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 A B S T R A C T 
 

Diarrhea disease presents a significant public health concern due to its impact 

on mortality, and research showed that climate plays an important role on 

diarrhea prevalence. However, effect of climate on diarrhea incidence was 

inconsistent among climate factors. Here, we investigated this inconsistency 

thorough systematic literature review. Our review encompassed the 

formulation of research questions, development of literature search 

strategies, and the establishment of inclusion/exclusion criteria for systematic 

data extraction. We carried out an extensive search from peer-review 

literature databases including Scopus, Pubmed, and Proquest for articles 

published between January 2000 to March 2023. We found that 74 studies 

focusing on diarrhea diseases and climate influencing factors met our 

inclusive criteria. Climate factors that affected diarrhea were rainfall, 

temperature, humidity, and climate seasonality. Our findings revealed that a 

positive association between diarrhea and rainfall was consistently observed. 

Other climate factors (temperature and humidity) indicated a positive 

correlation as well, although viral diarrhea exhibited a negative correlation 

with temperature. Further, bacterial and parasitic diarrhea diseases were more 

prevalent in the rainy season, whereas viral diarrhea occurred more frequently 

during the dry season with lower temperatures. 
 

 

K E Y W O R D S  

association, diarrhea, inconsistent, rainfall, temperature  

INTRODUCTION 

Diarrhea disease causes of high mortality and 

morbidity globally (Deshpande et al., 2020; Syafei and 

Hidayati, 2018). The disease is particularly prevalent 

among children under five-year old, ranking the fourth 

causes of death worldwide (Strong et al., 2021). 

Specifically, among children under five years old, the 

diseases were associated for approximately 525,000 

deaths annually, stemming from a total of 1.7 billion 

cases of childhood diarrhea each year (Yeasmin et al., 

2022). The incidence of diarrhea disease is projected to 

rise in response to projected warm climate in the future 

(Trtanj et al., 2016). Climate change affects the quantity 

and quality of water resources, potentially increasing 

the presence, spread, and transmission of diarrhea 

pathogens (Carlton et al., 2016, 2014; Van Elsas et al., 

2011). WHO estimated an increased death of 48,000 

per year caused by diarrhea between 2030 and 2050 

(WHO 2018).  

The issue of climate-sensitive diseases is expected 

to surge in developing nations characterized by tropical 

climates (Campbell-Lendrum et al., 2015), leading to a 

projected rise in diarrhea diseases. Research efforts 

have examined the relationship between rainfall, 

temperature, and humidity with diarrhea (Hashizume et 

al., 2008; Lee et al., 2017; Thompson et al., 2015). 

Research showed diverse outcomes about the 

relationship, with some indicating a positive link, while 

others suggest the opposite association (Hashizume et 

al., 2007; Lee et al., 2017; Prasetyo et al., 2015). To 

address the variations in the findings on the association 

between climate variables and diarrhea disease, a 
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comprehensive and systematic examination of the 

association is urgently required. Recent systematic 

reviews conducted by Kraay et al., (2020) and Liang et 

al., (2021) revealed a positive correlation between 

temperature and diarrhea diseases caused by bacteria 

and parasites. Nevertheless, Extreme rainfall events 

lead to an increase in cases of diarrhea, while the 

association between non-extreme rainfall and diarrhea 

diseases exhibited a non-linear pattern (Kraay et al., 

2020). 

This study builds upon the recent systematic 

reviews conducted by Kraay et al., (2020) and Liang et 

al., (2021), expanding the scope to investigate the 

connection between relative humidity and diarrhea 

diseases, along with exploring seasonal patterns in such 

diseases. Our systematic review specifically explores the 

impact of climate on diarrhea diseases in tropical 

regions, which are susceptible to health issues. By 

synthesizing existing literatures, our review aims: (i) to 

provide a comprehensive understanding of the 

relationship between climate effects and diarrhea 

diseases, (ii) to analyse the factors contributing to the 

inconsistency in this relationship, and the seasonal 

variations in diarrhea diseases. 

RESEARCH METHODS 

Research Questions and Search Strategy 

The formulation of research questions marked the 

initial step in the systematic literature review. 

Establishing the questions served as the starting point 

for identifying the limitations of the research problems. 

The research questions for this study are as follows: 

1. How does climate affect diarrhea disease? 

2. What causes the influence of climate on 

diarrhea disease to be inconsistent? 

3. What is the seasonal pattern of diarrhea 

disease? 

The literature search was carried out using the PubMed, 

Scopus, and ProQuest databases. The literature search 

used keywords compiled based on PECO (Population, 

Exposure, Comparison, and Outcome) (Cook and West, 

2012).  Initial  keywords  for search “name of tropical 

climates”, for exposure to “rain”, “rainfall”, 

“precipitation”, “temperature”, and “humidity”. For 

outcomes we used “diarrhea” and “diarrhoea”.  

Inclusion Criteria and Exclusion Criteria  

Any literature included in this systematic 

observation must meet specific inclusion and exclusion 

criteria. The inclusion criteria for this study consisted of 

 

Figure 1.   Flowchart of PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) following the 

procedure described by Moher et al., (2009). 
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diarrhea in humans, exposure to literature containing 

one of the climatic factors (rainfall, temperature, 

humidity, and seasonality) associated with diarrhea, 

literature written in English, the study area categorized 

as a tropical climate, and literature published between 

January 2000 and March 2023. The exclusion criteria 

encompassed gray literature and overlapping studies. 

The PRISMA diagram was used to visualize literatures 

that met these criteria (Moher et al., 2009). 

Extraction Information  

Once literature meeting the inclusion and 

exclusion criteria was selected, information extraction 

was conducted for each piece of literature. This 

extraction focused on the relationship between climate 

influences and diarrhea diseases, the factors 

contributing to the inconsistencies in this relationship, 

and the seasonal patterns of diarrhea diseases. 

RESULTS AND DISCUSSION 

Study selection and characteristics   

The results of the literature search, including the 

search, filtering, and selection stages to identify 

literature that met the criteria are shown in Figure 1. 

During the search process, 1,654 studies were identified, 

of which 74 met the final criteria. The studies included 

in the analysis examined at least one of the climate-

related factors. The selection of study areas was based 

on regions with tropical climates, as classified by the 

Köppen system, including tropical climate types such as 

Af, Am, and Aw. Out of the 74 studies, 31 locations 

exhibited these climate types, as presented in Figure 2.  

The systematic review revealed that the Aw climate 

type was in 59 studies, the Am climate type was in eight 

studies, the Af climate type was in six studies, and a 

combination of Af and Am was only in one study. The 

study locations encompassed low, middle, and high-

income countries. Based on the country income 

categories, most studies (44 studies) were conducted in 

lower-middle-income countries, followed by upper-

middle-income countries (17 studies), low-income 

countries (12 studies), and high-income countries (1 

study). The study locations spanned across the 

continents of Africa, Americas, Asia, and Oceania. 

Specifically, there were 27 papers from the African 

continent, 12 from the American continent, 33 from the 

Asian continent, and two from the Oceania continent. 

Most research was predominantly carried out in 

Bangladesh (nine studies), India (eight studies), and 

Ghana (six studies). 

The results showed that the influence of climate 

on diarrhea disease has been studied more extensively 

in urban areas (37 studies) than in rural areas (16 

studies). Urban areas receive more attention for 

research as characterized by: (i) accessibility of people 

to health services and (ii) accessibility of researcher to 

health data and information. We found that high 

population density in urban areas, along with the 

limited availability of water sources compared to rural 

areas, have created favorable conditions to the spread 

of diarrhea diseases. 

Rainfall 

Our results revealed an inconclusive correlation 

between rainfall and diarrhea diseases. Out of the 28 

studies, a positive association was observed between 

rainfall and diarrhea diseases. Conversely, 12 studies 

reported negative associations, while four studies 

showed no distinct association between rainfall and the 

incidence of diarrhea. The studies employed diverse 

definitions of rainfall exposure, encompassing extreme 

or heavy rainfall, low extreme rainfall, total weekly and 

monthly rainfall, average monthly and annual rainfall, 

monthly median rainfall, and both maximum and 

minimum weekly rainfall, as well as rainfall anomalies. 

Inconsistent associations have been observed 

between rainfall and diarrhea diseases. The 

inconsistencies may arise from the complex 

transmission routes and the influence of non-climatic 

factors (Guzman Herrador et al., 2015). Furthermore, 

antecedent rainfall was believed to affect the 

association, as suggested by prior studies (Carlton et al., 

2014; Kraay et al., 2020; Levy et al., 2009). The 

systematic review revealed four relevant studies, which 

investigated wet and dry periods (Carlton et al., 2014, p. 

201; Deshpande et al., 2020; Levy et al., 2019; Mertens 

et al., 2019). These studies aimed to establish a 

connection between heavy or extreme rainfall and the 

incidence of diarrhea diseases while considering 

antecedent rainfall conditions. Our findings suggested 

that heavy or extreme rainfall following a dry period is 

associated with an increased incidence of diarrhea. In 

contrast, heavy or extreme rainfall after a wet period 

showed a lower incidence of diarrhea. 

The influence of antecedent rainfall on the 

occurrence of diarrhea may relate to the 

"concentration-dilution" hypothesis. This theory 

encompasses two key principles. First, the 

concentration hypothesis suggests that during periods 

of limited rainfall or “dry conditions”, pathogens can 

accumulate in the environment, intensifying the risk of 

diarrhea. Higher rainfall is associated with an increased 

risk of diarrhea diseases as it introduces more 

pathogens into the environment. In contrast, the 

dilution effect, suggests that regular rainfall washes 

pathogens away, hindering their accumulation in the 

environment and subsequently reducing the risk of 

diarrhea spread (Carlton et al., 2014; Kraay et al., 2020). 

Figure  3  illustrates  the  concept  of the concentration-
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Figure 2.   The countries included in the literature study are distributed across the tropical region. 

dilution hypothesis. Some shortcomings aroused when 

studying the effect on rainfall and the specific 

pathogens that cause diarrhea. Generally, research 

indicated a positive association between bacterial and 

parasitic causes of diarrhea and rainfall (Charles et al., 

2014; Kaminsky et al., 2015; Lee et al., 2017; Oguttu et 

al., 2017; Tellevik et al., 2015). Conversely, diarrhea 

caused by viral agents appeared to exhibit a negative 

relationship with rainfall (Hasan et al., 2018; Sumi et al., 

2013; Ureña-Castro et al., 2019). 

Temperature  

The relationship between temperature and 

diarrhea showed diverse findings. Among the 

examined studies, 18 reported a positive association, 

five indicated a negative association, and four showed 

no significant association. The papers used multiple 

temperature definitions, including average weekly and 

monthly temperatures, monthly maximum and 

minimum temperatures, extreme temperature 

conditions, average annual temperature, and diurnal 

temperature range. These inconsistencies in the 

association between temperature and diarrhea disease 

may be attributed to the diverse range of pathogens, 

which were responsible for causing diarrhea, including 

bacteria, viruses, and parasites. Each pathogen type 

responds differently to climate factors, and 

modifications in these climatic conditions can affect 

pathogen survival and infectivity (Ureña-Castro et al., 

2019).  

The findings highlighted the difficulties in 

comprehensively accounting for the diverse pathogens 

involved in diarrhea diseases, which may have 

contributed to the observed variability in the 

association. In general, studies examining the 

relationship between bacterial and parasitic pathogens 

and diarrhea diseases demonstrated a positive 

association (Berendes et al., 2019; Lee et al., 2017; 

Trærup et al., 2011; Wu et al., 2018; Yang et al., 2022). 

Conversely, the presence of viral pathogens showed a 

negative correlation with diarrhea diseases (Hasan et al., 

2018; Prasetyo et al., 2015; Sarkar et al., 2013; Sumi et 

al., 2013). It is noteworthy that bacteria and parasites 

tended to thrive in higher-temperature conditions, 

while viruses exhibit a preference for lower-

temperature environments (Mellor et al., 2016; Ureña-

Castro et al., 2019). 

Relative Humidity 

Studies that examined the relationship between 

humidity and diarrhea showed a positive association 

were found in seven studies, and four studies reported 

a negative association.  Compared   to   rainfall   and   

temperature, humidity was rarely studied. A systematic 

review showed an inconsistent association between 

humidity and diarrhea disease. Humidity affects the 

biological processes of pathogens (Carlton et al., 2014) 

The role of relative humidity in increasing diarrhea 

diseases through the life of diarrhea-causing 

microorganisms and their vectors (Dharmayanti et al., 

2022). Two studies analyzed the relationship between 

humidity and diarrhea caused by bacteria. The study 

showed a positive association between bacteria 

diarrhea and humidity. High humidity is an excellent 

place to grow and develop bacteria (Lee et al., 2017; 

Pérez-Corrales and Leandro-Sandí, 2019). Studies that 

examined viral diarrhea in relation to humidity showed 

inconsistent results. This  inconsistent  association  may
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Figure 3.  Conceptual framework of the concentration-dilution theory for the rainfall effect on diarrhea incidence 

(modified from Kraay et al., 2020).  

relate to viral pathogens (such as rotavirus diarrhea) 

that can survive under low and high humidity (Wibawa 

et al., 2023). 

Climate Seasonality 

Differences in seasonal patterns were observed in 

the pathogens responsible for diarrhea diseases. A 

systematic review of relevant studies revealed 

variations in the incidence of diarrhea diseases caused 

by different pathogens in response to seasonal changes. 

During dry and cold seasons, there was a notably 

higher occurrence of rotavirus-related diarrhea (Chao 

et al., 2019; Hashizume et al., 2008; Moe et al., 2005; 

Omore et al., 2016). Conversely, the incidence of 

diarrhea attributed to rotavirus was lower during the 

rainy season, as reported by Enweronu-Laryea et al., 

(2014) and Das et al., (2014).  

On the other hand, cases of Human parechovirus 

and Norovirus-related diarrhea showed an increase 

during the rainy season (Becker-Dreps et al., 2017; 

Hossain et al., 2019; Malasao et al., 2019). Notably, 

diarrhea caused by bacteria and parasites were more 

prevalent during the rainy season, as observed in the 

studies by Robert et al., (2021), Das et al., (2014), Eibach 

et al., (2015), and Lee et al., (2017). Furthermore, it is 

important to mention that diarrhea diseases caused by 

bacteria can endure and even thrive in high-

temperature conditions (Charles et al., 2014).  

Causes of Inconsistent Associations  

The findings from a systematic review revealed an 

inconclusive correlation between diarrhea diseases and 

climatic factors (such as rainfall, temperature, and 

humidity) in tropical regions. This variability is 

attributed to the diversity of diarrhea pathogens, which 

exhibited regional variations (Aik et al., 2020; 

Thompson et al., 2015). The association between 

climatic influences and diarrhea disease becomes more 

precise when the analysis considers specific diarrhea-

causing pathogens. However, the limited inclusion of 

pathogen types in these studies complicated drawing 

definitive conclusions regarding the relationship 

between climatic factors and diarrhea diseases.  

Out of the 43 studies examined, 13 did not specify 

the pathogen type, potentially encompassing bacterial, 

viral, or parasitic origins (all causes), while 13 studies 

focused on bacterial pathogens, and another five 

studies focused on viral and parasitic pathogens. The 

occurrence of diarrhea disease is influenced by a 

complex interplay of climatic factors rather than being 

solely attributed to a single factor. Notably, these 

factors include rainfall, temperature, and humidity, 

which collectively contribute to diarrhea disease 

incidence (Sumi et al., 2013). Several literatures 

supported the notion that the synergy among these 

climatic variables can impact the prevalence of diarrhea 

diseases (Hasan et al., 2018; Onanuga et al., 2014; Sumi 

et al., 2013; Ureña-Castro et al., 2019; Wu et al., 2018). 

Study conducted by Ureña-Castro et al., (2019) showed 

the interaction between rainfall and temperature was 

found to mitigate the occurrence of diarrhea disease.  

Conversely, a study in Costa Rica revealed an 

increased diarrhea during periods of low rainfall and 

temperature. In Kolkata, India, a timeseries analysis 

demonstrated a peak in diarrhea incidence when 

temperature, humidity, and rainfall were at low level. 

This tripartite interaction heightened the risk of 

rotavirus-induced diarrhea disease (Sumi et al., 2013). 

Another study reported a reduction in diarrhea cases 

resulting from the interaction between high 

temperatures and heavy rainfall (Hasan et al., 2018). The 

incidence of diarrhea was influenced by the interplay of 

low rainfall and high temperatures (Onanuga et al., 

2014; Wu et al., 2018). This may relate to reduced water 

availability due to low rainfall, and elevated 

temperatures provide an environment conducive to the 

growth of diarrhea pathogens, such as bacteria and 

parasites.  

Furthermore, low humidity and reduced rainfall 

levels intensify the transmission of viral diarrhea due to 

the airborne dispersion of fecal material (Sumi et al., 

2013). Examining the interactions among the climatic 
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factors painted a more comprehensive explanation of 

their impact on the prevalence of diarrhea diseases. 

Notably, low rainfall coupled with low temperatures 

increases the occurrence of rotavirus-induced diarrhea, 

while low rainfall and high temperatures were 

associated with a higher prevalence of bacterial 

diarrhea. Additionally, low rainfall combined with low 

humidity was linked to an increased incidence of 

rotavirus diarrhea. It's worth noting that existing 

literature has primarily examined each climate influence 

in isolation, without considering their combined effects. 

However, there was a notable gap in the literature 

as there was limited analysis regarding the potential 

impact of high rainfall combined with high 

temperatures on diarrhea diseases, as well as the 

influence of high rainfall paired with high humidity. 

Rainfall can serve as a vector for the transmission of 

diarrhea diseases, while humidity is a key factor in the 

biological growth of pathogens (Lee et al., 2017). 

Furthermore, it's important to acknowledge that 

sanitation infrastructure, including drainage canals, 

may act as a modifier in the relationship between 

climatic factors and diarrhea diseases. But the existing 

literatures did not provide comprehensive information 

on the role of sanitation infrastructure, which limits our 

ability to further analyze the interplay between climate 

factors and diarrhea diseases, particularly in the context 

of canal drainage. 

CONCLUSIONS 

The association between diarrhea disease and 

climatic factors (rainfall, temperature, and humidity) in 

the tropics showed an inconsistent relation. Limited 

studies, which include pathogens on the treatment/ 

analysis, may contribute to the decisions regarding the 

association of diarrhea and climatic factor. Each region 

may have different types of pathogens, so including the 

pathogens will provide more precise results regarding 

the association. In general, we found a positive 

association between climatic factor and diarrhea 

diseases, except for temperature with viral pathogens 

having a negative association. Humidity and viral 

pathogens had a non-linear association because 

viruses (rotavirus) can live in high or low humidity. 

Generally, bacterial and parasitic diarrhea incidence 

was higher during the rainy season, whereas viral 

diarrhea incidence was more prevalent during the dry 

season. 
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