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To date there have been few reports on the impact of dietary intervention on the clinical course
of acute shigellosis. Current management of acute shigellosis is primarily focused on antibiotic
therapy with less emphasis on nutritional management. In a randomised clinical trial, we
examined the role of an energy-dense diet on the clinical outcome in malnourished children with
acute dysentery due to shigellosis. Seventy-five children aged 12±48 months with acute
dysentery randomly received either a milk±cereal formula with an energy density of 4960 kJ/
l (test group) or a milk±cereal formula with energy of 2480 kJ/l (control group) for 10 d in
hospital. In both milk±cereal formulas, protein provided 11 % energy. In addition, the standard
hospital diet was offered to all children and all children received an appropriate antibiotic for
5 d. The mean food intakes (g/kg per d) in the test and control groups were: 112 (SE 2´28) and
116 (SE 3´48) �P � 0´16� on day 1; 118 (SE 2´72) and 107 (SE 3´13) �P � 0´04� on day 5; 120 (SE

2´25) and 100 (SE 3´83) �P � 0´04� on day 10. The mean energy intakes (kJ/kg per d) in the test
and control groups respectively were: 622 (SE 13´2) and 315 (SE 11´3) �P , 0´05� on day 1; 655
(SE 15´1) and 311 (SE 7´98) �P , 0´05� on day 5; 672 (SE 14´7) and 294 (SE 11´1) �P , 0´05� on
day 10. The food and energy intakes were mostly from the milk±cereal diet. There was no
difference between two groups in resolution of fever, dysenteric (bloody and or mucoid) stools,
stool frequency and tenesmus. However, vomiting was more frequently observed among the
test-group children during the first 5 d of intervention (67 % v. 41 %, P � 0´04�: There was an
increase in the mean weight-for-age (%) in the test group compared with the control group after
the 10 d of dietary intervention (6´2 (SE 0´6) v. 2´7 (SE 0´4), P , 0´01�: In addition, resolution of
rectal prolapse was better (26 % v. 8 %, P � 0´04� in the test group v. control group after 5 d,
and 13 % v. 6 %, �P � 0´08� after 10 d of dietary intervention. Supplementation with a high-
energy diet does not have any adverse effect on clinical course of acute shigellosis and reduces
the incidence of rectal prolapse in malnourished children.

Shigellosis: Malnutrition: Rectal prolapse: Children: Energy-dense diet

Shigellosis is a major health problem in Bangladesh and in
many other developing countries. Worldwide, it is
estimated that shigellosis accounts for about 15 % of
diarrhoea-associated deaths in children below 5 years of
age (Victoria et al. 1993). In Bangladesh, a death rate of 1´2
% has been reported in children with shigellosis attending a
rural treatment centre (Black et al. 1980). In an urban
setting, this value is higher, with a death rate of 3´5 % in
children aged 1±4 years, and 4´4 % in older children
(Bennish et al. 1990). The complications of shigellosis are
equally serious and include rectal prolapse, hyponatraemia,
hypoglycaemia, hypoproteinaemia, haemolytic±uraemic

syndrome and bacteraemia (Struelens et al. 1985; Bennish,
1991). Children who survive shigellosis develop malnutri-
tion that may be due to loss of appetite, increased
catabolism, and loss of nutrients in stools (Scrimshaw,
1977). Shigellosis is most prevalent among children with
pre-existing malnutrition which deteriorates further (Briend
et al. 1986; Katz, 1986). Growth retardation after
diarrhoeal diseases (including shigellosis) has been docu-
mented in several studies (Martorell et al. 1975; Rowland
et al. 1977; Tomkins, 1981; Black et al. 1984; Henry et al.
1987). Management of shigellosis is focused on antibiotic
therapy with relatively less attention to the nutritional
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aspects of the management. A recent study has shown that
feeding a high-protein diet to children during the
convalescence from shigellosis leads to greater catch-up
growth (Kabir et al. 1993). However, energy intakes from
standard hospital diets are often low for children with such
a catabolic illness (Molla et al. 1983).

We performed the present study to test the effect of a diet
with increased energy and protein content on the clinical
course of shigellosis during the acute phase of illness. In
addition, we aimed to evaluate the tolerance of such a diet
by undernourished children with acute shigellosis.

Subjects and methods

The children were recruited after informed parental consent
at the outpatient department of the International Centre for
Diarrhoeal Disease Research, Dhaka, Bangladesh, which
provides a service to more than 100 000 patients per year
for diarrhoeal illnesses (International Centre for Diarrhoeal
Disease Research, Bangladesh, 1995). The children were
boys or girls aged between 12 and 48 months with a history
of blood or mucus in the stool for less than 72 h, with .20
leucocytes per high-power field on stool microscopy, and a
weight-for-age ,80 % of National Center for Health
Statistics median value (Hamil, 1977). Children treated at
home with potentially effective drugs for shigellosis and
those with obvious systemic illness such as pneumonia,
sepsis, paralytic ileus, or children with kwashiorkor were
excluded from the study. The Ethical Review Committee of
the International Centre for Diarrhoeal Disease Research
approved the study protocol. All children were admitted
and studied in the metabolic ward of the hospital. An
independent observer using permuted blocks of random
numbers of variable length prepared a randomisation list.
This randomisation list contained a serial number and a
code for each of the diets (test or control). Serial numbered
envelopes with a code for the specified diet according to
the randomisation list were kept sealed until the child was
ready to receive the diet. Children in both groups were
offered our standard hospital diet, which consisted of rice,
chicken curry and dal (lentil soup) for lunch and dinner;
bread and egg for breakfast if appropriate for age or if the
patient was accustomed to solid foods (Table 1). The
intention was not to deviate from the existing hospital
practice and standard patient care. Children in the test

group were also offered an energy-dense milk±cereal diet
(test diet, 4960 kJ/l) composed of milk powder, rice
powder, sugar and soyabean oil, two hourly from 06.00
to 22.00 hours; control group children received a similar
milk±cereal formula (control diet) delivering 2480 kJ/l and
offered on the same schedule. Mothers of breast-fed
children were encouraged to continue breast-feeding ad
libitum. Trained nutritionists closely observed all feeding
and recorded intake. Actual food intake was calculated by
subtracting the amount of food leftover from the amount
offered, and energy intake was computed from the values
obtained from the estimated laboratory value. No additional
food from the parents was allowed during the study period.

Children were examined on admission and once daily
during the study period. Rectal temperature, respiratory and
pulse rate were recorded every 8 h until discharge. The
maximum temperature on each study day was used for
analysis. Microscopic examination of the stools and
cultures of stool or rectal swab for Shigella spp. was
performed in all patients. Blood was collected for
estimation of serum electrolyte profile and complete
blood count. Only children with Shigella spp. isolated
from stools or rectal swabs were considered for analysis.
All children were treated with oral nalidixic acid for 5 d
except in suspected Shigella dysenteriae 1 infection or in
confirmed nalidixic-acid-resistant cases in which children
were treated with pivmecillinum orally for 5 d.

Analysis

Differences in proportions were tested by x2 test or Fisher's
Exact Test when the predicted cell size was less than five.
Relative risk and 95 % CI were calculated. For continuous
variables, mean values and standard deviations or 95 % CI
were determined and the difference was tested by Mann±
Whitney U test. A multiple logistic regression analysis was
performed to control for possible confounding factors such
as fever and nutrition status associated with the develop-
ment of a rectal prolapse. Data were entered on a personal
computer using StatPack Gold, version 3.1 (Walnock
Associates, Minneapolis, MN, USA) and analysed using
SPSS PC+ (SPSS Inc., Chicago, IL, USA). The National
Center for Health Statistics statistical package (CDC,
Atlanta, GA, USA) was used for anthropometric calculations.

Table 1. Nutrient composition of test and control diets*

Test diet Control diet

Energy (kJ/kg) Protein (g/kg) Energy (kJ/kg) Protein (g/kg)

Energy-dense milk±cereal² 4960 32´5 ± ±
Control milk±cereal² ± ± 2480 16´2
Bread 2630 87´4 2630 87´4
Rice (cooked) 5200 19´8 5200 19´8
Chicken curry 9290 164 9290 164
Dal (lentil) 5090 16´3 5090 16´3
Banana 4180 14´2 4180 14´2

* Analysed values of the foods are shown.
² For details of the ingredients see p. 776.
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Results

Seventy-five children with culture-proven Shigella infec-
tion were studied; thirty-six of these received the test diet
and thirty-nine received the control diet. Children who did
not grow any Shigella spp. on their stool culture on
admission were excluded from the analysis. On admission,
both groups were comparable with regard to age, sex,
breast-feeding status, fever, duration of dysentery, stool
frequency, tenesmus, and rectal prolapse (Table 2).
However, vomiting that persisted for subsequent 5 d of
the study was more frequent in the test group on admission.
Laboratory measurements including serum protein, serum
Na+ concentration, packed cell volume, total blood count
and Shigella spp. in stool culture were also comparable
(Table 3). Of the whole group, 33 % were febrile, 82 %
were anorectic by history, and 76 % had a history of
vomiting. Straining during defecation occurred in 72 % of
cases and 24 % of the children presented with a rectal
prolapse. Shigella flexneri was the predominant species
(53 % of cases) isolated, followed by Shigella dysenteriae
1 (40 % of cases).

The mean food intake (g/kg per d) in the test and control
groups respectively was: 112 (SE 2´28) and 116 (SE 3´48)
�P � 0´16� on day 1, 118 (SE 2´72) and 107 (SE 3´13) �P �
0´04� on day 5, and 120 (SE 2´25) and 100 (SE 3´83) �P �

0´04� on day 10. The mean energy intake (kJ/kg per d) in
the test and control groups respectively was: 622 (SE 13´2)
and 315 (SE 11´3) �P , 0´05� on day 1, 655 (SE 15´1) and
311 (SE 7´98) �P , 0´05� on day 5, 672 (SE 14´7) and 294
(SE 11´1) �P , 0´05� on day 10. Intake of energy was
mostly from the milk±cereal diet, and only a small amount
was from the standard hospital diet. The resolution of fever,
decrease in stool frequency and improvements in stool
character were similar between the two groups. However,
there was an increase in the mean weight-for-age (%) in the
test group compared with the control group after the 10 d of
dietary intervention (6´2 (SE 0´6) v. 2´7 (SE 0´4); P , 0´01).
A higher prevalence of vomiting in the test-group children
persisted for the first 5 d of intervention but was similar
between the test and control groups subsequently. Straining
during defecation improved similarly between the groups
(Table 4). One child in each group developed abdominal
distension that lasted for 24±36 h. On admission, rectal
prolapse was identified in eighteen patients, of whom ten
were in the test group and eight in the control group. After
5 d of dietary intervention, the number of children with
rectal prolapses was only three in the test group compared
with ten in the control group (Odds ratio 3´79; 95 % CI
0´95, 15´11). After controlling for the effect of fever and
nutritional status (weight-for-height) through multiple
logistic regression, the odds of having rectal prolapse in

Table 2. Clinical characteristics of patients at admission with acute shigellosis

Test (n 36) Control (n 39)

n % Mean SD n % Mean SD

Age (months) 21´2 7 23´8 11
Sex
Male 23 64 25 64
Female 13 36 14 36

Weight-for-age (%) 70´2 6 69´3 7
Temperature .37´98C 11 31 14 36
Duration of dysentery (h) 61 27 67 29
No. of stools in previous 24 h 17 8 16 7
Anorexia 29 81 33 85
Vomiting 31* 86 26 67
Straining during defecation 24 67 30 77
Rectal prolapse 10 28 8 21

Mean value was significantly different from that of control group: *P � 0´04:
² Expressed as a percentage of the median value of the National Center for Health Statistics (Hamil, 1977).

Table 3. Packed cell volume, total leucocyte count, serum sodium and stool pathogens of the children with
acute shigellosis

Test (n 36) Control (n 39)

Mean SD No. of cases Mean SD No. of cases

Packed cell volume (%) 36 3 35 1
Total leucocyte count (� 109/l) 14´7 6 14´2 5
Serum sodium (mmol/l) 131 4 132 4
Shigella spp. isolated

S. dysenteriae type 1 12 18*
S. flexneri 22 18
S. boydii 0 2
S. sonnei 1 0
S. dysenteriae type 2±10 1 1

Value was not significantly different from test group: *P . 0´05:
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the control group compared with the test group was 7´2 (95
% CI 1´3, 41).

Discussion

In our study, the energy intake in the control group was
similar to that observed in previous studies done at the
International Centre for Diarrhoeal Disease Research,
Bangladesh (Henry et al. 1987). However, supplementary
feeding with a source of concentrated energy resulted in a
greater increase in the energy intake in malnourished
children with shigellosis. During the study period, we did
not observe any complications of shigellosis such as toxic
megacolon, haemolytic uraemic syndrome, hypoglycaemia
and hyponatraemia in any children (Struelens et al. 1985;
Bennish, 1991). In addition, none of the patients had any
clinical dehydration that required intervention. However,
rectal prolapse was common among the children upon
admission to the hospital. The mechanism of rectal
prolapse in shigellosis is unclear. Pelvic floor weakness
as a cause of rectal prolapse has been hypothesised as being
due to the traction injury of the pudendal nerve (Mackle &
Parks, 1986). Pelvic floor weakness or laxity of the anal
sphincter due to poor muscle mass may be a possibility in
malnourished children. There was no prolongation of the
duration of illness in the test group who received an energy-
dense diet as compared with the control group. Resolution
of fever, improvement in stool characters, and decrease in
stool frequency were similar between the two groups.
Vomiting was higher in the test group from the beginning
of the study and persisted for first 5 d of the study.
Straining during defecation is a frequent feature of
shigellosis particularly when associated with Shigella

dysenteriae 1. In the present study, tenesmus was evident
in most children and did not improve significantly with
dietary intervention either in the test or control group.
However, the incidence of rectal prolapse, usually asso-
ciated with severe illness (World Health Organization,
1994), was significantly lower in the test group after
controlling fever and nutrition status. The observed
difference in the proportion of children with a rectal
prolapse after 5 d of treatment is most likely to be related to
the nutritional improvement in the test group compared
with the control group children. From this study, we
conclude that concentrated-energy feeds do not have any
harmful effect on clinical symptoms. On the contrary, the
energy-dense diet improved nutritional status and reduction
in the incidence of rectal prolapse.
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