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Behavioral, infrastructural and climate change Factors for Rising Diarrhea
Episodes in Bangladesh
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More than 4.5 million people nationwide have experienced diarrhea in the country’s most recent outbreak,
which began on March, 2022. About 70% to 80% of patients (of whom 23% had severe diarrhea or cholera)
were hospitalized. Several factors were associated with the risk for diarrhea include; unhygienic and unsafe
environment, age, low educational status of mothers, employment status, family size, income, poor handling
of drinking water at household level, place of residence, unhygienic disposal method of feces and wastes,
lack of personal hygiene and lack of access to sanitation facilities. In addition, etiology, influence of climate
and geographical location, diagnosis capability, hygiene education, and infrastructure are strongly linked to
the high frequency of diarrhea and play a crucial role in efficiently managing diarrhea. We observed that a
significant proportion of people with diarrheal illnesses continue to seek care from unqualified healthcare
practitioners since inaccessibility from professional healthcare providers. Dissemination of information on
health education, increasing the supply of skilled healthcare providers, and low-cost and quality healthcare
services may encourage more people to seek care from professional healthcare providers, thus may help
reducing mortality in the country. In conclusion, the policy mechanisms to increase systems’ resilience,
some engineering approaches include source, treatment, distribution, and point-of-use control measures
could be implemented to manage microorganism proliferation in drinking water.
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Introduction:

Diarrhea is an alteration in regular bowel movement characterized
by increased water content, volume, or frequency of stools'.
Diarrheal diseases are a global public health problem and a
leading cause of morbidity and mortality worldwide. According
to the latest Global Burden of Disease Study, about 2.39 billion
diarrheal cases occurred globally, and approximately 0.53 million
under-five children died yearly? 3 . Specifically, incidence and
case-fatality ratios are much higher in lower and middle-income
(LMI) countries®. In developing countries, diarrhea-related
morbidity and mortality are directly linked to limited access to
potable water and proper sanitation>. Several studies observed
that epidemics of diarrheal disease are associated with episodes
of flooding®, socio-economic status’, urban status®, high
population density, low education level, and the proximity of
household clusters to contaminated surface water® 1% 11, The
diseases are also susceptible to the climate, showing seasonal
variations in numerous sites!2. Relative humidity and
temperature influence the rate of replication of different
pathogens, such as bacteria and protozoa, and the survival of
enteroviruses in the environment, which is another cause of
diarrheal diseases'3. If the disease lasts “more than 7 days”
and “at least 14 days” the term “prolonged” and “persistent”
diarrhea is used respectively!® 15,

Though diarrhea is preventable and managed with low-cost
interventions, it is still the top cause of morbidity for patients
seeking care from the Bangladesh public hospital system'®, and
significant resources are expended in treating these patients.
Diarrheal diseases affect people of all ages irrespective of their
socio-economic status and are particularly prevalent among poor
people. A significant cause for concern in Bangladesh is that
approximately 26% of the people are below the poverty line.
Sometimes, the episode can be managed at home and does not
require hospital treatment. However, considering the direct and
indirect costs of households, it represents a substantial economic
burden for the affected households!”.

Most diarrhea episodes are caused by infection of the human
intestine with enteric pathogens such as bacteria, viruses, and
parasites!® 1% 20 Transmission is mainly via the fecal-oral route,
and water and food are the primary vehicles for transmission, which
is facilitated by inadequate knowledge, poor hygiene practices, and
sanitary conditions?!> 18, Individuals with altered immune status,
such as neonates and infants, the severely malnourished, and the
elderly, are often at higher risk of diarrhea®® 23. In developing
countries, infections due to Vibrio cholerae, enterotoxigenic
Escherichia coli (ETEC), rotavirus, and Shigella are common?2 24,
Cholera outbreaks are commonly recorded in Bangladesh; however,
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cases are frequently found in decaying facilities?. Shigellosis has a
worldwide distribution but predominates mainly in developing
countries”®. A study in Bangladesh reported bacterial pathogens
such as V. Cholerae, ETEC, and Shigella as the most important

causes of adult diarrheal illnesses?2.

There is a lack of information on the distribution of most common
enteric pathogens, clinical features, and disease severity in adult
populations. There is also limited information on the distribution
of diarrheal pathogens in adults, which may differ between urban
and rural adult populations?? '8, On the other hand, rotavirus is
the most important aetiological agent of diarrhea in infants and
young children worldwide'® 27, although this pathogen may also
cause dehydrating diarrhea in adults®’.

Impact of Etiology

Consistency, frequency, and amount of waste excretions are three
characteristics that define diarrhea as a symptom of many different
medical conditions. The frequency and volume of excretions can
vary throughout a wide range, from highly mild diarrhea to severe
enough to jeopardize the patient’s life. A healthy adult excretes
about 300 ml of waste. The pathogenic mechanism of diarrhea is
what causes intestinal transit to speed up. The World Health
Organization (WHO) defines diarrhea as “the passage of three or
more loose or liquid stools per day, or more frequently than is
typical for the individual. From the epidemiological point of view,
the cases can be sporadic or epidemic, and identifying the infection
source and transmission mechanism is vital for prevention and
control. The causative agent somehow enters the vulnerable
person’s mouth from some source in their environment, and the
hands play a fundamental role in many situations. Diarrhea is the
outcome of the body’s defensive mechanisms conflicting with
aggressive external factors (such as the toxicity or virulence of the
causal agent or the dose of the inoculant). Among the defense
mechanisms combating infectious agents, the following can be
highlighted: gastric acid, gastrointestinal mucus, intestinal motility,
bile salts, common intestinal bacteria, macrophage cells, lymphocyte
cells, and type IgA immunoglobulin in the mucus.

Additionally, genetic factors can influence a person’s resistance
to a given infection. For instance, people with blood type O are
more likely to contract cholera, whereas people with so-called
nonsecretory traits with specific FUT 2 gene mutations are only
partially susceptible to norovirus infection. Other external
circumstances, such as the ingestion of alcohol or (nonvolatile)
red wine, could act as protective factors against infection by
Salmonella when the ingestion of the microorganism and that
kind of drink are almost simultaneous. Occasionally, diarrhea
presents itself as an accompanying symptom of chronic
conditions, such as the collateral effect of some medicines or a
sign of malnutrition.

Impact of geography
The distribution of cases of diarrhea vary geographically and
according to age. Regardless of whether the countries are
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industrialized or not, slightly different trends have been seen in
terms of the origin and severity of the instances. Examples of
such diseases that the WHO continues to pursue internationally
include cholera and certain parasites, both of which are still
prevalent in some impoverished areas where they can thrive. In
many underdeveloped nations, poor sanitation, nutrition, and
personal hygiene conditions contribute to the prevalence of
diarrhea. Regarding some viruses, the indicators of their lethality
are noticeably different even when the incidence of infection
does not show such pronounced geographic differences. For
instance, the rotavirus is very common in all countries, but its
severity (mortality rate) is more significant in developing
countries. The most frequent causes of diarrhea in developed
countries are Campylobacter, rotavirus, norovirus, Salmonella,
Giardia, and Cryptosporidium. Since methods for virologically
diagnosing gastroenteritis are now available, it has become clear
that viruses are one of the most common causes of diarrhea in
Western nations. In most cases, they do not result in severe
illnesses for the individual although place a heavy social burden.

The age of the patients, illness severity and the capacity of the
laboratories all affect the etiological diagnosis. Age bias, and
technical proficiency should all be considered when analyzing
epidemiological statistics. The likelihood of fecal analyses and
the cause of diarrhea is related to age. When given a similar
clinical profile, a kid is likelier than an adult to be diagnosed with
an etiological diagnosis. Major and minor illnesses differ in similar
ways. Mild diarrhea frequently has no identified etiology.

Impact of diagnosis

Ailments brought on by substances that the laboratory
participating in the analysis cannot identify are treated similarly.
Wet mount, coculture, antigen detection, toxin detection, or other
fecal studies are typically used to determine the etiological
diagnosis of acute infectious (or toxic) diarrhea. Specialized labs
have access to more sophisticated procedures, which are generally
more precise and sensitive but are also more expensive and
challenging to employ. But many of the cocultures’ based
laboratory tests and requests come back with negative results.
The following conditions can lead to a negative result: 1) the
patient may have taken antibiotics; 2) diarrhea may not be
infectious; 3) diarrhea may be brought on by an agent for which
the laboratory has no information; 4) the test’s sensitivity has
failed, or 5) there may have been issues with fecal transport.

Further inquiry is unnecessary because the etiologies of cases
with negative results vary. No risk variables were discovered in
the EDICS study (Study of Infectious Diarrhea in Castellon) of
risk factors in infantile diarrhea cases with a negative fecal
analytical result. Vomit showing up as the first symptom, the
absence of fecal blood (macro-or microscopic), and low PCR
(reactive C protein) are indicators of viral etiology, particularly in
youngsters. On the other hand, risk variables were discovered in
instances of rotavirus, salmonellosis, and campylobacteriosis.
This shows that the opposing group is made up primarily of
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individuals who share few risk factors but have various etiological
conditions.

Impact of Epidemiological Characteristics

Two questions come to mind when faced with an epidemiological
instance of diarrhea: first, if the etiology is already known; and
second, if other cases are connected to the original. Table 1
depicts these two components, each cell denoting a different
epidemic concern.

Following an outline inspired by the epidemic cases of Table 1,
three situations can be distinguished according to the
characteristics of the affected population. First, a defined, open
population with a specific exposure refers to people who only
momentarily share an exposure factor, for example, attending a
shared dinner or banquet. Second, a defined, closed population
with lasting exposure factors, for example, permanent residents
within a closed institution, who continually share meals, places,
and activities, and third, an indefinite population, with or without

specific exposure, occurs when there is no apparent relationship
between people and they are implicated in an outbreak solely by
sharing an exposure factor distributed throughout the population.

In the case of laboratory analysis, an epidemic is identified where
some rare microorganism in vast numbers of people is detected
in a reasonably prolonged time frame. The epidemiology of the
agent implicated is often recognized when the etiology is well
understood. For example, an outbreak of acute diarrheal disease
was seen at a rural Bangladesh hospital in 1975, and V. cholerae
01 was isolated from 28% of 1,964 patients. The epidemic was
related to the consumption of contaminated water. Depending
on how widespread or relevant an outbreak is, there are observable
differences in how diarrhea cases are approached when
conducting an epidemiological investigation. Figure 1 shows a
detailed theoretical diagram for the ARMIGO system’s
investigation of cases of transmissible diseases (agent, reservoir,
mechanism of transmission, individual, group, and other people).

Table 1
The epidemiologic first approach to a case of diarrhea®s
Etiology
Known Unknown

Aggregation Sporadic Usual A B?
Unusual in the area C D?

Epidemic Small cluster E F

Outbreak cohort defined® G H

Epidemic cohort undefined I J

2Defined by clinical symptoms, i.e., clinical diarrhea and fecal specimens of usual or unusual characteristics.
bOpen cohort in an ‘open’ setting (i.e., banquet) or in a ‘closed’ setting (i.e., nursing home).

W Reservoir ' Mechanism
| Qe and source | of
I | transmission

exposure

0000

Fig. 1. A schematic theoretical diagram of a communicable transmissible disease, for example, diarrhea, obtained by using
ARMIGO system. Agent: bacterial, viral, other (biotoxin, chemical); reservoir and exposure source: animal, soil, surfaces, water,
food, ill person, carriers;, mechanism of transmission: food, water, hands, aerosol, or dust swallowed via mouth, individual at risk:
age, earlier health status, genetic susceptibility; group at risk: the same opportunity to exposure; other related people: contact

with the primary ill or asymptomatic person?s.
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Impact of Socio-demographic factors

Diarrhea is usually spread through drinking or eating
contaminated water and food from one person to another due to
poor hygiene?®. In Bangladesh, diarrhea tops the list of water-
borne infections due to poor sanitation. The incidences of
diarrhea are more rampant within the first two years of life and
decline as the child progresses in age>’. Studies have documented
that diarrhea is medically related and associated with economic,
social, environmental, and behavioral factors®!. Some of the socio-
economic factors influencing diarrhea include, unhygienic and
unsafe environment, age, low educational status of mothers,
overcrowding, unhygienic disposal method of feces and wastes,
poor handling of drinking water, lack of personal hygiene and
lack of access to sanitation facilities*2. In addition, employment
status, family size, income, and place of residence are strongly
linked to the high frequency of diarrhea and play a crucial role in
efficiently managing diarrhea. However, most of the death can be
prevented by proper management approaches, e.g., continued
feeding and timely use of oral rehydration solution (ORS)*3.
Alternatively, use of clean water and proper sanitation, along
with behavioral characteristics of the household, diarrheal disease
is almost preventable34. The lack of awareness and insufficient
knowledge of mothers about hygiene leads to frequent exposure
of children to diarrhea’’.

A household water survey by NFSL in the year 2021 reported
that 30% of glass water, 25% kitchen water, 75% of storage tank
water, 45% of bath water were contaminated with E. coli and
fecal coliform bacteria i.e. Enterobacter faecalis. Although no
Vibrio species were detected in the glass water, V. cholerae was
found in bath and storage tank water. Another study targeting
316,766 individuals in 79,438 households at risk for diarrhea, using
five criteria: overcrowding, poor sanitation, unhealthy and
unhygienic living condition, unsafe water use, and low-income
dwelling, was done by Chowdhury et al.?>. An increased risk for
diarrhea was observed among young children, males, those
staying in a rented house, lower family members in the house,
those using a non-sanitary toilet, those living in a community
(within 100m around the household) with a less educated adult
or less use of their water source for drinking, and those living in
a shorter distance to the hospital. Although the prevalence of
diarrhea was higher among young children, the burden was higher
among older individuals, as they account for the majority of the
population. The observation that adult women are at a greater
risk than adult men could be due to greater access to unsafe
water for household activities. The higher prevalence among
young males compared to young females could be that young
males are more likely to wander off in unsanitary surroundings
than young females. One study conducted at icddr,b hospital
shows that males are admitted more than females to the ICU (64%
vs. 36%) with diarrhea’®.

A study on shigellosis in Thailand found that people living in
rented homes were at a much higher risk for shigellosis than
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those living in owned homes®’. Home ownership status used as
a proxy for socio-economic status and wealth has been positively
correlated with health status®® 39, Therefore, it’s probable that
people who lived in rented homes were less well-off than those
who owned their homes, making them more susceptible to
diarrheal sickness. Those who stayed in the region for a long
time had a lower risk of contracting the disease than those who
just visited occasionally. Due to their prolonged residence in the
area, they may have a regular healthcare facility and solid ties
with the local physicians. Our study found that people with
diarrhea were less likely to reside in a neighborhood with more
educated residents or where more people drank safe water. This
suggests that limiting illness transmission depends on the
community’s health behaviors and knowledge. We also found
higher reporting of diarrheal illness among people living proximate
to the hospitals in our study, and similar findings were reported
by Alietal.*%; Carrel et al.*!.

Most participants (80%) in a study by Das et al.*2, sought their
care from an unlicensed healthcare provider first. They were less
likely to choose a professional healthcare provider as their second
or third option even after not recovering from the treatment
provided by the first healthcare provider. The belief that the
episodes were not severe enough may have prevented people
from seeking professional medical attention. The other factor
might be that poor individuals in Bangladesh have difficulty
accessing high-quality medical treatment due to their social
exclusion. Additionally, evidence demonstrates a pro-rich bias in
the distribution of health gains, even for straightforward and

inexpensive health measures*3 4443,

Impact of Health Care systems

Bangladesh has a health system run by the public and private
sectors. The public sector is used mainly for outpatient, in-patient,
and preventive care, while the private sector primarily uses
outpatient and in-patient curative care. The private sector is run
by local entrepreneurs, NGOs, and international organizations.
Over the last decade, Bangladesh has significantly improved the
health sector, making it an example for other developing countries
even though it is a resource-poor country®®. In 2016, approximately
2.5 million diarrheal cases were reported in Bangladesh*’.
However, the actual diarrheal burden is even more significant
since many cases are managed at home with oral rehydration
solution (ORS) and are left unreported*®. The Dhaka Hospital of
the International Centre for Diarrhoeal Disease Research,
Bangladesh (icddr,b), located at the heart of Dhaka, the capital of
Bangladesh, is one of the largest dedicated diarrheal disease
hospitals in the world. The hospital generally experiences
biannual seasonal peaks of diarrheal cases—the summer peak is
predominantly associated with V. cholerae and enterotoxigenic
E. coli (ETEC), and the winter peak is mainly due to rotavirus. In
April 2018, a diarrhea epidemic broke out in Dhaka city and
adjoining areas, which continued through May. Dhaka Hospital
had a considerable upsurge of in-patients during the epidemic,
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with 40,950 diarrheal patients in April and May, which is 42%
higher than the average number of patients during the same period

in the past five years®.

This diarrhea epidemic occurred due to Vibrio cholera
contamination in water, and Campylobacter, enterotoxigenic
Escherichia coli, and rotavirus had a secondary role. Despite
the increased disease severity during the epidemic, the case
fatality rate was less than 0.1%. The people of the Dhaka
metropolitan area who were relatively poor and lacked safe water,
sanitation, and hygiene (WASH) practices were more vulnerable
to the epidemic. The Dhaka Hospital saved as many as 17,265
lives during the epidemic.

Impacts of Climate Change

A growing body of evidence suggests that climate change may
alter the incidence of diarrheal diseases. Climate change is
increasingly understood as an environmental issue of increased
temperature and heavy rainfall, threatening human health and
well-being. The health effects undermine the gains made in public
health and development during the past half-century.
Anthropogenic climate change has caused increases in the
number of warm days and nights and the frequency and intensity
of droughts and heavy rainfall events>®. This has implications
for water-borne diseases, as high temperatures can alter pathogen
survival, replication, and virulence, and heavy rainfall events
can mobilize pathogens and compromise water and sanitation
infrastructure. Drought can concentrate pathogens in limited
water supplies’!. Diarrheal diseases, commonly transmitted via
water-borne pathways, comprise a substantial proportion of the
global burden of diseases>? 3.

Globally, diarrhea morbidity and mortality are declining®Z, but
climate change may slow this downward trajectory, undermining
multinational investments to reduce the diarrheal disease burden,
with impacts concentrated in some of the world’s most vulnerable
populations. These health impacts are focused on young children
in low-income settings, where pediatric diarrhea can lead to
impaired growth and cognitive development and trigger a cascade
of ill health that reinforces poverty>* 333, Much of the recent
work has found significant, positive associations between
temperature and bacterial diarrhea, but not viral diarrhea®” 5%
and evidence for increased diarrhea following heavy rainfall
events and flooding. It is now clear that the impacts of climate
change on diarrheal diseases depend not simply on
meteorological conditions but the underlying socio-economical
and existing water and sanitation infrastructure to local pathogen
distribution that influence a population’s exposure, sensitivity,
and adaptive capacity. The complex interplay of climate, social
vulnerability, ecology, infrastructure, and health conditions has
been recognized to cause rising diarrheal diseases in Bangladesh.

Conclusion

Integrating knowledge of different types of systems—biological,
social, and engineering—can improve our ability to estimate the
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health impacts of future climate conditions and extreme weather
events and act to reduce vulnerability. On the other hand, to
build resilient climate change systems, a variety of strategies and
mechanisms has been recommended, including the assessment
of water resources, the use of climate-resilient water safety plans
as a risk management tool, a focus on utility management
organizations with central support for decentralized management
structures, and the development of public-private partnerships
to boost resilience systems, including through investments in
disaster preparedness. In addition, the story of a water safety
plan (WSP) outlined in the WHO Climate resilient water safety
plans’ provides a systematic framework to manage climate change
risks with an emphasis on the identification of hazardous events
and the development and implementation of control measures.
Furthermore, the policy mechanisms to increase systems’
resilience, some engineering approaches include source,
treatment, distribution, and point-of-use control measures that
may be implemented to manage microorganism proliferation in
drinking water. Examples include, but are not limited to, drawing
water from cooler depths, adding or increasing secondary booster
disinfection, designing or altering the system to shorten pipe
residence times, and/or painting exposed pipes and tank roofs
white to reduce heat absorption and lower internal temperatures,
which in turn inhibit bacterial growth°.

References

1. Woods, Timothy A. Chapter 88: Diarrhea in book Clinical Methods:
The History, Physical, and Laboratory Examinations. 3rd
edition.Walker HK, Hall WD, Hurst JW, editors. Boston: Butterworths;
1990.

2. Vos T, Allen C, Arora M, Barber RM, Bhutta ZA, Brown A, et al.
Global, regional, and national incidence, prevalence, and years lived
with disability for 310 diseases and injuries, 1990-2015: a systematic
analysis for the global burden of disease study 2015. Lancet. 2016;
388:1545-602.

3. Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, et al. Global, regional,
and national causes of under-5 mortality in 2000-15: an updated
systematic analysis with implications for the sustainable development
goals. Lancet. 2016; 388:3027-35.

Mashoto KO, Malebo HM, Msisiri E, Peter E. Prevalence, one week
incidence and knowledge on causes of diarrhea: household survey of
under-fives and adults in Mkuranga district, Tanzania. BMC Public
Health. 2014;14:985.

5. Montgomery M, Elimelech M. Water and sanitation in developing
countries: including health in the equation. Env. Sci Technol.
2007;41:17-24.

6. Schwartz BS, Harris JB, Khan Al, LaRocque RC, Sack DA, Malek
MA, et al. Diarrheal epidemics in Dhaka, Bangladesh, during three
consecutive floods: 1988, 1998, and 2004. Am J Trop Med Hyg.
2006;74:1067-73.

7. Rahman KM, Duggal P, Harris JB, Saha SK, Streatfield PK, Ryan ET,
et al. Familial aggregation of vibrio cholerae-associated infection in
Matlab, Bangladesh. J Health Popul Nutr. 2009; 27:733-8.

8. Colombara DV, Faruque ASG, Cowgill KD, Mayer JD. Risk factors for
diarrhea hospitalization in Bangladesh, 2000-2008: a case-case study
of cholera and shigellosis. BMC Infect Dis. 2014;14:440.

9. Ali M, Emch M, Donnay JP, Yunus M, Sack RB. Identifying
environmental risk factors for endemic cholera: a raster GIS approach.
Heal Place. 2002;8:201-10.



Bari and Emon et. al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Biswas DK, Bhunia R, Maji D, Das P. Contaminated pond water
favors cholera outbreak at Haibatpur Village, Purba Medinipur District,
West Bengal, India. J Trop Med Hindawi Publishing Corporation;
2014;2014.

You YA, Ali M, Kanungo S, Sah B, Manna B, Puri M, et al. Risk map
of cholera infection for vaccine deployment: the eastern Kolkata
case. PLoS One. 2013; 8

Drasar BS, Tomkins AM, Feacham RG. Seasonal aspects of diarrhoeal
disease. Seas. Dimens. to Rural poverty. (Report to UK Overseas
Dev. Assoc. London Sch. Hyg. Trop. Med. London. London, UK;
1978.

Black RE, Lanata CF. Epidemiology of diarrhoeal diseases in
developing countries. Infect. Gastrointest. tract. Blaser MJ, Smith
PD, Ravdin JI, Greenb. HP, Guerr. RI, eds. Ra. New York: Raven
Press, New York; 1995.

Rabbani GH, Larson CP, Islam R, Saha UR, Kabir A. Green banana
supplemented diet in the home management of acute and prolonged
diarrhoea in children: a community-based trial in rural Bangladesh.
Tropical Med Int Health. 2010;15:1132-9.

Isanaka S. Systematic review of diarrhea duration and severity in
children and adults in low- and middle-income countries. BMC Public
Health. BioMed Central Ltd; 2012;12:832.

Sultana M, Mahumud RA, Sarker AR. Emerging patterns of mortality
and morbidity in district level hospitals in Bangladesh. Ann Public
Heal Res. 2015; 2:2-4.

Shillcutt SD, Lefevre AE, Walker CLF, Taneja S, Black RE, Mazumder
S. Economic costs to caregivers of diarrhoea treatment among children
below 5 in rural Gujarat India : findings from an external evaluation
of the DAZT programme. Health Policy Plan. 2016;31:1411-22.

Fang ZY, et al. Investigation of an outbreak of adult diarrhea rotavirus
in China. International Journal of Infectious Diseases 1989; 160:
948-953.

Kirk MD, et al. Gastroenteritis and food-borne disease in elderly
people living in long-term care. Clinical Infectious Diseases 2010;
50: 397-404.

de Magny GC, et al. Cholera outbreak in Senegal in 2005: was climate
a factor? PLoS ONE 2012; 7: e44577.

Chowdhury F, et al. Impact of rapid urbanization on the rates of
infection by Vibrio cholerae Ol and enterotoxi-genic Escherichia
coli in Dhaka, Bangladesh. PLoS Neglected Tropical Diseases 2011;
5:¢999.

Faruque AS, et al. Diarrhoea in elderly people: aetiology, and clinical
characteristics. Scandinavian Journal of Infectious Diseases 2004,
36: 204-208.

Parashar UD, et al. The global burden of diarrhoeal disease in children.
Bulletin of the World Health Organization 2003; 81: 236.

Farthing MJ Diarrhoea: a significant worldwide problem. International
Journal of Antimicrobial Agents 2000; 14: 65-69.

Chowdhury F, Khan IA, Patel S, Siddiq AU, Saha NC, Khan Al, et al.
(2015). Diarrheal Illness and Healthcare Seeking Behavior among a
Population at High Risk for Diarrhea in Dhaka, Bangladesh. PLoS
ONE 10(6): ¢0130105. doi:10.1371/journal.pone.0130105

Edwards BH Salmonella and Shigella species. Clinical Laboratory
Medicine 1999; 19: 469-487.

Sanekata T, et al. Human group B rotavirus infections cause severe
diarrhea in children and adults in Bangladesh. Journal of Clinical
Microbiology 2003; 41: 2187-2190.

JB Bellido-Blasco and A Arnedo-Pena 2011. Epidemiology of
Infectious Diarrhea. Encyclopedia of Environmental Health, 2nd
edition, Volume 2 https://doi.org/10.1016/B978-0-444-63951-
6.00689-6

44

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Diouf K, Tabatabai P, Rudolph J, Marx M. Diarrhoea prevalence in
children under five years of age in rural Burundi: an assessment of

social and behavioural factors at the household level. Glob Health
Action. 2014 Aug 21;7:24895.

Billah SM, Raihana S, Ali NB, Igbal A, Rahman MM, Khan ANS,
Karim F, Karim MA, Hassan A, Jackson B, Walker N, Hossain MA,
Sarker S, Black RE, El Arifeen S. Bangladesh: a success case in
combating childhood diarrhoea. J Glob Health. 2019 Dec;9(2):020803.
doi: 10.7189/jogh.09.020803. PMID: 31673347, PMCID:
PMC6816141.

Berhe Zedie F and Hailu Kassa D (2018) Socio-economic, behavioral
and environmental factors associated with diarrhea among under five
children in health development and non-health development army
member mothers in Wondogenet, south Ethiopia Health Edu Care, 3:
DOI: 10.15761/HEC.1000144

Mengistie B, Berhane Y, Worku A (2013) A Prevalence of diarrhea
and associated risk factors among children under-five years of age in
Eastern Ethiopia: A cross-sectional study. Open Journal of Preventive
Medicine 3: 446-453.

Victora C. G., Bryce J., Fontaine O., & Monasch R. Reducing deaths
from diarrhoea through oral rehydration therapy. Bulletin of the
World Health Organization. 2012; 78(10), 1246-1255. ISSN:
00429686.

Alberini A., Eskeland G. S., Krupnick A., & McGranahan G.
Determinants of diarrheal disease in Jakarta. Water Resources
Research. 1996; 32(7), 2259-2269. https://doi.org/10.1029/
96WR01102

Gitika K, Nahid A, Md. Dabir U, S M Rakib-UZ (2019). Influence of
socio-demographic factors on the diarrheal disease management
approaches taken by two distinct communities of Bangladesh. J Adv
Biotechnol Exp Ther. 2019; 2(2): 78-86.

Mitra AK, Rahman MM, Fuchs GJ. Risk factors and gender
differentials for death among children hospi-talized with diarrhoea in
Bangladesh. Journal of Health, Population and Nutrition. 2000:
151-6.

Chompook P, Todd J, Wheeler JG, von Seidlein L, Clemens J,
Chaicumpa W. Risk factors for shigello-sis in Thailand. International
journal of infectious diseases: 1JID: official publication of the
InternationalSociety for Infectious Diseases. 2006; 10(6):425-33.

Veenstra G. Social capital, SES and health: an individual-level analysis.
Social science & medicine.2000; 50(5):619-29

Wierzba TF, El-Yazeed RA, Savarino SJ, Mourad AS, Rao M, Baddour
M, et al. The interrelationship ofmalnutrition and diarrhea in a
periurban area outside Alexandria, Egypt. Journal of pediatric
gastroen-terology and nutrition. 2001; 32(2):189-96. PMID:
11321391

Ali M, Do CG, Clemens JD, Park J-K, von Seidlein L, Truong MT, et
al. The use of a computerized data-base to monitor vaccine safety in
Viet Nam. Bulletin of the World Health Organization. 2005;
83(8):604—10. PMID: 16193545

Carrel M, Escamilla V, Messina J, Giebultowicz S, Winston J, Yunus
M, et al. Diarrheal disease risk inrural Bangladesh decreases as tubewell
density increases: a zero-inflated and geographically weightedanalysis.
Int J Health Geogr. 2011; 10(1):41.

Das SK, Nasrin D, Ahmed S, Wu Y, Ferdous F, Farzana FD, et al.
Health care-seeking behavior forchildhood diarrhea in Mirzapur, rural
Bangladesh. The American journal of tropical medicine andhygiene.
2013; 89(1 Suppl):62-8. doi: 10.4269/ajtmh.13-0107 PMID:
23629937

Gwatkin D. Overcoming the inverse care law: designing health
programs to serve disadvantaged popu-lation groups in developing
countries. Ms, World Bank. 2001.



Behavioral, infrastructural and climate change Factors for Rising Diarrhea

44,

45.

46.

47.

48.

49.

50.

51.

Gwatkin DR RS, Johnson K, Pande RP, Wagstaff A. Initial country
level information about socioeco-nomic differentials in health,
nutrition and population. Washington, DC: World Bank; Health,
Popula-tion and Nutrition Group. 2003.

Gwatkin DR, Rutstein S, Johnson K, Suliman E, Wagstaff A, Amouzou
A. Socio-economic differencesin health, nutrition, and population.
Washington, DC: The World Bank. 2007

Osman FA. Health policy, programmes and system in Bangladesh
achievements and challenges. South Asian Survey. 2008;15(2):263—
88.

GOV 2017. Government of the People’s Republic of Bangladesh.
Ministry of Health and Family Welfare. Health Bulletin 2017.
Available from www.dghs.gov.bd.

Sarker AR, Sultana M, Ali N, Akram R, Alam K, Khan JAM, et al.
Cost of Caregivers for Treating Hospitalized Diarrheal Patients in
Bangladesh. Trop Med Infect Dis. 2018;4(1):5. doi: 10.3390/
tropicalmed4010005 .

Hasan SMT, Das S, Faruque ASG, Khan Al, Clemens JD, Ahmed T.
Taking care of a diarrhea epidemic in an urban hospital in Bangladesh:
Appraisal of putative causes, presentation, management, and deaths
averted. PLoS Negl Trop Dis. 2021 Nov 15;15(11):¢0009953. doi:
10.1371/journal.pntd.0009953. PMID: 34780462; PMCID:
PMC8629377.

IPCC. Climate Change 2013: The Physical Science Basis Contribution
of Working Group I to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. In: Stocker TF, Qin D,
Plattner G-K, Tignor M, Allen SK, Boschung J et al., editors.
Cambridge, United Kingdom and New York, NY, USA: Cambridge
University Press; 2013 p. 1535 pp.

Levy K, Woster AP, Goldstein RS,Carlton EJ. Untangling the Impacts
of Climate Change on Waterborne Diseases: a Systematic Review of

45

52.

53.

54.

55.

56.
57.

58.

59.

Relationships between Diarrheal Diseases and Temperature, Rainfall,
Flooding, and Drought. Environmental science & technology.
2016:50:4905-22. Doi:10.1021/acs.est.5b06186.

GBD Diarrhoeal Diseases Collaborators. Estimates of global, regional,
and national morbidity, mortality, and aetiologies of diarrhoeal
diseases: a systematic analysis for the Global Burden of Disease Study
2015. Lancet Infect Dis. 2017 Doi:10.1016/S1473-3099(17)30276-
1.

Troeger C, Colombara DV, Rao PC, Khalil IA, Brown A, Brewer TG
et al. Global disabilityadjusted life-year estimates of long-term health
burden and undernutrition attributable to diarrhoeal diseases in children
younger than 5 years. The Lancet Global health. 2018:6:¢255-¢69.
Do0i:10.1016/s2214-109%x(18)30045-7.

Schaible UE, and Kaufmann SH. Malnutrition and infection: complex
mechanisms and global impacts. PLoS Med. 2007:4:e115 Doi:10.1371/
journal.pmed.0040115.

Bartram J, and Cairncross S. Hygiene, sanitation, and water: forgotten
foundations of health. PLoS Med. 2010:7:¢1000367 Doi:10.1371/
journal.pmed.1000367.

Sachs J The End of Poverty. New York: Penguin Press; 2005.

Carlton EJ, Woster AP, DeWitt P, Goldstein RS,Levy K A systematic
review and meta-analysis of ambient temperature and diarrhoeal
diseases. Int J Epidemiol. 2016:45:117-30. Doi:10.1093/ije/dyv296.

Philipsborn R, Ahmed SM, Brosi BJ,Levy K Climatic Drivers of
Diarrheagenic Escherichia coli Incidence: A Systematic Review and
Meta-analysis. The Journal of infectious diseases. 2016 Doi:10.1093/
infdis/jiw081.

WHO 2017. Climate-resilient water safety plans: managing health
risks associated with climate variability and change. Geneva: World
Health Organization; 2017.



