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Although fluid and electrolyte replenishment remains the mainstay of clinical management of cholera,
antibiotics are an important component of the strategy for clinical management of moderate to severe
cases of cholera. The emergence of antibiotic resistance (ABR) inVibrio cholerae has led to difficulties in case
management. The past decade has also seen the development of cheap and effective oral cholera vaccines
(OCVs). In addition to the two-dose strategy for widespread immunization, OCVs have also been shown to
be effective in containing outbreaks using a single-dose schedule. In this scoping reviewwemap the states
and union territories (SUTs) of India which are prone to cholera outbreaks followed by a scoping review of
peer-reviewed publications about ABR outbreaks of cholera employing the Arksey and O’Malley frame-
work. Using the data reported by the Integrated Disease Surveillance Program (IDSP), we identified 559
outbreaks of cholera between 2009 and 2017, affecting 27 SUTs. We defined SUTs which had reported out-
breaks in at least three out of the last five years (2012–2016) or had experienced two or more outbreaks in
the same year in at least two of the last five years to be outbreak-prone. The scoping review identified 62
ABR outbreaks, with four SUTs accounting for two-thirds of them: West Bengal (14), Maharashtra (10),
Odisha (10) and Delhi (7). Overall, this scoping review suggests that there is an increasing trend of ABR
in Vibrio cholerae isolated fromoutbreaks in India. This opens up avenues for exploring the role of antibiotic
stewardship in the clinical management of diarrhea, the institution of vaccination as an infection preven-
tion intervention to reduce selection pressure, and the deployment of high quality surveillance systems
which report accurate, real-time data allowing appropriate and timely public health responses. It is crucial
to counter the issue of ABR in cholera before it assumes a menacing magnitude.
� 2019 Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creative-

commons.org/licenses/by/4.0/).
1. Introduction ios, political and civil unrest, and the breakdown of public health
Cholera has been subject to intense academic scrutiny over the
past decades, but has continued to be a public health menace in
many parts of the world [1,2]. With changing geopolitical scenar-
infrastructure, pockets of areas with extreme vulnerability to infec-
tious diseases have emerged [3,4]. Cholera represents a particu-
larly difficult problem in these contexts, especially in relation to
displaced populations, refugees, and migrants. In addition to these
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especially vulnerable areas, cholera remains endemic in many
parts of the world, prominent amongst them being the Gangetic
plains of India, which is believed to be the epicenter for six of
the seven cholera pandemics [44].

Cholera is caused by toxigenic strains of Vibrio cholerae ser-
ogroups O1 and O139. V. cholerae O1 and O139 serogroups express
Toxin Co-regulated Pilus (TCP) and produce Cholera Toxin (CT), a
critical virulence factor, and may cause secretory diarrhea and
intestinal colonization. Other than O1 and O139, there are other
vibrios that are designated as V. cholerae non-O1, non-O139 or
non-agglutinating vibrios.

Given the massive fluid loss experienced by cholera patients, it
remains a rapid cause of dehydration and death. Official estimates
state that the mortality from cholera remains low, to the tune of
1%, but recent evidence points to massive under-reporting of both
cases and deaths due to cholera [5,6]. Antibiotics have been estab-
lished as part of the strategy for optimal management of cholera to
reduce the disease morbidity and mortality [7,8]. The emergence of
antibiotic resistance (ABR) has, however, intensified the threat of
cholera [9–11]. The emergence of ABR as a major public health
challenge was identified when the United Nations General Assem-
bly (UNGA) brought the global leadership together to declare its
commitment to combat the emergence of ABR [12,13].

With these issues in mind, we have used two approaches –
analysis of existing data (Integrated Disease Surveillance Program
and facility based surveillance for diarrheal disease etiology and
antimicrobial resistance profiles of causative bacterial agents)
and a scoping review of the published literature – to identify vul-
nerable, outbreak-prone states and union territories (SUTs) of
India. We expect that this review will help to identify potential
policy directions to address the emergence of ABR in Vibrio cho-
lerae. This review would enable us to not only identify the vulner-
able SUTs based on existing data, but also would help us
understand whether the emergent crisis of AMR is a major issue
in cholera control. With the Global Task Force on Cholera Control
(GTFCC) calling for an end to cholera by 2030, these findings are
likely to help the policymakers identify which areas to first target
in order to reduce the burden of cholera in the nation, whilst also
emphasizing the need to undertake systematic cholera surveil-
lance, unbiased by reporting sensitivities and outbreak-only
reporting, to estimate the true burden of the disease in the country.
2. Methods

We obtained data from two sources to fulfill the objectives.
First, we analyzed the data from the IDSP to identify the SUTs that
are particularly vulnerable to outbreaks of cholera; second, we
conducted a scoping review of peer-reviewed publications to
assess the extent of ABR in cholera outbreaks reported from India.
2.1. IDSP data

The IDSP was initiated with the primary objective of strength-
ening and maintaining decentralized laboratory-based IT enabled
disease surveillance system for epidemic prone diseases, to moni-
tor disease trends and to detect and respond to outbreaks in early
rising phase through trained Rapid Response Teams (RRTs). Further
details of the mechanisms, platform and quality assurance are
available on the IDSP website [14–16]. IDSP data is focused on
reported outbreaks, thus, may not reflect the endemic cases, some
of which may be captured through the scoping review.

For IDSP data, we included only outbreaks which were attribu-
ted to Vibrio cholerae (irrespective of O1 or O139), based on labora-
tory confirmation; data was extracted from 25th week of 2009
(ending on 21 June 2009) till the 41st week of 2017 (ending on
15 October 2017). There were several outbreaks of acute watery
diarrhea, which could not be attributed to a specific causative
agent, which were not included in the current analysis.

2.2. Scoping literature review

For the scoping review, we followed the Arksey and O’Malley
framework, which consists of six stages, as described here [17–
19]. We chose the scoping literature review approach after exten-
sive consultation with experts and internal discussion because the
initial, structured search strategies revealed few high-quality peer-
reviewed, quality assured publications. Using the scoping review
approach would allow us the freedom to choose from a wider com-
plement of studies, and particularly focus on mapping the gaps in
the areas of the current research questions. The extreme diversity –
clinical, methodological, and statistical – was also a challenge for
risk of bias assessments for systematic reviews; for a scoping
review, this step was deemed optional. As higher quality evidence
becomes more plentiful, we can build on the findings of the current
study to conduct a systematic review [20]. In the subsequent sec-
tion we describe the six stages of the Arksey and O’Malley frame-
work for scoping reviews, and outline the methodological details
as they pertain to the current study.

Stage 1: Identifying the research question

We posited that the emergence of ABR in Vibrio cholerae would
spell a potential public health disaster, especially keeping in mind
the emergence of pockets where cholera is entrenched. With this
context to build on, we designed the following research questions:

– By examining the IDSP data, we tried to address the following:
Which SUTs are especially vulnerable to outbreaks of cholera in
India?

– Through the scoping review approach, we tried to address the
following: What is the extent of the problem of ABR in cholera
outbreaks reported from India in peer-reviewed journals?

Stage 2: Identifying relevant studies

The second source of data was the scoping review. Search
strategies were developed for three databases: PubMed, MedInd/
IndMed and Web of Science. We developed a structured search
strategy keeping the following terms in mind: ‘‘outbreaks”,
‘‘cholera”, ‘‘ABR” (or ‘‘AMR”) and ‘‘India”.

For PubMed, we used Medical Subject Headings (MeSH) for cho-
lera, cholera vaccines, outbreaks, and drug resistance. The terms
were appropriately combined with the Boolean Operators AND
and OR. We limited our search to India by incorporating an
‘‘India”[all fields] limit. The detailed search strategies for all three
databases have been provided in Appendix A.

Stage 3: Study selection

The list of studies identified by the search strategy was man-
aged using an online reference management software (Covidence).
The removal of duplicate references was automatically done by
this software, followed by independent screening of the publica-
tions by two of the authors (PC and SK). On the first pass, the stud-
ies were screened based on their titles and abstracts (if available).
Conflicts in the decision to include a study were resolved through
mutual discussion; when there was uncertainty about the decision,
the authors preferred to include them for the next step of full-text
review. On the second pass, we screened the full texts of articles for
inclusion in the review. The screening process was guided by a set
of inclusion and exclusion criteria. We included studies which ana-
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lyzed part or all samples obtained from an outbreak, in India,
which was obtained through clinical surveillance (rather than
archived samples), and where Vibrio cholerae (irrespective of O1
or O139) was one of the several pathogens studied as an etiology
for the outbreak.

After the list of articles to be included in the review was
curated, one author (PC) scanned the bibliographies of the included
studies to identify additional publications that may have been
missed by the structured search strategies. The process is summa-
rized in Fig. 1, and the inclusion and exclusion criteria are provided
in Appendix B.

Stage 4: Charting the data

We developed two databases which guided the analysis of this
review. The first database comprised the outbreak data from the
IDSP and outlined reported details about the location of outbreaks.
Fig. 1. PRISMA flow diagram showing selection of
For the purposes of this review, we concentrated on the state from
which the outbreak was reported. IDSP data was available from the
25th week of 2009 (ending on 21 June 2009). We extracted data till
the 41st week of 2017 (ending on 15 October 2017), which was the
most recent weekly update reported at the time of the preparation
of this manuscript.

From the studies selected in the previous step, we extracted
data on the proportion of samples reported to be resistant to a
given set of antibiotics. We avoided a meta-analysis because the
study designs, tested antibiotics, and methods of ascertaining
resistance status were too heterogeneous across studies.

Stage 5: Collating, summarizing and reporting the data

We summarized outbreaks in different states by year to identify
the states that reported a high frequency of outbreaks. We identi-
fied states that reported outbreaks of cholera in three out of the
studies to be included in the scoping review.
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last five years, or two or more outbreaks of cholera in the same
year in two out of the last five years as outbreak-prone. Since the
data for the year 2017 was till October, in order to apply the defi-
nitions for endemic states and outbreak prone vulnerable SUTs, we
chose to concentrate on the latest five full years for which we had
IDSP data, i.e. 2012–2016.

We created heat-maps of ABR rates over time to understand the
trends of emergence of ABR against clinically important antibiotics.
A large number of antibiotics have been studied, but we chose the
ten antibiotics listed here for the analysis because they were most
commonly reported by the studies, and were considered to be
commonly used in clinical practice in the community setting:
ampicillin, chloramphenicol, ciprofloxacin, cotrimoxazole, furazoli-
done, gentamicin, nalidixic acid, norfloxacin, streptomycin, and
tetracycline.

Each of the publications reported the resistance rates either for
a period of time or for individual years, over time. We wanted to
see how many studies reported resistance rates in the four grades,
for each of the ten antibiotics mentioned above. Given the low
number of studies, we decided to divide the resistance rates into
four grades based on the proportion of resistant isolates reported
by the studies: 0–24%, 25–49%, 50–74% and 75–100%. In order to
create these heat maps, we tabulated the frequency with which
publications mentioned the grade of ABR noted in cholera samples,
against time periods. Thus, the heat map would give us a qualita-
tive idea about the spread of the resistance rates against a partic-
ular antibiotic over time. We created a heat map using the
number of publications, in a particular year (or a range of years
for studies that ran into multiple years), with the spectrum chang-
ing from green (no publications) to red (the maximum number of
publications for the given antibiotic in a given year). Explanatory
details accompany the footnote for the heatmap.

Stage 6: Consultation exercise and data from facility-based
surveillance at Infectious Diseases Hospital, Kolkata

The consultation stage is considered to be an optional but valu-
able step in the process of conducting a scoping review following
Table 1
Year-wise number of reported cholera outbreaks from various states and union territories

States/UTs 2009 2010 2011 2012

Andhra Pradesh 0 0 0 1
Assam 6 9 7 9
Bihar 0 0 0 0
Chandigarh 0 0 1 2
Chhattisgarh 0 0 4 1
Dadra & Nagar Haveli 0 0 0 0
Delhi 0 0 0 0
Goa 0 0 0 0
Gujarat 0 6 4 3
Haryana 3 3 1 5
Himachal Pradesh 0 2 0 0
Jammu & Kashmir 0 1 0 3
Jharkhand 0 0 0 1
Karnataka 7 4 13 22
Kerala 0 0 3 5
Madhya Pradesh 0 2 1 0
Maharashtra 0 3 5 7
Meghalaya 0 0 0 1
Odisha 0 1 0 2
Puducherry 0 5 0 1
Punjab 1 2 3 10
Rajasthan 0 7 2 1
Tamil Nadu 0 3 10 9
Telangana 0 0 0 0
Uttar Pradesh 0 0 0 0
Uttarakhand 1 0 1 0
West Bengal 1 4 11 15
Total 19 52 66 98
the Arksey and O’Malley framework [9–11,14]. We undertook an
unstructured consultation involving the authors of the current
manuscript to identify additional publications which could have
been missed in the structured review; to understand the trends
and patterns of outbreaks and outbreak-prone states in India; to
identify the antibiotics which would be covered by the scoping
review, and to identify any other secondary sources of information
or data to help support our analyses. This consultation exercise
was conducted after data charting was completed. The process
led to the addition of three studies, the results of which were incor-
porated into the charted data.

It also led us to identify an additional dataset which helped us
to reflect on the accuracy of the reported cases of and deaths from
cholera in India. This dataset was built on the basis of the ongoing
surveillance for diarrheal diseases at the Infectious Diseases Hospi-
tal (IDH) in Kolkata, which has been undertaken by the Indian
Council of Medical Research, National Institute of Cholera and
Enteric Diseases (ICMR-NICED), since the mid-1990s. The purpose
of using this dataset was to compare the findings from a single,
ongoing, quality assured, facility-based surveillance, to the nation-
ally reported burden, to see if there were any broad discrepancies,
which could indicate towards the existence of lacunae in the cur-
rent reporting systems.

The IDH, Kolkata, is a tertiary care hospital dedicated to manag-
ing patients suffering from communicable diseases; a large propor-
tion of the patients cared for at this hospital suffer from diarrhea.
ICMR-NICED samples about 5% of the admitted patients to evaluate
the etiology of acute diarrheal episodes. The detailed methodology
and cumulative findings from the initial years of the facility-based
surveillance at the Infectious Diseases Hospital, Kolkata, have been
summarized elsewhere [21]. Cholera remains a leading diagnosis
in adults. We extrapolated the isolation rates of cholera in the
surveillance group to the annual cohort treated for diarrhea at the
hospital and cameupwith a crude estimate of the number of cholera
cases every year. We then compared it with the number of cases
reported at the national level in the National Health Profile (NHP),
which is published by the Central Bureau of Health Intelligence,
Directorate General of Health Service (CBHI, DGHS) [22]. The CBHI,
of India during 2009–2017.

2013 2014 2015 2016 2017 Total

3 0 1 0 0 5
5 3 0 8 1 48
0 2 0 0 0 2
0 0 5 3 1 12
1 1 0 3 1 11
1 0 2 1 0 4
2 0 0 1 0 3
1 0 0 0 0 1
6 3 5 14 6 47
4 3 0 0 1 20
0 0 0 0 0 2
0 0 0 0 0 4
0 0 0 0 0 1
23 3 12 16 1 101
1 1 0 2 2 14
0 0 5 16 1 25
14 1 2 11 2 45
0 0 0 0 0 1
2 6 0 4 0 15
0 0 0 0 0 6
3 6 2 5 9 41
0 0 2 8 0 20
3 1 0 0 0 26
0 0 2 3 0 5
0 0 0 1 0 1
0 0 0 0 0 2
30 12 7 17 0 97
99 42 45 113 25 559



Fig. 2. Heat map showing number of cholera outbreaks based on IDSP data between 2009 and 2017. (Lowest: 0; Highest: 101).

Table 2
Frequency at which various states and union territories
contributed to the peer-reviewed literature on outbreak
of ABR cholera.

State/UT Frequency (%)

Andaman and Nicobar Islands 1 (1.6)
Assam 1 (1.6)
Bihar 1 (1.6)
Delhi 7 (11.3)
Himachal Pradesh 1 (1.6)
Karnataka 4 (6.5)
Kerala 2 (3.2)
Madhya Pradesh 1 (1.6)
Maharashtra 10 (16.1)
Mizoram 1 (1.6)
Odisha 10 (16.1)
Puducherry 2 (3.2)
Punjab 3 (4.8)
Tamil Nadu 4 (6.5)
West Bengal 14 (22.6)
Total 62 (100)

P. Chatterjee et al. / Vaccine 38 (2020) A93–A104 A97
DGHS collects reports on the burden of several diseases of public
health importance, ofwhich cholera is one, fromhealth care systems
across thenationand compiles them inan annualmonograph, called
the National Health Profile (NHP). It tabulates the case counts and
deaths reported from individual diseases. This is separate from the
outbreaks identified by the IDSP. The CBHI DGHS NHP creates bur-
den estimates for diseases of public health importance, whereas
the IDSP identifies and responds to outbreaks. Since the NHP pro-
vides the official, national estimates for the diseases concerned,
we are using it to compare it against the case counts identified by
our current efforts. The data has been presented in Table 3.

3. Results

From the three databases, we identified a total of 327 peer-
reviewed publications using structured search strategies which
were not limited by time periods. Screening through the bibliogra-
phies of the selected studies and internal consultations led to the
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selection of 17 more records. After the selection process was over,
we included 52 articles for this review. Fig. 1 summarizes the
process.

3.1. Outbreaks

From the available IDSP data, we identified 559 outbreaks
affecting 27 SUTs between 2009 and 2017. The outbreaks were
defined by the IDSP in the IDSP training module for state and dis-
trict surveillance officers, module 5. It is based on trigger defini-
tions, as below:

� Trigger 1
o A single case of cholera / epidemiologically linked cases of

diarrhea
o A case of severe dehydration / death due to diarrhea in a

patient of greater than 5 years of age
o Clustering of cases in a particular village / urban ward where

more than 10 houses have at least one case of loose stools
irrespective of age per 1000 population

� Trigger 2
o More than 20 cases of diarrhea in a village/geographical area

of 1000 population

The followingSUTsdidnot report a singleoutbreak in this period:
Arunachal Pradesh, Manipur, Mizoram, Nagaland, Sikkim, Tripura,
Andaman and Nicobar Islands, Daman and Diu, and Lakshadweep.
Six states accounted for 67% (379 out of 559) of all outbreaks: Kar-
nataka (101),West Bengal (97), Assam (48), Gujarat (47),Maharash-
tra (45), and Punjab (41). Of the six most populous states of India
(according to the2011 census) [23], only onewas represented in this
list—West Bengal (7.55% of the national population); the other five,
viz. Uttar Pradesh (16.49% of the national population), Maharashtra
(9.28%), Bihar (8.58%), Madhya Pradesh (6%), and Tamil Nadu
(5.96%), account for almost half of the nation’s population
(46.31%), but only about 18% of reported outbreaks of cholera.

The details of the year-wise number of outbreaks of cholera
reported from various SUTs of India are given in Table 1. Fig. 2
maps out the same.

Sixteen SUTs fulfilled the definition we had set for cholera
outbreak-prone SUT. These include: Andhra Pradesh, Assam,
Chandigarh, Chhattisgarh, Dadra and Nagar Haveli, Gujarat, Har-
yana, Karnataka, Kerala, Maharashtra, Odisha, Punjab, Rajasthan,
Tamil Nadu, Telangana, and West Bengal.

3.2. Publications

Although we included 52 publications, a small number of those
covered sites in multiple SUTs, resulting in a total of 62 SUTs being
represented in the analysis. The highest number of publications
Table 3
Comparison of crude estimate of confirmed cholera cases in Infectious Diseases Hospital
Health Profile reports.

Year Total admitted cases of
diarrhea

Total cases under
surveillance

Isolation Rate (%
Cholera

2008 19,679 1122 250 (22.3)
2009 24,791 1393 376 (27.0)
2010 20,761 681 130 (19.1)
2011 20,558 644 126 (19.6)
2012 19,957 975 109 (11.2)
2013 22,378 1178 242 (20.5)
2014 22,566 1135 120 (10.6)
2015 21,991 1193 163 (13.6)
2016 22,963 1267 182 (14.4)

The bolded numbers indicate that the total numbers of cases reported by the CBHI, DGHS
the number of cholera cases reported from a single hospital (ID Hospital, Kolkata).
was based out of West Bengal (14), followed by Maharashtra
(10), Odisha (10) and Delhi (7). Together, these four sites
accounted for 66% of the publications (41/62). Table 2 outlines
the frequency at which various SUTs contributed to the peer-
reviewed literature on outbreak of ABR cholera.

3.3. Under reporting of cholera

In eight out of the nine years between 2008 and 2016, the crude
estimates for cholera in IDH, Kolkata far surpassed the national
estimate mentioned in the NHP (CBHI, DGHS). The only year which
was an exception was 2010, when the national estimates sur-
passed the estimated crude cholera burden from the hospital.
Year-wise details are provided in Table 3 here.

3.4. Antibiotic resistance

The extent of resistance against ten common and clinically rel-
evant antibiotics was tabulated in the form of heat maps, as shown
in Fig. 3 here. Resistance to ampicillin was lower in earlier years
with a marked increase over time. Since 1999, almost all the stud-
ies have found a resistance rate between 75 and 100%. Resistance
against chloramphenicol shows the opposite trend. Although the
resistance rates have been low throughout, in recent years, the
resistance rates have been lesser than 25%. Resistance to cotrimox-
azole was low in the initial years, but since 1997, resistance rates
have been over 75%. Resistance against ciprofloxacin has been lar-
gely less than 25% throughout the whole period, with a few studies
showing an increasing trend since 2006. Similar trends have been
observed for norfloxacin, with studies since 2012 suggesting rates
of resistance in the 25–50% range. Nalidixic acid, a non-fluorinated
quinolone, in comparison to fluoroquinolones like ciprofloxacin
and norfloxacin, shows a very different ABR trend. Resistance rates
have been consistently greater than 75% since as early as 1998.
Studies throughout the period from the early 1990s have shown
very high rates of resistance against furazolidone—consistently in
the 75–100% range. Resistance against gentamicin has exhibited
the opposite trend, with rates lower than 25% throughout the per-
iod. Resistance against streptomycin, though measured in fewer
studies than the other antibiotics, has been consistently in the
75–100% range. Finally, an intriguing trend has been observed for
tetracycline, the drug of choice for a long time. Until as recently
as 2005, studies suggested relatively lower resistance rates, in
the 0–25% range, but in the last decade, resistance rates have been
steadily rising, with recent resistance rates in the 75–100% zone.

4. Discussion

Diarrheal diseases have been one of the most important causes
of morbidity and mortality, and cholera, which continues to be a
, Beleghata, Kolkata, with those mentioned in the corresponding year-wise National

) of Crude estimate of number of cholera
cases

Cases Reported by CBHI,
DGHS

4385 2680
6692 3482
3963 5004
4022 2341
2231 1688
4597 1130
2386 969
3004 913
3299 841

, which represents the national cholera case load, is lower than the crude estimate of
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Fig. 3. Heat maps of time versus emerging resistance trends in V. cholerae against
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These heat maps show the frequency with which publications report resistance
rates against particular antibiotics over time. Years where no publications have
reported rates of antimicrobial resistance have been considered to fall in the 0–24%
range; with the increasing number of publications reporting resistance rates within
a particular range, the color changes from green to yellow to red, where red cells
indicate the largest number of publications. A heat map with more green on the left
half of the heat map (covering the 0–24% and 25–49% ranges, as is seen for
cotrimoxazole, streptomycin and furazolidone) is indicative of an antibiotic against
which more studies report a higher proportion of resistant samples. Conversely, a
heat map with the red cells on the left side represents an antibiotic against which
studies report lower resistance rates (as is the case for gentamicin and
ciprofloxacin). This allows a qualitative assessment of the extent of resistance
against a particular antibiotic exhibited by V. cholerae isolates obtained from
samples collected during outbreak situations.
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pandemic threat, remains a major causes of acute watery diarrhea
[21]. Improved clinical management, particularly, early initiation
of fluid and electrolyte replenishment using Oral Rehydration Salts
(ORS) is one of the mainstays to prevent morbidity and mortality in
cholera [25]. Antibiotic therapy, in addition to fluid replacement,
substantially reduces the duration and volume of diarrhea [26].
TheWorld Health Organization (WHO) advocates giving antibiotics
only to patients of severe cholera [27]. However, contrary to WHO
recommendations, studies conducted by the International Centre
for Diarrhoeal Disease Research, Bangladesh (ICDDR,B) concluded
that antibiotic therapy should be considered for moderate cases
of cholera as well [24,28]. Patients of cholera who receive appro-
priate antibiotics are more likely to suffer from a shorter duration
of illness (50% reduction); excrete vibrios in the stool for fewer
days; require less rehydration fluids and recover earlier; and
require shorter in-patient care [7,29]. However, the long-term
impact of antibiotic therapy, especially with respect to the emer-
gence of plasmid-borne resistance in V. cholerae, has not been stud-
ied. We found 52 published instances of cholera outbreaks with an
ABR V cholerae in 27 SUTs of India. This is especially significant at a
time when global leaders have come together to commit to the
containment and control of ABR [13].

The current review yields some worrying trends, especially
with respect to emerging resistance patterns. There seems to be
an association between antibiotic consumption and emergent
ABR. This is obvious in the case of ampicillin, norfloxacin, ciproflox-
acin and tetracycline. The reverse trend is apparent in the case of
chloramphenicol. Chloramphenicol has had limited use in India
in the past decade due to the availability of more effective antibi-
otics, which have dosing regimens which are easier to adhere to,
and have fewer side effects. While this suggests that antibiotic
cycling or antibiotic rotation could be a potential strategy to
improve resistance profiles, previous clinical experiences, model-
ing studies, and guidelines do not support such a policy move
[31–36].

To further complicate the epidemiology of drug resistant cho-
lera, there is a wide range of drugs to which the pathogen can be
resistant. Since vibrios do not have stable plasmids and plasmid-
mediated mechanisms is one of the modes by which they may
acquire drug resistance, resistance patterns fluctuate [37–42]. This
observation is further supported by a number of reports noting the
presence of resistance against multiple antibiotics. In 2006, there
was an outbreak of multidrug resistant cholera in Odisha, followed
by another one in 2007 [30,31]; high degrees of resistance were
noted from samples examined in Kolkata between 2002 and
2010 as well [32,33].

A special concern has been the emergence and persistence of
drug resistant V. cholerae in endemic areas [45]. Inappropriate
antibiotic prescriptions for diarrhea patients, over-the-counter
(OTC) availability of antibiotics without valid prescriptions and
consumption of improper or incomplete antibiotic regimens have
further contributed to this emerging crisis [46–49]. Furthermore,
a lack of confidence in simple rehydration-based therapy for mild
and moderate dehydration prompts the indiscriminate usage of
antibiotics, either singly or in combination with anti-parasitic
drugs, which may be prescribed even without a strong clinical
suspicion of a parasitic infestation [36,37,50]. The utility of simple
rehydration solutions has been well-known for over two decades
now, and yet, people are loathe to rely on them [51]. This indis-
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criminate prescription of antibiotics happens because of the lack
of a proper understanding of the pathophysiology of diarrhea;
lack of faith in ORS as a therapeutic product; patients’ demand
for ‘‘active” interventions by doctors (medication, injections, pre-
scriptions for antibiotics, etc.); lack of time for dietary counseling
of patients and family members; financial incentives to prescribe
medications like antibiotics; and a lack of control on OTC avail-
ability of antibiotics [52,53,68]. The inaccurate prescription habits
of non-formal caregivers further intensifies the antibiotic selec-
tion pressure in endemic, vulnerable and underserved areas
[54,55].

Against this background, the development of efficacious oral
cholera vaccines (OCVs) presents an interesting policy alternative
[42,43]. A modeling study from Bangladesh revealed that cholera
transmission could be controlled in endemic areas with 50% OCV
coverage [58]. An especially interesting facet has been the explo-
ration of the effectiveness of single-dose based approaches.
Although there have been no studies to evaluate this approach in
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India, their effectiveness has been established in some other coun-
tries [59–63].

A recent review highlighted the fact that the institution of vac-
cination programs could potentially impact the emergence of ABR
through multiple avenues: vaccination can be active against resis-
tant strains, counteracting selection for resistance in vaccinated
individuals; reducing colonization and preventing the exchange
of genetic elements responsible for transmission of ABR; and
reducing transmission of infection, leading to lowering of antibi-
otic consumption and selection pressure. Furthermore, due to the
overall reduction of antibiotic consumption, there is likely to be
lower levels of selection for resistance in ‘‘innocent bystanders”
like commensal flora [64,67]. In an analogous example, the strat-
egy of vaccinating against Pneumococcus and Haemophilus influen-
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zae has led to the additional effect of mitigating the ABR threat in
respiratory bacterial pathogens [56,57]. This has prompted some
experts to advocate for investing in vaccines as a potential inter-
vention to reduce the burden of ABR in other pathogenic bacteria
as well [68,59,65,66].

An analysis of the SUTs from where a majority of the publica-
tions have stemmed reveals that the data is extremely skewed.
States with medical institutes that have a special interest in the
study of enteric infections figure in a disproportionately large
number of publications. This points to a deeper issue—the lack of
capacity in surveillance and research—that needs to be bolstered.
This is also indicative of the fact that publications are driven by
institutional mandates and not public health needs, which is exem-
plified by the divergence of the states which figure on the publica-
tions list versus the states which have reported higher number of
outbreaks. Further, it needs to be noted that a large number of out-
breaks of acute watery diarrhea has not been formally diagnosed or
attributed to a pathogen. Further, states with improved IDSP
infrastructure and diagnostic facilities are more likely to report a
higher number of cholera outbreaks, while at the same time, reach-
ing a final diagnosis successfully for a greater proportion of he
acute watery diarrhea outbreaks, thus introducing a reporting bias
in the given estimates.

Finally, another issue that needs to be addressed is the accuracy
of the reported data. Cholera is known to be massively under-
reported internationally, with previous studies from India reckon-
ing that there is an under-reporting of cases by a factor of at least
six [5]. Recent modeling estimates reveal that the highest number
of people susceptible to cholera reside in India, followed by Nige-
ria, China, Ethiopia and Bangladesh [1]. There remains a dissonance
between the at risk population, and the reported burden, indicat-
ing possibilities of under-reporting. However, it needs to be noted
that the model which arrived at these estimates used the popula-
tion based cholera incidence rates obtained from the Diseases of
the Most Impoverished (DOMI) cholera surveillance in Kolkata,
which dates back to 2005, and may not represent the current inci-
dence rates [69]. Virtually no cases have been reported from the
states along the Gangetic plains of northern India, pointing at a
divergence from the expected epidemiological trend, since these
are areas where more cases are expected to accrue. The heat map
(Fig. 2) highlights these findings, but also indicates to the underly-
ing lacunae in reporting rates.

As the admissions data from the IDH, Kolkata illustrates, under-
reporting could be a bigger problem, since, in eight out of the last
nine years, the crude estimate of the number of cases admitted to
the IDH far outweighs the national estimates reported through the
NHP. This calls for a more robust, transparent, and accurate
surveillance system [70]. Given the case definitions and outbreak
response triggers currently in use, it is also likely that the cholera
burden for pediatric age groups is also under-estimated. This fur-
ther strengthens the case for developing a sensitive surveillance
mechanism to identify the disease burden.

In the absence of a National Cholera Control Plan for India, this
review thus finds that understanding the true burden, and hotspots
of occurrence of cholera are gaps which need to be addressed
before comprehensive cholera control packages, as advocated by
the Global Task Force on Cholera Control, can be deployed at the
national level. Since India not only contributes the largest number
of at-risk population, but also, perhaps, bears a major proportion of
the true burden of cholera, without addressing these issues, the
aspirations to end cholera by 2030 are likely to remain unmet [71].

The current review indicates potential policy responses that can
be mounted to mitigate the emerging threat of ABR outbreaks of
cholera in India. However, the findings are limited by the fact that
there is a clear publication bias when it comes to reporting or pub-
lishing outbreak investigations. Although it is possible that even
with the under-reporting of cases, the trends would remain unaf-
fected, any under-reporting dwarfs the magnitude of the problem.
This further intensifies the challenge of creating an adequate and
appropriate investment strategy to combat the issue, since the real
problem is larger than what is reported. Further, the different stud-
ies cover different time periods, and utilize different methods to
estimate AMR burden. We have endeavored to incorporate all
studies identified in the screening procedure resulting in some
overlap. Since we have not been able to resolve this overlap with-
out loss of evidence or exclusion of identified studies, we have cho-
sen to present the data in a qualitative heat map rather than use
quantitative statistical measures for assessing time trends. Despite
these limitations, the current scoping review throws up findings
which are enough to raise concerns about the emerging threat of
ABR in cholera outbreaks, and points out gaps in the ongoing
surveillance system that need to be addressed.
5. Conclusions

Conventionally, antibiotics in combination with rehydration
therapy have been found to synergistically reduce the morbidity
and severity of illness in cholera patients. However, with the threat
of drug-resistant V. cholerae looming large, it seems to be more
prudent to consider vaccines as an alternative to reduce caseloads
as well as antibiotic selection pressure. There are no trials that
have compared the two approaches and their long-term impact
on the drug resistance profiles in V. cholerae isolated from cholera
patients, either in an outbreak situation or in an endemic area. We
need to better understand the additional benefits that may accrue
from a more conservative use of antibiotics with wider coverage
with OCVs. Modeled estimates posit that even modest immuniza-
tion coverages can lead to an appreciable reduction in the caseload.
Now is the time to nip the emergent issue of drug-resistant cholera
in the bud.
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Appendix A. Structured search strategies

PubMed
((‘‘Cholera”[Mesh] OR ‘‘Cholera Vaccines”[Mesh]) AND (‘‘Drug

Resistance, Microbial”[Mesh] OR ‘‘Drug Resistance, Bacterial”
[Mesh]) AND (‘‘Disease Outbreaks”[Mesh] OR ‘‘Epidemiology”[Me
sh] OR ‘‘Epidemics”[Mesh] OR ‘‘Pandemics”[Mesh])) AND ‘‘India”

Web of Science
TS = (cholera AND outbreaks AND antibiotic resistance AND

india)
MedInd/IndMed
cholera AND outbreaks AND resistance
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Appendix B. Inclusion and exclusion criteria

Inclusion Criteria

1. Study analyzing part or all samples sourced from an outbreak
2. Study site is in India
3. Studies based on clinical surveillance
4. Studies where Vibrio cholerae is one of several pathogens stud-

ied in an outbreak setting

Exclusion Criteria

1. Study relates to samples not originating from an outbreak.
2. Study not related to India
3. Study relating to describing the general epidemiology of ABR or

cholera outbreaks and not discussing ABR in cholera outbreaks
4. Outbreak reports which discuss the field epidemiology or out-

break investigation without assessing the ABR profile of isolates
5. Studies which solely focus on the characterization of the geno-

type of isolates without clarifying their impact on ABR profiles
of the pathogen

6. Studies based on environmental surveillance data or solely
studying isolates from environmental samples or sources with-
out relating the same to clinical cases or isolates or outbreaks.

7. Studies that focus solely on pathogens other than Vibrio cho-
lerae; Other vibrios are also excluded.

8. Studies about environmental Vibrio spp.

Appendix C. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.vaccine.2019.12.003.
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