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a b s t r a c t
Development of oral cholera vaccines (OCVs) experienced exciting times over the last two decades. A
two-dose OCV, found efficacious through field trials, has obtained license for use in India. However,
the current policy discussion revolves around ‘to use or not to use’ this vaccine covering entire population
in the country, which has its own cost implications. We conducted a systematic review to address this
conundrum. The disease burden and distribution, potential impact, programmatic issues, and competing
priorities were kept in consideration. Peer reviewed articles and ‘Integrated Disease Surveillance
Program’ data, generated by Government of India, were accessed. Our synthesis highlights that cholera
burden estimates for India have been hamstrung by their extrapolation from a single incidence study
conducted in Kolkata. Heterogeneity of 685 Indian districts regarding vulnerability to cholera is also obvious. Analysis of outbreak reports indicated that some settlements and sub-populations were more vulnerable to diarrhea/cholera than others. Infrastructure failure leading to contamination of drinking
water and behavioral issues were of concern. Investment in safe water, sanitation and hygiene (WASH)
and addressing inequity of health services pertaining to vulnerable population groups are the needs of
the hour. OCV could play an important role as one of the elements in such multi-component cholera prevention effort. OCV administration through public health system in Odisha identified logistic challenges,
with low uptake of the second dose at 46%, while 61% of the target population received the first dose. We
identified accumulating global evidence on the advantage and efficacy of single-dose based approach,
where the same OCV, as licensed in India, was used. The short-lasting nature of cholera outbreaks in
India also argue in favor of such pragmatism. Failure to implement multi-component prevention strategy
today runs the risk of perpetuating inequity, recurring cholera outbreaks in future, and its retinue of
costs.
Ó 2019 Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction
Cholera is an archetypal small intestinal diarrheal disease of
secretory nature1 leading to fecal loss of salt and water, at times
associated with vomiting and mild fever. As with other infectious
diseases, a spectrum ranging from healthy carriers, through individuals with mild affliction, to those experiencing massive outpouring
of watery stool exists. Such distribution of symptomatic versus
asymptomatic infections underlines that the disease expression is
modulated by acquired immunity and constitutional susceptibility.
Behind every overt case of cholera (mild/severe) in a community,
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1
It is important to note that enterotoxigenic Escherichia coli (ETEC) also presents
with similar clinical picture of toxigenic diarrhea as with cholera.

it is possible to identify 50 to 400 asymptomatic carriers who have
been exposed to the organism and demonstrate rising vibriocidal
titers [1]. The last 200 years of human civilization has witnessed
seven pandemics of cholera since 1817 [2].
Disease pathology [3,4], transmission dynamics [5,6] and use of
oral rehydration salt solutions (ORS) to alleviate the suffering and
mortality from cholera [7–9] have been extensively studied in
Indian subcontinent and beyond. Role of administration of antibiotic and intravenous fluid in severe cases [10] has also been critically examined. Cholera, however, has yet been successful in
evading such public health programs in India and comparable settings in Asia, Latin America and Africa. On the contrary, human
endeavors have triumphed in Europe and the United States of
America, although there was a time in history when London and
New York struggled to deal with deaths due to cholera [11,12].
Globally, developments around oral cholera vaccine (OCVs) over
the last two decades have been exciting [13]. A bivalent killed
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whole-cell cholera vaccine, proven safe and efficacious through a
cluster randomized trial in an Indian city, has received incountry licensure based on the trial results. No policy guidance
exists yet in the country regarding use of OCV. The ‘National Vaccine Policy 2011’, formulated by the Ministry of Health and Family
Welfare, Government of India, however underlines the need for
directing research and development efforts against major killer
diseases like diarrhea and pneumonia and also towards development of vaccines against diseases with outbreak potential such
as cholera, Japanese encephalitis, dengue and leishmaniasis.
Against this backdrop, we conducted the present systematic
review. Our aim was to critically examine the situation of cholera
in the country as captured in the recent past, which could inform
a policy discussion around relevance of OCV in India.
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2.2. Data extraction and analysis
A descriptive approach was adopted to characterize the attributes extracted in the form of a non-hierarchical list of issues.
At the next phase of analysis, aggregative approaches were
employed to collate various extracted issues into major themes.
Finally, using an iterative process of referring back to the original
studies from which the issues were extracted, we constructed a
framework (Fig. 2) that could facilitate the process of policy discussion. IDSP reports of cholera outbreaks from India (based on
clinical case definition in most and laboratory confirmation of
selected cases) were used in this effort and contributed to data
triangulation.
3. Results

2. Methods
3.1. Disease burden
We tailored our approach to Indian context since the determinants and drivers of cholera are known to operate largely on a local
scale, varying from setting to setting. Two complementary sources
of information were used – (a) publications in peer reviewed journals, and (b) outbreak data (number and geographical distribution)
reported weekly, and made available in the public domain by the
Integrated Disease Surveillance Program (IDSP) of Government of
India (2011–2015). As vulnerability to diarrheal diseases varied
at district-disaggregated level, IDSP data was analysed accordingly.
2.1. Literature search
2.1.1. Search strategy
We developed search strategies for two bibliographic databases,
PubMed and Embase. Articles published in English during a tenyear time period (January 2007-December 2016) were retrieved
to capture the recent developments and debates. Three broad categories were kept in consideration; epidemiology (including disease and economic burden), environmental determinants of
cholera, and interventions with a focus on OCV (including logistics
of vaccination). Using the ‘OR’ Boolean operator, we combined
terms related to these domains. This was then narrowed to identify
policy issues related to diarrhoea or cholera in India using the
‘AND’ Boolean operator. Similar terms were used to develop a
strategy for retrieving citations from Embase. We used the ‘/exp’
function in Embase with the keywords to maximize the output.
Similarly, we used the Medical Subject Heading (MeSH) terms for
relevant keywords, when available, to ensure a specific search in
Pubmed. Additionally, the Cochrane Library was searched for
reviews using ‘‘cholera” and ‘‘cholera vaccines” as MeSH terms.
Expert consultationsand manual search of bibliographies of the
identified articles were additional search strategies.
2.1.2. Screening of studies
Independent screening was conducted by two of us using the
online review management software, Covidence. The studies were
initially screened based on their title and abstract, followed by
screening of their contents. Conflicts in screening decision were
resolved through team discussion; duplicates were removed. We
excluded studies based on apriori selection criteria, such as not
related to ‘India’, and ‘epidemiology, public policy or environmental control of cholera and/or diarrhoea’; ‘studies focusing exclusively on animals’; ‘studies focusing on genetic characterization’;
‘acute diarrhoea caused by organisms other than Vibrio cholerae’
or ‘related to human immunodeficiency virus / acquired immunodeficiency syndrome (HIV/AIDS) and other opportunistic infections’.
Conference proceedings and non-peer reviewed articles were also
excluded. The process is summarized in Fig. 1.

A study cited that over 400 million people could be considered
as at risk of cholera in India. Of those at risk, 675,188 cases were
likely to occur, resulting in 20,256 deaths (3%) annually [14]. Most
of the case fatality rates (CFR) reported by IDSP [15] and other
community based investigations, have been, however, much lower
(<1%).The population-at-risk was computed in the aforementioned
burden-estimate study by using data on access to improved water
and sanitation facilities at the State level. Subsequently, the cholera case load was calculated by applying annual incidence data
obtained from a single population-based surveillance site located
in impoverished urban slums of Kolkata, to the ‘population-at-risk’
[16]. Access to improved drinking water source was defined as the
‘‘percentage of the population using any of the following as the
main drinking water source: drinking water supply piped into
dwelling, plot, yard or neighbor’s yard; public tap or stand-pipe;
tube well or borehole; protected dug well; protected spring; rainwater; bottled water plus one of the previous sources as a secondary source” [17].
3.1.1. Incidence of and mortality from cholera
Cholera incidence studies are scarce from India. The present
search could identify Kolkata as the sole site that participated in
two multi-country community-based studies and contributed incidence data. One of them was a three-year, prospective, agestratified, matched case-control study of moderate to severe diarrhea in under-five children named ’Global Enteric Multi-centre
Study’ (GEMS) [18]; the other was a population-based surveillance
for cholera in preparation for potential vaccine trials [19].
Weighted annual incidence of cholera per 100-child-years in GEMS
was 0 in age group 0–11 months, 1.6 in 12–23 months and 1.8 in
24–59 months. Annualized incidence per 100-child year in the
latter study was 0.86 in children aged <24 months, 0.62 in
24–59 months and 0.12 in those over 5 years.
GEMS estimated burden and etiology of diarrheal disease in
infants and young children in seven developing countries. Four of
the field-sites were located in four countries in Africa, one in each,
namely Gambia, Mali, Mozambique and Kenya. The three other
field-sites were located in Asia (Bangladesh, Pakistan and India,
one in each). We examined how Vibrio Cholerae ranked compared
to other specific diarrhea-genic pathogens. Age-stratified analysis
revealed that while Vibrio cholerae O1 was associated with 3.4%
(adjusted attributable fraction) of moderate to severe diarrhea
(MSD) cases and ranked 7th in 12–23 month age stratum. In higher
age stratum (24–59 month) it came up to the 4th rank and was
associated with 7.6% of MSD cases. Rotavirus topped the list in
both age groups, being associated with 25.4% MSD cases in the former and 14.5% in the latter.
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Fig. 1. Search output and data categorization.

3.1.2. Cost of cholera
Only one study could be identified during the ten-year period
(2007–2016) that examined cost of cholera at outpatient and inpatient settings [20]. The study estimated direct costs, in terms of
expenses related to treatment, transportation and subsistence of
caregivers. Indirect costs reflected lost productivity. Across all ages,
the average total cost of a hospitalized episode of cholera was (in
US$ 2005) US$ 35 in Kolkata, with patient costs and public costs
being US$17.9 and US$17.6 respectively. Indirect costs (US$11)
were higher than direct costs (US$6.8). Outpatient costs for an episode of cholera were lower (patient cost of US$3.7), and as public
cost of outpatient treatment were not available, the total costs
were not computed. Treatment costs were lower for children compared to adults, both for hospitalized cases (US$22.3 against US
$48.6) and outpatient treatment (patient cost of US$2.6 against
US$5.9). One-in-five households reported borrowing money to
pay for in-patient-treatment in Kolkata.
Most of the costs of illness studies have focused on under-five
children suffering from diarrhea. The estimates varied enormously
depending on the location (city/state) and type of care provided
(inpatient/outpatient, public/private/subsidized hospitals) precluding generalization at the national level [21–25]. The only study
that analyzed healthcare costs related to diarrhea in all ages, based
on the National Sample Survey 2006, pegged costs at INR 891 (US$
19.67 in 2006) [26].

3.2. District characterization
Following the World Health Organization (WHO) definition
[27], we identified endemic districts to be those that had reported
cases of cholera in at least three out of a five year period (2011–
2015) through IDSP. Moreover, based on the frequency of reported
outbreaks of cholera in a year in recent times (2011–2015), we
attempted to identify the districts demanding greater attention
despite their non-endemic status. Nineteen of 685 districts
(2.8%), spread over seven States/Union Territories (Chandigarh,
West Bengal, Kerala, Karnataka, Gujarat, Punjab and Haryana) were
defined as endemic. The map in Fig. 3 depicts state wise distribution of these districts. Seventeen (89%) of these 19 endemic districts along with 34 other districts (non-endemic) reported
multiple (two or more) cholera outbreaks in a year during this
five-year period.
3.3. Cholera outbreak - settings and spread
Of the 38 outbreak-related articles, published in peer reviewed
journals, two did not report relevant information; the rest were
used to describe clustering of cholera cases experienced by India
in recent times. All these outbreak investigations except one based
their diagnosis of cholera on laboratory confirmation of cases. Half
of these published outbreaks occurred in rural settings [28–45],
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Fig. 2. Decision path leading to policy framework development for OCV use in India.

more than 50% of which occurred during end of dry summer (May)
through July and Vibrio cholerae was implicated as the causative
organism. Scarcity of drinking water; use of pond water for bathing, washing utensils, washing mouth and even for cooking, were
associated with cholera outbreaks. The other identified ‘point’
sources for outbreak had been ‘an ice cream vendor catering to
those who fell ill’ [30], ‘unhygienic handling of milk and milk products by an individual who himself suffered from gastroenteritis’
[39], ‘afflicted individual travelling from one place to another, both
witnessing outbreaks in sequence’ [32,46], and ‘destruction of
embankment of irrigation canal during renovation of a nearby road
resulting in contamination of canal water by the accumulated
wastewater coming from a cholera afflicted neighboring village’
[39]. Tribal population residing in underserved rural areas have
also been recognized as population at risk of cholera [37]. Epidemic
curves during these outbreaks did not splay beyond 2–3 weeks
with ongoing intervention measures.
At times, natural disasters such as tropical cyclones coincided
with the aforementioned seasonality in the context of outbreaks
in rural setting [42,43,47], and compounded the issue by disrupting water supply systems and resulting in contamination with
sewerage. Disasters during other times of the year were marked
by torrential rains [29,37] or sudden changes in the course of a
river [48] causing floods and cholera outbreak during monsoon
(August-September). In such rare events, people in thousands were
affected and the epidemic curve spread over 4–5 months.
Only a third of the outbreaks reported from urban settings
occurred during June-July. The other outbreaks affecting urban
communities were spread over the year and in most of the

situations, leakage of drinking water pipes leading to contamination resulted in cholera [49–54]. The epidemic curves in these settings were also short lived (2–3 weeks) with interventions such as
fluid and salt replacements in cases and antibiotic use.
Vulnerability to cholera was noteworthy in labor settlements
[55,56], urban slums [57,58], workers in tea gardens [33,34], and
colonies inhabited by marginalized sections of the society [59].
Poverty, inequity in health services in these groups and underperformance of maintenance activities around water bodies, water
supply and sewerage system came to the fore in the discussions.

3.4. Environmental factors and individual practices
3.4.1. Climate and cholera
Ecologic studies identified association of climatic factors, such
as rainfall and humidity, with either change in hospital admission
of cholera cases [60] or isolation of Vibrio cholerae from stool samples received at the microbiology department of a hospital [61].
Records of cholera deaths were also used as an outcome measure
by some investigators [62]. Most of these studies identified positive correlation between rainfall, humidity and temperature with
the study outcomes. Environmental signatures have also been
linked with cholera epidemics. Analysis of rainfall data obtained
from satellites showed a significant relationship between the time
series for cholera in Kolkata [63]. Based on observed changes during 1980–2000, a study predicted that in northern India, the future
temperature conditions during 2030–2050, would result in considerable increases in the occurrence of diarrhea (by about 10%);
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Fig. 3. Cholera endemic districts in India (2011–2015).

other climate variables (humidity and precipitation) were predicted to have minor effects [64].

3.4.2. Infrastructure and macro-social issues
None of the studies dealing with infrastructure and macrosocial issues focused specifically on cholera and rather considered
diarrhea as the study outcome. Investigations related to infrastructure could be grouped under two heads – (a) water supply and (b)
sanitary (latrine) system. A prospective study in urban Karnataka,
comparing the effects of intermittent and continuous piped water
supply [65], found no significant difference in the occurrence of
diarrhea among under-five children, possibly due to point-of-use
water contamination during storage or through non-waterborne
routes. Another study from peri-urban Chennai highlighted two
important aspects; (a) although piped water was supplied, the
sources (reservoir wells) themselves were prone to contamination,
and (b) water was supplied for 1–2 h, once in five days, thus being
inadequate in quantity and forcing residents to store water for a
longer period potentially causing contamination. Studies also

detected contamination of pipe water in both rural and urban settings [66–68].
Two cluster randomized controlled trials, one in rural Odisha
and the other in Madhya Pradesh, assessed effectiveness of campaign on latrine usage and construction of latrine on childhood
diarrhea [69,70]. Although the mean village-level latrine use practice increased substantially in the intervention areas, no difference
was observed in prevalence of childhood diarrhea in either of the
studies. Another village-level intervention evaluating promotion
of hand washing with soap in rural Andhra Pradesh found that
the level of acceptance of the intervention was very heterogeneous
[71].

3.4.3. Micro-social and familial issues – Water and sanitation
We identified studies that examined association of occurrence
of diarrhoea or cholera with household level water storage,
handling and treatment. In urban slums of Kolkata, during
2008–2009, isolation of Vibrio. cholera O1 was three times higher
in drinking water samples from households in areas that reported

S. Panda et al. / Vaccine 38 (2020) A148–A156

outbreaks, compared to those from areas that did not [72]. A
double-blind randomized controlled trial in Odisha compared the
effect of household-level chlorination of drinking water (using
sodium dichloroisocyanurate or NaDCC tablets) with usual water
treatment practices [73]. After 12 months of follow-up, prevalence
of diarrhoea in under-five children, was similar in the two groups,
though faecal contamination of drinking water (indicated by coliform count) was lower in the intervention group.
Analysis of household-level data from the District Level Health
Survey - Round 3 (DLHS-3; 2007–2008) revealed that the odds of
contracting diarrhoea among children was 24% higher in households without improved sanitation compared to those in households with improved sanitation system [74]. Similar findings
were obtained in a study conducted in rural Western Maharashtra
[75]. A survey in slums of Odisha [76] found no difference in faecal
contamination of drinking water (indicated by presence of coliforms) or hand-rinse samples between households having individual latrine facilities and those with shared facilities, although
households with shared facilities were more likely to be poorer,
having less education, and more likely to practice open defecation.
3.5. Vaccine issues
Literature published within the last decade on vaccines against
Vibrio cholera have been plenty and have broadly discussed; (a)
injection preparations, and (b) oral vaccines. Historically, injected
vaccines against cholera preceded the oral ones. Although the trials
conducted with injection preparations (containing killed whole cell
or other inactive subunits) revealed low efficacy (around 50%),
unacceptable rates of adverse side effects, and shorter duration
of protection, a Cochrane review inferred that the efficacy and
duration of protection of these killed whole cell vaccines were
probably underreported [77]. Nevertheless, injected vaccines are
no longer in use or available and attention is focused on oral vaccines. Another systematic review of OCVs further highlighted their
safety and efficacy (50–60% in first two years after primary vaccination) for populations residing in cholera endemic regions [78].
3.5.1. Efficacy in trial setting
Globally available OCVs are of three types; (i) killed whole cell
(only) vaccine,2 (ii) killed whole cell with recombinant B subunit
vaccine,3 and (iii) live attenuated vaccine;4 of these three the first
one is licensed for use in India. The licensure was based on results
of a placebo-controlled, cluster randomized trial in which the two
doses of bivalent killed whole-cell (only) cholera vaccine, administered with a gap of 2 weeks in between, was shown to be safe, and
conferred 67% efficacy at two years against cholera severe enough
2
Trade names are Shanchol (ShanthaBiotechnics) and mORCVaX; both are bivalent
and have included O1 and O139 sero-groups of V. cholerae in the vaccine preparations.
While m-ORCVax is licensed for use in Vietnam only, Shachol was licensed in India in
2009 and subsequently obtained WHO-prequalification in 2011. [98] Since WHOprequalification, Shanchol has been increasingly used in campaigns in various
countries such as India, Bangladesh, Haiti, Solomon Islands, Thailand, Guinea, and
South Sudan and about 2.65 million doses have been administered [98].
3
The trade name is Dukoral, which is a monovalent vaccine and contains
V. cholerae O1 serogroup (both classical and El Tor biotypes and Ogawa and Inaba
serotypes) and recombinant cholera toxin B subunit (rCB). It requires coadministration with a bicarbonate buffer to protect the rCB component from the
destructive effect of gastric acid. The vaccine obtained international licensure in 1991
and WHO-prequalification in 2001 [99].
4
Licensed under the names Orochol and also Mutachol. This is a monovalent
vaccine and has incorporated V. choleraeO1 serogroup, classical biotype, Inaba
serotype. The genetically attenuated strain used to prepare this vaccine is CVD 103HgR [100]. Although the vaccines have been licensed, they are yet to be pre-qualified
by the WHO. The manufacturer (Erstwhile Swiss Serum and Vaccine Institute and
presently Crucell) has suspended the production of these vaccines. However,
VaxChora, produced by PaxVax, has been approved by the US FDA in June 2016 for
use in US travelers.
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to require treatment in a health facility [79] and 66% efficacy at three
years of follow-up [80]. Residents followed for a longer period to
assess the duration of protection of the vaccine revealed protective
efficacy of 65% (95% CI 52–74; p < 0.0001) at five years [81]. Herd
protection, potentially through reduced shedding of Vibrio cholerae,
was demonstrated in placebo recipients who lived in areas with
higher vaccine coverage (two dose OCV coverage of >28%), through
a Geographical Information System (GIS) based approach [82]. A cost
effectiveness analysis inferred that when vaccine herd protection
was not considered, deployment of the vaccine would be most cost
effective only in children aged 1–4 years. In contrast, after considering vaccine herd protection, all three programs (school going children belonging to 5–14 years age group, school based program
targeting all 1–14 year old and community based program covering
all persons of 1 year of age and older) were judged very cost-effective
[83].
3.5.2. Delivering OCV through public health system - an Indian
experience
Only one study used the existing public health system in India
to deliver two doses of OCV to a target population of 51,488 in
Satyabadi Block of Puri district in Odisha [84]. As diarrhea cases
were known to increase in this area in the monsoon season (July
onwards), the study team planned to complete administration of
two doses of vaccination by June 2011. Investigators described
the ’process’ in great detail with a clear account of logistic challenges such as resource mobilization for maintenance of cold chain,
increase in the number of vaccination booths by 2.5 fold compared
to that required during polio campaign (as the targeted age group
to be covered was much wider), and associated increase in requirement of trained health care workforce. Despite intensive campaign
and community mobilization, one dose of the vaccine was received
by 61% of the target population, and two doses by only 46% [84].
Adjusted protective effectiveness for individuals receiving both
doses was 69% and for those receiving one dose was 33% [85]. As
cholera incidence was not known for the State/district, the authors
did not assess the cost-effectiveness.
4. Discussion
During the present synthesis, we examined how we could best
use available evidences to inform policy discussion on the use of
OCV in India. The gaps in information were also identified and
characterized in terms of them posing hurdle on the path of decision making. Although under-reporting of cholera from India was
an echoing concern [86], efforts to refine earlier estimates were
constrained by the lack of incidence data from across the country.
Only a single incidence estimate of cholera, available from urban
slum in Kolkata was extrapolated to the whole country. On the
other hand, IDSP reports indicate that Indian States and districts
differ considerably in terms of experiencing cholera outbreaks.
Taking this reality as well as government reports into account,
we attempted to create a vulnerability map (Fig. 3). In addition,
synthesis of published articles helped us to describe the risk settings and situations for future intervention.
Except for those driven by natural disasters, none of the cholera
outbreaks in India persisted beyond 2–3 weeks. This is in contrast
with the recent outbreaks of cholera in other parts of the globe
[27,87,88] where V. cholerae struck cholera-naïve populations. Situations where cholera succeeded in making in-roads in different
pockets within districts in India have been described in published
articles and highlight that ’urban slums’, ’refugee camps’ ’labour
settlements’, ’marginalised section of the societies’ in rural setting,
impoverished tribal population’ and ’colonies of labours of tea
gardens’ are particularly prone. These descriptions reflect ’herd
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vulnerability’ in identified pockets within a district and may potentially inform policy makers for program design.
Macro and micro environmental issues like‘water supply
infrastructure’,‘sanitation (defecation practices and latrine ownership)’, ‘water storage and treatment at home’ and ‘hand hygiene
practices’ underlined the importance of structural and behavioural
interventions. Infrastructure related challenges included ‘resource
availability’, ’maintenance’, ‘inter-departmental synergy’, and ’regular overhauling’. Behavioural studies highlighted challenges pertaining to the sustenance of positive behaviour change. A
comprehensive prevention approach against cholera clearly needs
to integrate these issues, and OCV could be one of the components.
Evidence on the efficacy of a single-dose OCV deployed either at
the onset of an outbreak or prior to known peak season for cholera
was not available from India. However such studies conducted with
OCV (same as the one available in India) in various countries showed
its protective efficacy such as in Bangladesh (63%), a cholera endemic country as India, [89] and South-Sudan (87.3%) [90,91]. Such
an approach would have the advantage of reaching out to double
the number of individuals compared to the number reached with
two doses of the vaccine, and would also surmount the issue of
requirement of a second dose given after 14 days. The shortlasting nature of the outbreaks in endemic settings like India thus
poses the single-dose vaccine as a pragmatic program option.
In conclusion, two important program areas emerged from this
synthesis, (a) need for vulnerability mapping of population groups/
areas in priority districts by using existing in-country data and (b)
strengthening of diarrhoea/cholera surveillance system. As health
is a State subject, active participation of the respective State governments and district public health administration would be crucial in this regard. Moreover, engagement of community based
organizations, opinion makers and religious leaders would help
in ‘appropriate selection of population groups’, ‘refinement of vulnerability characterization’ and subsequent ‘institution of preventive interventions’. Deployment of OCV as part of such
prevention package would require making a choice between
‘single-dose vaccine administered at the onset of an outbreak or
prior to charted high season for cholera’ and ‘institution of twodose based OCV before a season commences’. The single-dose vaccine based cholera prevention approach is gaining ground through
modeling exercises as well as experiences from real-world settings
[89,90,92–94] and is logistically appealing. On the other hand, one
could argue that a two-dose schedule would have a long-term protection as documented through field trials.
At this policy conundrum, we maintain that the vulnerability of
various population groups to cholera and diarrheal diseases in
India is changing. Our assertion is based on the achievements of
‘Swachh Bharat’ (Clean India) [95] campaign. Moreover, improvements in the availability of adequate and safe water for rural population and effective solid and liquid waste management by local
village administration, with the aim to make India ‘Open Defecation Free’ [96] have also been remarkable. In this development
milieu, a multi-component prevention package with structural,
behavioral and single-dose of OCV appears to be appropriate for
vulnerable population groups and areas. The alternative option of
using two doses of OCV [97] is fraught with financial and logistic
implications. In contrast, the cost of inaction today could be lives
claimed by cholera in underserved areas, deepening of poverty
and inequity, and perpetual expenses tackling recurrent cholera
outbreaks in the future.
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