và thẩm quyền công bố hết dịch  
1. Điều kiện để công bố hết dịch bao gồm: 
a) Không phát hiện thêm trường hợp mắc bệnh mới sau khoảng thời gian nhất 

định và đáp ứng các điều kiện khác đối với từng bệnh dịch theo quy định của Thủ tướng 
Chính phủ; 

b) Đã thực hiện các biện pháp chống dịch quy định tại Mục 3 Chương IV của Luật 
này. 

2. Người có thẩm quyền công bố dịch có quyền công bố hết dịch theo đề nghị của 
cơ quan có thẩm quyền quy định tại khoản 2 Điều 38 của Luật này. 

Điều 41. Đưa tin về tình hình dịch 
Các cơ quan thông tin đại chúng có trách nhiệm đưa tin chính xác, kịp thời và 

trung thực về tình hình sau khi dịch đã được công bố và công bố hết dịch theo đúng 
nội dung do cơ quan nhà nước có thẩm quyền về y tế cung cấp. 
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Mục 2 
BAN BỐ TÌNH TRẠNG KHẨN CẤP VỀ DỊCH 

Điều 42. Nguyên tắc và thẩm quyền ban bố tình trạng khẩn cấp về dịch  
1. Việc ban bố tình trạng khẩn cấp về dịch được thực hiện theo nguyên tắc sau 

đây: 
a) Khi dịch lây lan nhanh trên diện rộng, đe dọa nghiêm trọng đến tính mạng, sức 

khỏe con người và kinh tế - xã hội của đất nước thì phải ban bố tình trạng khẩn cấp; 
b) Việc ban bố tình trạng khẩn cấp phải công khai, chính xác, kịp thời và đúng 

thẩm quyền. 
2. Uỷ ban thường vụ Quốc hội ra nghị quyết ban bố tình trạng khẩn cấp theo đề 

nghị của Thủ tướng Chính phủ; trong trường hợp Uỷ ban thường vụ Quốc hội không 
thể họp ngay được thì Chủ tịch nước ra lệnh ban bố tình trạng khẩn cấp. 

Điều 43. Nội dung ban bố tình trạng khẩn cấp khi có dịch 
1. Lý do ban bố tình trạng khẩn cấp. 
2. Địa bàn trong tình trạng khẩn cấp. 
3. Ngày, giờ bắt đầu tình trạng khẩn cấp. 
4. Thẩm quyền tổ chức thi hành nghị quyết hoặc lệnh ban bố tình trạng khẩn cấp. 
Điều 44. Thẩm quyền bãi bỏ tình trạng khẩn cấp khi hết dịch 
Theo đề nghị của Thủ tướng Chính phủ, Uỷ ban thường vụ Quốc hội ra nghị quyết 

hoặc Chủ tịch nước ra lệnh bãi bỏ tình trạng khẩn cấp do mình ban bố khi dịch đã được 
chặn đứng hoặc dập tắt.  

Điều 45. Đưa tin trong tình trạng khẩn cấp về dịch 
1. Thông tấn xã Việt Nam, Đài Tiếng nói Việt Nam, Đài Truyền hình Việt Nam, 

Báo Nhân dân, Báo Quân đội nhân dân có trách nhiệm đăng ngay toàn văn nghị quyết 
của Uỷ ban thường vụ Quốc hội hoặc lệnh của Chủ tịch nước ban bố tình trạng khẩn 
cấp về dịch, các quyết định của Thủ tướng Chính phủ tổ chức thi hành nghị quyết của 
Uỷ ban thường vụ Quốc hội hoặc lệnh của Chủ tịch nước ban bố tình trạng khẩn cấp 
về dịch; đưa tin kịp thời về các biện pháp đã được áp dụng tại địa bàn có tình trạng 
khẩn cấp và tình hình khắc phục hậu quả dịch; đăng toàn văn nghị quyết của Uỷ ban 
thường vụ Quốc hội hoặc lệnh của Chủ tịch nước bãi bỏ tình trạng khẩn cấp về dịch. 

Nghị quyết của Uỷ ban thường vụ Quốc hội hoặc lệnh của Chủ tịch nước ban bố 
hoặc bãi bỏ tình trạng khẩn cấp về dịch được niêm yết công khai tại trụ sở cơ quan, tổ 
chức và nơi công cộng. 

2. Các phương tiện thông tin đại chúng khác ở trung ương và địa phương có trách 
nhiệm đưa tin về việc ban bố, bãi bỏ tình trạng khẩn cấp về dịch và quá trình khắc phục 
hậu quả dịch. 

Mục 3 
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CÁC BIỆN PHÁP CHỐNG DỊCH 
Điều 46. Thành lập Ban chỉ đạo chống dịch 
1. Ban chỉ đạo chống dịch được thành lập ngay sau khi dịch được công bố.  
2. Thành phần Ban chỉ đạo chống dịch được quy định như sau: 
a) Ban chỉ đạo chống dịch quốc gia gồm đại diện của cơ quan y tế, tài chính, thông 

tin - truyền thông, ngoại giao, quốc phòng, công an và các cơ quan liên quan khác. Căn 
cứ vào phạm vi địa bàn được công bố dịch và tính chất của dịch, Thủ tướng có thể tự 
mình hoặc chỉ định một Phó Thủ tướng hoặc Bộ trưởng Bộ Y tế làm Trưởng Ban chỉ 
đạo. Bộ Y tế là thường trực của Ban chỉ đạo; 

b) Ban chỉ đạo chống dịch cấp tỉnh, cấp huyện, cấp xã gồm đại diện của cơ quan 
y tế, tài chính, thông tin - truyền thông, quân đội, công an và các cơ quan liên quan 
khác. Trưởng ban chỉ đạo chống dịch là Chủ tịch Uỷ ban nhân dân cùng cấp. Cơ quan 
y tế cùng cấp là thường trực của Ban chỉ đạo. 

3. Ban chỉ đạo chống dịch có nhiệm vụ tổ chức thực hiện các biện pháp chống 
dịch và khắc phục hậu quả của dịch, thành lập đội chống dịch cơ động để trực tiếp thực 
hiện nhiệm vụ cấp cứu, điều trị và xử lý ổ dịch.  

4. Thủ tướng Chính phủ quy định cụ thể về thẩm quyền thành lập, tổ chức và hoạt 
động của Ban chỉ đạo chống dịch các cấp. 

Điều 47. Khai báo, báo cáo dịch  
1. Khi có dịch, người mắc bệnh dịch hoặc người phát hiện trường hợp mắc bệnh 

dịch hoặc nghi ngờ mắc bệnh dịch phải khai báo cho cơ quan y tế gần nhất trong thời 
gian 24 giờ, kể từ khi phát hiện bệnh dịch. 

2. Khi phát hiện trường hợp mắc bệnh dịch hoặc nhận được khai báo bệnh dịch, 
cơ quan y tế phải báo cáo cho Uỷ ban nhân dân nơi xảy ra dịch và cơ sở y tế dự phòng 
để khẩn trương tổ chức triển khai các biện pháp chống dịch. 

3. Bộ trưởng Bộ Y tế quy định cụ thể chế độ khai báo, báo cáo dịch. 
Điều 48. Tổ chức cấp cứu, khám bệnh, chữa bệnh 
Ban chỉ đạo chống dịch chỉ đạo việc áp dụng các biện pháp sau đây để tổ chức 

cấp cứu, khám bệnh, chữa bệnh cho người mắc bệnh dịch và người bị nghi ngờ mắc 
bệnh dịch: 

1. Phân loại, sơ cứu, cấp cứu kịp thời người mắc bệnh dịch theo hướng dẫn chẩn 
đoán, điều trị của Bộ Y tế; 

2. Huy động phương tiện, thuốc, thiết bị y tế, giường bệnh, cơ sở khám bệnh, chữa 
bệnh và bố trí cán bộ y tế chuyên môn trực 24/24 giờ để sẵn sàng cấp cứu, khám bệnh, 
chữa bệnh phục vụ chống dịch. Người mắc bệnh dịch thuộc nhóm A được khám và 
điều trị miễn phí; 

3. Căn cứ vào tính chất, mức độ và quy mô của bệnh dịch, Ban chỉ đạo chống dịch 
quyết định áp dụng các biện pháp sau đây: 
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a) Tổ chức các cơ sở điều trị tại vùng có dịch để tiếp nhận, cấp cứu người mắc 
bệnh dịch; 

b) Điều động đội chống dịch cơ động vào vùng có dịch để thực hiện việc phát 
hiện, cấp cứu và điều trị tại chỗ người mắc bệnh dịch; chuyển người mắc bệnh dịch về 
các cơ sở khám bệnh, chữa bệnh;  

c) Huy động các cơ sở khám bệnh, chữa bệnh tham gia cấp cứu, khám bệnh, chữa 
bệnh phục vụ chống dịch; 

d) Áp dụng các biện pháp cần thiết khác theo quy định của pháp luật. 
Điều 49. Tổ chức cách ly y tế  
1. Người mắc bệnh dịch, người bị nghi ngờ mắc bệnh dịch, người mang mầm 

bệnh dịch, người tiếp xúc với tác nhân gây bệnh dịch thuộc nhóm A và một số bệnh 
thuộc nhóm B theo quy định của Bộ trưởng Bộ Y tế phải được cách ly. 

2. Hình thức cách ly bao gồm cách ly tại nhà, tại cơ sở khám bệnh, chữa bệnh 
hoặc tại các cơ sở, địa điểm khác.  

3. Cơ sở y tế trong vùng có dịch chịu trách nhiệm tổ chức thực hiện việc cách ly 
theo chỉ đạo của Trưởng ban chỉ đạo chống dịch. Trường hợp các đối tượng quy định 
tại khoản 1 Điều này không thực hiện yêu cầu cách ly của cơ sở y tế thì bị áp dụng biện 
pháp cưỡng chế cách ly theo quy định của Chính phủ. 

Điều 50. Vệ sinh, diệt trùng, tẩy uế trong vùng có dịch 
1. Các biện pháp vệ sinh, diệt trùng, tẩy uế bao gồm: 
a) Vệ sinh môi trường, nước, thực phẩm và vệ sinh cá nhân; 
b) Diệt trùng, tẩy uế khu vực được xác định hoặc nghi ngờ có tác nhân gây bệnh 

dịch; 
c) Tiêu hủy động vật, thực phẩm và các vật khác là trung gian truyền bệnh. 
2. Đội chống dịch cơ động có trách nhiệm thực hiện các biện pháp vệ sinh, diệt 

trùng, tẩy uế theo quy trình chuyên môn ngay sau khi được Ban chỉ đạo chống dịch yêu 
cầu. 

3. Cơ quan, tổ chức, cá nhân có trách nhiệm thực hiện các biện pháp vệ sinh, diệt 
trùng, tẩy uế theo hướng dẫn của cơ quan y tế có thẩm quyền; trường hợp không tự 
giác thực hiện thì cơ quan y tế có quyền áp dụng các biện pháp vệ sinh, diệt trùng, tẩy 
uế bắt buộc. 

Điều 51. Các biện pháp bảo vệ cá nhân  
1. Người tham gia chống dịch và người có nguy cơ mắc bệnh dịch phải thực hiện 

một hoặc một số biện pháp bảo vệ cá nhân sau đây:  
a) Trang bị bảo vệ cá nhân; 
b) Sử dụng thuốc phòng bệnh; 
c) Sử dụng vắc xin, sinh phẩm y tế để phòng bệnh; 
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d) Sử dụng hoá chất diệt khuẩn, hoá chất phòng trung gian truyền bệnh. 
2. Nhà nước bảo đảm cho người tham gia chống dịch thực hiện các biện pháp bảo 

vệ cá nhân quy định tại khoản 1 Điều này. 
Điều 52. Các biện pháp chống dịch khác trong thời gian có dịch  
1. Trong trường hợp cần thiết, cơ quan nhà nước có thẩm quyền có thể áp dụng 

các biện pháp chống dịch sau đây: 
a) Tạm đình chỉ hoạt động của cơ sở dịch vụ ăn uống công cộng có nguy cơ làm 

lây truyền bệnh dịch tại vùng có dịch; 
b) Cấm kinh doanh, sử dụng loại thực phẩm được cơ quan y tế có thẩm quyền xác 

định là trung gian truyền bệnh dịch; 
c) Hạn chế tập trung đông người hoặc tạm đình chỉ các hoạt động, dịch vụ tại nơi 

công cộng tại vùng có dịch.  
2. Chính phủ quy định cụ thể việc áp dụng các biện pháp quy định tại khoản 1 

Điều này. 
Điều 53. Kiểm soát ra, vào vùng có dịch đối với bệnh dịch thuộc nhóm A 
1. Các biện pháp kiểm soát ra, vào vùng có dịch đối với bệnh dịch thuộc nhóm A 

bao gồm: 
a) Hạn chế ra, vào vùng có dịch đối với người và phương tiện; trường hợp cần 

thiết phải kiểm tra, giám sát và xử lý y tế; 
b) Cấm đưa ra khỏi vùng có dịch những vật phẩm, động vật, thực vật, thực phẩm 

và hàng hóa khác có khả năng lây truyền bệnh dịch; 
c) Thực hiện các biện pháp bảo vệ cá nhân đối với người vào vùng có dịch quy 

định tại khoản 1 Điều 51 của Luật này; 
d) Các biện pháp cần thiết khác theo quy định của pháp luật. 
2. Trưởng Ban chỉ đạo chống dịch thành lập các chốt, trạm kiểm dịch tại các đầu 

mối giao thông ra, vào vùng có dịch để thực hiện các biện pháp quy định tại khoản 1 
Điều này. 

Điều 54. Các biện pháp được áp dụng trong tình trạng khẩn cấp về dịch 
1. Việc thành lập Ban chỉ đạo chống dịch trong tình trạng khẩn cấp thực hiện theo 

quy định tại điểm a khoản 2 Điều 46 của Luật này. 
2. Trong trường hợp ban bố tình trạng khẩn cấp về dịch, Trưởng Ban chỉ đạo có 

quyền: 
a) Huy động, trưng dụng các nguồn lực quy định tại Điều 55 của Luật này; 
b) Đặt biển báo hiệu, trạm gác và hướng dẫn việc đi lại tránh vùng có dịch; 
c) Yêu cầu kiểm tra và xử lý y tế đối với phương tiện vận tải trước khi ra khỏi 

vùng có dịch; 
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d) Cấm tập trung đông người và các hoạt động khác có nguy cơ làm lây truyền 
bệnh dịch tại vùng có dịch; 

đ) Cấm người, phương tiện không có nhiệm vụ vào ổ dịch; 
e) Tổ chức tẩy uế, khử độc trên phạm vi rộng; 
g) Tiêu hủy động vật, thực phẩm và các vật khác có nguy cơ làm lây lan bệnh dịch 

sang người; 
h) Áp dụng các biện pháp khác quy định tại Mục 3 của Chương này. 
Điều 55. Huy động, trưng dụng các nguồn lực cho hoạt động chống dịch 
1. Căn cứ vào tính chất, mức độ nguy hiểm và quy mô của bệnh dịch đe dọa đến 

sức khoẻ nhân dân, người có thẩm quyền được huy động người, huy động, trưng dụng 
cơ sở vật chất, thiết bị y tế, thuốc, hoá chất, vật tư y tế, cơ sở dịch vụ công cộng, phương 
tiện giao thông và các nguồn lực khác để chống dịch. Các phương tiện giao thông tham 
gia chống dịch được ưu tiên theo pháp luật về giao thông. 

2. Việc trưng dụng quy định tại khoản 1 Điều này được thực hiện theo quy định 
của pháp luật về trưng mua, trưng dụng tài sản. Tài sản đã trưng dụng phải được vệ 
sinh, diệt trùng, tẩy uế trước khi hoàn trả. 

3. Chính phủ, Ủy ban nhân dân các cấp có trách nhiệm bảo đảm các điều kiện để 
thực hiện các biện pháp chống dịch theo quy định tại Luật này. 

Điều 56. Hợp tác quốc tế trong hoạt động chống dịch 
1. Khi có dịch xảy ra, căn cứ vào tính chất, mức độ nguy hiểm của dịch, Bộ trưởng 

Bộ Y tế quyết định hợp tác quốc tế về trao đổi mẫu bệnh phẩm, thông tin dịch, chuyên 
môn, kỹ thuật, chuyên gia, thiết bị, kinh phí trong hoạt động chống dịch.  

2. Trường hợp ban bố tình trạng khẩn cấp về dịch, Thủ tướng Chính phủ kêu gọi 
các quốc gia, các tổ chức quốc tế hỗ trợ nguồn lực để chống dịch và phối hợp triển khai 
các biện pháp ngăn chặn dịch lây lan. 

Chương V 
CÁC ĐIỀU KIỆN BẢO ĐẢM ĐỂ PHÒNG, CHỐNG BỆNH TRUYỀN 

NHIỄM 
Điều 57. Cơ sở phòng, chống bệnh truyền nhiễm 
1. Cơ sở phòng, chống bệnh truyền nhiễm bao gồm:  
a) Cơ sở y tế dự phòng; 
b) Cơ sở khám bệnh, chữa bệnh truyền nhiễm gồm có bệnh viện chuyên khoa 

bệnh truyền nhiễm; khoa truyền nhiễm thuộc bệnh viện đa khoa quận, huyện, thị xã, 
thành phố thuộc tỉnh trở lên và các cơ sở y tế khác có nhiệm vụ khám bệnh, chữa bệnh 
truyền nhiễm. 

2. Bệnh viện đa khoa quận, huyện, thị xã, thành phố thuộc tỉnh trở lên phải thành 
lập khoa truyền nhiễm. 
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3. Bộ trưởng Bộ Y tế quy định về vị trí, thiết kế, điều kiện cơ sở vật chất, kỹ thuật, 
thiết bị và nhân lực của các cơ sở khám bệnh, chữa bệnh truyền nhiễm. 

Điều 58. Đào tạo, bồi dưỡng người làm công tác phòng, chống bệnh truyền 
nhiễm 

1. Nhà nước có quy hoạch, kế hoạch và ưu tiên đào tạo, đào tạo lại, bồi dưỡng về 
nghiệp vụ cho người làm công tác phòng, chống bệnh truyền nhiễm. 

2. Bộ trưởng Bộ Y tế chủ trì phối hợp với Bộ trưởng Bộ Giáo dục và Đào tạo và 
thủ trưởng các cơ quan, tổ chức có liên quan tổ chức việc đào tạo, đào tạo lại, bồi dưỡng 
nghiệp vụ cho người làm công tác phòng, chống bệnh truyền nhiễm.  

Điều 59. Chế độ đối với người làm công tác phòng, chống bệnh truyền nhiễm 
và người tham gia chống dịch 

1. Người làm công tác phòng, chống bệnh truyền nhiễm được hưởng các chế độ 
phụ cấp nghề nghiệp và các chế độ ưu đãi khác. 

2. Người tham gia chống dịch được hưởng chế độ phụ cấp chống dịch và được 
hưởng chế độ rủi ro nghề nghiệp khi bị lây nhiễm bệnh. 

3. Trong quá trình chống dịch, khi người tham gia chống dịch dũng cảm cứu người 
mà bị chết hoặc bị thương thì được xem xét để công nhận là liệt sỹ hoặc thương binh, 
hưởng chính sách như thương binh theo quy định của pháp luật về ưu đãi người có 
công với cách mạng. 

4. Thủ tướng Chính phủ quy định cụ thể các chế độ theo quy định tại các khoản 
1, 2 và 3 Điều này. 

Điều 60. Kinh phí cho công tác phòng, chống bệnh truyền nhiễm 
1. Kinh phí cho công tác phòng, chống bệnh truyền nhiễm bao gồm: 
a) Ngân sách nhà nước; 
b) Vốn viện trợ; 
c) Các nguồn kinh phí khác theo quy định của pháp luật. 
2. Hằng năm, Nhà nước bảo đảm đủ, kịp thời ngân sách cho các hoạt động phòng, 

chống bệnh truyền nhiễm. Ngân sách phòng, chống bệnh truyền nhiễm không được sử 
dụng vào mục đích khác.  

Điều 61. Dự trữ quốc gia cho phòng, chống dịch 
1. Nhà nước thực hiện việc dự trữ quốc gia về kinh phí, thuốc, hóa chất, thiết bị y 

tế để phòng, chống dịch. 
2. Việc xây dựng, tổ chức, quản lý, điều hành và sử dụng dự trữ quốc gia để phòng, 

chống dịch được thực hiện theo quy định của pháp luật về dự trữ quốc gia. 
Điều 62. Quỹ hỗ trợ phòng, chống dịch 
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1. Quỹ hỗ trợ phòng, chống dịch được thành lập và hoạt động theo quy định của 
pháp luật để hỗ trợ điều trị, chăm sóc người mắc bệnh truyền nhiễm và các hoạt động 
phòng, chống dịch khác.  

2. Nguồn tài chính của Quỹ được hình thành trên cơ sở đóng góp tự nguyện, tài 
trợ của tổ chức, cá nhân trong nước và nước ngoài. 

Chương VI 
ĐIỀU KHOẢN THI HÀNH 

Điều 63. Hiệu lực thi hành 
Luật này có hiệu lực thi hành từ ngày 01 tháng 7 năm 2008. 
Điều 64. Hướng dẫn thi hành 
Chính phủ quy định chi tiết và hướng dẫn thi hành Luật này. 
Luật này đã được Quốc hội nước Cộng hòa xã hội chủ nghĩa Việt Nam khóa XII, 

kỳ họp thứ 2 thông qua ngày 21 tháng 11 năm 2007./. 
  

  CHỦ TỊCH QUỐC HỘI 
 

(đã ký) 
 
 

Nguyễn Phú Trọng 
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Appendix 8.3 Regulation 13/2013/TT-BYT, Issued By The Ministry Of Health 
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Appendix 8.4 Regulation 581/QĐ-BYT, Issued By The Ministry Of Health 
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Appendix 8.5 Regulation 2554/QĐ-BYT, Issued By The Ministry Of Health 

 



307 
 

Appendix 8.6 Decision 02 On Conditions For Disclosure Of Infectious Diseases, Issued 

By The Minister Of Health 
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