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ORIGINAL ARTICLE

Zinc supplementation in the management of
shigellosis in malnourished children in Bangladesh

SK Roy', R Ragib', W Khatun', T Azim', R Chowdhury', GJ Fuchs? and DA Sack’

YICDDR B: Centre for Health and Population Research, Dhaka, Bangladesh and *Department of Pediatrics, University of Arkansas for
Medical Sciences, Little Rock, AR, USA

Obijective: To assess the impact of zinc supplementation on clinical recovery, weight gain and subsequent growth and
morbidity in moderately malnourished children with shigellosis.

Design: A randomized, double-blind, controlled trial.

Setting: Dhaka hospital of ICDDR,B: Centre for Health and Population Research, Dhaka, Bangladesh.

Subjects: Fifty-six moderately malnourished children, aged 12-59 months with culture-proven shigellosis.

Methods: Subjects were randomly allocated to receive zinc (20 mg/day elemental) in multivitamin syrup (intervention) or
multivitamin syrup without zinc (control) in two equally divided doses daily for 2 weeks. All children received pivmecillinam in a
dose of 15 mg/kg every 6 h for 5 days. After supplementation, children were followed in their respective homes every 2 weeks for
6 months.

Results: Children receiving zinc recovered from acute illness significantly faster than the control children (P<0.05). The medians
time (days) to recovery and disappearances of blood and mucous were significantly 50% shorter in the zinc-supplemented
group compared to the control group. The mean body weight of zinc supplemented children increased significantly from 8.8 kg
on admission to 9.2kg (P<0.01) at recovery, which was not observed in the control children (from 9.3 to 9.6kg; P=0.12).
During the 6-month follow-up period, zinc-supplemented children had significantly fewer mean episodes of diarrhoea
compared to the control children (2.2 vs 3.3; P=0.03).

Conclusion: Zinc supplementation significantly shortens the duration of acute shigellosis, promotes better weight gain during
recovery and reduces diarrhoeal morbidity during the subsequent 6 months.
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Introduction

Shigellosis is a major cause of childhood morbidity and
mortality globally (Kotloff et al., 1999). Malnourished
children experience higher case fatality rates compared to
better nourished children during shigellosis. Shigellosis,
an invasive disease of human colonic mucosa, typically
manifests as bloody-mucoid stools and/or febrile diarrhoea
(Speelman et al., 1984). It places a heavy nutritional burden
on children, including loss of important micronutrients such
as vitamin A through urine (Mitra ef al., 1998). Increased loss
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of zinc in diarrhoeal stool precipitates zinc deficiency in
children (Castillo-Duran et al., 1988). During shigellosis,
anorexia and vomiting reduces net food intake, high fever
leads to increased catabolism and intestinal inflammation
causes enteric protein loss, all of which contribute to
deterioration in the nutritional status of children during
and following shigellosis (Bennish et al., 1993), and the
disease adversely affects growth (Black ef al., 1984; Henry
et al., 1987). Severely malnourished children with shigellosis
and those with hypoglycaemia, hypothermia, altered
consciousness and/or bronchopneumonia are at higher risk
of death (Broek et al., 2005). Although antimicrobial therapy
is a key element in the management (Khan et al., 1997),
provision of adequate nutritional support during the acute
illness and nutrition supplementation during convalescence
reduces nutritional deterioration, including its negative
impact on growth (Kabir ef al., 1993; Hossain et al., 1998).
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A pooled analysis of studies of zinc supplementation to
children in different countries proved that zinc supplemen-
tation reduces the severity and the duration of the acute and
persistent diarrhoea (The Zinc Investigators’ Collaborative
Group, 2000). Zinc supplementation has been shown to
enhance linear growth in malnourished children with acute
and persistent diarrhoea (Roy et al., 1999, 2007) and
improved intestinal permeability in children with shigellosis
(Alam et al., 1994). Zinc supplementation had a significant
preventive effect on the incidence of persistent diarrhoea
and dysentery in certain groups of preschool children
(Sazawal et al., 1996). However, role of zinc in the treatment
of acute shigellosis in children has not been previously
reported.

This study aimed to examine if zinc supplementation, in
addition to the standard rehydration, antimicrobial, dietary
and other supportive therapy, reduces the clinical severity
and hastens recovery from and lessens negative impact of
shigellosis on growth and morbidity.

Materials and methods

Study design
A randomized, double-blind, controlled clinical trial with
subsequent follow-up for 6 months.

Study participants
The study was conducted between January 1999 and October
2002 on 56 moderately malnourished (weight/age 61-75% of
NCHS median) children of both sexes, aged 12-59 months,
attending the Dhaka hospital ICDDR,B. Patients with
dysentery, for example, bloody-mucoid diarrhoea or febrile
diarrhoea less than 5 days’ duration were initially screened
for the study. Stool samples were examined microscropically
and cultured for enteric bacterial pathogens. Children
with culture-confirmed Shigella spp. were finally enrolled.
Children with severe malnutrition, history of receiving zinc
supplementation or measles in the last 6 months and those
with complications such as haemolytic uraemic syndrome or
other systemic illness, including pneumonia, meningitis and
septicaemia were excluded. Those who lived beyond 2-h of
travel time from the Dhaka hospital were also excluded to
ensure effective follow-up. The mean duration of diarrhoea
in all patients receiving pivmecillinam was 3.3+1.8 days
(Kabir et al., 1984). The sample size was estimated to detect
an assumed 25% reduction by zinc in the time to clinical
recovery between the intervention and the placebo group
at 5% significance level with 80% power, using the formula
of sample size calculation for comparison of two means
(Kirkwood, 1988). The actual sample size was 23 in each
group.

Ethical Review Committee of the ICDDR,B approved
the study and signed informed consent was obtained from
the parent/guardian of each child before her/his enrolment.
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Study groups

Enrolled children were randomized to two groups: (i)
the intervention group that received 20 mg zinc daily for 2
weeks (10mg of elemental zinc in Sml) added to multi-
vitamin syrup and (ii) the control group receiving multi-
vitamin syrup which did not contain zinc. Each 5ml of
multivitamin syrup contained vitamin A (30001U), vitamin
D (6001U), thiamin (1.2mg), riboflavin (2.0mg), nicotina-
mide (6.0mg) and calcium pantothanate (6 mg). All children
in the two groups received the standard antimicrobial
therapy for shigellosis of this hospital, pivmecillinam in
a dose of 15mg/kg every 6h for 5 days.

Procedure

A permuted block randomization with a block length of six
was performed using a random table to assign equal number
of children to the zinc-supplemented and control group,
that is, 28 children in each group. Double blinding was
ensured by using identical coloured bottles of syrups,
labelled with sequential numbers, which had been allocated
to either intervention or control according to the randomi-
zation. Acme Laboratories (Dhaka, Bangladesh) prepared the
study and the control syrups, which were indistinguishable
in taste, consistency and appearance. The children received
syrup in twice-daily doses. During hospitalization, all
the study children received a standard hospital diet of
100-125kcal and 3-5g protein per kg body weight daily.
At the time of discharge, mothers of respective children were
provided with the remaining portion of the assigned syrup
and were instructed to administer that to their children at
home to complete the total 14 days of supplementation.
On the 14th day, a designated health assistant visited the
household, checked the bottle and asked about any pro-
blems encountered during feeding of the syrup. After
discharge from hospital, the health assistants visited all
children every 2 weeks for 6 months. Data were collected on
body weight, height and morbidity.

Clinical evaluation

Presence of blood and mucous in stool, straining at
defecation and body weights were recorded daily. Clinical
cure by study day 7 was the primary outcome measured for
comparison between the groups. Children were considered
to have been clinically cured if they had three or fewer
formed stools in a day, were a febrile, did not have visible
blood or mucous in stools and did not have abdominal pain
or tenderness.

Assessment of growth and growth velocity

Weight and height were measured using standard techniques
of WHO (1983), before randomization and at discharge.
After completion of 14-day supplementation, children’s
body weight and height/length were measured every



2 weeks in their respective homes. Weights were measured to
the nearest 10 g using an electronic digital scale (Seca, model
770, Seca, Hamburg, Germany; Sweden) standardized with 5
and 10kg standard weights each morning and evening.
Recumbent length was measured for children younger than
2 years using a slide board infantometer (Harpenden, St
Albans, England) during hospitalization and a locally made
length board with precision of 1 mm at follow-up in homes.
For older children, standing height was measured using a
stadiometer. Health assistants were trained in anthropo-
metric measurements until attainment of minimum intra-
and interindividual variation (< 1% coefficient of variation).

Study outcomes

Study outcome variables during hospitalization were time to
resolution of diarrhoea, time (days) to disappearance of
blood from stool, time (days) to disappearance of mucous
from stool, time (days) to resolution of straining, weight and
height. Data on morbidity (diarrhoea, fever and acute
respiratory tract infection (ARI)) and weight and height were
recorded biweekly in the follow-up visits.

Statistical analysis

Data analyses were performed using SPSS/PC + (Windows
10.0) and WHO Anthro, 2005. Consistency check was done
using logical programs. Student’s and paired t-tests were used
when data were normally distributed and nonparametric
Mann-Whitney U test and Wilcoxon test were used when
the distribution was skewed. Proportions were compared
using z* test. In case of non-normal distribution, data was
logarithmically transformed before using t-test. Repeated-
measure analysis of variance was used to assess the changes
in weight and length during the follow-up period. Time to
proportions of clinical recovery between the groups was
compared using Kaplan-Meier survival analysis. Statistical
significance was set at 5% probability level. The analysis of
the baseline characteristics, patients during hospitalization
and morbidity during follow-up were done on intent to treat
basis, with all patients assigned to the study, Kaplan-Meier
survival analysis on clinical outcomes and weight and height
gain during follow-up were analysed as per protocol with
patients who completed the study.

Results

Enrolment of the study participants

During the enrolment period, 98 eligible children with
history of bloody-mucoid diarrhoea were initially screened;
their stool specimens were examined microscopically and
cultured for isolation of enteric bacterial pathogens. Forty-
two children were excluded for not meeting the inclusion
criteria or for meeting the exclusion criteria. Twenty-eight
children were randomized to zinc and 28 were for control
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group. All children enrolled in the study were infected with
Shigella flexneri. Two study children from zinc group and four
from control group were withdrawn from the study due to
different reasons (three for nonresponse to treatment, two
for parents seeking early discharge and continuation of
treatment in homes and one left from hospital against
medical advice (LAMA) and not followed up). Finally, 50
children (26 in zinc group and 24 in control group)
completed the clinical study and 30 children (14 in zinc
and 16 in control group) completed the follow-up (Figure 1).

Baseline characteristics

Baseline characteristics of the children, such as age, weight/
age (NCHS median), height/age (NCHS median), weight/
height (NCHS median), duration of diarrhoea, fever and
vomiting before enrolment were comparable between the
children in the zinc-supplemented and control group
(Table 1a). When data were restricted for children who
completed the study, there was no significant difference in
baseline characteristics between children of the two groups
(Table 1b). When data were limited for children who did not
complete the study, there was no significant difference in
baseline characteristics between children of the two groups
(Table 1c).

98 children were screened for shigellosis

42 children excluded
for not meeting the
inclusion criteria

56 children recruited in the study

Zinc Control

(28 ] (28]

2 4
. Withdrawal
d Wlthcire;vgal during 1-7 days
uring 1-7 days of treatment
of treatment
26 children completed 24 children completed
the clinical study the clinical study
12 8
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during follow up during follow up

14 children completed
the follow-up

16 children completed
the follow-up

Figure 1 Trial profile.
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Table 1a Comparison of baseline characteristics of children who were

recruited in the study®

Characteristic

Zinc (n=28)*

Control (n=28)*

Age (months)

WAZ

HAZ

WHZ

Serum zinc (mg/I)

Duration of diarrhoea (days)
Duration of fever (days)
Duration of vomiting (days)

22.2(18.2, 26.2)
—2.2(-27, -1.8)
~1.8(-2.4, -1.3)
~1.8(=2.2, -1.4)
0.59 (0.42, 0.65)
6.6 (5.4, 8.0)
5.4 (3.9, 6.9)
1.3 (0.4, 2.3)

27.9 (23.0, 32.9)
—2.5(-2.8, —2.1)
~2.2(-2.5, —-1.9)
~1.8(-2.3, —1.4)

0.57+ (0.51, 0.62)

5.6 (4.7, 6.5)
4.3 (3.4,5.2)
2.1 (1.2, 3.0)

Abbreviations: HAZ, height for age Z score; WAZ, weight for age Z score;
WHZ, weight for height Z score.
Figures indicate mean (95% ClI). *Student’s t-test. There were no significant
differences between the two groups.

2All children (intention to treat analysis).

Table 1b Children who completed the follow-up study (per protocol)

Characteristic

Zinc (n=14)*

Control (n=16)*

Age (months)

Weight for age Z score
(WAZ)

Height for age Z score
(HAZ)

Weight for height Z score
(WHZ)

Duration of diarrhoea
(days)

Duration of fever (days)
Duration of vomiting
(days)

24.4 (18.9, 29.8)
~2.6 (=3.1,-2.1)

2.1 (-2.9, -1.4)
~2.1(~2.6, -1.6)
6.9 (5.6, 8.1)

5.7 (2.8, 8.7)
1.1 (0.01, 2.4)

32.5(25.7, 39.3)
2.4 (=2.7 —2.1)

~2.3(-2.8, -1.8)
1.7 (=21, -1.3)
6.0 (4.6, 7.4)

4.2 (2.8, 5.6)
2.1(0.8, 3.3)

Figures indicate mean (95% ClI). *Student’s t-test. There were no significant
differences between the two groups.

Table 1c  Children who did not complete the follow up study (dropout)

Characteristic

Zinc (n=14)*

Control (n=12)*

Age (months)

Weight for age Z score
(WAZ)

Height for age Z score
(HAZ)

Weight for height Z score
(WHZ)

Duration of diarrhoea
(days)

Duration of fever (days)
Duration of vomiting
(days)

20.0 (13.6, 26.3)
1.9 (~2.6, —1.2)

~1.6 (~2.4, —0.7)
~1.5(=2.2, —0.8)
6.4 (4.05, 8.8)

5.00 (3.6, 6.4)
1.5 (0.01, 3.1)

22.5 (15.5, 29.6)
—2.5(-3.4, —1.6)

~2.1 (=25, ~1.7)
—2.0 (=3.1, —0.08)
5.08 (4.2, 5.9)

442 (3.0, 5.6)
2.17 (1.2, 4.02)

Figures indicate mean (95% Cl). *Student’s t-test. There were no significant
differences between the two groups.

Clinical outcome

The zinc-supplemented children and the controls were fed
the study syrup without any side effects. Diarrhoea resolved
within 7 days in 25 (89%) and 21 (75%) children in the
zinc-supplemented and control group, respectively (P=0.01)
(Table 2). Two (7%) children in the zinc group and four
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(14%) in the placebo group (P=0.35) withdrew from the
study during hospitalization (Table 2) and the reasons for
withdrawal included: nonresponse to treatment (n=23),
parents seeking early discharge and continuation of treat-
ment in homes (n=2) and LAMA and not followed up
n=1).

At discharge from the hospital, the serum zinc concentra-
tion of zinc-supplemented children was significantly higher
than that of the control children (0.73 vs 0.68mg/l,
P=0.01). The median time to clinical recovery (2 vs 4 days,
P=0.03), disappearance of blood (2 vs 4 days, P=0.04)
and mucous from stool (2 vs 4 days, P=0.04) were all
50% shorter in the zinc-supplemented children (Table 2).
Kaplan-Meier survival analysis showed that proportion of
children clinically recovering from shigellosis by days 2
(52 vs 13%, P=0.02, Breslow test, P=0.07, log rank test)
and 4 (84 vs 64%, P=0.02, Breslow test, P=0.07, log rank
test) were significantly higher in the zinc-supplemented
children (Figure 2).

Weight gain was significantly higher in the zinc group
compared to the control group (P<0.01) (Table 2).

Follow-up outcomes

Fourteen patients in the zinc-supplemented group and 12
patients in the control group were dropped out during
follow-up. Children gained weight and height during the
6-month follow-up; however, they did not differ signifi-
cantly from the treatment group. The mean velocity of
weight gain was 7.9 and 6.5 g/kg per week for children in the
zinc and control group, respectively (P=0.6), and the linear
growth was also similar in both the groups (0.65 and 0.58 cm
per month, respectively; P=0.8).

Zinc-supplemented children experienced significantly
fewer mean episodes of diarrhoea than those in the control
group (2.2 vs 3.3, P=0.03) during the follow-up period;
however, the number of febrile episodes and respiratory
infections were not different between the groups (Table 3).

Discussion

We investigated the effect of zinc supplementation, as an
adjunctive to standard fluid and antimicrobial therapy for
shigellosis, in malnourished children. The findings indicate
that zinc supplementation resulted in faster recovery from
diarrhoea; the 50% shorter median duration of illness as
observed in this study is greater than that has been observed
in our earlier studies in young children with acute watery
diarrhoea, (Roy et al., 1997) and persistent diarrhoea (Roy
et al., 1998; The Zinc Investigators’ Collaborative Group,
2000) and cholera (Roy et al., 2006a).

This benefit might have resulted from improved immunity
due to zinc supplementation (Raqib et al., 2004). We earlier
reported beneficial effects of zinc supplementation in
modulating systemic humoral and cellular immune
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Table 2 Comparison of clinical features of zinc-supplemented and nonsupplemented children during hospitalization®

o1

Zinc (n=28) Control (n=28) P value
Withdrawal between 1-7 days hospitalization, n (%) 2(7) 4 (14) 0.35
Recovery by day 7, n (%) 25 (89) 21 (75) 0.01°
Delayed recovery beyond day 7, n (%) 14) 3(11) 0.06°

n=26 n=24

Serum zinc concentration (mg/l) at discharge, mean (95% Cl) 0.73 (0.69,0.76) 0.68 (0.66,0.71) 0.01¢
Time (days) to recovery, median (range) 2 (1-8) 4 (1-8) 0.03¢
Time (days) to disappearance of blood from stool, median (range) 2 (1-4) 4 (2-5) 0.04¢
Time (days) to disappearance of mucous from stool, median (range) 2(1-7) 4 (1-7) 0.04¢
Time (days) to resolution of straining, median (range) 2 (1-6) 2 (1-5) 0.54
Body weight (kg)
On admission, mean +s.d. 8.75+1.2¢ 9.38+1.4¢
At discharge, mean+s.d. 9.20+0.4 9.60+1.8
P value** 0.000 0.12

Abbreviation: Cl, confidence interval.

“Data are expressed in days unless otherwise indicated.
by2 test.

“Student t-test.

dMann-Whitney U test

®paired t-test.

Survival Functions

1.2
0 P=0.02 (Breslow test)
: P=0.07 (Log Rank Test)
]
S 0.8 1
5 group
g 0.6 - Control
ks
£ 04] o Zinc
2
o
Q
2 0.2
o
0.0 {
-0.2
0 2 4 6 8 10

Duration of recovery

Figure 2 Proportion of children with probability of having
diarrhoea by day of interventions (Kaplan—-Meier survival graphic of
the overall survival in the zinc-supplemented group (n=26) and in
the control group (n=24). The median survival was 2 days in zinc-
supplemented group and 4 days in control group (Breslow test,
P=0.02, log rank test, P=0.07)).

responses as zinc therapy was associated with enhanced
antigen-specific antibody responses, bactericidal antibody
titers against Shigella, increased proportions of B cells and
plasma cells and higher lymphocyte proliferation responses
in the peripheral circulation during the early convalescent
phase of shigellosis (Rahman et al., 2005).

In earlier studies, supplementation of zinc to deficient rats
was associated with rapid regeneration of intestinal mucosa

Table 3 Effect of zinc supplementation on morbidity among moder-
ately malnourished children during the 6-month follow-up

Zinc Control P value

All diarrhoea incidence  2.24 (1.6-3.1) 3.3 (2.7-4.1) 0.03

Duration of diarrhoea 7.1 (3.2-12.6) 9.8 (6.0-15.9) 0.1
episodes (days)

ARI incidence 3.6 (2.5-5.3) 3.3 (2.4-4.6) 0.9
Fever incidence 2.2(1.6-3.2) 23 (1.7-3.2) 0.2

Abbreviation: ARI, acute respiratory tract infection.
Data presented as geometric means (95% CI). Data were log transformed
before using Student’s t-test of significance.

and significant increase in their mass and reduced cholera
toxin-induced secretion of water and electrolytes in the
ileum (Roy and Tomkins, 1989; Roy et al., 2006b). Earlier
morphological studies have demonstrated improvement in
the structure of the intestinal mucosa in zinc-deficient
animals in response to zinc (Koo and Turk, 1977; Roy and
Tomkins, 1989). Zinc supplementation also improves muco-
sal integrity as evidenced by improved mucosal permeability,
particularly in malnourished children (Roy et al., 1992).
The results of the present study suggest that similar changes
might have had taken place in malnourished children.

In this study, the weight gain of the zinc-supplemented
children during recovery from acute illness was significantly
higher. An earlier Bangladeshi study had also observed
significant increase in the mean body weight of children
with acute diarrhoea who received zinc (Roy et al., 1997).
Another Jamaican study observed increase in the lean tissue
mass of children during their nutritional rehabilitation
(Golden and Golden, 1981). Zinc supplementation has also
been reported to promote velocity of weight gain in children
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recovering from severe malnutrition (Simer et al., 1988).
However, in our study the beneficial effect of zinc on growth,
as observed during hospitalization, was not sustained during
the follow-up period. This could result from one or more of
the following: relatively shorter duration of zinc supplemen-
tation to overcome the strong catabolic effects of shigellosis,
which was not adequate for sustained growth thereafter, but
reported earlier (Roy et al.,, 1999) and significant enteric
protein and micronutrient loss in stool during acute-stage
diarrhoea (Castillo-Duran et al., 1988; Bennish et al., 1993).

In this study, zinc supplementation reduced the number of
diarrhoeal episodes during the 6-month follow-up, which
corroborates the findings of our earlier studies on short-term
zinc supplementation during acute diarrhoea (Roy et al.,
1999) and persistent diarrhoea (The Zinc Investigators’
Collaborative Group, 2000; Roy et al., 2007). This effect
could have resulted from immunological and nutritional
benefits of zinc supplementation, better mucosal repair and
growth (Alam et al., 1994). Notably, we did not observe any
reduction in the episodes of ARI during follow-up. Protective
effects of zinc supplementation against respiratory illness,
especially viral respiratory diseases, have been described
(Brooks et al., 2005).

In conclusion, zinc supplementation in children with
acute shigellosis hastens recovery from acute illness and
helps maintain better growth suggesting blunting of the
malnutrition-inducing effects of shigellosis, combined with
reduced diarrhoeal morbidity over a 6-month period. Zinc
treatment is now recommended by the World Health
Organization as part of the routine management of acute
childhood watery diarrhoea, but not for shigellosis. Results
of our study provide support to extend the recommendation
for supplementation of zinc to children with shigellosis.
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