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Background. Despite advances in prevention, detection, and treatment, cholera remains a major public health problem in Bangladesh 
and little is known about cholera outside of limited historical sentinel surveillance sites. In Bangladesh, a comprehensive national cholera 
control plan is essential, although national data are needed to better understand the magnitude and geographic distribution of cholera.

Methods. We conducted systematic hospital-based cholera surveillance among diarrhea patients in 22 sites throughout 
Bangladesh from 2014 to 2018. Stool specimens were collected and tested for Vibrio cholerae by microbiological culture. Participants’ 
socioeconomic status and clinical, sanitation, and food history were recorded. We used generalized estimating equations to identify 
the factors associated with cholera among diarrhea patients.

Results. Among 26 221 diarrhea patients enrolled, 6.2% (n = 1604) cases were V. cholerae O1. The proportion of diarrhea pa-
tients positive for cholera in children <5 years was 2.1% and in patients ≥5 years was 9.5%. The proportion of cholera in Dhaka and 
Chittagong Division was consistently high. We observed biannual seasonal peaks (pre- and postmonsoon) for cholera across the 
country, with higher cholera positivity during the postmonsoon in western regions and during the pre–monsoon season in eastern 
regions. Cholera risk increased with age, occupation, and recent history of diarrhea among household members.

Conclusions. Cholera occurs throughout a large part of Bangladesh. Cholera-prone areas should be prioritized to control the 
disease by implementation of targeted interventions. These findings can help strengthen the cholera-control program and serve as 
the basis for future studies for tracking the impact of cholera-control interventions in Bangladesh.
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The incidence of diarrhea remains high globally, although mor-
tality has declined due to life-saving interventions such as oral re-
hydration solution. Despite the successes, the Global Burden of 
Disease Study ranked diarrheal diseases as the ninth leading cause 
of death globally, and the fourth leading cause in children under 
5 years of age [1]. In South Asia and sub-Saharan Africa, diarrheal 
illness accounts for at least 10% of deaths in children [2].

The Global Task Force on Cholera Control (GTFCC) has re-
cently launched ambitious goals for reducing cholera deaths by 
90% by 2030 and eliminating cholera from at least 20 of the 47 
high-burden countries, including Bangladesh [3]. To achieve 
these objectives, the World Health Organization (WHO) has 
recommended the use of oral cholera vaccines (OCVs) to-
gether with other cholera prevention and control strategies. To 

ensure access to OCV for cholera-affected countries, a global 
OCV stockpile was created in 2013. However, the current 
global OCV supplies are too low for targeting all individuals 
living in countries at risk [4]. Thus, countries with cholera need 
to identify and focus control efforts in high-risk populations.

In Bangladesh, located in the heart of the Ganges Delta and 
considered to be the ancestral home of cholera [5], the disease 
remains a significant public health problem [6]. People live in 
high-risk, densely populated environments with poor access to 
safe water and sanitation [7]. It is suggested that 66 million people 
are at risk of cholera in Bangladesh, with an incidence rate of 
1.64/1000 population, 100 000 cases, and 4500 deaths annually [4]. 
These estimates were only obtained from population-based pub-
lished studies to estimate the annual number of cases. Bangladesh 
is developing a national cholera-control plan in order to meet ob-
jectives set forth in the GTFCC Roadmap. It was therefore crucial 
to determine the magnitude of cholera to obtain information on 
seasonality and location of prevalent areas in Bangladesh. Based 
on this need, a nationwide enteric disease surveillance with lab-
oratory confirmation was initiated in 2014, which covered all di-
visions across the country. The objective was to understand the 
epidemiology of cholera throughout Bangladesh.
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METHODS

Ethics Statement

Informed consent was obtained from participants. For chil-
dren younger than 18 years, informed consent was taken from 
participants/legal guardians. The surveillance protocol was ap-
proved by the Research Review Committee and Ethical Review 
Committee of International Centre for Diarrheal Disease 
Research, Bangladesh (icddr,b).

Study Site

Surveillance was conducted in administrative areas (currently 
8)  designated as “Divisions” (Bibhag) with a total of 64 dis-
tricts (Zilla) and 492 subdistricts (Upazila). In May 2014, the 
icddr,b and the Institute of Epidemiology, Disease Control, and 
Research (IEDCR) collaboratively started the diarrheal disease 
surveillance in 10 hospitals. Surveillance was interrupted be-
tween January and May 2016 due to a gap in funding. From 
May 2016, surveillance was expanded to additional 12 facilities 

focusing on cholera surveillance. A  total of 22 surveillance 
sites (13 districts, 6 subdistricts, 2 tertiary-level hospitals, and 
the Bangladesh Institute of Tropical and Infectious Disease 
[BITID]) were established across 21 different districts (Figure 1).  
We selected sentinel surveillance sites based on reports of acute 
watery diarrhea and cholera (including analyses of data from 
the national District Health Information Software v2 database) 
from the Directorate General of Health Services and previously 
published cholera surveillance studies [6].

Diarrhea Case Definition

Surveillance was carried out in all age groups; however, different 
case definitions for those under 2 months of age and those older 
than or equal to 2 months are as follows:

⦁	 Diarrhea cases (age <2 months): Changed stool habit from 
usual pattern in terms of frequency (more than the usual 
number of purgings) or nature of stool (more water than 
fecal matter).

Figure 1. Map of nationwide study surveillance sites in Bangladesh, May 2014–June 2018, showing the percentage of culture-positive Vibrio cholerae among the enrolled 
cases with acute watery diarrhea. The map was created by R (v. 3.4.2, R Foundation for Statistical Computing, Vienna, Austria) and Arc GIS v10.6 (http://www.esri.com/
software/arcgis/arcgis-for-desktop). Abbreviations: BITID, Bangladesh Institute of Tropical and Infectious Disease; DMCH,Dhaka Medical College and Hospital; UAMC&H, 
Uttara Adhunik Medical College and Hospital.

http://www.esri.com/software/arcgis/arcgis-for-desktop
http://www.esri.com/software/arcgis/arcgis-for-desktop
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⦁	 Diarrhea cases (age ≥2  months): Any patient attending 
hospital with 3 or more loose or liquid stools within 24 
hours or 3 loose/liquid stools or fewer causing dehydration 
in the last 24 hours.

Surveillance

Surveillance teams were established with a physician, a nurse, 
a medical technologist, and a trained field attendant. At each 
site, an assigned nurse prepared a daily list of patients with di-
arrhea (both inpatient and outpatient). Four patients with di-
arrhea who met the case definition and had no other severe 
comorbidity (eg, severe acute respiratory illness, acute cardi-
ovascular symptoms, or severe acute neurological disorder) 
were enrolled by the physician from Saturday to Wednesday 
each week. Two patients with diarrhea aged less than 5 years 
old and 2 patients aged 5  years or older were enrolled each 
day; if the target number of patients in a particular age group 
was not met, we overenrolled in the other group to meet the 
target of 4 patients. Upon receiving consent, the physician 
collected the patient’s sociodemographic characteristics such 
as age, gender, profession (eg, service holders such as those 
working in banks, schools, public or private organizations or 
workers paid/contracted on a daily basis involved in manual 
labor, construction, or agriculture), diet history, medical his-
tory (including assessment of dehydration status), sanitation, 
and hygiene information; and a stool sample was collected for 
testing. The specimens were transported in Cary-Blair trans-
port media within 15 days to the laboratories in Dhaka at the 
icddr,b, and IEDCR. Specimens were immediately processed 
in the laboratory.

Stool samples were analyzed for detection of bacterial causes 
of acute watery diarrhea. From the first 10 surveillance sites, we 
tested for Vibrio cholerae O1/O139, enterotoxigenic Escherichia 
coli (ETEC), and Salmonella spp. For the remaining 12 surveil-
lance sites, we only tested stool specimens for V. cholerae O1/
O139.

Laboratory Procedures

For the identification of V.  cholerae, specimens were streaked 
onto taurocholate-tellurite gelatin agar (TTGA) and incubated 
overnight at 37°C. Specimens were also inoculated in alkaline 
peptone water for enrichment and incubated for an additional 
18–24 hours [8] and plated on TTGA. Suspected colonies were 
serotyped with monoclonal antibody specific to V. cholerae O1 
(Ogawa and Inaba) and O139 serogroups [9, 10]. For the de-
tection of ETEC, stool specimens were spread on MacConkey 
agar and incubated overnight at 37°C. Enterotoxigenic E.  coli 
was confirmed by multiplex polymerase chain reaction (PCR) 
targeting the gene targets for ETEC toxin LT and ST [11]. For 
the detection of Salmonella, specimens were streaked onto 
Salmonella-Shigella agar and then incubated overnight at 37°C, 

followed by systematic biochemical and serological testing 
methods (Denka Seiken).

Data Management and Analysis

The demographic, clinical, and associated factors are described 
for cholera cases and all enrolled diarrhea cases. We also com-
pared data from patients with cholera with non–cholera cases 
by a 2-sample test of proportions. We estimated risk ratios for 
different potential factors associated with cholera assumed 
as clusters using log-binomial regression with generalized 
estimating equations (GEEs) accounting for robust standard 
errors. For the GEE models, we used an independent correla-
tion structure, accounting for individual clustering within each 
site. A univariate analysis was conducted using GEE to examine 
the risk of cholera for factors including age, gender, and ex-
posure histories. Based on previous literature review, we then 
constructed a multivariable log-binomial regression model and 
performed inference with GEEs.

For the geographic location of cholera in Bangladesh, we 
selected geographic midpoints in the country and defined 4 
zones: Northeast (NE), Northwest (NW), Southeast (SE), and 
Southwest (SW). Within each zone, we reported the percentage 
of cholera-positive cases among the patients with diarrhea. To 
describe the catchment area of the sentinel sites and healthcare-
seeking behavior of the patients with diarrhea, we calculated 
the distance of each enrolled patient’s home location to the hos-
pital. We then calculated the cumulative probability distribu-
tion of attending a sentinel site by distance in kilometers (km) 
for cholera and non–cholera cases and also by disease severity 
based on dehydration status.

RESULTS

Between 4 May 2014 and 31 June 2018, we captured a total of 
210 679 cases of diarrhea and 26 221 were enrolled; 46% were 
female. Among children under 5 years of age (45.6% of those 
tested), 86.7% (10 374/11 968) were younger than 2 years and 
13.3% (1594/11 968) were aged 2–4 years old. Of children 5 years 
and older in age (54.4% of those tested), 9.5% (1350/14  253) 
were 5–17  years, 63.5% (9044/14  253) were 18–45  years, and 
27% (3859/14 253) were 46 years or older. Of those enrolled, 
62.8% had no formal schooling, which included children and 
those who did not complete primary school (class 5); 23% of 
patients were housewives and 8.6% were service holders; among 
those who were older (≥15  years), 45% were housewives and 
17% were service holders. The majority of patients reported 
some (63.9%) or severe (14.2%) dehydration. Vomiting (67.3%), 
abdominal cramps (61.6%), and fever (60.5%) were also re-
ported. Twenty-eight percent of patients had eaten food from 
roadside vendors, 11% had eaten food in large gatherings, and 
14% had neighbors with diarrhea in the week prior to illness 
(Supplementary Table 1).

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1075#supplementary-data
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We detected V. cholerae O1 in stool of 6.2% (1604/25 958) of 
patients. Among those younger than 5 years, 2.1% (253/11 968) 
of diarrheal cases were positive for cholera, with 72.3% 
(183/253) of cases occurring in the under-2-year age and 27.7% 
(70/253) in 2–4-year age group. Among those who were older, 
9.5% (1351/14 253) of cases were positive for cholera, of which 
13.4% (181/1351) were aged 5–17  years, 67.4% (910/1351) 
were 18–45 years, and 19.2% (260/1351) were 46 years or older. 
The age distribution of cholera cases was qualitatively similar 
among the different Divisions and 53% were male. The majority 
(82.4%) of cholera cases had primary or no formal schooling 
(which included children and those who did not complete pri-
mary school). Most cholera cases had some or severe dehy-
dration (78%), vomiting (75%), and abdominal cramps (71%). 

Approximately 30% had eaten food from roadside vendors, 14% 
had eaten food in large gatherings, while 17.5% had neighbors 
with diarrhea in the week prior to illness (Table 1).

Most of the V.  cholerae isolates (70%) were Inaba serotype. 
Ogawa predominated between 2014 and 2015. During 2016–
2017, the serotype profile switched; Inaba almost replaced the 
Ogawa serotype across the country. In 2018, the serotype started 
to shift back from Inaba to Ogawa and 45.8% were Ogawa isolates.

Approximately 3.1% of patients with diarrhea were ETEC 
positive and 2.7% were Salmonella spp. positive from the 10 
surveillance sites in which multiple pathogens were tested. Only 
0.34% of patients with diarrhea were coinfected with both ETEC 
and V. cholerae, and 0.06% were coinfected with Salmonella spp. 
and V. cholerae.

Table 1. Distribution of Demographic, Clinical Factors and History of Exposures of Vibrio cholerae Culture Positives by Divisions, May 2014–June 2018, 
Bangladesh

Characteristics

Divisions

Overall 
(N = 1604)

Dhaka 
(N = 405)

Chittagong 
(N = 572)

Barisal 
(N = 181)

Sylhet 
(N = 133)

Khulna 
(N = 200)

Rajshahi 
(N = 94)

Rangpur 
(N = 19)

Age (years)         

 <5 253 (15.8) 48 (11.9) 63 (11.0) 40 (22.1) 37 (27.8) 35 (17.5) 15 (15.9) 15 (78.9)

 5–17 181 (11.3) 48 (11.8) 70 (12.2) 19 (10.5) 20 (15.0) 17 (8.5) 7 (7.5) 0 (0.0)

 18–45 910 (56.7) 237 (58.5) 346 (60.5) 94 (51.9) 61 (45.9) 117 (58.5) 52 (55.3) 3 (15.8)

 >46 260 (16.3) 72 (17.8) 93 (16.3) 28 (15.5) 15 (11.3) 31 (15.5) 20 (21.3) 1 (5.3)

Sex (male) 853 (53.2) 227 (55.9) 295 (51.6) 84 (46.4) 71 (53.4) 105 (52.5) 58 (61.7) 13 (68.4)

Education status         

 No formal schooling (child, did not com-
plete primary)

630 (39.3) 138 (34.1) 208 (36.4) 70 (38.7) 78 (58.7) 93 (46.5) 28 (29.8) 15 (78.9)

 Primary 691 (43.1) 191 (47.2) 281 (49.1) 60 (33.2) 50 (37.6) 64 (32.0) 43 (45.7) 2 (10.5)

 Secondary and above 28 (17.6) 76 (18.8) 83 (14.5) 51 (28.2) 5 (3.8) 43 (21.5) 23 (24.5) 2 (10.5)

Occupation         

 Service holder 290 (18.1) 127 (31.3) 130 (22.7) 8 (4.4) 4 (3.0) 13 (6.5) 7 (7.5) 1 (5.3)

 Agricultural worker 84 (5.2) 12 (2.9) 14 (2.5) 8 (4.4) 16 (12.0) 24 (12.0) 10 (10.6) 0 (0.0)

 Businessman 104 (6.5) 26 (6.4) 35 (6.1) 12 (6.6) 3 (2.3) 14 (7.0) 13 (13.8) 1 (5.3)

 Housewife 456 (28.4) 96 (23.7) 156 (27.3) 72 (39.8) 33 (24.8) 72 (36.0) 26 (27.7) 1 (5.3)

 Day laborer 131 (8.2) 32 (7.9) 70 (12.2) 5 (2.8) 8 (6.0) 6 (3.0) 10 (10.6) 0 (0.0)

 Students and unemployed 254 (15.8) 51 (12.6) 94 (16.4) 36 (19.9) 28 (21.1) 32 (16.0) 12 (12.8) 1 (5.3)

 Infant/child (≤10 years) 275 (17.1) 55 (13.6) 73 (12.8) 40 (22.1) 39 (29.3) 37 (18.5) 16 (17.0) 15 (78.9)

 Others 10 (0.6) 6 (1.5) 0 (0.0) 0 (0.0) 2 (1.5) 2 (1.0) 0 (0.0) 0 (0.0)

Clinical characteristics         

 Fever 804 (50.1) 293 (72.4) 235 (41.1) 49 (27.1) 81 (61.0) 106 (53.0) 30 (31.6) 10 (52.6)

 Vomiting 1207 (75.3) 363 (89.6) 414 (72.4) 139 (76.8) 72 (54.1) 133 (66.5) 72 (76.6) 14 (73.7)

Dehydration status         

 None 358 (22.3) 26 (6.4) 197 (34.4) 48 (26.5) 41 (30.8) 21 (10.5) 24 (26.5) 1 (5.3)

 Some 875 (54.6) 170 (41.9) 280 (48.9) 118 (65.2) 79 (59.4) 161 (80.5) 62 (65.9) 5 (26.3)

 Severe 371 (23.1) 209 (51.6) 95 (16.6) 15 (8.3) 13 (9.8) 18 (9.0) 8 (8.5) 13 (68.4)

 Abdominal cramp 1141 (71.2) 352 (86.9) 366 (63.9) 152 (83.9) 75 (56.4) 121 (60.5) 72 (76.6) 3 (15.8)

Behavioral exposures         

 Water treatment habit (boiled) 130 (8.1) 67 (16.5) 49 (8.6) 7 (3.9) 1 (0.8) 2 (1.0) 4 (4.3) 0 (0.0)

 Consumed food from roadside vendors 485 (30.2) 68 (16.8) 216 (37.8) 48 (26.5) 35 (26.3) 75 (37.5) 43 (45.7) 0 (0.0)

 Consumed food from large gatherings 226 (14.1) 21 (5.2) 132 (23.1) 12 (6.6) 17 (12.8) 27 (13.5) 17 (18.1) 0 (0.0)

 Household members suffered from diar-
rhea during last week

158 (9.9) 21 (5.2) 92 (16.1) 13 (7.2) 4 (3.0) 15 (7.5) 13 (13.8) 0 (0.0)

 Neighbors had diarrhea during last week 280 (17.5) 18 (4.4) 132 (23.1) 90 (49.7) 14 (10.5) 18 (9.0) 7 (7.5) 1 (5.3)

Data are presented as n (%).



Findings From a Nationwide Hospital-based Surveillance, 2014–2018. • cid 2020:71 (1 October) • 1639

The proportion of cases positive for cholera varied widely 
in the different surveillance sites, ranging from 1.1% to 18.3%. 
The Cox’s Bazar (8.4%), BITID (18.3%) in Chittagong Division, 
and Narayanganj (13.9%) sites in Dhaka Division consistently 
had the highest number of cholera cases. In contrast, rates in 
Sylhet, Rajshahi, Khulna, and Rangpur ranged from 1.1% to 
5.8% (Figure 1).

Although the numbers of patients with diarrhea were gener-
ally constant over time, there was a distinct pattern in the sea-
sonality of cholera (Figure 2A). A  biannual cholera peak was 
present across all sites in the pre–monsoon (March–June) and 
post–monsoon (September–October) seasons (Figure 2B). In 
the NW and SW regions, we observed higher cholera positivity 
during the postmonsoon peak, while in the NE and SE regions 
the premonsoon seasonal peak predominated (Figure 2C).

Cholera-associated Factors

In the GEE, we found that the risk of cholera among patients 
with diarrhea younger than 5 years of age was lower than in 
other age groups, with 5- to 17-year-olds having a 5.1-fold 
increased risk of cholera (95% confidence interval [CI], 2.9–
8.8), 18- to 45-year-olds having a 3.8-fold increased risk of 
cholera (95% CI, 2.1–6.7), and those aged 46  years or older 
having a 2.7-fold increased risk of cholera (95% CI, 1.5–4.9) 
compared with those less than 5 years of age. Being an agricul-
tural worker, businessman, housewife, or student was signif-
icantly associated with a decreased risk of being a confirmed 
cholera case compared with being a service holder. Patients 
with diarrhea who had neighbors with diarrhea in the week 
prior to illness had a 1.6 times greater risk of cholera (95% CI, 
1.2–2.1) (Table 2).

Figure 2. A, The number of acute watery diarrhea cases enrolled in the surveillance system across the study period (May 2014–December 2015 and May 2016–June 
2018) by Vibrio cholerae culture–positive and –negative status. The gray-shaded area indicates when surveillance was interrupted (January 2016–May 2016). B, The per-
centage of V. cholerae–positive cases among all patients with acute watery diarrhea enrolled across the study period. C, The percentage of V. cholerae–positive cases among 
all patients with acute watery diarrhea enrolled across the study period by geographic zone: NE, NW, SE, and SW. D, Map of Bangladesh identifying the 22 surveillance sites 
and 4 geographic zones (NE, NW, SE, SW) with colors corresponding to panel C. Abbreviations: NE, Northeast; NW, Northwest; SE, Southeast; SW, Southwest.
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Hospital Catchment Area

Eighty percent of both cholera and noncholera patients with di-
arrhea came from a distance of up to 50 km (median, 12.2 km; 
interquartile range [IQR], 4.9–34 km) of their homes for seeking 
treatment at a surveillance hospital. However, 55% of severe 
cholera cases (defined by dehydration status) traveled from within 
a 50-km distance of the hospital facility for treatment (median, 26.1 
km; IQR, 9.3–251 km). Approximately 70% of noncholera patients 
with severe diarrhea also traveled within 50 km of a hospital site 
(median, 18.8 km; IQR, 9.3–251 km) (Supplementary Figure 1). To 
understand how care-seeking behaviors may influence our results, 
we conducted an analysis which restricted data to only diarrhea 
cases within 10 km of each clinic and found that the proportion of 
diarrheal cases with cholera was similar to the main findings, with 
the exception of a few health centers (Supplementary Table 2).

DISCUSSION

This study describes the nationwide enteric disease sentinel sur-
veillance system, with an emphasis on cholera in Bangladesh. 

We show that cholera is pervasive throughout the country, with 
substantial heterogeneities within and between geographic 
areas. Among all Divisions, the sites in Chittagong had the 
highest proportion of cholera among cases with acute watery 
diarrhea (AWD) (>12%) followed by Dhaka and Barisal (6.5%). 
The highest cholera positivity (>18%) was documented in the 
BITID site in the Chittagong Division, although this may be due 
to the fact that BITID is a well-known referral hospital in the 
area (Table 1, Figure 1).

In the Dhaka Division, 9% of patients with diarrhea in the 
Narayanganj District were V. cholerae positive every year during 
the study period. Of note, the icddr,b diarrheal hospital, a re-
nowned cholera hospital with over 60  years of activity, is well 
known to people living in Dhaka. On average, up to 22% of hos-
pitalized patients with diarrhea are annually found to be cholera 
positive at the icddr,b hospital [12]. Given that the icddr,b hospital 
attracts people from far away and is also a referral hospital for di-
arrhea, we did not include this site in our surveillance network 
due to potential biases in extrapolating findings to the general 
population. The presence of this hospital may have led to under-
estimates of the prevalence of cholera among diarrhea cases in 
other clinics in Dhaka. However, based on the Diarrheal Disease 
Surveillance System data of the icddr,b, Dhaka Division can be 
extrapolated to be the area with the highest rates of cholera. In the 
Barisal Division, the highest burden was observed in Bakerganj, a 
subdistrict, which is supported by previous studies conducted by 
the icddr,b in the same area earlier [5].

Analysis of the demographic characteristics of patients 
showed that the case distribution was approximately equal 
by sex, which is comparable to other studies conducted in 
Bangladesh as well as other cholera-endemic countries [13, 
14]. Children less than 5  years old, and especially those less 
than 2  years old (n  =  183; 1.8%), had a higher proportion of 
noncholera diarrheal episodes (the majority may have been 
be due to rotavirus) than those in older age groups (Table 1, 
Supplementary Table 1). This is consistent with findings from 
previous studies [15, 16]. In an earlier analysis carried out at the 
icddr,b diarrheal hospital in Dhaka [17] and other surveillance 
sites in Bangladesh, the diarrheal rates were found to be higher 
in older children and adults than in the younger age group [6, 
18]. Our observations also show a lower prevalence of cholera 
in children under 2 years of age, although 40% of cases of di-
arrhea are seen in this age group. This observation also lends 
support to the GTFCC 2017 recommendations that cholera 
should be suspected among persons aged 2 years and older, with 
AWD and severe dehydration or dying of AWD in areas where a 
cholera outbreak has not been declared.

Our sentinel surveillance shows that cholera is endemic in 
Bangladesh, with a distinct seasonality across the country. We 
observed different seasonality for cholera in the sites, especially 
between the eastern and western regions of Bangladesh. This 
observation is similar to those in previously conducted studies 

Table 2. Analysis of Behaviors and Exposure Risk Factors of Confirmed 
Vibrio cholerae Culture–Positive Cases Using a Generalized Estimation 
Equation for All Surveillance Sites

Characteristics cRR (95% CI) aRR (95% CI)

Age (years)   

 <5 (ref) 1.0 1.0

 5–17 6.3 (4.6, 8.8) 5.1 (2.9, 8.8)

 18–45 4.7 (3.7, 6.2) 3.8 (2.1, 6.7)

 >46 3.2 (2.4, 4.2) 2.7 (1.5, 4.9)

Sex (male)a .9 (.9, 1.1) …

Education   

 No formal schooling (child,  
did not complete primary) (ref)

1.0 1.0

 Primary 2.7 (2.2, 3.4)) 1.1 (.9, 1.3)

 Secondary and above 2.4 (1.8, 3.1) 0.9 (.7, 1.1)

Occupation   

 Service holder (ref) 1.0 1.0

 Agricultural worker .5 (.4, .8) 0.6 (.4, 0.8)

 Businessman .7 (.5, .9) 0.7 (.6, 0.9)

 Housewife .6 (.5, .8) 0.6 (.5, 0.7)

 Day laborer 1.2 (.9, 1.6) 1.2 (.9, 1.5)

 Students and unemployed .8 (.6, 1.0) 0.7 (.5, .9)

 Infant/child (≤10 years) .2 (.1, .3) 0.6 (.3, .9)

 Others .5 (.2, 1.1) 0.5 (.2, 1.1)

Behavioral exposuresa   

 Water treatment habit (boiled) 1.0 (.8, 1.4) 1.2 (.9, 1.5)

 Consumed food from roadside vendors 1.1 (.9, 1.5) .9 (.8, 1.1)

 Consumed food from large gatherings 1.3 (1.0, 1.8) 1.0 (.8, 1.2)

 Household members suffered from diar-
rhea during last week

1.6 (1.2, 2.1) 1.2 (.9, 1.5)

 Neighbors had diarrhea during last week 1.3 (.9, 1.9) 1.6 (1.2, 2.1)

Independence correlation structured assumed; 95% CIs were calculated using robust 
standard errors. 

Abbreviations: aRR, adjusted risk ratio; CI, confidence interval; cRR, crude risk ratio; ref, 
reference. 
aAll “no exposure”s and female as reference.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1075#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1075#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1075#supplementary-data
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reported from Bangladesh [19, 20]. This variation may be re-
lated to local ecology, such as the location of the major rivers, 
which requires further evaluation.

The primary catchment area was approximately 50 km from 
each surveillance site, where 80% of the patients with diarrhea 
resided. Cases with severe cholera traveled farther distances 
seeking treatment compared with non–severe cholera cases and 
other patients with severe diarrhea; only 55% of cases with se-
vere cholera traveled within 50 km of a hospital site. It is im-
portant to note that our observation is limited by the fact that 
the majority of sentinel sites are referral hospitals in the area, 
and we cannot exclude the possibility that patients were re-
ferred to a surveillance hospital by the closest treatment facility. 
Healthcare-seeking behavior for other severe illnesses, however, 
shows that patients travel far distances to attend a healthcare 
facility [21].

Due to funding constraints, the study was limited to 22 
sentinel sites, which may not fully reflect the diversity of 
cholera epidemiology within the country. Establishing 
a higher-density surveillance network at all levels of the 
healthcare system, and across areas that we expect to have 
both high and low cholera incidence, may allow for more 
detailed insights. Another major limitation was that the data 
were from a facility-based surveillance system for which the 
exact catchment area (eg, the denominator) and the sensi-
tivity of detecting all cholera cases in the catchment area are 
unknown. In future expansions of this surveillance system, 
healthcare utilization surveys and possibly cross-sectional 
serological surveys may help improve our ability to estimate 
the true incidence of cholera disease and V. cholerae O1 in-
fection [22].

Furthermore, the patients enrolled were not followed up 
after treatment or discharge; therefore, data on clinical conse-
quences and mortality are lacking. Finally, for the confirmation 
of cholera cases, this study used a conventional culture method 
and not PCR, which may improve the sensitivity, especially in 
the presence of antibiotics [23, 24].

This nationwide hospital-based surveillance shows the pres-
ence of cholera in all geographical regions in Bangladesh that 
were under surveillance. Although describing cholera epidemi-
ology is complex in Bangladesh, we show that different frequen-
cies of disease exist across this small geographical area. Our study 
identified at least 8 geographical areas (health facilities of district 
and subdistrict levels) where cholera was consistently higher over 
the reporting period. Dhaka remains as one of the areas with a 
moderate-to-high prevalence of cholera among cases of diarrhea 
in accordance with data from the icddr,b systematic surveillance 
system (where 2% of all diarrhea cases are tested for V. cholerae 
and other pathogens) [22]. Given the population size, the abso-
lute impact of controlling cholera in Dhaka would be substantial, 
both within the city and likely elsewhere in the country.

One of the most immediate ways to protect populations 
against cholera is to provide OCV. Given our findings, large 
OCV campaigns are justified in at least a subset of the surveil-
lance areas. While there is no well-defined threshold of cholera 
incidence or prevalence (among diarrhea cases), targeting 
areas with a high prevalence may be a reasonable place to start. 
Based on the data, it would be judicious to plan for OCV cam-
paigns around Comilla, BITID, Cox’s Bazar, and Narayanganj, 
as well as Bakerganj. Since Dhaka city itself has a high burden 
of cholera based on icddr,b cholera surveillance data, it should 
also be targeted for OCV rollout to control epidemics of 
cholera.

The study provides critical insights for the Bangladesh 
National Cholera Control Plan and points towards key geo-
graphic areas within the country where cholera- prevention 
and -control activities, including vaccination, should be pri-
oritized. For long-term control of cholera, massive investments 
in sustainable water and sanitation infrastructure are needed, 
although universal access may be years, if not decades, away. 
Continued, and expanded, national disease surveillance will be 
critical in the years to come to monitor progress on the road 
to elimination and to quantify the impact of interventions like 
OCV. The multisectoral support of different ministries of the 
government of Bangladesh and international partners for the 
improvement of water and sanitation measures, strengthening 
the national health systems, and targeted use of OCV will be 
critical to meeting the WHO-backed goal of ending cholera by 
2030 in Bangladesh.
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