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SUMMARY

The objective of our analysis was to describe the aetiology, clinical features, and socio-
demographic background of adults with diarrhoea attending different urban and rural diarrhoeal
disease hospitals in Bangladesh. Between January 2010 and December 2011, a total of 5054 adult
diarrhoeal patients aged 520 years were enrolled into the Diarrhoeal Disease Surveillance
Systems at four different hospitals (two rural and two urban) of Bangladesh. Middle-aged
[adjusted odds ratio (aOR) 0·28, 95% confidence interval (CI) 0·23–0·35, P< 0·001] and elderly
(aOR 0·15, 95% CI 0·11–0·20, P < 0·001) patients were more likely to present to rural diarrhoeal
disease facilities than urban ones. Vibrio cholerae was the most commonly isolated pathogen
(16%) of the four pathogens tested followed by rotavirus (5%), enterotoxigenic Escherichia coli
(ETEC) (4%), and Shigella (4%). Of these pathogens, V. cholerae (19% vs. 11%, P< 0·001),
ETEC (9% vs. 4%, P < 0·001), and rotavirus (5% vs. 3%, P= 0·013) were more commonly
detected from patients presenting to urban hospitals than rural hospitals, but Shigella was more
frequently isolated from patients presenting to rural hospitals than urban hospitals (7% vs. 2%,
P < 0·001). The isolation rate of Shigella was higher in the elderly than in younger adults (8% vs.
3%, P < 0·001). Some or severe dehydration was higher in urban adults than rural adults
(P < 0·001). Our findings indicate that despite economic and other progress made, conditions
facilitating transmission of V. cholerae and Shigella prevail in adults with diarrhoea in
Bangladesh and further efforts are needed to control these infections.
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INTRODUCTION

Diarrhoeal diseases remain a major public health
problem, globally [1]. The incidence of diarrhoea has
not declined significantly; however, deaths have been

reduced due to better management, including the use
of oral rehydration solutions, zinc, and antimicrobials
for treatment of specific aetiological diarrhoeas such
as cholera and shigellosis [1–7]. Although young
children are the main group affected by diarrhoeal dis-
eases, it is also a problem for adults [8, 9]. Diarrhoea is
endemic inmost countries andoutbreaks and epidemics
are common, the latter mostly occurring in developing
countries – in both urban and rural areas [10].
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In developing countries, most diarrhoea episodes
are caused by infection of the human intestine with en-
teric pathogens such as bacteria, virus, and parasites
[11–13]. Transmission is mostly via the faecal–oral
route, and water and food are the main vehicles for
transmission, which is facilitated by inadequate
knowledge, and poor hygiene practices and sanitatary
conditions [10, 11]. Individuals with altered immune
status, such as neonates and infants, the severely mal-
nourished and the elderly are often at higher risk of di-
arrhoea [2, 5]. In developing countries, infections due
to Vibrio cholerae, enterotoxigenic Escherichia coli
(ETEC), rotavirus and Shigella are common [2, 8].

In Bangladesh, cholera epidemics are often reported
while cases frequently present to the facilities in a mori-
bund state [10]. Shigellosis has aworldwide distribution
but predominatesmostly in developing countries [14].A
previous study in Bangladesh reported bacterial patho-
gens such as V. cholerae, ETEC, and Shigella as the
most important causes of diarrhoeal illnesses in adults
[2]. On the other hand, rotavirus is the most important
aetiological agent of diarrhoea in infants and young
children worldwide [11, 15], although this pathogen
may also cause dehydrating diarrhoea in adults [15].

There is lack of information on the distribution of
most common enteric pathogens, clinical features
and disease severity in adult populations. There is
also limited information on the distribution of diar-
rhoeal pathogens in adults, which may be different be-
tween urban and rural adult populations [2, 11]. We,
therefore, conducted this study to describe the four
common aetiologies, socio-demographic status, clini-
cal characteristics of adults presenting with diarrrhoea
and some or severe dehydration to two urban and two
rural diarrhoea treatment facilities in Bangladesh.

METHODS

Source of data and Hospital Surveillance System

The International Centre for Diarrhoeal Disease
Research, Bangladesh (icddr,b) operates a Diarrhoeal
Disease Surveillance System (DDSS) at two urban and
two rural treatment facilities, to collect demographic in-
formation, presenting features, and severity of disease,
and associated morbidities from patients systematically
enrolled in the system. A 2% (every 50th patient) sub-
sample from Dhaka Hospital and 10% (every 10th
patient) from Mirpur Treatment Centre were enrolled
systematically; whereas, all patients coming from the
Health and Demographic Surveillance System (HDSS)

area inMatlab andMirzapur were included irrespective
of age, sex, and disease severity. Faecal specimens of
these patients underwent laboratory testing (microscopy,
ELISA, culture) for detection of enteric pathogens.

Dhaka Hospital, established in 1962, provides cost-
free care and treatment to the urban population of
Dhaka, the capital of Bangladesh. This hospital cur-
rently treats around 140 000 patients with diarrhoea an-
nually, with or without complications, and with or
without associated health problems. The hospital has
maintained a DDSS since 1979, and systematically
enrols every 50th patient (since 1996) reporting to the
triage area, regardless of age, sex, and disease severity.

Mirpur Treatment Centre is a 60-bed new urban
hospital (established in 2009) and a relatively small fa-
cility located in Mirpur, a community in the north-
west of Dhaka city. Around 15 000 patients are treated
annually at this urban facility, and 10% (every 10th
patient) of these patients are systematically enrolled
in the surveillance system.

Kumudini Women’s Medical College and Hospital
(KWMCH) was established in 1938 in rural Mirzapur
subdistrict (Tangail district), located about 60 km
north-west of Dhaka. It is a charitable institution pro-
viding low-cost health services to the surrounding
rural population. The hospital has separate outpatient
and inpatient diarrhoea treatment units, and 20–25
inpatient beds to treat nearly 1500 diarrhoeal patients
each year. To facilitate the present hospital-based pro-
spective study, an active DDSS was established at the
KWMCH. Moreover, the study enrolled all patients
among the residents of the regional Demographic
Surveillance System for a better understanding of
the population-based disease burden.

Matlab Hospital of icddr,b was established in 1963.
Matlab is a rural site located 57 km southeast of
Dhaka. This hospital provides free care and treatment
to 15 000–20 000 diarrhoeal patients living in the
HDSS areas and other adjoining subdistricts, each
year. All patients with diarrhoeal illnesses coming
from the HDSS area are enrolled into the hospital sur-
veillance system.

Definitions

We defined diarrhoea as 53 abnormally loose or
watery stools during a 24-h period [16], and dysentery
as visible or reported blood in 51 stool [17]. We
defined some dehydration as at least two signs/symp-
toms, including one key (*) sign present (irritable/
less active*, sunken eyes, dry mucosa, thirsty,
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and reduced skin turgor* [18, 19]). Severe dehydration
was defined as the presence of criteria for ‘some dehy-
dration’ plus one of the following key (*) signs/symp-
toms (lethargy or unconsciousness*, unable to drink*,
and uncountable/absent radial pulse* [18, 19]).

Body mass index (BMI) was defined as weight in
kilograms divided by the square of height in metres
(kg/m2) [20].

Selection and sample size of study participants

Between January 2010 and December 2011; a total of
5054 patients aged520 years were enrolled in the sur-
veillance systems at the four study hospitals with the
following distribution: 3443 (68%) in two urban hospi-
tals (2061 in Dhaka Hospital, 1382 in Mirpur
Treatment Centre) and 1611 (32%) patients in rural
hospitals (417 in Mirzapur Hospital, 1194 patients in
Matlab Hospital). Among all patients, 42% were
aged 20–39 years, 19% were aged 40–59 years and
8% were elderly (aged 560 years) in urban hospitals;
for rural hospitals the age distribution was 12%, 12%
and 7%, respectively. The sampling distributions are
described in Figure 1.

Specimen collection and laboratory procedure

A single fresh whole stool specimen (at least 3 ml/g) was
collected. Samples fromDhakaHospitalwere submitted
as soon as possible to the central laboratory located in
Dhaka. For Matlab, faecal specimens were submitted
to Matlab laboratory located in Matlab Hospital cam-
pus. All specimens from Mirpur and Mirzapur were
transported to the central laboratory in Dhaka within
6 h of collection using a Styrofoam container with cold
packs, maintaining a cool temperature (4–8 °C).
Additionally, for Mirzapur and Mirpur, a faecal swab
was collected from the stool specimen and inserted in
Cary–Blair transport medium in a plastic screw-top
test tube, each specimen was packed and labelled with
the patients’ identification number, and date and time
of collection of the specimen. Rotavirus antigen [21],
ETEC (testing was performed only for Dhaka and
Mirzapur sites) [22], V. cholerae [16], and Shigella spp.
[16] were detected using standard methods [23–25].

Ethical statement

The DDSS of icddr,b is a routine ongoing activity of
Dhaka Hospital, Matlab Hospital and Mirpur
Treatment Centre which has been approved by the

Research Review Committee (RRC) and Ethical
Review Committee (ERC) of icddr,b. Since it is a rou-
tine ongoing activity as well as part of standardmedical
care, at the time of enrolment verbal consent was taken
instead of written consent from the caregivers/guar-
dians on behalf of the patients. The information is
stored in the hospital database and used for conducting
research. The ERC is satisfied with the voluntary par-
ticipation, maintenance of the rights of the participants
and confidential handling of personal information by
the hospital physicians and has approved this consent
procedure. The surveillance activities in Mirzapur
have been approved by the RRC and ERC of icddr,b
as a 3-year research protocol. Both informed written
consent from adults or guardians, and assent from chil-
dren aged 11–17 years was obtained during the study
period of this research protocol.

Data analysis

Statistical analyses were performed using SPSS v. 15.5
(SPSS Inc., USA) and Epi Info v. 6.0 (USD, USA).
For analysing socio-demographic characteristics, diar-
rhoeal patients were divided into three age groups [26,
27]: (i) young adults (20–39 years); (ii) middle-aged
adults (40–59 years); and (iii) elderly (560 years), and
the number of patients in these groups was 2751,
1564, and 739, respectively. For comparing major diar-
rhoeal aetiology, patients were categorized under two
age groups: (i) 20–59 years as adults (for insufficient
aetiological data) and (ii)560 years as elderly. For cat-
egorical variables, differences in the proportion were
compared by χ2 test and strengths of associations
were estimated by calculating the odds ratios (ORs)
and their 95% confidence intervals (CIs). A backward,
step-wise logistic regression analysis was performed to
examine the association between dependent (urban fa-
cilities = 1, rural facilities = 0) and independent vari-
ables with the probability of exclusion at P = 0·10.
For this analysis, we combined the two urban facilities
and similarly the two rural facilities, for better under-
stating of the urban–rural differentials in diarrhoeal
diseases in adults and the elderly.

RESULTS

The proportion of young adults (20–39 years) in all
patients presenting with diarrhoea was higher in
urban than rural areas (62% vs. 38%, P< 0·001).
However, middle-aged (39% vs. 27%, P< 0·001) and
elderly (22% vs. 11%, P < 0·001) more frequently
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presented to rural facilities than their urban counter-
parts. A single pathogen was identified in 28% of all
specimens tested, where V. cholerae was the most com-
monly detected pathogen (16·4%) followed by rota-
virus (4·7%), ETEC (4·4%), and Shigella (3·9%).

Clinical features

For analyses of clinical features, patients were stratified
into three age groups: young, middle-aged and elderly.
Fever and abdominal pain were more often reported by
rural patients than their urban counterparts (21% vs.
2%,P< 0·001; 78% vs. 54%,P< 0·001), whereaswatery
diarrhoea was more often reported by urban patients
(98% vs. 91%,P < 0·001) than patients in rural facilities.
Diarrhoea durationwas similar in urban and rural sites;
however, some or severe dehydration was more fre-
quently observed in young adult urban patients (20–
39 years) followed by middle aged (40–59 years) and
the elderly. The use of antimicrobials before attending
the hospitals was higher in all three age groups of
urban patients than the rural patients (Table 1). Other
socio-demographic characteristics of study individuals
are described in Table 1.

Comparisons of pathogens between rural and
urban facilities

A higher proportion of all patients presenting with
diarrhoea at urban facilities had an aetiology of

V. cholerae (19% vs. 11%, P< 0·001), ETEC (9% vs.
4%, P < 0·001), and rotavirus (5% vs. 3%, P= 0·013)
than at rural facilities. Shigella was more commonly
detected in rural facilities compared to urban facilities
(7% vs. 2%, P< 0·001). In urban hospitals, S. flexneri
(1·4%) was the most common serogroup followed by
S. boydii (0·6%), and S. sonnei (0·3%). In rural facili-
ties, S. flexneri (4·9%) was also most common, fol-
lowed by S. boydii (0·9%), S. sonnei (0·6%), and
S. dysenteriae (0·3%) (Table 2).

Comparisons of pathogens between adult and
elderly patients

The isolation rate of V. cholerae was higher in all
young and middle-aged adult patients (20–59 years)
than the elderly (18% vs. 10%, P < 0·001). Moreover,
the isolation rate of V. cholerae was higher in urban
adults (20–59 years; 20% vs. 12%, P < 0·001) and the
elderly (20% vs. 12%, P = 0·082) than in the rural
population. The isolation rate of Shigella was higher
in the elderly than in adults irrespective of their age
(8% vs. 3%, P< 0·001) and it was more often isolated
in rural adults (20–59 years), and the elderly than the
urban patient population. The isolation rates of
S. flexneri, S. boydii, S. sonnei and S. dysenteriae
were 8·6%, 1·1%, 0·6% and 0·2%, respectively in the
rural elderly patient population. In rural adults, the
isolation rates of S. flexneri, S. boydii, S. sonnei and
S. dysenteriae were 4%, 0·9%, 0·7% and 0·2%,

Total patients in four
hospitals, n = 5054

Urban Dhaka,
n = 2061

Rural Matlab,
n = 1194

Urban Mirpur,
n = 1382

Rural Mirzapur,
n = 417

20–39 years, n = 1229

40–59 years, n = 595

≥60 years, n = 237 

20–39 years, n = 474

40–59 years, n = 455

20–39 years, n = 900

40–59 years, n = 340

≥60 years, n = 142

20–39 years, n = 148

40–59 years, n = 174

≥60 years, n = 95

≥60 years, n = 265

Fig. 1. Sampling frame.
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respectively. The isolation rate of ETEC was higher in
urban adults than for those in rural areas (Table 2).

Multivariate analysis

Significant associations were found between areas and
patients’ age, male sex, illiteracy of patients, use of
non-sanitary toilet, dysentery, duration of diarrhoea
at home before visiting a health facility, dehydration
status, fever, abdominal pain and use of antimicro-
bials at home. The significance of these associations
were retained in multivariate analysis after controlling
for the potential confounders such as monthly family
income (>US$100), BMI, and number of watery/loose
stools (>10 times) (Table 3). Patients presenting with
diarrhoea at rural facilities were more likely to be
middle aged and elderly. Clinical features like fever,
dysentery, and abdominal pain were more often
reported by rural patients compared to urban facility
patients. Moreover, rural patients used non-sanitary
toilets more often than their urban counterparts
(Table 3).

Antibiotic susceptibility

Of the two most frequently used antimicrobials for
treating cholera cases, 85% of the V. cholerae isolates
in Mirzapur and 84% in Mirpur were susceptible to
azithromycin compared to 68% of the isolates in
Dhaka. For ciprofloxacin, 88% of the V. cholerae iso-
lates in Mirzapur and all isolates (100%) in Dhaka,
Matlab, and Mirpur were susceptible. In Mirzapur,
nearly 84% of Shigella isolates were susceptible to
ciprofloxacin and mecillinam – both of these antimi-
crobials were often used for treating shigellosis.
Between 10% and 61% of the isolates were susceptible
to other antibiotics such as ampicillin, trimethoprim-
sulfamethoxazole (TMP-SMX), and nalidixic acid
(Table 4). In Dhaka, 62% and 70% of Shigella isolates
were susceptible to ciprofloxacin and mecillinam, re-
spectively; while in Matlab susceptibility of Shigella
isolates to these antibiotics was 68% and 78%, respect-
ively, and in Mirpur the figures were 78% and 67%,
respectively (Table 4).

DISCUSSION

We observed that the proportion of young adult
patients (aged 20–39 years) was higher in urban
diarrhoeal disease treatment facilities than in rural
facilities. Rapid urbanization and rural to urbanT
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migration for better job opportunities leading to a
higher proportion of younger population in this stra-
tum [28], as well as greater exposure of this group to
potentially contaminated water and food consumed
outside of the home are possible explanations.

In the rural areas, the proportion of females (being
more susceptible to disease as well as its severity
because of compromised immunity as well as more ex-
posure during active participation in patient care) was
higher than males, but the opposite was the case in the
urban treatment centres. A similar observation was
found in a previous study in urban Bangladesh with
poor healthcare behaviour [29], which might be the
factor of gender dissimilarity between the rural and
urban facilities in the present study.

The isolation frequency of V. cholerae was higher in
adults (20–59 years) than the elderly. However, shigel-
losis was more frequent in the elderly compared to
adults. Poor personal hygiene practices and an inad-
equate sanitation system are known risk factors for
both Shigella and V. cholerae [30, 31], but Shigella
was more prevalent in rural elderly as opposed to
V. cholerae in urban adults. We do not have a ready
explanation for this observation, although it may be
that a higher proportion of the elderly population in
rural areas with a more altered immune status due
to increasing age could contribute to this observation
[32]. Additionally, among elderly individuals it is

mostly females that participate in the active care of
young grandchildren at the household level, these
are often highly susceptible to shigellosis in endemic
Bangladesh [33–35]. While contaminated water is the
principal vehicle of transmission of V. cholerae, con-
taminated food and person-to-person transmission
are the more likely the modes of transmission of
Shigella. However, our data could not support the
analyses to test these possibilities and this issue should
be addressed in carefully conducted future studies.

Earlier studies have reported a higher incidence of
dysentery or shigellosis in populations aged >40
years [36], and a higher bacterial load in stool and
complications due to compromised integrity of intesti-
nal mucosa and host defence [37]. Increased suscepti-
bility to enteric infections due to altered intestinal
function in the elderly has also been reported [12].
Infectious diarrhoea is also associated with altered im-
mune functions (such as decreased helper T-cells and
their function, decreased mucosal IgA and antibody-
forming potential, and increased numbers of gut
coliforms) as a consequence of advancing age [2,
38]. Our finding of a higher frequency of shigellosis
in the elderly, a population increasing globally includ-
ing developing countries like Bangladesh, and its
higher morbidity will be important in monitoring
and identifying risk factors to consider interventions
for prevention of this illness in the elderly [39].

Table 2. Isolation of pathogens in adult diarrhoeal patients in urban and rural healthcare facilities, Bangladesh,
2010–2011

Aetiological
agents

Elderly (560 years) Adults (20–59 years)

P valuea P valueb P valuec P valued
Urban,
n= 379 (%)

Rural,
n= 360 (%)

Urban,
n= 3064 (%)

Rural,
n= 1251(%)

Shigella 18 (4·7) 39 (10·8) 69 (2·3) 71 (5·7) 0·002 <0·001 0·005 0·001
S. flexneri 11 (2·9) 31 (8·6) 39 (1·2) 48 (3·8) 0·001 <0·001 0·012 <0·001
S. sonnei 3 (0·8) 2 (0·6) 6 (0·2) 9 (0·7) 1·00 0·007 0·056 1·00
S. boydii 4 (1·1) 4 (1·1) 18 (0·6) 11 (0·9) 1·00 0·712 0·275 0·755
S. dysenteriae 0 2 (0·6) 6 (0·2) 3 (0·2) — 0·283 — 0·312

Vibrio cholerae 45 (11·8) 28 (7·7) 612 (19·9) 146 (11·7) 0·082 <0·001 0·001 0·042
ETEC 21/240 (8·8) 12/190 (6·3) 172/1 837 (9·4) 22/644 (3·4) 0·447 <0·001 0·849 0·117
Rotavirus 17 (4·5) 12 (3·3) 165 (5·4) 42 (3·4) 0·541 0·024 0·751 0·899
Mixed pathogens 26 (6·8) 1 (0·3) 285 (9·3) 20 (1·6) <0·001 <0·001 0·278 0·062
Non-identified/
tested pathogens

253 (66·8) 251 (69·3) 1 823 (59·5) 887 (70·9) 0·407 <0·001 <0·001 0·609

ETEC, Enterotoxigenic Escherichia coli.
a Comparison between urban and rural facilities for elderly patients aged 560 years.
b Comparison between urban and rural facilities for adult patients aged 20–59 years.
c Comparison between all adults and elderly patients attending urban diarrhoeal facilities.
d Comparison between all adults and elderly patients attending rural diarrhoeal facilities.
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Although the prevalence of shigellosis has been falling
in Bangladesh over the last three decades [40], it is still
considered as an endemic zone [1, 41, 42].

In the present study, antibiotic use at home was
higher in people attending urban facilities, irrespective
of their age group. Overall, 53–75% of the V. cholerae
isolates were susceptible to tetracycline. In Dhaka and
Matlab, all isolates (100%) and in Mirzapur 88% of
the strains were susceptible to ciprofloxacin. A pre-
vious study reported that multiple resistance to bac-
terial enteric pathogens and the genetic potency for
antibiotic resistance development in the pathogen
made the choice of efficient drugs difficult for the treat-
ment of diseases caused by V. cholerae, which might
also be true for our study [43]. Shigella isolates were
more susceptible to ciprofloxacin in Mirzapur than
the other three facilities; whereas, the susceptibility pat-
tern of another antimicrobial,mecillinam,was identical
in the four facilities – these two drugs are most often
used for treating shigellosis [44]. Irresponsible use of
antimicrobials because of easy availability of antimi-
crobials over the counter, genetic mutation of the
pathogens, host–pathogen–environment interactions,
increasing minimum inhibitory concentration (MIC)
level of antimicrobials against certain pathogens,
enhanced translocation of pathogens in the intestine
due to malnutrition as well as its impact on the immune
system lead to diverse susceptibility to antimicrobials.
Moreover, changes in distribution of serotypes of
pathogens, high population density leading to close

contact with livestock, and high selective pressure as a
result of unrestricted use of antimicrobials in veterinary
medicine, poultry and aquaculture in Bangladesh and
other developing countries [45–48].

In the present study, ETEC was isolated more often
from urban adult patients aged 20–59 years than rural
patients, such higher isolation in these individuals
could be due to their frequent exposures to contami-
nated environment and inadequate hygiene practices
[49]. A previous study reported that the incidence of
ETEC infections in developing countries decreases
after age 5 years, is lowest in people aged 5–15 years
[49], and rises again to about 25% in adults [49, 50].
These observations corroborate with our study
findings. In hospitalized Bangladeshi patients, severity
of ETEC diarrhoea was greater in children and infants
[49], and ETEC, in terms of severity, was next to V.
cholerae [2]. The reasons for this may be due to both
environmental and behavioural factors such as the re-
sult of ingestion of contaminated food or drink which
may predispose to ETEC infection [49, 51]; however,
it was also true for the other three pathogens
[24, 30, 52]. A previous study stated that the infective
dose of bacteria that an adult ingests is much higher
than that of a young child, thus leading to severity
of diseases being related to the size of the ingested
inoculums [53], which could also be true for elderly
people.

In case of rotavirus diarrhoea, the incidence was
similar in elderly patients of both rural and urban

Table 3. Characteristics of patients between urban and rural healthcare facilities, Bangladesh, 2010–2011

Characteristic Adjusted OR (95% CI) P value

Age (0 = 20–39 years, 1 = 40–59 years, 25 60 years)
20–39 years —

40–59 years 0·28 (0·23–0·35) <0·001
560 years 0·15 (0·11–0·20) <0·001

Male sex (1 =male, 0 = female) 2·32 (1·93–2·78) <0·001
Illiteracy of patients (1 = illiterate, 0 = literate) 3·02 (2·46–3·71) <0·001
Use of non-sanitary toilet (1 = non-sanitary toilet, 0 = sanitary toilet) 0·07 (0·06–0·08) <0·001
Presence of fever (1, 537·8 °C; 0, <37·8 °C) 0·05 (0·03–0·07) <0·001
History of abdominal pain (1 = yes, 0 = no) 0·35 (0·29–0·43) <0·001
Dysentery (1 = dysentery, 0 = non-dysentery) 0·22 (0·14–0·35) <0·001
Duration of diarrhoea (1, >1 day; 0, 41 day) 1·67 (1·37–2·04) <0·001
Dehydration (1 = some or severe, 0 = none) 6·57 (5·23–8·27) <0·001
Use of antimicrobials at home (1 = yes, 0 = no) 1·79 (1·43–2·24) <0·001

OR, Odds ratio; CI, confidence interval.
Outcome variables: age, male sex, illiteracy of patients, use of non-sanitary toilet, presence of fever, history of abdominal pain,
dysentery, duration of diarrhoea, dehydration, and use of antimicrobials at home.
Main exposure: study area, urban vs. rural (diarrhoeal hospital facilities were the reference category).
Adjusted factors: monthly family income, body mass index, and frequency of stool (>10 times in last 24 h).
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Table 4. Susceptibility pattern of Shigella and Vibrio cholerae isolated in different healthcare facilities, Bangladesh, 2010–2011 (aged 520 years)

Mirzapur, n= 34 (%) Dhaka, n= 441 (%) P value Matlab, n= 140 (%) P value Mirpur, n= 216 (%) P value

Susceptibility pattern of Vibrio cholera
Tetracycline 18 (52·9) 280 (63·5) 0·297a 105 (75·0) 0·020a/0·016b 140 (64·8) 0·252a/0·806b/0·056c

TMP-SMX 4 (11·8) 11 (2·5) 0·017a 21 (15·0) 0·788a/<0·001b — —

Erythromycin 12 (35·3) 1 (0·2) <0·001a 1 (0·7) <0·001a/0·424b — <0·001a/1·00b/-
Ciprofloxacin 30 (88·2) 440 (99·8) <0·001a 140 (100·0) <0·001a/1·00b 216 (100·0) <0·001a/1·00b/-
Azithromycin 29 (85·3) 298 (67·6) 0·050a 1 (0·7) <0·001a/<0·001b 181 (83·8) 0·975a/<0·001b/<0·001c

Mirzapur, n= 30 (%) Dhaka, n= 60 (%) P value Matlab, n= 80 (%) P value Mirpur, n= 27 (%) P value

Susceptibility pattern of Shigella
Ampicillin 18 (60·0) 33 (55·0) 0·8216a 33 (41·3) 0·123a/0·149b 15 (55·6) 0·943a/0·853b/0·285c

TMP-SMX 9 (30·0) 18 (30·0) 0·807a 30 (37·5) 0·611a/0·456b 11 (40·7) 0·568a/0·461b/0·943c

Nalidixic acid 3 (10·0) 1 (1·7) 0·106a 19 (23·8) 0·180a/<0·001b — —

Mecillinam 26 (86·7) 42 (70·0) 0·140a 62 (77·5) 0·422a/0·418b 21 (77·8) 0·492a/0·622b/0·812c

Ciprofloxacin 25 (83·3) 37 (61·7) 0·064a 54 (67·5) 0·076a/0·591b 18 (66·7) 0·249a/0·835b/0·874c

Azithromycin n.d. 48 (80·0) — — 24 (88·9) 0·374b

Ceftriaxone n.d. 56 (93·0) — — 26 (96·3) 1·00b

TMP-SMX, Trimethoprim–sulfamethoxazole; n.d., not done.
a Comparison between Mirzapur and the other three sites.
b Comparison between Dhaka, Matlab and Mirpur sites.
c Comparison between Matlab and Mirpur sites.
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facilities, but higher in patients attending urban facili-
ties. This is probably due to the differences in the
distribution of rotavirus types, as group B mostly
accounts for adult diarrhoea [11] and may also cause
dehydrating diarrhoea in adults [15]. Moreover, a pre-
vious study in Dhaka hospital of icddr,b reported on
the higher probability of norovirus (43%) in adults
aged 518 years [54]. As our study was not designed
to look for these pathogens, further studies are needed
to isolate pathogens like group B rotavirus and noro-
virus in the adult population.

The main limitation of our study is that of being a
facility-based study as well examining only four en-
teric pathogens, so our findings may not represent
large population data. Moreover, testing for more
pathogens, in particular norovirus, may have
increased the yield of pathogens identified. However,
within this limitation, unbiased sample selection did
show some rural–urban differences as well as differ-
ences in the distribution of pathogens by age group.

We observed that a higher proportion of patients
presenting with diarrheoa were young adult patients
(20–39 years) rather than elderly patients. V. cholerae
was the most commonly isolated pathogen in adults in
both urban and rural facilities. The elderly were more
vulnerable to Shigella infection particularly in the
rural population. Cholera and shigellosis are diseases
related to poverty, lack of safe water and sanitation.
Therefore, our findings indicate that despite economic
and other progress made, conditions facilitating trans-
mission of V. cholerae and Shigella prevail in
Bangladesh. Therefore, efforts are needed to improve
personal hygiene practices, provision of safe drinking
water and better sanitation. Identifying pathogens of
diarrhoeal disease may help to better understand ap-
propriate treatment techniques.
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