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ABSTRACT

Recent data showed that there is no much reduction in diarrhoea related
morbidity in developing countries. This is important in view of the Millennium
Developmental Goal (MDG) to be achieved by 2015. This study reviewed and
analyzed after gathering the recent literature information from Pubmed, internet
andothersources. The authors discussed public health issues related to diarrhoeal
diseases that include problem burden, determinants, intervention strategies,
management, prevention and recent developments for control of diarrhoea
among under-five children in developing countries. The study emphasizes the
need for strengthening of comprehensive diarrhoeal disease prevention strategy
at primary level including improvement of water quality, hygiene and sanitation,
along with provision of oral rehydration solution and zinc supplements, and
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research in the field of vaccine and cost effective interventions.
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INTRODUCTION

Diarrhoeal disease is an important public health problem
among under- five children in developing countries. Global
estimates of the mortality due to diarrhoea have shown a
steady decline sine 1980s. However, diarrhoeal diseases
still continue to be an important cause of morbidity and
mortality worldwide in spite of all advances in health
technology, improved management, and increased use of
oral rehydration therapy in the past decades. Morbidity
due to diarrhoea has not shown a parallel decline in
comparison to mortality trends, and global estimates
remain between two and three episodes of diarrhoea per
under five year child per year. ! Millenium Development
Goal - 4 aims to reduce childhood mortality by 2/3 by the
year 2015 and previous studies, however, show minimal
progress in this regard. So efforts must be made to review
existing strategies and formulate newer ones.?

There are multiple reasons for poor declining trend of
diarrhoeal diseases especially in developing countries with
the environmental sanitation issues contributing a major
part of it. A recent review highlighted the fact that there is
a need for prioritisation of certain interventional strategies
with respect to environmental sanitation in India.® This
is in view of changing pattern of exposure to risk factors
at various levels for water borne diseases including
urbanisation and industrialisation. Because of the above
findings, it is important to analyse the diarrhoeal disease
morbidity pattern and factors associated with it, preventive
and control strategies with recent developments, so that
appropriate control measures can be adopted at various
levels in the community.
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METHODS

Recent data was collected from Google search engine,
Pubmed and others. Key words used were diarrhoeal
diseases, developing countries, problem burden, risk
factors, aetiology, interventional strategies, and vaccines.
Data pertaining to developing countries after the year 2000
was collected, summarised and analysed for discrepancies.
Information was described in terms of problem burden,
determinants, intervention strategies, management,
prevention and recent developments for control of diarroea
among under-five children.

Problem Burden and determinants

Diarrhoeal disease was the second leading cause of death
among under-five children in low-income countries in
2004 after pneumonia and it kills 1.5 million children every
year. In developing countries, children under three years
old experience on average three episodes of diarrhoea
every year.* A review of the incidence and prevalence of
acute gastrointestinal illness from 33 studies in developed
countries reported it to be ranging from 0.1 to 3.5 episodes
per person-year.® In India, the proportionate mortality due
to diarrhoea was 9.1% and the estimated projection of
Years of Life Lost (YLL) will increase from 1,68,896 in 2006
to 1,95,046 in 2016 among O to 6 years age group.®

Table 1. Problem burden of diarrhoeal diseases.

Country ®f  Year Type of Age group Findings
study
India ’ 2003 Community  All age 5.27%. 15%
based groups were less
than 2 years
age
India ® 2010 Community  All age 3.58%
based groups
Egypt °® 2000 Sentinel sites  Under five 19.5%, 3.6
episodes per
child semian-
nually
Ethiopia ® 2000 Community Under five 15%
based
Ethiopia** 2003 Community Under five 42.6%. 5.48
based episodes per
child per year
Ethiopia ** 2008 Community Under five 28.9%
based
Iraq 2000 Community Under five 21.3%
based
Israel ** 2011 Population Lessthan17  5.7%
based years
Malaysia ** 2011 Population All age 5% in past 4
based groups weeks
United 2002 Population All age 11% in the
States ¢ survey groups past 4 weeks
United 2007 Population All age 5.1% in the
States V7 survey groups past 4 weeks

The Egypt and Ethiopia studies showed that 33.6%, 24.5%
and 14% of the acute diarrhoeal diseases had persistent
diarrhoea.’** The risk factor analysis were varied in
different studies. A hospital based data from Bangladesh
reported that more diarrheal patients admitted were

above five years of age (64%) than those below five years
of age (36%). About 60% of the patients above five years
of age had severe dehydration compared with only 9% of
patients under five years of age. 1

Egypt study reported that in order of contribution to risk
prediction, household meat consumption, mother’s age
at the time of birth of the child, child’s age, and father’s
illiteracy were significant factors, while Ethiopia study
found that well source of water and acute respiratory
infections (ARI) in the previous two weeks were found to
be significantly associated with occurrence of diarrhoeal
disease in the logistic regression analysis.®*' Another
study found that use of cover material during drinking
water transportation, faeces seen around the pit-hole
and bottle feeding were the only significant variables on
multivariate analysis.!? In contrast to this another study
in Ethiopia found that young age, male gender, living in a
house with fewer number of rooms, and obtaining water
from storage containers by dipping showed statistically
significant association with diarrheal morbidity while type
of water source, amount of water consumed, and latrine
availability were not found to be significant risk factors.*
Iraq study showed that 6.9% of under-five children also
had acute respiratory infection (ARI) in the last two weeks
and diarrhoea was associated with age of child, area of
residence, maternal education, source of water, toilet
facility, disposal of children’ stool and disposal of dirty
water.” Indian studies found that household member with
cholera during the period of surveillance, young age, lower
educational level and non-potable water at storage points
was associated with water borne diseases.”?

At the same time it is important to look for the quality of
water distribution system from the source. As found out
in Borakhpur, India, bacteriological pollution of drinking
water supplies due to the infiltration of contaminated
water through cross connection, leakage points, and
back siphoning caused diarrheal illness.’ The significant
water risk factors as identified were the mode of water
transportation, and the poor handling of water at the
household level, including lack of or inappropriate water
treatment methods. These, combined with the low
education level further pre dispose the under five children
to diarrhoea.”® Also, washing and purifying fruit and
vegetables; presence of wastewater in the street; refuse
storage, collection and disposal; domestic water reservoir
conditions; faeces disposal from swaddles; presence of
vectors in the house and flooding in the lot were found
to be associated with diarrhoea.”* Amongst households
storing municipal water proven to be safe at source,
adhering to the best storage practices did not translate into
lower incidence rates as compared to those with relatively
unsafe practices. The explanation lay in factors which
were external to the home and beyond the control of the
affected household. Thus, household level behavioural
factors such as storage practises should not be analysed in
isolation as determinants of diarrhoeal illness particularly
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when pitted against stronger neighbourhood and external
determinants.?

Aetiology

A study in Bangladesh found that the most prevalent
pathogen isolated was Vibrio cholerae 01 (23%) followed
by ETEC (11%). About 8% of cholera infection was seen in
infants with the youngest children being one month of age
while in the case of ETEC the rate was 11%. Of the isolated
ETEC strains, the enterotoxin type were almost equally
distributed; ST accounted for 31% of strains; LT/ST for
38% and LT for 31%.%8 During the dry season, acute watery
diarrhoea is the most common type of diarrhoea in children
under five years in a study in Tanzania and overall, bacteria
and viruses contributed equally accounting for 33.2% and
32.2% of all the cases, respectively.? Of the estimated 165
million cases of Shigella diarrhoea that occur annually, 99%
occur in developing countries out of which 69% of episodes
occur in children under five years of age. Moreover, of the
ca.1l.1 million deaths attributed to Shigella infections in
developing countries, 60% of deaths occur in the under-
five age group.?*

Arecent study from China showed that 46.48% of diarrhoea
among young children are due to viral aetiology with
rotavirus infections were the most common, followed by
adenovirus infections, norovirus infections and astrovirus
infections. Children younger than one year old were the
most susceptible population to viral infections (87.9%).%°
Uganda and Turkey studies showed that prevalence of
rotavirus infection was 45.4% and 44.4%. 2%

Another hospital based study from India found that
about 3.6% of the cases were positive for E. histolytica.
No seasonality was observed although in the neighboring
tropical country Bangladesh, a typical seasonality of
E. histolytica infection was noticed.”® A Nigerian study
showed that out of 300 under-five children with diarrhea,
70 (23.3%) had parasites. There were 18 (6%) helminthes
and 52 (17.3%) protozoas. Malnutrition and low socio-
economic status are risk factors.?® A recent study in South
Asia, South East Asia and Far East found that prevalence
of G. lamblia varied markedly between studies illustrating
higher levels in the urban than in the rural areas, more
among poor communities, slightly higher in males than
in females with age range of 2-5-year-old children, and
among university students, old-aged people, HIV-positive
patients, and gastric carcinoma patients.>® Prevalence rates
of Giardia infection in patients with diarrhoea range from
0.4% to 70%, and asymptomatic cyst passage has been
found to be as high as 50% in rural southern India.3!

Intervention strategies

Asystematicreview showed that based on current evidence,
washing hands with soap can reduce the risk of diarrhoeal
diseases by 42-47%.32** Compared with children living in
households where persons prepared food without washing
their hands, children living in households where the food

preparer washed at least one hand with water only (odds
ratio =0.78), washed both hands with water only (OR=0.67),
or washed at least one hand with soap (OR=0.30) had less
diarrhoea. In households where residents washed at least
one hand with soap after defecation, children had less
diarrhoea (OR=0.45). There was no significant association
between hands washing with or without soap before
feeding a child, before eating, or after cleaning a child’s
anus who defecated and subsequent child diarrhoea and
hand washing with water alone can significantly reduce
childhood diarrhoea.?* Having water available at the place
to wash hands after toileting (odds ratio = 2.2) and having
soap available at the place to wash hands after toileting
(odds ratio = 2.1) were associated with washing both hands
with soap after fecal contact.®® These observations suggest
that hand washing before preparing food is a particularly
important opportunity to prevent childhood diarrhoea.
With an intense community-based intervention and
supplies provided free of cost, each of the home-based
interventions significantly reduced diarrhoea. There was
no benefit by combining hand washing promotion with
water treatment.3®

Access to improved sanitation was associated with lower
mortality (OR=0.77), a lower risk of child diarrhoea
(OR=0.87) and a lower risk of mild or severe stunting
(OR=0.73). Access to improved water was associated with
a lower risk of diarrhoea (OR=0.91) and a lower risk of
mild or severe stunting (OR =0.92), but did not show any
association with non-infant child mortality (OR=0.97).>
The long-term impact of the floods was not clearly marked
in the overall prevalence of diarrhoea with the exposed
group having prevalence of 55.1% as against 56.2% in the
unexposed group of children under five.3® Diarrhoea is
positively correlated with earth eating (r = 0.306), presence
of human faeces in the yard (r = 0.587), presence of animal
faeces in the yard (r = 0.225) and the index child not
wearing loincloth (r = 0.471).%

The effect of increasing maternal education appears to
be more protective for children in wealthy families than
for children in poor families. Conversely, improvements
in economic status reduce health risks more for children
whose mothers are better educated. Father’s education is
protective and operates independently of economic status.
Our findings imply that poverty alleviation efforts occurring
in concert with programs to educate women and girls will
be more effective for improving children’s health than
either approach alone.*

Newly available data set District Level Household Survey
3 to quantify the impact of access to improved sanitation
on diarrheal morbidity for children less than 5 years of age
in India found that access to improved sanitation reduces
the risk of contracting diarrhoea by 2.2 percentage points.
There is considerable heterogeneity in the impacts of
improved sanitation and the magnitude of the treatment
effect differs largely by hygiene behaviour.*?
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In case of persistent diarrhoea, micronutrient
supplementation, algorithm based diet regimens, and
good supportive care are sufficient in most children with
above six months of age.*” More data are needed to
optimize the management of diarrhoea and highlight the
research priorities at a global level; such priorities include
improved recommendations on oral rehydration solution
composition, and the re-evaluation of therapeutic options
in the light of new trials. Therapeutic strategies need to
be assessed in different settings, and pharmaco-economic
analyses based on country-specific data are needed.*

CONSEQUENCES

Diarrhoea is a contributing factor of anaemia and
malnutrition among young children.** Diarrhoea may
contribute substantially the burden of Acute Lower
Respiratory tract Infection in malnourished populations.*®
The absence of peripheral pulses even after full rehydration,
severe malnutrition, hypoxaemia, lobar pneumonia and
hypernatraemiaareindependent predictors of deathamong
the under-five children with diarrhoea admitted to critical
care ward of a resource-limited setting in Bangladesh.*
Pneumonia was the most common immediate cause of
death [29.7%] followed by acute diarrhea and malaria each
contributing for 23% of deaths.*”

Recent developments

The vaccine for rota virus has been launched in 62 countries
and has been included the national immunization schedule
in 11 countries. The Strategic Advisory Group of Experts
(SAGE) recommends the inclusion of rotavirus vaccination
of infants into all national immunization programs.
The vaccine should be administered promptly after
reconstitution as a 1ml oral dose. The vaccine should be
given in two doses. The first dose should be administered
at the age of 6 weeks and no later than at the age of 12
weeks. The interval between the 2 doses should be at
least four weeks.*® All the studies concluded that rotavirus
immunization is cost effective but may not be affordable
for the developing world at present. Developing countries
will definitely rely on financial support from international
organizations to introduce rotavirus vaccination.*

Constant antibiotic surveillance is warranted as bacteria
were highly resistant to various antimicrobial agents
including co-trimoxazole and erythromycin  which
are currently recommended for empiric treatment of
diarrhoea.?® New methods for prevention, management,
and treatment of diarrhoea-including an improved
oral rehydration formulation, zinc supplementation,
and rotavirus vaccines-make now the time to revitalise
efforts to reduce diarrhoea mortality worldwide.*® The
addition of zinc and prebiotics to ORS limits diarrhoea
duration in children.>* The incidence of diarrhoea showed
a 13% reduction with preventive zinc supplementation.>
Preventive vitamin A supplementation reduces all-cause
and diarrhea specific mortality in children 6-59 months of

age in community settings in developing countries.

The oral killed WC/rBS cholera vaccine (DukoralTM) was
found to prevent 23% of all diarrhoea episodes and 52% of
episodes due to ETEC in Finnish tourists visiting Morocco.
This protection was reported, however, not to last more
than a few months. The protective efficacy of the rCTB-CF
ETEC vaccine was assessed in two larger placebo-controlled
Phase Ill trials in American travellers going to Mexico and
Guatemala. The only paediatric study to assess efficacy of
the rCTB-CF ETEC vaccine was undertakenin rural Egypt with
350 children of 6-18 months old. Several other approaches
are being pursued to develop specific ETEC vaccines using a
new delivery technology, the transcutaneous immunization
patch.>** The introduction of TF vaccines in routine
vaccination programs in Asia would be highly beneficial
in view of the burden of disease and cost of illness to
governments and individuals. However, most developing
countries are uncertain of their true TF disease burden, due
to lack of rapid diagnostic tools, infrequency of laboratory
testing and poor reporting system. So far, only two
countries, China and Vietnam, have incorporated typhoid
vaccination into their routine immunization programs, and
only in a limited fashion. Two new vaccines are currently
licensed and widely used worldwide, a subunit (Vi PS)
vaccine administered by the intramuscular route and a live
attenuated S. typhi strain (Ty21a) for oral immunization.>*
As the majority of childhood diarrhoeas are caused by
V. cholerae, Shigellae dysenteriae type 1, rotavirus and
enterotoxigenic Escherichia coli (E. coli) which have a high
morbidity and mortality, vaccines against these organisms
are essential for the control of epidemics. A strong political
will with appropriate budgetary allocation is essential for
the control of childhood diarrhoeal diseases in India, a
formidable task in a country with a population of over one
billion.>®

CONCLUSION

With high morbidity and mortality prevailing among
children in developing countries due to diarrheal diseases,
achieving Millennium Development Goal 4 (MDG 4), which
aims to reduce the global under-five mortality rate by two
thirds between 1990 and 2015, will require additional
efforts. The governments should focus on comprehensive
diarrhoeal disease control strategy, including improvement
of water quality, hygiene, and sanitation; provision of
oral rehydration solution and zinc supplements; overall
improved case management and research in the field of
cost effective interventions. Existing public health programs
should develop effective approaches to promote hand
washing that cost less and can be used to reach millions of
at risk households. A strong political will with appropriate
budgetary allocation along with monitoring and follow
up evaluation are essential for the control of childhood
diarrhoeal diseases in developing countries.
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