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Abstract

Background: Shigellosis continues to be a public health challenge for developing countries, including Bangladesh. The aim
of the study is to demonstrate recent changes in Shigella sero-groups and their geographical diversity.

Methods: Data were extracted from data archive of four diarrheal disease surveillance systems. A 2% sub sample from urban
Dhaka Hospital (2008-2011; n=10,650), and 10% from urban Mirpur Treatment Centre (2009-2011; n = 3,585), were enrolled
systematically; whereas, all patients coming from the Health and Demographic Surveillance System area in rural Matlab
(2008-2011; n=6,399) and rural Mirzapur (2010-2011; n = 2,812) were included irrespective of age, sex, and disease severity.
A fresh stool specimen was collected for identification of Shigella spp. Of them, 315 (3%) were positive for Shigella in Dhaka,
490 (8%) from Matlab, 109 (3%) from Mirpur and 369 (13%) from Mirzapur and considered as analyzable sample size.

Results: Among all Shigella isolates regardless of age, significant decreases in percentage of S. flexneri over time was
observed in Mirpur (55—29%; p value of y*-for trend =0.019) and Mirzapur (59—47%; p = 0.025). A non-significant decrease
was also seen in Dhaka (58—48%), while in Matlab there was a non-significant increase (73—81%). Similar patterns were
observed among under-5 children at all sites. Emergence of S. sonnei was found in Dhaka (8—25%; p<<0.001) and Mirpur
(10—>33%; p=0.015), whereas it decreased in Mirzapur (32—23%; p =0.056). The emergence of S. boydii was seen in all ages
in Mirzapur [(3—28%; p<<0.001); (3—27%; p<<0.001)]. On the other hand, we saw non-significant percent reductions in S.
boydii in Dhaka [overall (25—16%); under-5 (16—9%)]. Decreasing rates of Shigella dysenteriae were observed in Matlab,
Mirpur and Mirzapur; whereas, in Dhaka it remained unchanged.

Conclusion and Significance: Emergence of S. sonnei and S. boydii as important infectious diarrhea etiologies and variations
in geographical diversity underscore the need for monitoring, with possible implications for vaccine development.
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Introduction under five years of age in developing countries [2]. S. flexneri, S.

) sonnet, S. boydit and S. dysenteriae, the four species or sero-groups,
Shigellosis, a food-borne illness caused by the genus Shigella, 1s

usually transmitted through person-to-person contact [1]. It is one
of the most common causes of childhood dysentery and an

based on biochemical properties and group-specific O antigens in
the outer membrane of the cell wall, are responsible for the disease
[3]. The disease is characterized by a short period of watery
diarrhea with intestinal cramps and general malaise, soon followed
by emission of bloody, mucoid, often mucopurulent stools [2]. A

important infectious cause of morbidity and mortality in children
under 5 years of age. Annually, approximately 90 million cases
occur with at least 100,000 deaths, mostly (60%) among children
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population-based prospective multi-country study in Asia aiming
to get a better understanding of the current disease burden, clinical
manifestations, and microbiology of shigellosis revealed that
Shigella appears to be more universal in Asian impoverished
populations than previously estimated and antibiotic-resistant
strains of different species and serotypes have emerged [4].

Like other Shigella prevalent countries, Bangladesh is considered
an endemic zone of shigellosis. A recent study of isolation patterns
of different sero-groups of Shigella in a large diarrheal disease
hospital in Dhaka showed a decreased proportion of shigellosis
from 8-12% in the 1980s to 3% in 2008 [5]. This study also
documented the interquartile range of isolation rate of the sero-
groups over the period as S. flexneri 46-63%, S. dysenteriae 0-25%, S.
boydiz 10-21% and Shigella sonnei 4-9% [5]. However, there is
a paucity of data on the rate of change of specific sero-groups.
Furthermore, data is lacking regarding the isolation of Shigella in
rural versus urban settings. Knowledge on the changing patterns
of isolation of Shigella sero-groups and their geographical diversity
have potential public health implications [6]. Thus, our aim was to
demonstrate the changing pattern of Skigella sero-groups and their
geographical diversity in four different diarrheal disease treatment
facilities in Bangladesh.

Materials and Methods

Study sites

Dhaka Hospital — Dhaka. The Dhaka Hospital of In-
ternational Centre for Diarrheal Disease Research, Bangladesh
(icddr,b) offers free treatment to at least 140,000 people a year. A
diarrheal disease surveillance system (DDSS) was established in
1979. The urban DDSS currently collects information on the
clinical, epidemiological and demographic characteristics, feeding
practices (particularly of infants and young children), and use of
drug and fluid therapy at home of every 50" patient, irrespective
of age, sex, disease severity or socioeconomic status by adminis-
tering structured questionnaire. The generated data provides
valuable information to hospital clinicians in their decision-making
processes and enables the detection of emerging pathogens and
early identification of outbreaks and their locations as well as
antimicrobial susceptibility pattern (Figure 1).

Matlab Hospital-Matlab. ICDDR,B maintains one of the
richest, most comprehensive and longest running, longitudinal
data resources in the developing world, producing regular accurate
demographic and health data for rural Matlab, Bangladesh. With
over 40 years of continuous demographic information on
a population of over 200,000 people, Matlab is our major rural
field site, and a major public health resource for the world. The
site is a model for public health strategies around the world. The
Health and Demographic Surveillance System at Matlab covers
a population of about 225,000, providing data necessary to plan,
conduct, and evaluate various types of public-health intervention
research. Since 1963, icddr,b has been maintaining a treatment
facility in rural Matlab (located about 55 km from Dhaka) for
treating diarrhea patients. It provides free treatment to 12,000
15,000 diarrhea patients annually reporting from Health and
Demographic Surveillance System area and other adjoining sub-
districts (Figure 1).

Mirpur treatment Centre-Mirpur. The Mirpur area is in
the north-west of the Dhaka, the capital city. This 60-bed urban
hospital at Mirpur began it’s operations in April, 2009. More than
12,000 patients annually receive care in this facility. Every 10
patient presenting to the facility is included into the surveillance
system (Figure 1).
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Kumudini Hospital — Mirzapur. Mirzapur sub-district
covers 374 km” in Tangail district (Figure 1), and is located about
60 km north-west of Dhaka. It has a total of 58,300 households
and a population of 238,463, according to a 2007 census. Almost
all households have access to a tube well as a source of drinking
water; around half have hygienic sanitary toilets, and 60% have
electricity. Agriculture is the main occupation for men, while
women work mainly in the home. Kumudini Hospital is located in
the middle of the Demographic Surveillance System (DSS) area, is
a philanthropic institution established in 1938 in Mirzapur (under
Tangail District) providing health services to the surrounding poor
rural population. Since 1982, a separate diarrhea treatment unit
was started that serves nearly 1,500 diarrhea patients each year for
treatment (Figure 1).

Sample Framing

A 2% sub sample from Dhaka Hospital and 10% from Mirpur
Treatment Centre were enrolled systematically; whereas, all
patients coming from the Health and Demographic Surveillance
System area in Matlab and Mirzapur were included irrespective of
age, sex, and disease severity. We extracted data from the data
archive of the different diarrheal disease surveillance system as
follows: Dhaka Hospital (2008-2011; n=10,650), Matlab (2008—
2011; n=6,399), Mirpur (2009-2011; n=3,585), and Mirzapur
(2010-2011; n=2,812) (Table 1).

Specimen Collection and Laboratory Procedure

A single fresh whole stool specimen (at least 3 ml/grams) were
collected. Maintaining cool temperature (+4 to +8 degree Celsius),
all specimens from Dhaka, Mirpur and Mirzapur were submitted
to the central laboratory in Dhaka within 6 hours of collection in
Carry - Blair media. Stool samples from Matlab were processed in
the Matlab Microbiology Laboratory. Shugella spp. [7] were
1solated using standard methods.

Data Management and Analysis

Statistical Package for Social Sciences (SPSS) Windows (Version
15.2; Chicago, IL) was used for data entry and subsequent
analysis. Descriptive analysis was employed and categorical
variables were expressed in proportion. Chi-square for trend was
performed to determine the changing trend of Shigella sero-groups
over the study period provided that the observation period was of
three or more years. However, for less than three years (Mirzapur)
Chi-square test was equated to determine any statistical difference
with a probability value of <0.05.

Ethical Statement

The Diarrhoeal Disease Surveillance System (DDSS) of icddr,b
Is a routine ongoing activity of the 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. At the time of enrollment, verbal
consent was taken from the caregivers or guardians on behalf of
the patients. The information was stored in the hospital database
and used for conducting researches. The DDSS of icddr,b is
a scheduled activity on the hospital patients, and used to be
performed after taking verbal consent from the parents or
guardians of the patients following the hospital policy. Parents or
guardians were assured about the non-disclosure of information
collected from them, and were also informed about the use of data
for analysis and using the results for improving patient care
activities as well as publication without disclosing the name or
identity of their children. ERC was satisfied with the voluntary
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Figure 1. Study sites.
doi:10.1371/journal.pone.0062029.g001
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Table 1. Distribution of overall isolation rate of Shigella in four different diarrheal treatment centres.

Overall <5 years
Year Dhaka Matlab Mirpur Mirzapur Dhaka Matlab Mirpur Mirzapur
2008 80/2444 (3)  184/1996 (9  NA NA 46/1198 (4)  108/1340 (8)*  NA NA
2009 82/2825 (3)  112/1532 (7)*  29/582 (5) NA 42/1236 3)  73/874 (8)° 12/232 (5) NA
2010 86/2853 (3)  95/1547 (6)° 38/1485 (3)° 196/1287 (15)2b4e 43/1345 (3)  47/742 (6)° 19/586 (3)<° 175/1039 (17)2b9e
2011 67/2528 (3) 99/1324 (8)° 42/1518 (3)%° 173/1525 (11)%de 35/1296 (3)  46/679 (7)° 17/666 (3)<° 153/1278 (12)*°%¢

“Comparison between Dhaka and Matlab.
PComparison between Dhaka and Mirzapur.
“Comparison between Matlab and Mirpur.
dComparison between Matlab and Mirzapur.
€Comparison between Mirpur and Mirzapur.
doi:10.1371/journal.pone.0062029.t001

participation, maintenance of the rights of the participants and
confidential handling of personal information by the hospital
physicians and has approved this consent procedure. However, the
surveillance activities in Mirzapur Kumudini Hospital has also
been approved by the RRC and ERC of icddr,b. Both informed
written consent as well as accent has been taken from the study
population. Thus, verbal consent is taken from patients enrolled in
Dhaka, Matlab and Mirpur surveillance system and for Mirzapur,
written consent from adults or guardians and assent from 11-17
years old children has been taken.

Results

Overall isolation of Shigella was higher in rural Mirzapur
compared to other sites. However, a higher rate was also observed
in rural Matlab in contrast to the two urban sites (Table 1). Among
children under 5 vyears, such observation remained similar
between sites over the period.

Distinct socio-demographic diversity among individuals infected
with Shigella was observed across the sites. In urban Dhaka and
Mirpur, Shigella was more often detected among males compared
to that of rural Matlab and Mirzapur. Maternal literacy rate was
also higher in urban sites. Considering poor socio-economic status,
lesser proportion of individuals with shigellosis belonged to Mirpur
compared to others sites. Proportion of individuals having access
to sanitary toilets and used antimicrobials before hospital visit was
low in rural Matlab. On the other hand, urban individuals with
shigellosis often presented with watery stool and some or severe
dehydration compared to rural sites. However, rural residents had
often abdominal pain and fever. Duration of diarrhea, vomiting
and nutritional status (underweight, stunting and wasting) were
found identical across the sites (Table 2).

In Dhaka, of all Shigella isolates, the proportion of —S. flexner: in
2008 was 58% which gradually decreased to 48% in 2011
(Figure 2). The proportion of S. flexneri among total Shigella isolated
in <5 years old children also decreased (Figure 3). Similarly, in the
Mirpur Treatment Centre, there was a decreasing trend of S.
Slexneri in all age groups as well as among under-5 children in
2009-11 (Figure 2, 3). Decreasing trend in proportion of S. flexneri
was also observed in Mirzapur during 2010 and 2011 (Figure 2).
Among the under-5 years old children, similar change in
proportion was found in Dhaka and Mirzapur (Figure 3). On
the other hand, in Matlab, the distribution of . flexner: was similar
over the 4-year period (Figure 2) which remained the highest
isolate among all the Shigella spp. Among the under 5 children, the
scenario was similar (Figure 3).
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Note: Data described as number of isolates/total samples tested (results considered statistical significant at 5% level).

In contrast to S. flexneri, proportion of S. sonnet among all Shigella
isolates increased steadily - in all age groups in the Dhaka Hospital
and Mirpur Treatment Centre (Figure 2). In line with this, among
the under-5 children the proportion also increased substantially
(Figure 3). In Matlab, the isolation rate of S. sonner remained static
in all age groups (Figure 2); although in under-5 children, the
proportion increased two folds (Figure 3). In Mirzapur, the
prevalence of . sonnei declined somewhat in all age groups as well
as in under-5 children (Figure 2, 3).

The proportion of S. boydit was higher in 2008 that decreased
over years in 2011 in both Dhaka Hospital and in Matlab
(Figure 2). A similar trend was noted in the under-5 children
(Figure 3). However, the proportion of S. boydit among all Shigella
1solates in Mirpur and Mirzapur (Figures 2, 3) was the opposite
with dramatic increase in the isolation rates, especially in the
under 5 children. Proportion of S. dysenteriae remained the same
over the 4-year period in Dhaka, Matlab and Mirzapur (Figure 2,
3). Interestingly, in the Mirpur Treatment Center there was no
isolation of S. dysenteriae in the year 2011 among children less than
5 years of age (Figure 3).

Discussion

The observation of increasing rates of infectious diarrhea caused
by S. sonnei and S. boydii and decreasing rates of S. flexneri in four
different diarrheal disease facilities has important public health
implications. S. sonnet is one of the primary causes of dysentery in
developed countries, and is now replacing S. flexner: as the leading
cause of the illness in many developing countries or countries in
transition [4] [8,9,10]. It has been hypothesized that these changes
may be due to varying host characteristics such as reduction of
overall malnutrition that in turn leads to improved immune
response. It may also be due to genetic mutation of the non-
virulent microbes becoming pathogenic [11]. Moreover, changing
meteorological indicators, such as rising temperatures, decreased
rainfall, increased sea level and temperature [10]; irrational use
and increased minimum inhibitory concentration (MIC) level to
common antimicrobials [12,13] and disappearance of epidemic
strains such as S. dysenteriae type 1, resulting in resurgence of non-
epidemic strains as hyperendemic strains, may also have contrib-
uted [5,14].

Shigella spp. are dynamic and able to survive in a range of
ecological niches under diverse environmental conditions. Recent
phylogenetic analysis showed that the current S. sonnei population
descends from a common ancestor that existed about 500 years
ago and that diversified into several distinct lineages with unique
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Figure 2. Overall yearly isolation of Shigella by sero-goups in different sites.

doi:10.1371/journal.pone.0062029.g002

characteristics which mainly occurred in Europe [8]. Such
mutations may also play a role in our context, and deserves
further study. Shigellosis due to S. sonne: is reported to occur at low
rates among people living in developing countries. Plesiomonas
shigelloides 1s a gram-negative bacteria often found in surface water
that shares antigens with S. sonnei, and until recently P. shigelloides
has been a frequently isolated enteric pathogen from <2 years old
Bangladeshi children in the diarrhea hospital [15,16]. It is well
accepted that exposure to P shigelloides, through contaminated
drinking water, may immunize people to S. somner in these
developing countries [17]. Increased and sustained access to safe
drinking water, one of the major components of Millennium
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Development Goals to control and prevent food and water borne
diseases, is a major step that is taken into account by the policy
makers of transitional countries. With economic development and
accompanying water quality improvements, susceptibility to S.
sonnet in a population may increase [8,17]. Bangladesh 1s a country
in transition and the national GDP per capita of Bangladesh
increased from US$ 356 to 674 from 2008 to 2010 [18]. This gross
economic improvement might have impacted positively on the
overall behavioral change in general population with more and
more of the population using bottled water in urban areas and
having access to piped water in comparison to rural areas. The
changing trend in the serotype distribution of Shigella spp. may
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Figure 3. Yearly isolation of Shigella by sero-goups among under 5 children in different sites.

doi:10.1371/journal.pone.0062029.g003

reflect this phenomenon. In the rural community such as Matlab,
the distribution of the different species of Shigella was different than
that in urban areas (Dhaka, Mirpur) suggesting differences in life
style, access to different types of water and food, and local
environmental conditions.

The heterogencous distribution of Shigella serotypes in urban
and rural Bangladesh suggests that multivalent vaccines will be
needed to prevent shigellosis in these settings. Currently, there are
no licensed vaccines available for the prevention of shigellosis,
especially given the wide range of Shigella serotypes as well as
undifferentiated strains that differ from the known available strains

PLOS ONE | www.plosone.org

[19]. Therefore, the findings of the study underscore the need for
a multivalent Shigella vaccine for the prevalent species and
serotypes.

All together, further investigations on factors such as host and
environmental characteristics, and climate change need to be
prioritized to address the phenomenon. Meanwhile, surveillance
systems play a critical role in monitoring the changes of the sero-
groups and serotypes of Shigella. Furthermore, such systems may
identify factors to predict outbreaks of disease as well as changes in
antimicrobial susceptibility patterns.
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Limitations

Hospital based data may not adequately represent the sick
population at large in the community. However, our strengths
were that we followed an unbiased systematic sampling irrespec-
tive of age, sex, nutrition status, disease severity or socioeconomic
context, observed isolation patterns in different geographical
locations, and used a large and longitudinal data set for this
analysis. Moreover, despite variations over the study period in
different sites, some differences however were not statistically
significant possibly due to lack of power with small sample size.
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