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Abstract
Objective: To compare the microbiological profile, clinical course and outcome of
acute diarrhoea in children aged <5 years having severe acute malnutrition (SAM)
with those of children having normal nutritional status.
Design: Cross-sectional comparative study.
Setting: Tertiary-care hospital catering mainly to the urban poor of East Delhi,
India.
Participants:Children aged<5 years (n 140; seventy with SAM (cases) and seventy
with normal anthropometry (controls)) with acute diarrhoea (duration < 14 d).
Stool samples were collected for conventional culture, microscopy, acid-fast stain-
ing, rotavirus and Cryptosporidium antigen detection, and subtyping of diarrhoea-
genic Escherichia coli (DEC). We followed-up these children for persistent
diarrhoea and subsequent diarrhoeal episode in the next 3 months.
Results: Rotavirus was detected in six (9 %) cases and in fifteen (21 %) controls
(P = 0·03; OR = 0·34; 95 % CI 0·12, 0·94). DEC was isolated significantly more in
cases compared with controls (93 v. 64 %; P < 0·001; OR = 7·25; 95 % CI 2·57,
20·4). Cryptosporidiumwas detected in seven (10 %) cases and five (7 %) controls.
Total duration of diarrhoea and percentage change in weight after resolution of
diarrhoea were comparable between cases and controls. At 3-month follow-up,
number of subsequent episodes of diarrhoea and persistent diarrhoea were
comparable between the two groups.
Conclusions: Rotavirus was found significantly less frequently, whereas DEC was
detected more frequently in children with SAM in comparison to non-malnourished
children. To further reduce diarrhoea-related mortality, preventive and therapeutic
interventions need to be designed against organisms causing diarrhoea in children
with SAM.
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Diarrhoea and severe acute malnutrition (SAM) are the key
contributors to mortality among children aged <5 years
(under-5s), especially in low- and middle-income coun-
tries(1–3). Both increase the incidence of one another.
Diarrhoea leads to malabsorption, increased catabolism,
nutrient sequestration and decreased dietary intake, which
results in malnutrition; whereas malnutrition results in
impaired immune function and barrier action that further
increases the chances of infection(4). Malnourished chil-
dren are at a greater risk of diarrhoea than well-nourished
children because of weak local IgA response(5,6), and also
at a much higher risk of diarrhoea-related death and com-
plications such as worsening of malnutrition and delayed
recovery(7).

Aetiology, risk factors, outcomes and complications of
diarrhoea in children are well known. Rotavirus is impli-
cated as the most important causative agent among
under-5 children with diarrhoea(8,9). However, there is a
paucity of studies focusing on aetiology and outcomes in
childrenwith SAMhaving acute diarrhoea. India, belonging
to the group of low- and middle-income countries, faces
sanitation as one of the biggest challenges: about 64 % of
the poor rural population lacked improved sanitation facili-
ties and 48 % of the rural population defecated openly in
the year 2012(10). With the widespread use of oral rehydra-
tion salts, zinc and standardized protocols for management
of diarrhoea, diarrhoea-related mortality has reduced sig-
nificantly and most deaths are now occurring in those with
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SAM(11). Hence, efforts must focus on knowing the aetiol-
ogy and profile of diarrhoea in children with SAM to help in
designing and refining the treatment guidelines in these
children. We conducted the present study with the objec-
tives of determining the aetiology and outcomes of acute
diarrhoea in children with SAM and to compare them with
those in well-nourished children.

Methods

The present cross-sectional analytical study (with enrolment
of cases and controls) was conducted in the Departments
of Paediatrics and Microbiology of a hospital catering mainly
to the urban poor population of East Delhi and affiliated to a
medical college in New Delhi, India, between January 2016
and March 2017. An approval from the institutional ethical
committee was obtained. Informed consent was obtained
from the parent or guardian of every participating child.

Study population

Inclusion criteria
Weenrolled children aged between 1 and 59months present-
ing to the paediatric outpatient department or emergency
services with acute watery diarrhoea (duration< 14 d)(12).
Children with SAM (weight-for-height/length Z-score
(WHZ) <–3 according to WHO reference standards or
bipedal oedema or mid-upper arm circumference (MUAC)
<11·5 cm) were enrolled as cases(13) and normally nourished
children (WHZ> –2 according to WHO reference standards
and no bipedal oedema and MUAC> 12·5 cm) served as
controls. Cases and controls were matched for gender and
age group (<3 months, 3–6 months, 6–12 months, 1–3 years,
3–5 years).

Exclusion criteria
Children with coexisting chronic systemic illness (e.g.
chronic heart, kidney, haematological, liver or gastrointes-
tinal disease), known cases of HIV or immune suppression,
preterm birth (<37 weeks of gestation), and children
receiving antibiotics, probiotics or any other indigenous
medication within the last 1 week before enrolment were
excluded.

Clinical assessment
A detailed clinical history was obtained, with focus on
nature of diarrhoea, vomiting, fever and abdominal pain.
Hydration status was assessed at the time of enrolment
as per WHO criteria(12). A general physical examination
and systemic examination were performed for every par-
ticipant at the time of enrolment. Every participating child
was assessed for weight (digital weighing scale, sensitivity
5 g; SECA, Germany), length/height (infantometer/stadi-
ometer, sensitivity 1 mm; SECA) and MUAC (measuring
tape, sensitivity 1 mm; SECA) using standard techniques(14).

These data were interpreted using WHO reference growth
charts and Z-scores were calculated using WHO Anthro
software (version 3.2.2). Anthropometry was repeated
and analysed at resolution of diarrhoea.

Microbiological assessment
Stool samples (freshly passed, 1–2 g)were collected inwide-
mouth containers or by using a sterile applicator to transfer
them to the container after collecting on a clean mackintosh.
Part of the stool samples was used for rotavirus antigen
detection by the EpiTuub® Fecal Rotavirus Antigen Test
Kit (Epitope Diagnostic, USA). Another part of the stool
sampleswas concentrated by the formalin–diethyl ether sed-
imentation method. The resulting samples were examined
microscopically by Kinyoun’s acid-fast staining for detection
of Cryptosporidium oocyts. The samples were also
preserved in 10% (v/v) formalin (at room temperature)
for antigen detection of Cryptosporidium, using the
CoproELISA Cryptosporidium Antigen Detection Kit
(Savyon Diagnostics, Israel) as per the manufacturer’s
instruction. Saline–iodine preparations of the stools were
examined under amicroscope for the presence of ova, cysts,
pus cells and erythrocytes. Stool samples were cultured for
enteric pathogens on a battery of media and incubated at
37°C overnight to be identified by conventional laboratory
techniques. Stool cultures positive for enteric pathogenic
bacteria and/or Escherichia coli were noted. Lactose-fer-
menting colonies from MacConkey agar, confirmed bio-
chemically as E. coli, were picked up for DNA extraction
(HiYield Genomic DNA Kit; Real Biotech Corporation,
Taiwan) and multiplex PCR. Specific primers were used to
identify diarrhoeagenic E. coli (DEC): enteropathogenic
E. coli (EPEC), enterotoxigenic E. coli (ETEC) and enteroag-
gregative E. coli (EAEC), which were procured from Genei,
India. DNA amplification was performed on a thermocycler
and analysed by electrophoresis on 1 % (w/v) agarose gel.

Patient management
Children were hospitalized depending upon the clinical
condition, state of hydration and state of malnutrition.
Participating children were treated as per the WHO stan-
dard treatment protocols(12,15). Well-nourished children
were supplemented with oral zinc. Parents were coun-
selled about exclusive breast-feeding and complementary
feeding. Importance of environmental sanitation, personal
hygiene, hand washing and family planning was also
emphasized. Enrolled children were followed-up every
fortnight in the follow-up clinic of the hospital over the next
3 months for recurrence of diarrhoea.

Outcome variables
The primary objective of our study was to find the
frequency of detection of rotavirus, as the causative agent
of acute watery diarrhoea, in both study groups. The
secondary objectives were to find the proportion of
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children having Cryptosporidium-, Shigella- and E. coli-
related diarrhoea in both study groups. We also noted
the percentage change in weight after the resolution of
diarrhoeal illness, duration of diarrhoeal illness (from the
day of onset of loose stools >3 times/d to no loose stools
in the last 24 h), and the percentage of children developing
persistent diarrhoea (duration > 14 d) and/or recurrence
during the 3-month follow-up.

Sample size
The proportion of well-nourished children (controls) with
detection of rotavirus antigen in stools was estimated to be
0·3(16). Assuming the proportion to be 0·1 among severely
malnourished children (cases), we required sixty-two cases
and sixty-two controls to reject the null hypothesis of no
difference in proportion of rotavirus detection in the two
groups with 80 % power and α error of 0·05. Therefore,
we planned to enrol seventy under-5 children with acute
watery diarrhoea in each group allowing for 10 % loss of
analysable samples.

Statistical analysis
Frequency of aetiological agents and the number of chil-
dren developing persistent diarrhoea in both study groups
were compared using the χ2 test or Fisher’s exact test. The
percentage change in weight, duration of diarrhoeal illness
and number of repeat episodes of diarrhoea were com-
pared between cases and controls using Student’s t test
(unpaired).

Results

We enrolled 140 under-5 children with acute diarrhoea,
including seventy with SAM and seventy who were normally
nourished. The median age of participating children was 10
months. Eighty (57·1 %) children were less than 1 year of
age. Table 1 compares the clinical profile and anthropometry
between the two groups.

Table 2 compares the microbiological agents between
cases and controls. We observed rotavirus in twenty-one
enrolled children; it was found in a significantly lower pro-
portion of cases than controls. DEC was isolated in 110
enrolled children; the proportion was significantly higher
in cases. Out of all the subtypes, EAECwas isolated in a sig-
nificantly higher number of cases compared with controls.
Frequency of mixed infection with other DEC was also
high. EAEC was detected in seventy-three children, out
of whom twenty-four children had isolated EAEC and
rest, forty-nine, had mixed infection. Similarly, EPEC and
ETEC were detected in fifty-three and fifty children, out
of whom twenty-one and twelve had isolated infection
and rest, thirty-two and thirty-eight children, respectively,
had mixed infection with other DEC. Twelve children
(8·6 %) had stool samples positive for Cryptosporidium

antigen detection by ELISA. Out of these twelve samples,
eight were also positive on acid-fast staining of the concen-
trated stool.

We found a statistically significant difference in weight at
resolution of diarrhoea and WHZ at resolution of diarrhoea
between cases and controls (Table 3), similar to the signifi-
cant difference observed in WHZ at enrolment. We also
observed that the percentage change in weight and change
in WHZ at resolution were similar and comparable in both
study groups. Persistent diarrhoea was observed in six par-
ticipants, three each in cases and controls. We were able to
follow-up 130 enrolled children for recurrence of diarrhoea
and its characteristics. The mean (SD) duration of follow-up
was 66·5 (19·3) d in cases and 66·7 (21·5) d in controls
and the mean (SD) number of diarrhoeal episodes during
follow-up was 1·7 (1·6) in cases and 1·5 (1·2) in controls.

Discussion

In the present cross-sectional study, rotavirus was detected
significantly less frequently among SAM cases with acute

Table 1 Comparison of characteristics between cases and controls
at enrolment: children aged <5 years, East Delhi, India, January
2016–March 2017

Parameter

Cases (n 70) Controls (n 70)

P
value

Mean
or n

SD

or %
Mean
or n

SD

or %

Age (months),
mean and SD

16·1 14·65 14·4 12·04 0·474

Sex, n and %
Males 29 41·4 30 42·9 0·864

Duration of
diarrhoea at
enrolment (d),
mean and SD

2·0 1·77 1·9 1·53 0·759

No. of stools in
24 h, mean and
SD

10·4 3·41 10·3 2·80 0·829

Type of stools, n and %
Watery stools 55 78·6 52 74·3
Mucoid stools 12 17·1 13 18·6 0·826
Blood in stools 3 4·3 5 7·1

Vomiting, n and % 40 57·1 39 55·7 0·865
Fever, n and % 32 45·7 36 51·4 0·499
Abdominal pain, n
and %

17 24·3 11 15·7 0·205

Hydration status, n and %
No dehydration 6 8·6 7 10
Some
dehydration

30 42·9 28 40 0·923

Severe
dehydration

34 48·6 35 50

Anthropometry at enrolment, mean and SD

Weight (g) 5922 2169 8482 2575 <0·001
MUAC (cm) 10·9 1·00 13·4 0·50 <0·001
WAZ −4·13 1·00 −1·00 1·06 <0·001
WHZ −4·05 0·90 −0·70 0·80 <0·001

Cases, children having severe acute malnutrition and acute diarrhoea; controls,
anthropometrically normal children with acute diarrhoea; MUAC, mid-upper arm
circumference; WAZ, weight-for-age Z-score; WHZ, weight-for-length/height Z-score.
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diarrhoea in comparison to controls (well-nourished
children) with acute diarrhoea. We observed high rates of
isolation of DEC for both cases and controls. DEC isolation

was significantly higher in children with SAM. Out of all
three subtypes, EAEC was significantly higher in cases
compared with controls. Cryptosporidium and Vibrio
cholera detection was comparable between cases and con-
trols. We did not observe any significant difference in the
duration of illness, percentage change in weight, percent-
age change in WHZ and incidence of persistent diarrhoea
between the two groups.

In our study, we found rotavirus in 15 % of total children
enrolled from both inpatient as well as outpatient settings,
which is comparable to other studies from India(17,18). Attia
et al.(19) also studied children (aged 6–60 months) with
complicated SAM and observed a low prevalence of rota-
virus; about 8 %. However, they did not enrol any non-
malnourished controls. Ferdous et al.(16) observed 30 %
prevalence of rotavirus diarrhoea in malnourished children
and 33 % in well-nourished children. However, they also
included moderately malnourished children who may
not have altered physiology and immune system as in
children with SAM; this may explain the higher detection
of rotavirus in their group of malnourished children. Das
et al.(20), in their time-series modelling data over a period of
20 years (1993–2012), observed that reduction in proportion
of underweight and wasting in Bangladesh was associated
with a higher proportion of rotavirus infection as a cause
of diarrhoea. In a longitudinal study among slum-
dwelling children from Bangladesh, Verkerke et al.(21)

reported a significant association between better nutritional
status and rotavirus infection in first 3 years of life. By a
generalized mixed-effects model, they further derived that
for each one-unit increment in height-for-age Z-score,

Table 2 Microbiological comparison between cases and controls: children aged <5 years, East Delhi,
India, January 2016–March 2017

Aetiological agent

Cases
(n 70)

Controls
(n 70)%

P value OR 95% CIn % n %

Rotavirus 6 8·6 15 21·4 0·033 0·34 0·12, 0·94
Cryptosporidium 7 10·0 5 7·1 0·55 1·45 0·44, 4·78
DEC 65 92·9 45 64·3 <0·001 7·25 2·57, 20·4
EPEC 21 – 32 – 0·556 0·51 0·25, 1·02
EAEC 43 – 30 – 0·028 2·12 1·08, 4·17
ETEC 29 – 21 – 0·158 1·65 0·82, 3·31

Vibrio cholera 5 – 9 – 0·546 0·69 0·21, 2·29
Other bacteria (total) 15 – 9 – 0·178
Shigella spp. 3 – 1 –
Salmonella spp. 1 – 1 –
Klebsiella spp. 5 – 4 –
Pseudomonas spp. 4 – 1 –
Citrobacter spp. 2 – 2 –

Protozoa and helminths (total) 13 – 13 – 1·000
Giardia 11 – 6 –
Ascaris 1 – 3 –
Hookworm 1 – 1 –
Hymenolepis nana 1 – 1 –
Enterobius vermicularis 0 – 2 –

Cases, children having severe acute malnutrition and acute diarrhoea; controls, anthropometrically normal children with acute
diarrhoea; DEC, diarrhoeagenic Escherichia coli; EPEC, enteropathogenic E. coli; EAEC, enteroaggregative E. coli; ETEC,
enterotoxigenic E. coli.

Table 3 Comparison of parameters at diarrhoea resolution between
cases and controls: children aged <5 years, East Delhi, India,
January 2016–March 2017

Parameter at resolution

Cases
(n 70)

Controls
(n 70)

P value
Mean
or n

SD

or %
Mean
or n

SD

or %

Weight (g), mean and SD 6175 2215 8875 2679 <0·001
WHZ, mean and SD −3·58 0·85 −0·20 0·80 <0·001
Total duration of
diarrhoea (d), mean
and SD

4·7 3·5 4·1 3·4 0·318

Percentage change in
weight, mean and SD

4·67 2·55 4·48 2·01 0·616

Change in WHZ, mean
and SD

0·47 0·24 0·50 0·23 0·520

Persistent diarrhoea,
n and %

3 4·3 3 4·3 1·0

Cases
(n 65)

Controls
(n 65)

P valueMean SD Mean SD

Duration of follow-up (d) 66·5 19·3 66·7 21·5 0·949
Episodes of acute
diarrhoea in 3 months*

1·7 1·6 1·5 1·2 0·395

Cases, children having severe acute malnutrition and acute diarrhoea; controls,
anthropometrically normal children with acute diarrhoea; WHZ, weight-for-length/
height Z-score.
*Many children were not completely followed up for 3months; episodes of diarrhoea
in them were averaged to 3 months.
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weight-for-age Z-score and WHZ, the risk of rotavirus diar-
rhoea was higher by 36, 32 and 18 %, respectively(21).
Findings from our study further consolidate the hypothesis
that in malnourished children, diarrhoea is less likely to be
due to rotavirus. The plausible mechanisms of rotavirus
being less prevalent in malnourished children include
immaturity of their gut microbiota(21,22), rendering them
more prone to bacterial infections; and presence of envir-
onmental enteropathy leading to shortening of the entero-
cytic villi(21,23), which might be critical for rotavirus entry
and replication. All these factors operate to a greater extent
in children with more severe forms of malnutrition, which
might explain a larger effect size in our study as compared
with earlier studies, which evaluated differences between
normal and moderately malnourished children.

Isolation of DEC was significantly higher (P< 0·001) in
cases in comparison to controls. Similar high isolation rates
were seen in previous other studies from our institu-
tion(24,25). Unregulated use of antibiotics disrupts normal
flora and facilitates selective proliferation and colonization
of DEC. We could not accurately enquire about antibiotic
use due to recall bias, illiteracy of parents and lack of docu-
mentation of treatment by unqualified practitioners.
Ferdous et al.(16) and Attia et al.(19) both found a lower
prevalence of ETEC in malnourished children; 4·3 and
16 %, respectively. This may be due to the geographic
variations between the studies. Ferdous et al.(16) included
childrenwithmoderatemalnutrition and excluded children
with dysentery from their study, which may explain the
low isolation of ETEC. We detected Cryptosporidium in
9 % of enrolled children. Similarly low isolation rate of
Cryptosporidium was observed by Attia et al.(19). These
detection rates are comparatively lower than in earlier
studies from similar settings(26–28). Also, our results were
not statistically significant between cases and controls
because our study was not powered for Cryptosporidium
detection. WHO estimates the incidence of persistent diar-
rhoea at about 10 %, which falls to 7 % in community-based
studies, and 20 % of malnourished children develop persis-
tent diarrhoea(29). We observed low prevalence (4 %) of
persistent diarrhoea in our study. Children in our study
were managed as per treatment guidelines for SAM and
diarrhoea, which could have led to lesser risk of persistent
diarrhoea. We could follow-up 130 children; the mean
number of episodes of diarrhoea in 3 months was compa-
rable and not statistically significant between cases
and controls. A relatively shorter duration of follow-up in
our study and use of zinc supplementation and hygiene
education could have nullified the difference between
the two groups.

The main strength of our study was a comparative
design, which enabled us to compare aetiological,
anthropometric and clinical parameters between severely
malnourished and non-malnourished children, and analyse
for significant associations. We carried out the study in an

urban hospital catering mainly to children from the lower
socio-economic strata of society, where poor hygiene,
improper sanitation and hand washing are still challenging,
and management and prevention of diarrhoea are a prior-
ity. We carried out extensive stool microbiological work-up
for aetiology of diarrhoea and tried to cover almost all of the
common diarrhoeagenic pathogens in both our study
groups, including antigen detection for rotavirus and
Cryptosporidium and DNA extraction of E. coli and PCR
for subtyping of E. coli.

The main limitation of our study was the hospital-based
enrolment; and thus the results may not be representative
of the patterns in the community setting. However, as it is
recommended to hospitalize all children with SAM having
diarrhoea, it may not be ethically possible to conduct such a
study in the community setting, especially with follow-up
for outcomes. Also, we did not enrol non-diarrhoeal con-
trols in our study, which could have helped us to find
out the asymptomatic carrier rate among our study groups
and compare their disease-causing potential between the
two groups. We calculated the sample size of our study
according to rotavirus prevalence; this sample size was
inadequate to enable comparison of prevalence of other
organisms (with low isolation/detection rates) and risk of
persistent diarrhoea, repeat episodes of diarrhoea and
mortality. We could not perform molecular typing of
rotavirus, which would have helped us to know the preva-
lent types in the two groups.

We conclude that rotavirus is a significantly lesser prob-
lem in childrenwith SAM having acute diarrhoea compared
with well-nourished children with diarrhoea, whereas DEC
isolation is higher in children with SAM. This may suggest a
change in paradigm from rotavirus to other diarrhoeagenic
pathogens, especially in children with SAM. As SAM is a
major risk factor of diarrhoeal mortality, our findings need
to be confirmed in diverse community-based settings in
low- and middle-income countries in order to prevent
childhood mortality due to diarrhoea by formulating
preventive and treatment strategies against the prevailing
organisms.
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