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ABSTRACT

To determine the risk factors for death of severely-malnourished Bangladeshi children with shigellosis,
a case-control study was conducted at the Clinical Research and Service Centre of ICDDR,B: Centre
for Health and Population Research in Dhaka, Bangladesh. One hundred severely-malnourished children
(weight-for-age <60% of median of the National Center for Health Statistics), with a positive stool culture
for Shigella dysenteriae type 1 or S. flexneri, who died during hospitalization, were compared with another
100 similar children (weight-for-age <60% and with S. dysenteriae type 1 or S. flexneri-associated infec-
tion) discharged alive. Children aged less than four years were admitted during December 1993—January
1999. The median age of the cases who died or recovered was 9 months and 12 months respectively.
Bronchopneumonia, abdominal distension, absent or sluggish bowel sound, clinical anaemia, altered
consciousness, hypothermia, clinical sepsis, low or imperceptible pulse, dehydration, hypoglycaemia,
high creatinine, and hyperkalaemia were all significantly more frequent in cases than in controls. In
multivariate regression analysis, altered consciousness (odds ratio [OR]=2.6, 95% confidence interval
[CI] 1.0-6.8), hypoglycaemia (blood glucose <3 mmol/L (OR=7.8, 95% CI 2.9-19.6), hypothermia (tem-
perature <36 °C) (OR=5.7, 95% CI 1.5-22.1), and bronchopneumonia (OR=2.5, 95% CI 1.1-5.5) were
identified as significant risk factors for mortality. Severely-malnourished children with shigellosis having
hypoglycaemia, hypothermia, altered consciousness and/or bronchopneumonia were at high risk of death.
Based on the findings, the study recommends that early diagnosis of shigellosis in severely-malnourished
children and assertive therapy for proper management to prevent development of hypothermia, hypogly-
caemia, bronchopneumonia, or altered consciousness and its immediate treatment are likely to reduce
Shigella-related mortality in severely-malnourished children.
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INTRODUCTION

Shigellosis, prevalent worldwide, is still a major cause of
childhood mortality in developing countries. An estimated
667,000 children, aged less than five years, die due to
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shigellosis each year in developing countries (1). In
Bangladesh, Shigella dysenteriae causes epidemic dy-
sentery and is associated with more complications than
other Shigella species, and S. flexneri is responsible for
endemic infection. Malnutrition is another major public-
health problem in developing countries (2), and interac-
tion of malnutrition with shigellosis leads to an even
higher mortality (3). Shigellosis causes malnutrition,
which is enhanced through reduced food intake (4), in-
creased energy expenditure as a consequence of systemic
effects of inflammation and fever, malabsorption, and
enteric loss of protein (5).
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Hypothermia, severe malnutrition, severe dehydration,
altered consciousness, abdominal distension, thrombocy-
topaenia, hypoproteinaemia, hyponatraemia, hypogly-
caemia, renal failure, and bacteraemia are significantly
more common in patients with Shigella-associated infec-
tion (6). Complications due to shigellosis, such as mal-
nutrition, pneumonia, and septicaemia, predispose chil-
dren to a higher risk of mortality (7). Frequent resistance
to antibiotics (8) and absence of effective vaccines im-
pede the treatment of shigellosis. Although risk factors
for the death of children with shigellosis have been des-
cribed before (6,9), it was not specific for severely-
malnourished children. As severe malnutrition is signi-
ficantly associated with deaths due to dysentery (9), it
is necessary to identify the risk factors for mortality of
severely-malnourished children to reduce preventable
deaths.

We hypothesized that severely-malnourished children,
who die of shigellosis, present with some particular cha-
racteristics compared to those who are discharged alive.
Therefore, to determine the factors responsible for in-
creased mortality, we undertook a case-control study
using the hospital records of 200 patients with lethal S.
dysenteriae type 1 or S. flexneri-associated infection
admitted to the Clinical Research and Service Centre
of ICDDR,B: Centre for Health and Population Research
during December 1993—January 1999. Of these patients,
100 died in the hospital, and the remaining 100 matched
patients were discharged alive.

MATERIALS AND METHODS

Although all Shigella species are endemic in Bangla-
desh, S. flexneri and S. dysenteriae are the most com-
monly-isolated species from culture of stools of patients
who attended the treatment centre of ICDDR,B during
1983-1987 (6). These two also cause a more severe form
of dysentery with more gastrointestinal and extraintes-
tinal manifestations than S. boydii and S. sonnei (10,11).

The hospital records of patients admitted to the Cli-
nical Research and Service Centre of ICDDR,B during
December 1993-January 1999 were reviewed. The Cen-
tre treated more than 150,000 diarrhoeal patients in 1998.
Approximately, 10,000 of them had a positive culture
for Shigella. Death cases were selected from those cases
who died due to shigellosis in the hospital. The probabi-
lity for the controls to have a risk factor was estimated
to be 10%. We planned to identify a risk factor with an
odds ratio of size 2.5 or more. This sample size is ade-

quate for 95% level of significance and 80% power of
the test. One hundred cases were selected by calculating
the sample size. Death cases and controls were selected
after matching with the major criteria. Every case was
compared with a control, leading to a total sample size
of 200 (12).

Patients who attended the Centre were mainly of low
socioeconomic status and came either from Dhaka city
or from its surrounding areas. Patients with severe diar-
rhoea or dysentery with complications, such as pneumo-
nia, suspected sepsis, severe malnutrition, or patients of
extreme age, such as infants, and those aged over 65 years,
were hospitalized. Approximately, 5% of patients who
visit the ICDDR,B hospital are admitted to the inpatient
ward. It was possible to get clinical findings of patients
who died within a short period after admission.

Rectal swabs or stool culture and microscopic exami-
nations were routinely done for all admitted patients.
Blood culture, white cell count, and serum electrolytes
were analyzed in most cases. On suspicion of a severe
respiratory disease or any gastrointestinal complications,
an X-ray was taken. Surgery or peritoneal dialysis faci-
lities were not available, and patients who required such
treatment were transferred to other hospitals.

All cases were severely malnourished defined by
Gomez classification weight-for-age <60% of median
of the National Center for Health Statistics. For each
case, a matched control was identified who was admitted
during the same period (within 3 days) and was of the
same sex but recovered from their illness. Patients suf-
fering from any chronic illness or those who were refer-
red to other hospitals or left the hospital against advice
of the physicians were not included. To avoid confounding
effects, individuals isolated with enteropathogens other
than S. dysenteriae type 1 or S. flexneri were excluded.

Clinical information on age, sex, socioeconomic status,
duration of hospitalization, duration of vomiting and diar-
rhoea prior to admission, history of seizures, and current
and past breastfeeding status, when available, was ob-
tained from the records of patients. Clinical findings on
admission included signs of kwashiorkor, abdominal
distension, absent or sluggish bowel sound, rectal pro-
lapse, xerophthalmia, altered consciousness, lethargy,
coma, anaemia, bronchopneumonia, hypothermia, sepsis,
pulse rate, and dehydration. Laboratory investigations
included stool microscopy, white blood cell and plate-
let count, haematocrit, blood glucose level, isolation of
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bacteria, serum creatinine, and serum electrolytes, such
as Na, K, Cl, and TCO,.

Statistical analysis

Data were entered into the microcomputer and checked
using a software (SPSS version 7.5). Comparison of con-
tinuous variables between cases and controls was done
with the Student's ¢-test for normally-distributed data
or with the Mann-Whitney U-test for non-normal distri-
bution. Categorical variables were analyzed with the chi-
square test. Fisher's exact 7-test was used where the ex-
pected count was less than five. Two-sided significant
test was used. To identify the factors independently as-
sociated with an increased risk of death, multiple logistic
regression analysis was carried out. In a backward step-
wise regression, all non-significant variables were elimi-
nated until a final model with significant p values and
odds ratios was accessed.

RESULTS

The clinical characteristics of 52 boys and 48 girls were
almost similar (Table 1). The median age of cases and
controls was 9 months and 12 months respectively. This
difference in age was significant. The proportion of sub-
jects in each age category was comparable between the
groups. The average duration of hospital stay was al-
most two days for the fatal cases and six days (p<0.001)
for the controls.

Recent medical history showed that complaints of
coughing were more common in patients who died than
in patients who survived. Patients who had cough before
admission had a 2.3-time higher chance of death. The
presence and duration of diarrhoea and vomiting prior
to admission did not differ very much between the cases
and the controls. The presence of mucus in stool was more
frequent in controls than in cases. Although not signifi-
cant, bloody stool was more often found in controls than
in cases. History of seizures, breastfeeding status, and
socioeconomic status were almost similar between the
groups.

Compared to survivors, the higher number of deceased
patients had abdominal distension, absent or sluggish
bowel sound, altered consciousness, clinical anaemia,
bronchopneumonia, hypothermia, clinical sepsis, low or
imperceptible pulse, pulse rate of <90 per minute, and
dehydration. Abdominal distension and absent or slug-
gish bowel sound gave a 1.9- and 3.3-time higher risk

of death respectively. The presence of clinical anaemia
showed a 2.1-time higher risk of mortality. Altered con-
sciousness on admission was highly associated with
death with an odds ratio (OR) of 4.2. A similar effect was
seen with hypothermia (OR=7.4). The presence of bron-
chopneumonia, clinical sepsis, dehydration, and a low
or imperceptible pulse volume led to an increased risk
of death by 2.8, 4.6, 3.1, and 3.9 folds respectively. The
highest OR in univariate analysis was found for imper-
ceptible pulse or a pulse rate of <90 per minute (OR=
10.5). Kwashiorkor, rectal prolapse, and xerophthalmia
were not associated with a higher risk of mortality
(Table 2).

Eighteen patients in the cases and 20 patients in the
control group had infection due to S. dysenteriae type
1 (Table 3). S. flexneri was isolated from the remaining
patients. The serum creatinine level of >150 umol/L was
more frequently observed in patients with a fatal out-
come (p<0.001), and hyperkalaemia was also promi-
nent (p<0.05) in the fatal cases. Five patients had Shigella-
associated bacteraemia, four had bacteraemia with other
Enterobacteriaceae, and eight had pneumonia-related
species in their blood (4 Pseudomonas, 1 Staphylococcus
aureus, and 3 Streptococcus pneumoniae). Double patho-
gens were isolated from the blood of one patient only.

Haematocrit, white cell, and platelet counts were not
positively associated with death in these severely-mal-
nourished children with shigellosis. Hypoglycaemia was
significantly more common in cases (p=0.00) and was
strongly associated with death (OR=6.6).

Multivariate analysis

A list of variables was considered to identify the cha-
racteristics, which were independently associated with
death. These variables were subjected to multivariate
analysis. Initially, age and cough prior to admission were
identified. Abdominal distension, absent or sluggish bowel
sound, hypoglycaemia, bronchopneumonia, clinical anae-
mia, clinical sepsis, hypothermia (<36 °C), and altered
consciousness on admission were thought to be probable
independent risk factors. Age was included, although
age-groups were not significantly associated with death,
but age as a continuous variable was significant, and
the strong impact of age on mortality was also proved in
other studies (3,6). Clinical assessment of dehydration
in severely-malnourished children is difficult. Therefore,
dehydration status was not considered in the final ana-
lysis. Since breastfeeding information was inadequate,
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Table 1. Clinical characteristics of Shigella-infected severely-malnourished children who died and who were
discharged alive

Clinical characteristi Peroentage OR (CI
fhical characteristics Died (n=100) Discharged alive (n=100) €D
Male 52 52 1.0 (0.6-1.7)

Age (months) 9 (1-48) 12 (2-46)
<6 38 26 2.2 (1.0-4.9)
6-12 31 26 1.7* (0.8-4.1)
13-24 15 24 0.9 (0.4-2.3)
25-48 16 24 1
Duration (hours) of hospital stay 45 (1-480) 144 (22-1,100)
<96 79 34 9.3*(3.9-22.2)
>192 8 32 1*
History of
Diarrhoea prior to admission (>10 days) 26 23 1.0 (0.6-1.9)
Vomiting prior to admission (>10 days) 7 (n=96) 7 1.1 (0.4-3.1)
Blood in stool (visible) 28 38 0.6 (0.4-1.2)
Mucus in stool (visible) 48 65 0.5% (0.3-0.9)
Cough 51 32 2.3* (1.3-4.0)
Seizure 1 (n=98) 7 3.7 (0.8-18.2)
Currently breastfed 47 (n=96) 42 (n=94) 1.2 (0.7-2.2)
Breastfeeding 75 (n=88) 78 (n=78) 0.8 (0.4-1.7)
Socioeconomic status
Monthly income (Taka)
>1,500 51 41 0.6 (0.2-1.6)
1,501-3,000 19 26 0.3 (0.1-0.3)
3,001-4,000 11 21 0.2* (0.1-0.8)
>4,000 13 6 1

*Significant; Median and range are given for characteristics, if applicable
CI=Confidence interval; OR=0dds ratio

Table 2. Findings, on admission, of physical examinations of Shigella-infected severely-malnourished children who
died and who were discharged alive

Physical ch L Percentage OR (CI
ysical characteristics Died (n=100)  Discharged alive (n=100) €D
Imperceptible/low radial pulse 63 (n=99) 31 (n=91) 3.9 (2.2-7.2)
Pulse rate <90/imperceptible 25.5 32 10.5* (3.0-36.0)
Hypothermia (<36 °C) 24 4 7.4% (2.4-23.0)
Clinical sepsis 59 24 4.6* (2.5-8.4)
Dehydration 69 42 3.1% (1.7-5.5)
Altered consciousness 84 57 4.2% (2.0-7.7)
Abdominal distension 29 15 1.9% (1.1-3.1)
Absent or sluggish bowel sound 20 7 3.3% (1.3-8.3)
Kwashiorkor 22 21 1.1 (0.5-2.1)
Rectal prolapse 9 12 0.7 (0.3-1.8)
Xerophthalmia 20 11 2.0 (0.9-4.5)
Clinical anaemia 45 (n=86) 28 2.1% (1.2-3.9)
Bronchopneumonia 68 40 2.8% (1.4-5.5)

*Significant
CI=Confidence interval; OR=0dds ratio
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Table 3. Laboratory findings, on admission, of Shigel/la-infected severely-malnourished children who died and
who were discharged alive
Percentage
Characteristics ; ; ; OR (CI)
Died Discharged alive
Stool
Shigella species n=100 n=100
S. dysenteriae type 1 18 20 0.9 (0.4-1.7)
S. flexneri 82 80
Blood
Glucose (<3 mmol/L) 48 (n=99) 12 (n=66) 6.5% (2.8-15.1)
Haematocrit (<30%) 40 (n=96) 47 (n=92) 1.3 (0.8-2.4)
Total WBC count (>40,000 per mm?) 3 (n=96) 3 (n=92) 1.0 (0.2-4.9)
Platelets (<90,000 per mm?) 64 (n=14) 40 (n=10) 2.7 (0.5-14.4)
Pathogen found in blood 17 (n=89) 12 (n=87) 1.3 (0.78-2.5)
Serum
Na (mmol/L) n=96 n=88
<130 62 55 1.4 (0.8-2.5)
>150 3 2 1.7 (0.26-10.6)
K (mmol/L) n=94 n=88
<3.5 40 46 1.1 (0.6-2.0)
>5.5 25 13 2.3 (1.0-5.5)
CI (mmol/L) n=96 n=88
<95 35 36 1.1 (0.57-2.2)
>106 30 24 1.5(0.7-3.1)
TCO, (mmol/L) n=95 n=85
<14 41 22 1.6 (0.7-3.7)
>18 37 59 0.5(0.2-1.2)
Creatinine (umol/L) n=52 n=30
>150 29 3 1.2* (1.5-4.3)
*Significant
CI=Confidence interval; OR=0dds ratio, WBC=White blood cell
it was not considered for multiple logistic regression. DISCUSSION

Results of multiple regression analysis showed that hy-
pothermia, altered consciousness, hypoglycaemia, and
bronchopneumonia were significantly associated with
death (Table 4). The number of patients included in the
analysis was 139; data for 61 patients were missing. The
initial number of variables for which the analysis was
done was 11. Age, history of cough, absent or sluggish
bowel sound, abdominal distension, clinical sepsis, hy-
perkalaemia, and clinical anaemia were removed from
analysis after they were proved not to be significant. The
variables which were not included were: age (adjusted
p value 0.60), cough on admission (adjusted p value 0.54),
absent or sluggish bowel sound (adjusted p value 0.91),
abdominal distension (adjusted p value 0.93), clinical
anaemia (adjusted p value 0.11), clinical sepsis (adjusted
p value 0.55), and hyperkalaemia (adjusted p value 0.64).

Both malnutrition and shigellosis are major causes of
deaths of children in developing countries (1,11,12).
The risk factors identified in this study would be use-
ful for the treatment of severely-malnourished children
with S. dysenteriae type 1 or S. flexneri. Assertive earlier

Table 4. Characteristics associated with death of mal-
nourished patients with shigellosis in mul-
tiple logistic regression analysis

Characteristics (on admission) OR (CI)
Hypothermia (<36 °C) 5.7* (1.5-22.1)
Altered consciousness 2.6% (1.0-6.8)
Hypoglycaemia (<3.0 mmol/L) 7.8% (2.9-19.6)
Bronchopneumonia 2.5% (1.1-5.5)
*Significant

CI=Confidence interval; OR=0dds ratio
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management with appropriate antibiotics, provision of
adequate nutritional therapy, close monitoring of tem-
perature, blood glucose, and mental status could prevent
complications or secondary infections in these patients.

Infection, such as bronchopneumonia, appears to be
more predictive for death than severity of colitis. Death
of patients with shigellosis in general is most often due
to a superimposed infection (4). In addition, malnutri-
tion worsens the prognosis due to reduced immunity
(13). In our study, clinical septicaemia as manifested with
altered consciousness, low-volume pulse, bradycardia,
and hypothermia was significantly more frequent in the
fatal cases. Blood and mucus in stool, duration of diar-
rhoea and vomiting, and severe colitis were more fre-
quent in cases than in controls.

Hypothermia and hypoglycaemia were important risk
factors for death in children with shigellosis (6) and in
children with severe protein-energy malnutrition (13).
In previous studies, altered consciousness and uncon-
sciousness were shown to be associated with higher
mortality (6,14), and further bronchopneumonia was also
recognized as a risk factor (4,6).

Four factors have been identified in our study, i.e. hy-
pothermia, hypoglycaemia, bronchopneumonia, and al-
tered consciousness were predictive for death, which con-
firms results of some earlier studies (6,7).

Although S. dysenteriae type 1 is characteristically
associated with the highest case-fatality rate compared
to other Shigella species, in this study, infection due to
S. dysenteriae type 1 was detected in 18 of the 100 cases
who died in the hospital and this was detected in 20 pa-
tients in the control group. As the patients infected with
S. dysenteriae type 1 are more severely ill (6,11), they
are often referred to other hospitals for the treatment of
complications and are more often likely to be discharged
against medical advice. The other reasons might be that
its alarming features trigger caretakers to seek medical
care at an early stage of the disease, which prevents the
development of lethal complications (6,11). S. dysenteriae
type 2-20 have less clinical severity than type 1 and ac-
count for 8% of all S. dysenteriae types (10).

The data used in this study were obtained from ad-
mitted patients in the ICDDR,B hospital which is specia-
lized in the management of diarrhoea and, as such, do
not fully represent the whole population of severely-
malnourished children in Bangladesh. Therefore, the
data are likely to differ from those of the average popu-

lation of the country who suffer from shigellosis. The
patients who were referred to other hospitals might have
some positive impact by aversion in this study. For cul-
tural reasons, parents prefer that their children die at home
rather than outside, and many patients who left against
medical advice were critically ill. Similarly, the patients
whose complications were not treatable in this hospital
were referred to other hospitals. Their condition was cri-
tical at the time they were transferred to other hospitals.
Results of a previous study suggest that the clinical fea-
tures of those patients more closely resembled patients
who died than those who were discharged alive (6).

The results of our study suggest that early diagnosis
of shigellosis in severely-malnourished children and
assertive therapy for proper management to prevent and
treat hypothermia, hypoglycaemia, bronchopneumonia,
or altered consciousness are likely to reduce Shigella-
related mortality in severely-malnourished children.
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