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SUMMARY: We conducted descriptive analysis of available information regarding the epidemiology of
cholera outbreaks in South and Southeast Asia during 2003-2012. Information from 58 articles, 8
reports, and World Health Organization databases were analyzed. Overall, 113 cholera outbreaks were
studied in South and Southeast Asia during the past 10 years. The majority of the outbreaks (69%)
occurred in Southeast Asia, including India (52%). The highest number of outbreaks was observed in
2004 (25.7%). The most commonly identified source was contaminated water: however, in some coun-
tries, the spread of cholera was facilitated via contaminated seafood (e.g., Myanmar, Thailand, and
Singapore). Several genotypes and phenotypes of Vibrio cholerae, the causative agent of cholera, were
identified in the outbreaks, including V. cholerae O1 El Tor (Ogawa and Inaba) and V. cholerae O139.
The emergence of multidrug-resistant V. cholerae strains was a major concern. Cholera-related mortali-
ty was found to be low across the outbreaks, except in Orissa, India (currently Odisha) during 2007,
where the case fatality rate was 8.6%. Potential limitations included underreporting, discrepancies, pos-
sible exclusion of nonindexed reports, and incomprehensive search terms. The provision of safe water
and proper sanitation appear to be critical for the control of further spread of cholera in South Asian

and Southeast Asian regions.

INTRODUCTION

Cholera is a potentially life-threatening acute diar-
rheal disease caused by the toxigenic bacterium Vibrio
cholerae (1,2). It is a major public health challenge,
mostly affecting developing countries with limited ac-
cess to safe drinking water and inadequate sanitation
(2). According to the World Health Report 2012,
cholera is considered to be a major indicator of social
development (2). Globally, an average of approximately
53 countries reported cholera cases and cholera-related
deaths per year between 2000 and 2006 (3). The disease
is characterized by a sudden onset and painless passage
of a large volume of rice-water stools, leading to severe
dehydration, and it can be life-threatening in the ab-
sence of prompt and proper treatment (1,2). Approxi-
mately 75% of persons infected with V. cholerae O1,
the causative agent of cholera, do not show any symp-
toms (2). It is a water-borne disease and shows seasonal-
ity (1). The impact of environmental correlates of
cholera varies across studies. Analysis of World Health
Organization (WHO) data for 32 years (1974-2005) on
the global cholera pandemic indicated latitude-depen-
dent temporal variations in cholera outbreaks (in terms
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of severity and duration), which are partially explained
by environmental and climatic factors (4). In Ban-
gladesh, an environmental association (particularly
heavy rainfall) and clear seasonality (bimodal, peaking
in spring and monsoon) were observed (5,6). Higher rel-
ative humidity (> 80%) during the monsoon season was
associated with cholera infection in Kolkata, India, and
analysis of data collected between 2000 and 2006
showed definite seasonal patterns (first peak in July and
second peak from August to October) (7).

The risk of cholera is associated with poverty and
poor sanitation (1). As per the World Health Report
2012, it is estimated that approximately 3-5 million
cholera cases occur every year globally: however, only a
small portion of these cases are reported to WHO (2). It
is also estimated that 4.2% of the total cholera cases
reported globally originate in Asian countries (3). The
highest number of cases has been reported in India
(52.9%), followed by Afghanistan (29%) and Indonesia
(22%) (3). There is a huge disparity in the reporting sys-
tem of cholera cases owing to lack of motivation by
both healthcare providers and governments. Over the
years, reporting has improved in some countries;
however, in most countries, the cholera surveillance sys-
tem remains very poor. According to the WHO Techni-
cal Report, Bangkok, 2008, it was observed that the
number of cholera cases reported in Thailand showed a
30-fold increase from 2006 to 2007, mostly arising from
Tak Province (3). These discrepancies indicate the
potentially vast underreporting of cholera cases and in-



dicate the need for a marked improvement in the chol-
era surveillance system in most countries in this part of
the world.

V. cholerae has been historically classified into two
serogroups: Ol and non-O1 (8). Based on the number of
phenotypic traits, V. cholerae O1 is considered to have
two biotypes: classical and El Tor (9). Each biotype has
been further categorized (on the basis of antigen fac-
tors) into two major serotypes, namely Inaba (express-
ing A and C antigens) and Ogawa (expressing more A
and B antigens and less C antigen), as well as one minor
serotype, Hikojima (expressing all three antigens; rare
and unstable) (8). Before 1992, all cholera epidemics
were associated with V. cholerae O1 or V. cholerae non-
O1 serogroups, with mild isolated cases of diarrhea (8).
However, at that time, a new serogroup emerged, desig-
nated as V. cholerae O139 Bengal, which caused severe
epidemics in India (Chennai and Kolkata) and Ban-
gladesh between 1992 and 1993 (8). Since 1994, V.
cholerae has been reclassified into three serogroups,
namely V. cholerae O1, V. cholerae 0139, and non-O1
non-0139 V. cholerae; the third serogroup includes all
other major serogroups of V. cholerae except Ol and
0139. This non-O1 non-O139 V. cholerae rarely
produces cholera toxins and other virulent factors,
thereby causing diarrhea that is less severe and has no
epidemic potential (8).

Most disease manifestations are caused by cholera
toxins produced by V. cholerae O1 and 0139 (9). Being
influenced by the environmental activation signals, the
TcpPH gene affects the ToxT protein, which attaches
with the toxbox region of the ctxAB gene, resulting in
the expression of the ctxAB toxin (10). Cholera epidem-
ics are usually associated with toxigenic strains of
serogroups O1 with classical and El Tor biotypes and
with derivatives of V. cholerae O139, which carry the
virulence cassette (carrying at least six genes, including
ctxAB, zot, cep, ace, and orf) along with the cholera
toxin (8,11,12). In some strains of El Tor biotypes, the
presence of a repetitive sequence of elements in the viru-
lence cassette may be associated with varying degrees of
toxigenic potential (8).

Although the mechanism underlying the onset of
cholera is unclear, a multitude of studies have demon-
strated the development of new toxigenic clones of V.
cholerae, leading to the reemergence of cholera epidem-
ics affecting vulnerable populations residing in un-
hygienic conditions (1,2). In Malaysia, the periodic
cholera outbreaks were found to be linked with a single
clone of V. cholerae; 35% of the isolates were found to
be multidrug resistant (13). In Vietnam, an outbreak oc-
curred because of a genetically altered isolate of V.
cholerae O1 El Tor Ogawa, which affected large num-
bers of people (14). Since 1992, the new strain V. choler-
ae 0139 has caused cholera outbreaks in Bangladesh,
China, and Thailand (3).

Cholera has been identified as an important cause of
diarrhea, and it still remains a global threat despite re-
cent advances in oral rehydration therapy and disease
management. The reemergence of the cholera epidemic
and the evolution of multidrug-resistant V. cholerae
strains over the last decade, particularly in Asian coun-
tries, pose a great threat to the clinical diagnosis and
treatment of this disease. Despite this trend, residents of
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these countries have been found to be less aware about
cholera and its preventive measures. To our knowledge,
no descriptive analysis of available information about
cholera in South and Southeast Asia has been per-
formed till date. Such analysis may be helpful in design-
ing a blueprint for surveillance standards, comprehen-
sive intervention strategies, and preparedness activities.

The present study aimed to perform descriptive analy-
sis of available information regarding cholera outbreaks
in South and Southeast Asia over the past 10 years
(2003-2012) to explore their epidemiological character-
istics.

MATERIALS AND METHODS

We mainly searched two databases for relevant litera-
ture: Google Scholar and PubMed. The following
search terms were used in PubMed in various combina-
tions: (‘‘cholera’” [MeSH Terms] OR ‘‘cholera’ [All
Fields]) AND (‘‘disease outbreaks’> [MeSH Terms] OR
(“‘disease”” [All Fields] AND “‘outbreaks’’ [All Fields])
OR “‘disease outbreaks’ [All Fields] OR ‘‘outbreak’’
[All Fields]) AND ((‘‘2002/01/01”’ [PDAT]: 2012/
12/31”’ [PDAT]) AND “‘humans’’ [MeSH Terms]). The
search included all work related to cholera outbreaks
that occurred between 2003 and 2012. Altogether, the
search retrieved 762 articles in PubMed. Of these, 33
articles and 1 weekly epidemiological record issued by
WHO in 2008 met our inclusion criteria. In Google
Scholar, the following key terms were used in various
combinations: cholera, outbreak, South Asia,
Southeast Asia, and diarrhea. This search resulted in
299 citations, of which we included 20 relevant articles,
8 newspaper reports on cholera-related outbreaks, 1
report by the Global Emerging Infectious Surveillance
and Response System (2010), and 1 WHO report on
cholera (2004). During the process of review and analy-
sis, 5 more articles that reported research findings on
drug response and the emergence of drug resistance
among cholera cases were evaluated and outbreak-relat-
ed information from these was also included in ana-
lyses.

In total, 58 articles and 8 related reports on cholera
outbreaks from various data sources during 2002-2012
were included in this analysis. We acknowledged that
despite extensive literature search, there may be exclu-
sion of some relevant articles owing to poor reporting or
nonexistence of disease surveillance systems in some
regions.

Peer-reviewed original articles related to cholera out-
breaks in South and Southeast Asia published in English
during 2003-2012 were considered for this analysis. A
newsprint covering cholera outbreaks during the
abovementioned period was included. Reviews of litera-
ture, proposals, and editorials were excluded. Two in-
dependent researchers validated the selected articles and
any conflict.

In addition, information available in the WHO data-
base was reviewed, and data on all cholera outbreaks,
cases, and deaths notified to WHO during 2003-2012
were incorporated in analyses.

From each eligible identified article or report, we ex-
tracted data, including the first author and year of pub-
lication, time of occurrence, area affected, number of
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cholera cases diagnosed, number of deaths related to
cholera, specific strain of V. cholerae involved, routes
of transmission, methods for control, and sanitation
and water supply conditions of the affected area. This
information was entered into a master framework using
Microsoft Excel, in which tables were constructed.
Endnote X4 was used proper data management and
referencing.

RESULTS

The articles and reports (58 articles and 8 reports of
1,061 citations [762 from PubMed and 299 from Google
Scholar] and 5 additional articles included during the
review process) used in this analysis indicated that 113
cholera outbreaks occurred in South and Southeast
Asian countries during the past 10 years. We have
grouped the study findings into the following subhead-
ings for a comprehensive understanding of the
epidemiological characteristics of cholera outbreaks in
South and Southeast Asia.

Geographic distribution: Out of 113 cholera out-
breaks, 78 (69.03%) occurred in South Asia and 35
(30.97%) were reported in Southeast Asia (Table 1).
Overall, more than half of all cholera outbreaks oc-
curred in India (59 outbreaks, 52.21%), followed by
Thailand (11 outbreaks, 9.73%), Bangladesh (8 out-
breaks, 7.08%), Vietnam (7 outbreaks, 6.19%), and
Nepal (6 outbreaks, 5.31%). In the remaining countries
in South and Southeast Asia, the occurrence of cholera
outbreaks was found to be less than 5%. The fewest
outbreaks were reported in the Philippines and Indone-
sia.

Years of occurrence: The highest number of cholera
outbreaks was observed during 2004 (29 outbreaks,
25.66%), followed by 2005 and 2007 (17 outbreaks
each, 15.04%) and 2010 (11 outbreaks, 9.73%) (Fig. 1).
Surprisingly, no cholera outbreaks were reported during
2011.

Routes of transmission: Cholera is a water-borne dis-
ease, and contamination of water by any means remains
one of the most important factors contributing to
cholera outbreaks (Table 2). In India, most cholera out-

breaks have been caused by the consumption of con-
taminated drinking water (39,43,44,46). In some studies
in India, cholera outbreaks were found to be associated
with the handling of contaminated water from a pond-
connected tube well (15,22,50). One water-borne chol-
era outbreak occurred after the impact of Cyclone Aila
in West Bengal, India, in May 2009 owing to the result-
ing disruption of the water distribution system in the
affected areas (37,38). The existence of poor drainage
systems and leaky pipelines has been identified as com-
mon sources of water contamination in India, particu-
larly during the monsoon season and during other
natural calamities (20,21,30,38). Contaminated water
sources have also been identified as a major route of
cholera transmission in Nepal and Laos (16,33,34,48).

In Malaysia, a cholera outbreak occurred in July 2012
because of handling contaminated seafood and access-
ing contaminated river water for washing clothes (47).
Many people were affected by another cholera outbreak
in Thailand between May and December 2007 because
of the consumption of contaminated seafood (3,36).
Contaminated imported seafood products were identi-
fied as a major source for a cholera outbreak in Singa-
pore in October 2004 (23). An additional 44 people
suffered from two consecutive cholera outbreaks in Tak
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Fig. 1. Year-wise distribution of cholera outbreaks in South and
Southeast Asia, 2003-2012.

Table 1. Country-wise distribution of cholera outbreaks in South and Southeast Asia, 2003-2012

Region Country 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 ng.ozf;l/i)
South India 4 17 12 6 5 1 4 5 0 5 59 (52.21)
Asia Nepal 0 1 0 0 0 0 1 1 0 3 6 (5.31)

Bangladesh 0 3 3 1 0 0 1 0 0 0 8 (7.08)
Pakistan 1 2 0 0 0 0 0 1 0 0 4 (3.54)
Afghanistan 0 0 1 0 0 0 0 0 0 0 1(0.88)
Southeast Thailand 0 1 0 0 5 1 1 3 0 0 11 (9.73)
Asia Vietnam 1 0 0 0 3 3 0 0 0 0 7 (6.19)
Laos 0 0 0 0 3 0 0 1 0 0 4 (3.54)
Malaysia 0 0 0 0 0 1 2 0 0 1 4 (3.54)
Myanmar 0 2 0 0 1 0 0 0 0 0 3 (2.65)
Singapore 0 2 0 0 0 0 0 0 0 0 2 (1.77)
Philippines 0 1 1 0 0 0 0 0 0 1 3 (2.65)
Indonesia 1 0 0 0 0 0 0 0 0 0 1(0.88)
Total 7 29 17 7 17 6 9 11 0 10 113 (100)
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Table 2. Summary of the information regarding transmission and control of cholera outbreaks in South and Southeast Asia, 2003-2012

Reference

10, Year Site of occurrence Route of transmission Control measure
(15) 2003 Orissa, India Contaminated well water Chlorination of public wells
(16) 2003  Miri, Indonesia Contaminated water
17) 2003 Karachi, Pakistan Contaminated water
(18) 2004 Mathbaria, Bangladesh Contaminated water
(18) 2004 Mathbaria, Bangladesh Contaminated water
(18) 2004 Bakherjanj, Bangladesh Contaminated water
(19) 2004 Bhind, India Contaminated water
(20) 2004 Kolkata, India Contaminated water from leaked pipelines
21) 2004 Kashmir, India Contaminated water
22) 2004 South 24 Parganas, West Bengal, India Contaminated pond water
21) 2004 Myanmar Heavy rainfall leading to contamination of water
1) 2004 Singapore Contaminated food
23) 2004 Bedok and Tampines, Singapore Contaminated imported seafood Screening of food handlers
(18) 2005 Mathbaria, Bangladesh Contaminated water
(18) 2005 Bakherjanj, Bangladesh Contaminated water
24) 2005 Delhi, India Contaminated water
(25) 2005 Sangli, Maharastra, India Contaminated water
(26) 2005 Orissa, India Contaminated food products and water
27) 2006 Kolkata, India Contaminated water Discarding unsafe water and chlorination
(28) 2006 Orissa, India Contaminated water
(22) 2006 South 24 Parganas, West Bengal, India Contaminated pond water
29) 2006 Andaman and Nicobar Island, India Contaminated pond water Chlorination of water
(30) 2006 Garulia, West Bengal, India Contamination of water and low chlorine content Repair of leakage and chlorination of water
(22) 2007 South 24 Parganas, West Bengal, India Contaminated pond water
31 2007 Orissa, India Contaminated water
(32) 2007 Orissa, India Contaminated water
(33,34) 2007 Thateng and Lamam, Laos, PDR Contaminated water, interpersonal transmission Providing safe water, improving water, sanitation, and health education
(395) 2007 Xekong province, Laos Contaminated water
(36) 2007 Thai-Myanmar border Contaminated sea-food
3) 2007 %ﬁl;igrr?gmce, South and Northeast Consumption of contaminated squid, not washing hands
22) 2008 Rural Nadia, West Bengal, India Contaminated pond water
(37 2009 Sundarban, West Bengal, India Water contaminated following Cyclone Aila Chlorination of water and repair of water pipes
(38) 2009 Medinipur, West Bengal, India Water contaminated following Cyclone Aila
(39) 2009 Secunderbad, India Contaminated water
(40) 2010 Lalpur, Gujrat, India Contaminated water Repair of leaking water-pipes
22) 2010 Howrah, West Bengal, India Contaminated pond connected tube-well Closure of tube-well and disinfection of other wells
41) 2010 Tamil Nadu, India Contaminated water
42) 2010 Tak province, Thailand Consumption of contaminated Hainanese chicken rice Active case finding, shop closure, screening, treatment, and health education
42) 2010 Tak province, Thailand Consumption of contaminated Hainanese chicken rice Active case finding, shop closure, screening, treatment, and health education
43) 2012 Sadalaga, Chikodi, Karnataka, India Contaminated water
(44) 2012 Baramulla, North Kashmir, India Contaminated water
45) 2012 Badungar colony, Punjab, India Contaminated water Repair of leaked water pipes
(46) 2012 Dhanera, Gujrat, India Contaminated water Repair of leaked water pipes, provision of safe water
47) 2012 Bintulu, Sarawak, East Malaysia Contaminated water and contaminated food Screening of food handlers, provision of safe water and food
(48) 2012 Kathmandu, Nepal Contaminated water
(49) 2012 Kathmandu, Nepal Contaminated water
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Table 3. Characteristics of the cholera outbreaks in South and Southeast Asia, 2003-2012
Refgge.nce ozclﬁse?li e Site of occurrence Case Death Strain
(59) July-Sept ’03 Chandigarh, India 40 V. cholerae O1 El Tor Ogawa
(60) 2003 India 2,893 2 V. cholerae
(15) Nov ’03 Orissa, India 41 V. cholerae El Tor O1 Ogawa
(61)  June-Oct 03 Nagpur, India 198 Hikofima (4), Nom agelutinating vibrios (39)
(16) 2003 Miri, Indonesia 15 V. cholerae O1
a7 June ’03 Karachi, Pakistan 37 V. cholerae O1
(62) May-Sept ’03 Hue, Vietnam 115 V. cholerae O1 El Tor Inaba
(18) Apr ’04 Mathbaria, Bangladesh 24 V. cholerae O1
(18) Nov ’04 Mathbaria, Bangladesh 2 V. cholerae O1
(18) Oct-Dec ’04 Bakherganj, Bangladesh 21 V. cholerae O1
(20) Mar-Apr ’04 Kolkata, India 89 V. cholerae El Tor O1 Ogawa
(19) May ’04 Delhi, India 105 V. cholerae Ogawa (36) and V. cholerae Inaba (69)
(19) May ’04 Ludhiana, India 48 V. cholerae Ogawa (23) and V. cholerae Inaba (25)
(19) May ’04 Tripura, India 6 V. cholerae Inaba
(19) May ’04 Bhind, India 2 V. cholerae Inaba
(19) July ’04 Chandigarh, India 2 V. cholerae Ogawa (1) and V. cholerae Inaba (1)
(19) July ’04 Madurai, India 26 V. cholerae Ogawa (25) and V. cholerae Inaba (1)
(19) Sept ’04 Uttar Pradesh, India 6 V. cholerae Inaba (6)
(19) Sept 04 Haryana, India 5 V. cholerae Inaba (5)
(19) Oct ’04 Trivandrum, India 2 V. cholerae Inaba (2)
(19) Oct ’04 Ahmedabad, India 56 V. cholerae Ogawa (29) and V. cholerae Inaba (27)
(63) May ’04 Northern Tripura, India V. cholerae O1 El Tor, Ogawa
(21) Nov 15, 04 Tamil Nadu, India 40 V. cholerae
1) Aug 29, ’04 Kashmir, India 1 1 V. cholerae
(21) Jan-Apr ’04 India 21 V. cholerae
22) 2004 South 24 Parganas, West Bengal, India 55 2 V. chlorerae
(60) 2004 India 4,695 7 V. cholerae
21 Oct 6, ’04 Myanmar 4 V. cholerae
1) Sept 27, ’04 Myanmar 10/wk V. cholerae
(64) May-Oct *04 Kavre, Nepal 46 V. cholerae El Tor O1 Ogawa
(21) July 11, 04 Nawab Shah, Pakistan 4 V. cholerae
@1)  June 25, °04 Spin Boldak Afghan refugee camp, 25 V. cholerae
1) Oct 18, 04 Singapore 9 1 V. cholerae
23) Oct 3-10, 04 Bedok and Tampines, Singapore 10 1 V. cholerae O1 El Tor Ogawa
(21) Feb 25, °04 Thailand 9 V. cholerae
(65) 2004 Philippines 533 3
(18) March ’05 Mathbaria, Bangladesh 10 V. cholerae O1, and V. cholerae 0139
(18) Mar-Apr ’05 Mathbaria, Bangladesh 22 V. cholerae O1 (12), and V. cholerae 0139 (10)
(18) Apr ’05-May ’05 Bakherganj, Bangladesh 9 V. cholerae O1
(24) Jan-Sept ’05 Delhi, India 40 V. cholerae O1 Inaba
(66) May-Oct 05 Orissa, India 56 V. cholerae O1 Inaba (37) and Ogawa (19)
(25) Feb-Mar ’05 Sangli, Maharastra, India 81 V. cholerae O1 El Tor Ogawa
(19) Feb ’05 Goa, India 16 V. cholerae Ogawa (7) and V. cholerae Inaba (9)
(19) Apr ’05 Kolkata, India 4 V. cholerae Inaba (4)
(19) Apr ’05 Berhampur, India 4 V. cholerae Inaba (4)
(67) May-Jun ’05 Kabul, Afghanistan 30 V. cholerae
(19) July ’05 Chennai, India 47 V. cholerae Ogawa (44) and V. cholerae Inaba (3)
(19) July ’05 Hyderabad, India 34 V. cholerae Inaba (34)
(19) July ’05 Manipal, India 27 V. cholerae Ogawa (9) and V. cholerae Inaba (18)
(19) Nov ’05 Alleppy, India 12 V. cholerae Inaba (12)
(26) Sept-Oct ’05 Orissa, India 113 1 V. cholerae El Tor O1 Ogawa
(60) 2005 India 3,155 6 V. cholerae
(68) 2005 Philippines 139 2
(69) 2006 Bakherganj and Mathbaria, Bangladesh 74 V. cholerae O1 El Tor
27) 2006 Kolkata, India 22 V. cholerae O1
(28) Mar ’06 Orissa, India 19 V. cholerae O1 El Tor Ogawa
(22) 2006 South 24 Parganas, West Bengal, India 56 V. cholerae
29) 2006 Andaman and Nicobar Island, India 10 V. cholerae O1 El Tor Inaba
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Table 3. (Continued)

Reference

Time of

1o, occurrence Site of occurrence Case Death Strain
(60) 2006 India 1,939 3 V. cholerae
30) Apr ’06 Garulia, West Bengal, India V. cholerae O1 Inaba
3) July-Sept *07 Orissa, India 7,565 159 V. cholerae Ol El Tor Ogawa
22) 2007 South 24 Parganas, West Bengal, India 32 1 V. cholerae
22) 2007 Howrah, West Bengal, India 63
31) July-Sept ’07 Orissa, India 62
(32) Aug-Sept ’07 Orissa, India 32 V. cholerae O1 El Tor Ogawa
3) Dec 23, 07 Sekong province, Laos 254 3 V. cholerae O1 El Tor Ogawa
(56) 2007 Southeast Myanmar, Northern Thailand 877 7 V. cholerae
(56) June-Aug ’07 Tak, Northern Thailand 344 V. cholerae El Tor Inaba
57) Mid-Sept-Oct ’07 Northeastern Thailand 235 V. cholerae El Tor Ogawa
(36) May-Oct ’07 l%dha;_?\&);:;fﬁzfté(;l;z]érprovmce, 477 V. cholerae O1 El Tor Inaba
(54) 2007 Northeastern Thailand 3 V. cholerae O1 El Tor Ogawa, MLVA type 2
®  Aug-Dec'07 Tak province, Southern region Noreasem reion)and 1: cholera O1 1 To
naba (Tak province)
(58) Oct ’07 Northern provinces, Vietnam 38 V. cholerae O1 Ogawa
(14) Oct-Dec ’07 Hanoi, Vietnam 295 V. cholerae O1
3) Nov-Dec ’07 Hanoi, Vietnam 1,940 V. cholerae
(33,34) Dec ’07-Jan ’08 Thateng and Lamam, Laos, PDR 18 V. cholerae O1 Ogawa
(35) Dec ’07-Jan ’08 Xekong province, Laos V. cholerae O1 El Tor Ogawa
22) 2008 Rural Nadia, West Bengal, India 71 0
(710) 2008 Kota gf"hé‘;’st“ﬁ;{ a“y’ls?;ay“a and 5 V. cholerae O1
(54) 2008 Northeastern Thailand 6 V. cholerae O1 El Tor Ogawa
57) Apr ’08 Northern provinces, Vietnam 32 V. cholerae O1 Ogawa
(58) Mar-Apr ’08 Vietnam 377 V. cholerae O1 Ogawa
(14) Dec 24-Feb 6, ’08 Hanoi, Vietnam 33 V. cholerae O1
(37 May ’09 Sundarban, West Bengal, India 2 V. cholerae O1 El Tor Ogawa
(38) May ’09 Medinipur, West Bengal, India 21 rll/c;rf-}g)llerrl%il%ll??; ;Egr Ogawa (17),
(39) May ’09 Secunderbad, India 10 V. cholerae O1 El Tor Ogawa
(55) May ’09 Hyderabad, India 34 V. cholerae O1 El Tor Ogawa
(72) Nov ’09 Terengganu, Malaysia 187 1 V. cholerae O1 El Tor
(13) Nov-Dec ’09 Kelantan, Malaysia 20 V. cholerae O1 El Tor Ogawa
(72) Oct ’09 Nepal V. cholerae
(54) Jul ’09 Northeastern Thailand V. cholerae O1 El Tor Ogawa
(73) 2009 Bangladesh 86 V. cholerae O1
(51) Mar ’10 Solapur, South Western India 41 V. cholerae O1 El Tor Ogawa
(40) Dec ’10 Lalpur, Gujrat, India 19 V. cholerae O1 El Tor Ogawa
(50) May ’10 Howrah, West Bengal, India 91 3 V. cholerae O1 Ogawa
(52) Sept-Oct *10 Raygada, Orissa, India 32 V. cholerae O1 El Tor Ogawa
41) May ’10 Tamil Nadu, India 37 1 V. cholerae O1 El Tor Ogawa
(53) July ’10 Attapeu, southern Laos 237 4 V. cholerae O1 El Tor Ogawa
(72) Apr ’10 Nepal 14 V. cholerae
42) Apr ’10 Tak province, Thailand 33 V. cholerae O1 El Tor Ogawa
42) Apr ’10 Tak province, Thailand 11 V. cholerae O1 El Tor Ogawa
(54) 2010 Central Gulf area, Thailand 10 V. cholerae O1 El Tor, MLVA type 4
67) Oct 10 ls)i:l?ilslt:rrlld Khyber Pakhtunkhwa, 99
43) Oct 22,12 Sadalaga, Chikodi, Karnataka, India 4 V. cholerae
(44) Sept 24, °12 ?na‘i{aamulla district, North Kashmir, 238 V. cholerae
45) July 21, ’12 Badungar colony, Punjab, India 7 V. cholerae
(46) July 5, 12 Dhanera, Gujrat, India 5 V. cholerae
(74) June 9, ’12 Assam, India 4 V. cholerae
47) July 27, ’12 Bintulu, Sarawak, East Malaysia 33 V. cholerae
(48) Dec 17, ’12 Kathmandu, Nepal 15 V. cholerae
(49) Aug 4,12 Kathmandu, Nepal 10 V. cholerae O1 El Tor Ogawa
(75) July 22, ’12 Doti, Nepal 401 12 V. cholerae
(76) Jan 1-Jun 13, ’12 Virac, Catanduanes, Philippines 748 8 V. cholerae
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Province, Thailand following the consumption of con-
taminated chicken fried rice during April 2010 (42).
Causative organisms: Microbiological analysis of rec-
tal swabs revealed that the same organism, V. cholerae
O1 El Tor Ogawa, was responsible for the majority of
cholera outbreaks in Nepal, India (30,39-41,50,51-55),
Thailand (42,54,56), Malaysia (13), Vietnam (57,58),
Laos (3,33-35), and Singapore (23) (Table 3). In addi-
tion, non-O1 non-O139 V. cholerae was detected in a
cholera outbreak in West Bengal during May 2009 (38),
while V. cholerae O1 El Tor Inaba was linked with
cholera outbreaks in Thailand during 2007 (56), the
Myanmar border (36), and India (24,29,30). Both V.
cholerae O1 El Tor Ogawa and V. cholerae O1 El Tor
Inaba were identified in cholera outbreaks in Thailand
during 2007 (3) and India during 2005 (19,66). In addi-
tion, both V. cholerae O1 and O139 were isolated from
suspected cholera cases at a hospital in Bangladesh
following an acute diarrheal outbreak in 2005 (18).
Cholera-related deaths: Cholera-related mortality in
the identified studies was found to be relatively low
(3,21,22,41,43,46,50,53,60,71,74) (Table 3). A notable
exception was an outbreak in Orissa (currently Odisha),
India between July and September 2007, in which 159
out of 7,565 cases died, the case fatality rate (CFR)
being 8.6% (3). In another outbreak in northern

Tripura, India, during May 2004, the CFR was observed
to be 0.69% (63). In the Philippines, 8 out of 748 cases
died (CFR 1.07%) in a cholera outbreak between Janu-
ary 1 and June 13, 2012 (76). In the Doti district in far-
western Nepal, 12 out of 401 affected cases were report-
ed to die (CFR 2.99%) from cholera during July and
August 2012 (75). In Northern Thailand and
Southeastern Myanmar, 7 out of 877 cases died (CFR
0.79%) in a cholera outbreak during 2007 (56). Finally,
in Pakistan, approximately 25 people staying in the Spin
Boldak Afghan refugee camp died in a cholera outbreak
in June 2004 (21).

Control measures: Most cholera outbreaks reported
in the literature were controlled by ensuring access to
safe drinking water and through proper sanitation.
Contaminated foods were discarded and screening of
food handlers was instituted while controlling an out-
break in Singapore (23). Chlorination of public wells
and other water sources was used to combat an out-
break in Orissa, India (26). Other reported measures
taken include improving sanitation, raising awareness
through health education, and repairing leaky pipelines
in Laos (33,34) (Table 2).

Cholera cases and outbreaks that were reported to
WHO from South and Southeast Asian countries during
2003-2012 are presented in Table 4. The WHO numbers

Table 4. Cholera cases and deaths reported to WHO by South and Southeast Asian countries during 2003-2012

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

county Reference (7 (78) (65) (68) (79) 80) @81 82) (83) (84)

Afghanistan Case 41 — 33 — — 4,384 662 2,369 3,733 12
Death 7 — — — — 22 11 10 44 —

Case 96 94 1,133 — 19 72 — — 1,187 53

Iran

Death — 1 11 — — 4 — — 12 —
India Case 2,893 4,695 3,155 1,939 2,635 2,680 — 5,155 — —
Death 2 7 6 3 3 1 — 9 — —

Nepal Case — — — — 264 — 82 1,790 12 34
Death — — — — — — — 9 — —

Pakistan Case - - - - - — — 164 527 144

Death — — — — — — — — 219 8
. Case — 57 — — — — 39 588 — —
Cambodia Death . 1 _ _ _ _ _ 1 — —
Laos Case — — — — 169 201 — 237 — —
Death —_ —_ — — 3 — — 4 _ _

Myanmar Case — — — — — 45 — — 16 174
Death — — — — — 1 — — — —

. Case — — — 35 1,428 436 315 1,974 279 29
Thailand Death . . . B 7 3 5 s B
Vietnam Case — — — — 1,946 853 471 606 3 —

Death — — — — — — 1 — — —
Malaysia Case — 16 — 237 — — 187 443 586 282
Death — — — 1 — — 1 6 10 1
Brunner Case - - - o - - - - 3 -
Death — — — — — — — — — —
Indonesia Case — — 1,338 — — 1,007 — — — —
Death — — 19 — — 27 — — — —
Philippines Case — 533 139 66 — — — 33 120 1,864
Death — 3 2 1 — — — 2 3 14
Singapore Case ! 1 - - - - - o 2 2
Death — 1 — — — — — — — —
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were grossly different from those available from the
published scientific literature.

DISCUSSION

Seven cholera pandemics have been recognized in hu-
man history (12). The first six were associated with the
classical biotype, while the seventh one, caused by an El
Tor biotype (12,85), started in Indonesia and spread to
other parts of Asia, Europe, Africa, and Latin America
during 1961-1991 (12,39). Based on genetic studies in-
volving the identification of the phylogeny of lineage,
researchers have argued that the most recent pandemic
spread from the Bay of Bengal in at least three waves
and was greatly influenced by antibiotic resistance (SXT
family) (12).

Globally, there has been a steady increase in incidence
of cholera since 2005 (86). However, cholera epidemics
in South and Southeast Asia have shown diverse pat-
terns in recent years. In some of these countries, the in-
cidence of cholera has declined (e.g., in Laos since 2001)
(87); in some countries, there has been a reemergence of
previously identified strains (e.g., V. cholerae 0139 in
Bangladesh during 2002) (88), while in others (e.g.,
Thailand [89], Vietnam [90], and Bangladesh [91]), new
strains have emerged with different phenotypic and
genotypic expressions that seem to be associated with
the development of multidrug resistance, disease severi-
ty, and epidemic potential.

In 2001, Nair et al. identified a new ‘‘hybrid type”’
cholera strain: a distinct variety of V. cholerae O1 that
is an El Tor biotype but possesses certain traits of the
classical biotype. The strain was isolated from patients
admitted to hospitals in Bangladesh (9,92). Interesting-
ly, the cholera toxin of the classical biotype has been
produced by all strains of V. cholerae El Tor since 2001
(92). The cholera toxin produced by this variety showed
both epitypic and genotypic transitions that might be as-
sociated with cholera epidemics in Bangladesh (9). A
distinct genetic transition was also observed with V.
cholerae-associated diarrhea in Northeastern Thailand
during 2007, 2010, and 2011 (89). All the isolated strains
belonged to serogroup O1, biotype El Tor, serotype Ina-
ba or Ogawa, and most strains had toxigenic altered El
Tor, ctxA and ctxB genes. Clonally related, altered El
Tor with distinct signatures were observed in Thailand,
Vietnam, and Bangladesh (89). This was reconfirmed by
another study on the genetic characteristics of a strain
of multidrug-resistant V. cholerae O1 El Tor in Dhaka,
Bangladesh. These findings demonstrated a genetic
transition of ctxB genotype 1 to genotype 7 in V. choler-
ae El Tor that probably occurred because of a point mu-
tation during 2008-2010, resulting in endemic cholera
(91). Similar findings were also reported in a study on
multidrug-resistant V. cholerae O1 conducted in Viet-
nam during 2007-2010, where cholera outbreaks re-
emerged as a major public health concern (90). The
predominant strain identified in that study was mul-
tidrug-resistant V. cholerae expressing phenotypic traits
of both O1 El Tor Ogawa and an altered El Tor (rstR El
Tor and ctxB classical biotypes) (90).

The coastal areas of the Bay of Bengal have been
recognized as a significant reservoir of both V. cholerae
O1 El Tor and 0139 serogroups with varying degree of
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epidemic potential (18). A review of reported cholera
cases over a 10-year period in India identified overall
222,038 cases involving 68 cholera outbreaks in 18 states
during 1997-2006 (60). In addition, the cholera epidem-
ic in India was found to be further jeopardized by the
recent emergence of multidrug-resistant strains of V.
cholerae in different parts of India (Delhi, Kerala, and
Kolkata) since 2000 (93-96). Analyses of several V.
cholerae isolates collected during different time periods
(1992-1997, 2004-2005, and 2007-2009) from hospital-
ized patients in Kolkata, West Bengal (eastern part of
India) showed a gradual shifting of multidrug resistance
from V. cholerae non-O1 non-O139 serogroups to V.
cholerae O1 (Inaba and Ogawa) and O139 strains
(95,97). The recent increase in the number of cholera
cases among children younger than 2 years of age in
Kolkata, as evidenced from active surveillance
(2007-2009), is another point of concern (94).

Reports of cholera outbreaks in Bangladesh during
2003-2012 are limited (66). Since 1996, the majority of
cholera cases in Bangladesh have been found to be asso-
ciated with V. cholerae O1 El Tor, with few cases in-
volving the O139 serogroup (88). However, a recent
change in the cholera epidemic was observed in Ban-
gladesh (88): approximately 2,350 people were affected
by a V. cholerae O139 strain (possessing both ctx€alc and
ctxET prophage) in Dhaka during March-April 2002
(88). In 2006, a different strain of V. cholerae O1 El
Tor, secreting cholera toxin of the classical biotype was
identified from two outbreaks in rural sites in Bakerganj
and Mathbaria (69). An additional concern was the
emergence of multidrug-resistant strains isolated from
patients in Bangladesh since 2006 (15,19,30,50,51,79,
98).

This analysis has clearly indicated that cholera is still
a major public health challenge in South and Southeast
Asian countries. More than 50% of cholera outbreaks
occurred in India, followed by Thailand. The major
route of transmission is contaminated drinking water:
however, in some regions of Southeast Asia such as
Thailand, Myanmar, and Singapore, the consumption
of contaminated seafood resulted in cholera outbreaks.
The peak number of cholera outbreaks occurred in
2004, followed by 2007. All V. cholerae isolates were
identified during these outbreaks. The emergence of
multidrug-resistant V. cholerae is of great concern in
developing countries, where the burden of diarrheal dis-
eases is the highest. Nevertheless, cholera-related mor-
tality was found to be relatively low. Most of these
outbreaks were controlled through water chlorination
treatment, provision of safe drinking water, discard of
contaminated food, screening of food handlers, and in-
crease in public awareness regarding cholera. Controll-
ing cholera outbreaks is understandably very difficult in
areas with poor access to safe drinking water and inade-
quate sanitation. To better understand how these out-
breaks occur, it is necessary to gather information on
the main source of the water supply in the affected
areas, sanitation, the use of hygienic practices such as
hand-washing, and the awareness level of individuals
regarding cholera and its preventive measures.

Similar findings across a diverse array of global sites
in this analysis indicate that there is an urgent need for
multilevel, comprehensive intervention strategies to pre-
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vent the dissemination of cholera. Further research ac-
tivities and initiatives from governments and nongover-
nmental organizations are also required to determine
the policy and to address the sociocultural contexts
related to cholera outbreaks.

Some limitations were identified during this analysis.
It is estimated that 500,000 to 700,000 cases of acute
watery diarrhea that occurred in Central and Southeast
Asia were not reported to WHO in 2012 (15), while
more than 2 million cases of acute watery diarrhea were
being registered every year in Bangladesh alone. The
proportion of these cases attributable to V. cholerae
remains unknown (30), and the scenario is not much
different in many other countries in this part of the
globe (Table 4).

Surprisingly, the numbers of cholera outbreaks,
cholera cases, and cholera-related deaths reported to
WHO conflicted with the numbers derived from articles
published in journals or newspapers during 2003-2012.
For example, although a significant number of cholera
cases was officially reported to WHO from Afghanistan
during 2008-2011, no information on any cholera out-
breaks that occurred in Afghanistan during 2003-2012
was retrieved from a search of published journal arti-
cles. Similarly, contradictory findings were observed for
countries such as Iran and Cambodia.

Even the reported figures pertaining to cholera cases
and deaths during outbreaks occurring in the same geo-
graphic locations and time periods significantly differed
across data sources, including the scientific literature,
country-wise cholera profiles published by WHO, and
newspaper reports. Moreover, the proportions of total
cholera cases and deaths reported to WHO during
2003-2012 that occurred during outbreaks remain large-
ly unclear in most of these countries.

Furthermore, country-specific numbers of cholera
cases reported to WHO considerably fluctuated from
year to year in South and Southeast Asian countries
during 2003-2012. These dramatic variations probably
lack legitimate scientific justifications. For example, the
numbers of cholera cases reported to WHO from
Afghanistan were as follows: 12 in 2012, 3,733 in 2011,
2,369 in 2010, 662 in 2009, 4,384 in 2008, 33 in 2005, 41
in 2003, and none in 2007, 2006, and 2004. Similarly,
the corresponding figures for India were quite high dur-
ing 2003-2008 and 5,155 in 2010; no cases were reported
in 2012, 2011, and 2009 (Table 4).

These discrepancies may have resulted from under-
reporting or misreporting of cholera cases and deaths
owing to poor or even nonexistent surveillance systems
(15,26,30); they may also be attributable to inconsistent
case definitions because some countries reported only
laboratory-confirmed cases, while others used the WHO
standard case definition. The comparability of data be-
tween studies was thus potentially limited. The lack of
uniform availability of laboratory support for the diag-
nosis of cholera further hindered the case detection
process. In the majority of studies, only a subset of the
study sample was tested for V. cholerae, thereby com-
plicating the estimation of the actual burden of cholera.
Moreover, only few studies reported the specific sero-
types and biotypes of V. cholerae isolates, which are es-
sential in detecting the changing pattern of global
cholera epidemics over time.
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Another important factor contributing to this poten-
tial underreporting, as pointed out by WHO, may be the
fear of losing income from the tourism industry and
concern about trade-related sanctions (30). The change
in the revised International Health Regulations (adopt-
ed in 2005 and enforced in 2007 by WHO), which stipu-
lated that notification of cholera cases was no longer
mandatory, may also explain the decline in the reporting
of cholera cases from some of these countries in recent
years (30,51).

Surprisingly, cholera-related mortality was very low
across our database, with the exception of few studies.
In general, cholera-related CFRs varied between 1%
and 5%, mainly depending on patients’ accessibility to
treatment facilities (58). It is not clear whether it is a
result of the death of patients before reaching treatment
facilities or the underperformance of cholera surveil-
lance systems, thereby resulting in the underreporting of
death or the true incidence of cholera mortality has
declined over the past 10 years in South and Southeast
regions.

Finally, the data available for this analysis were very
likely affected by the operational principles of the data-
bases used and the comprehensiveness of the search
terms employed. It seems impossible to claim that
search terms utilized were sufficiently exhaustive, and
the probability of missing nonindexed reports is also
high.

Despite all these limitations in the quality of the data
collection process across studies, the results of this anal-
ysis give a clear indication of the reemergence of a
cholera epidemic in this region from 2004 onward.

Some recommendations identified from this analysis
and those suggested by WHO (99) to control cholera
epidemics include establishing multidisciplinary, well-
coordinated cholera preparedness programs; conduct-
ing risk assessments and communicating the results;
raising awareness regarding the importance of personal
hygiene; utilizing proper sanitation techniques; and en-
suring access to safe drinking water. The identification
and timely dissemination of information regarding the
incidence of cholera, the epidemiological characteris-
tics, and the geographic distribution may help design
appropriate preventive programs. Cholera surveillance
programs should be integrated with the ongoing health-
related surveillance systems in each country. For better
comparability of data across studies, a standardized
case definition of cholera as recommended by WHO
should be followed. Multi-sectoral, well-coordinated,
sustainable response and cross-border collaboration are
required to control such outbreaks. The development of
risk assessment tools through continuous surveillance is
essential to identify the at-risk groups in vulnerable
populations. Care should also be taken to enhance
prevention strategies in anticipation of seasonal cholera
outbreaks, including preparedness plans, training of
healthcare staff, and uninterrupted flow of supplies.

Cholera is a preventable disease, and the provision of
safe water and proper sanitation are clearly essential for
the control of the further spread of cholera in these
South Asian and Southeast Asian regions. Further, we
need the interplay of preparedness plans and prompt
responses during anticipated outbreaks along with a
robust surveillance system for mitigating such health



hazards. It is also recommended to continue extensive
cholera outbreak investigations, which will help in
justifying the investments in new intervention pro-
grams.
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