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ABSTRACT
World Health Organization recommends oral cholera vaccine (OCV) to prevent and control cholera, but
requires cost-effectiveness evidence. This review aimed to provide a critical appraisal and summary of
global economic evaluation (EE) studies involving OCV to guide future EE study. Full EE studies, published
from inception to December 2015, evaluating OCV against cholera disease were included. The included
studies were appraised using WHO guide for standardization of EE of immunization programs. Out of 14
included studies, almost all (13/14) were in low- and middle-income countries. Most studies (11/14)
evaluated mass vaccination program. Most of the studies (9/14) incorporated herd protective effect. The
most common influential parameters were cholera incidence, OCV coverage, herd protection and OCV
price. OCV vaccination is likely to be cost-effective when targeted at the population with high-risk of
cholera and poor access to health care facilities when herd protection effect is incorporated and OCV price
is low.
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Introduction

Cholera is an acute infectious disease caused by the ingestion of
bacteria Vibrio cholera O1 or less commonly O139, and transmit-
ted via a direct fecal-oral contamination or ingestion of contami-
nated water or food.1 Cholera remains as a significant but
neglected disease, disproportionately affects the health of impover-
ished populations in low- and middle-income countries (LMICs).2

In 2014, 190,549 cholera cases with 2231 deaths were reported to
World Health Organization (WHO), with 55% of cases originated
from Africa, 30% from Asia and 15% from Hispaniola.3 The offi-
cially reported cases represent only around 5–10% of actual cases
worldwide due to the poor surveillance systems and under-report-
ing motivated by fear of trade sanctions and lost tourism.3 Indeed,
a recent analysis estimated an annual global cholera burden of
2.9 million cases and 95,000 deaths in endemic countries, resulting
an overall case-fatality ratio (CFR) of 3.33%.4 A further 87,000 cases
and 2,500 deaths, with 2.87% CFR was estimated in non-endemic
countries.5

Only about 25% of cholera cases are symptomatic where 80–
90% develop acute watery diarrhea and 10–20% develop severe
watery diarrhea with vomiting.1 Diagnosis is confirmed by isolating
Vibrio cholera O1 or O139 from feces through laboratory testing,1

and new rapid diagnostics are becoming available in places where
there is a lack of laboratory facility.3 With proper treatment usually
through administration of oral rehydration salts or with antibiotics
in severe cases, the CFR is below 1%.1 If untreated, however, the
CFRmay reach up to 40%.1 To prevent and control cholera,WHO
recommends a multidisciplinary approach which involves key

measures of water and sanitation (W&S) interventions, health and
hygiene education, strengthening disease surveillance, and oral
cholera vaccine (OCV) vaccination campaigns in high-risk areas.2

As for most waterborne diseases, the provision of safe water and
sanitation is critical to control cholera to provide a longer-term
solution.6 However, it requires substantial long-term investments
and high maintenance costs which are difficult to fund and sustain
by these countries, especially in LMICs.7 In response to that, WHO
recommends OCV vaccination as it provides a short-term solution
to bring about an immediate effect to a potential cholera outbreak
while other longer term interventions are put into place.6 To help
control cholera, WHO has created a global stockpile of OCV to be
deployed for outbreak response and recommended that all age
groups to be vaccinated.6 However, given the high price of OCV,
cost-effectiveness is among other considerations to define the vac-
cination strategy including timing (e.g. before outbreak), target
population (e.g. targeting children only) and the setting (e.g.
school-based).6

Two types of OCVs, namely ShancholTM and Dukoral�,
administered through two-doses, are available internationally
and pre-qualified by WHO.6 ShancholTM contains killed whole
cells of V.cholera serogroups O1 and O139. It is distributed
through the stockpile for cholera emergency response, as it is
easier to use without the need of buffer and is less expensive
than Dukoral�.6 Dukoral� consists of killed whole cells of V.
cholerae serogroup O1, as well as recombinant B-subunit of the
cholera toxin. The cholera toxin component also provides short-
term protection against enterotoxigenic E. coli. Therefore,
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Dukoral� is used mainly as a traveler’s vaccine. Another vaccine
named as VaxchoraTM, an oral single-dose vaccine consisting of
an attenuated live V.cholera O1 strain (CVD 103-HgR), has
been recently approved as traveler’s vaccine in the United States.
In addition, two other cholera vaccines are also licensed in Viet-
nam (mORC-VaxTM) and Korea (Euvichol), which both of them
are nearly identical to ShancholTM.6

Prior to implementation of OCV vaccination, policy-mak-
ers would need information on economic evaluation (EE),
amongst many other criteria, to assess the costs and benefits
of adopting the new intervention. A number of EE studies
have been conducted, but there is a lack of critical appraisal
and summary. Previous systematic review.8 conducted on all
types of diarrheal vaccines only explored the general economic
value of diarrheal vaccines but did not go in depth to appraise
the analytical methods and assumptions applied in the EE
studies. Therefore, this review aimed to provide a critical
assessment of global EE studies, which can be used by WHO
to encourage vaccine uptake and also to guide future EE study
with sound methodology to help clinicians and policy makers
make the evidence-informed decision for adopting OCV vac-
cination implementation.

Methods

Data sources and search strategy
We electronically searched for relevant articles published from
inception to 31st December 2015. We searched MEDLINE,
EMBASE, Centre for Reviews and Dissemination (Database of
Abstracts of reviews of Effects, NHS Economic Evaluation
Database, Health Technology Assessment Database), EconLit,
Lilacs, Scielo, Red de Revistas Cient�ıficas de Am�erica Latina y
El Caribe, Espa~na y Portugal (Redalyc), Research Papers in
Economics (RePEc), CEA Registry, CABI (Centre for Agricul-
ture and Biosciences International) Global Health Database,
WHO Library Database (WHOLIS) and World Bank e-Library.
The search strategy was based on a broad combined search
string “cholera” AND “vaccin�” AND “cost�” OR “econom�”.
There was no language restriction. In addition, bibliographies
of relevant articles were examined to identify potential studies
not indexed in the aforementioned databases.

Study selection
Studies were included if they were full EEs evaluating OCV
against cholera disease only. Studies evaluating OCV for pre-
vention of other diarrheal diseases (e.g. traveler’s diarrhea)
were not included. Studies were screened by two independent
reviewers (SLT and SK). Initially, title and abstract of articles
were screened to identify potentially relevant studies. Thereaf-
ter, full-text of relevant studies were retrieved and reviewed.

Data extraction and quality assessment
Methods, assumptions, results and conclusions of the studies
were extracted by two independent reviewers (SLT and SK)
using a standardized data extraction sheet. Any disagreement
was resolved by discussion.

The methodological quality of each study was assessed by
two independent reviewers (SLT and SK) using WHO’s check-
list for appraising the quality of EE of immunization

programs.10 The main aspects assessed included analysis fram-
ing, costs and effects estimation, modeling, discounting, uncer-
tainty, and conclusion.

Data analysis
Data extracted was analyzed in accordance to the WHO guide
for standardization of EE of immunization programs.10

The costs were presented in USD2015 based on currency
exchange rate11 and average consumer price index.12 when
reported before 2015. The currency year was assumed to be the
same as the publication year if not stated.13

Results

Study selection

Our search yielded a total of 1262 potential from electronic
databases. 636 duplicates were removed. Of the remaining 626
studies screened, only 27 were relevant and retrieved to be
reviewed in full-text. During the full-text screening, only 14
studies met the inclusion criteria. The excluded studies were
not full EE studies (n D 10), and not evaluating on cholera dis-
ease (n D 3). The flow of study selection was illustrated in
Fig. 1. As a result, a total of 14 studies were included.

Country, funding and authorship
Almost all the studies (13/14)14–26 were conducted in LMICs
while one study (1/14)27 was conducted in high-income coun-
tries (HICs). Most studies (9/14)14,15,18–22,24,27 targeted a single
country, while a few studies (2/14)17,26 targeted a cluster of
countries, and three studies (3/14).16,23,25 with no specified
country. Of the studies with specified countries, they were
focused in Africa (6/11).15,17,19,20,24,26 and South Asia (5/
11)14,18,21,22,26 regions, with Bangladesh (4/11),18,21,22,26 India
(2/11).14-26 and Mozambique (2/11)24,26 being the most fre-
quently studied countries.

More than half of the studies (8/14) were funded by non-
government organizations where Bill and Melinda Gates Foun-
dation was the sole funder for 6 studies.14,15,20,22,24,26 while the
other 2 studies were funded by World Health Organization.17

and FUNCEI.27 respectively. One study (1/14)16 was funded by
a governmental agency (i.e. United States Agency for Interna-
tional Development). The remaining studies (5/14)18,19,21,23,25

were not funded.

Study type and perspective
The type of EEs were cost-utility analysis (CUA) (6/14)15,16,20–22,26

and cost-benefit analysis (CBA) (5/14),14,23–25,27 and cost-effective-
ness analysis (CEA) (3/14).17-19 The perspective taken were socie-
tal (6/14),14,20,22,24–26 healthcare provider (4/14),14,16,20,27 national
(2/14),17,18 and not specified (4/14)15,19,21,23 (Note: Two studies.14,20

adopted more than 1 perspectives). Of the CUAs.14-16,20-22 all
employed the outcome measure of Disability-Adjusted Life
Year (DALY), with the disability weight mainly adopted from
diarrhea28,29 as it was not available for cholera. The most recently
reported disability weight was 0.2.22, while 0.1.15,20,26 was most
commonly used in the EEs; an anomaly 0.9 was used in one EE16

and not reported for another EE.21 Of the CBAs, 3.14,23,25 included
value of statistical life (VSL).30 to capture the outcome measure.
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The characteristics of the included studies were summarized in
Table 1.

Vaccine type and study question
MORC-VaxTM (4/14)14,24–26 and Dukoral� (4/14)16–18,20 were
the two most commonly used vaccine in the studies, followed
with ShancholTM (2/14),21,22 CVD 103-HgR (1/14),27 and not
specified in 3/14 of the studies.15,19,23 Most of the studies
(11/14)14–17,20-26 targeted vaccination for mass population
involving children and adults, followed with adults only in one
study (1/14),27, and not specified in two studies (2/14)18,19 Pop-
ulation included in the studies were those at risk of endemic
cholera (7/14).14,18,20,22,24-26 affected by outbreak of cholera
(2/14)15,19 at risk of epidemic cholera (1/14),27 refugee residing
in camp (1/14)17, and not stated (1/14).23 One study (1/14)16

evaluated population at risk of both endemic and refugee with
epidemic risk, and another study (1/14)21 assessed population
at regions of low- to high- risk of cholera.

Five studies (5/14).14,15,18,20,27 compared OCV vaccination
with no vaccination, while four studies (4/14)16,19,23,25 com-
pared OCV vaccination to a single or multiple interventions of
W&S interventions. In addition, five studies (5/14) investigated
the EE of OCV vaccination by comparing different vaccination
strategies. The studies varied and compared the OCV vaccina-
tion strategies either by targeting population with different age-
cohorts and access to vaccination (3/5)22,24,26 or implementing
OCV vaccination at different timing (i.e. as preemptive (before
outbreak) or reactive (after outbreak)) (1/5)17. Another study
(1/5).21 compared the vaccination strategies by targeting

specific population groups by i) age and region, ii) age only, or
iii) region only.

Cost-effectiveness thresholds
Of the CUA and CEA studies (9/14), five studies (5/9)18,20–22,26

clearly defined the criteria for cost-effectiveness, which the
majority (4/5).20–22,26 used the criteria set out by the WHO
Commission on Macroeconomics and Health.31 where the ratio
of cost to DALY averted below 1 per-capita gross domestic
product (GDP) was considered ‘very cost-effective’ and under 3
per-capita GDP ‘cost-effective’, and one (1/5)18 used the cost
per death averted of comparator as a ‘cost-saving’ benchmark.
The remaining studies (4/9)15–17,19 did not mention about the
cost-effectiveness threshold criteria.

Modeling structure
Only two studies (2/14)19,22 used a dynamic transmission
model to assess the EE of OCV vaccination. One study (1/14)21

used mixed integer programming model, where CUA was con-
ducted in addition to the analysis determining the optimized
OCV distribution strategies. The remaining studies (11/14)
applied static models where one (1/11)17 was decision tree
model, and the others (10/11).14–16,18,20,23–27 were not clearly
stated, but likely to be simple calculation method.

Herd protection effect
Herd protection effect is the indirect protection effect whereby
if there are relatively more people being vaccinated, there is a
decrease in the proportion of infectious people who will come

Figure 1. Flow of study selection.
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into contact with a susceptible.10 Herd protection effect of OCV
vaccination was incorporated in nine studies
(9/14).14,15,19,20,22–26 Five studies (5/9).15,19,22,25,26 used the data
reported in previous dynamic model to estimate the herd pro-
tection effect, three studies (3/9).24–26 used surveillance data,
one study (1/9).20 used observational study, one study (1/9).25

used previous EE study, while the other two studies (2/9).14,23

did not specify the data source (Note: Two studies.25,26 used
more than one data sources). The methods used to incorporate
herd protection effects was either by dynamic transmission
model (2/9),19,22 additional scenario (assumed a certain propor-
tion of case averted in addition to the direct effect from vacci-
nation program) either in the model (5/9).14,15,20,23,24 or in
sensitivity analysis (2/9).25,26 Only two studies (2/9) clearly
reported herd protection effect estimations which were
0–33% 26 and 60–100%.25 cases averted in addition to the num-
ber of cases prevented from the OCV direct effect.

Epidemiological parameters
The incidence of cholera assumed in the studies ranged from
0.1.25 to 11.21 per 1,000 persons per year. One study varied the
incidence of cholera from 0 to 4.18 to assess the cost-effective-
ness of vaccination. Most studies (4/14).14,20,23,27 presented the
estimates in general, by age-cohort (3/14).24-26 by different
areas (1/14).22 by different age-cohorts and areas (1/14),21 and
by different population characteristics and age-cohorts (i.e. ref-
ugee or population at risk) (1/14).16 Four studies (4/14).15,17-19

did not report about incidence. CFR was reported in almost all
studies (12/14).14–18,20–26 which ranged from 0.01%.17 to
20%.15,18 while two studies (2/14).19,27 did not report about the
CFR estimate. The most common data source used to derive
the incidence rate and CFR was literature calibrated to local
data, followed with local data, and adaption from previous EE.
In addition to cholera, there were 3 studies (3/14).16,23,25 which
also included the incidence rate and the CFR for diarrhea where
the incidence rate ranged from 0.2.16 to 1.4.25 per person per
year, and CFR ranged from 0.04%.25 to 0.12%.25. The cost of
cholera per case was reported in 9 studies14,19,20,22-27 which
ranged from USD6.0914 to 88427 (See full details in Appendix 1
and Appendix 2; Note: All studies reported cost in USD, there-
fore there was no need to convert currency).

Vaccine coverage
Most of the studies (12/14).14-17,19,20,22-27 specified the vaccine
coverage where the estimate varied considerably while the other
two studies (2/14).18,21 did not specify. One study (1/12).22 var-
ied the vaccine coverage from 0 to 100% to assess the cost-effec-
tiveness of vaccination while the others (11/12).14–17,19,20,23-27

used the range from 10 to 80% based on the data sources used
including literature, local data and previous models or assump-
tions. (See full details in Appendix 1)

Vaccine effectiveness
For vaccine effectiveness, the majority of the studies
(9/14).15-17,19-22,24,25 clearly specified the data sources used to
derive the estimate, three studies (3/14).18,26,27 derived the
estimate based on assumption, while the remaining studies
(2/14).14,23 did not specify. The estimate derived from random-
ized controlled trials (RCTs) and systematic review of RCTs

was 65% overall for 2 studies.21,22 The effectiveness estimate
derived from observational studies.16,17,24, field trials16,17,24 and
previous models.15,25 or based on assumptions.18,26,27 ranged
from 25 – 93%. (See full details in Appendix 1)

Vaccine duration
Most studies (5/14).14,20,24,26,27 applied the analytical time hori-
zon of 3 years, followed by two studies (2/14) for 1 year,16,22

and one study each for 8 years (1/14)21, 2 years (1/14)17, and
lifetime (1/14)19, while four studies (4/14).15,18,23,25 did not
specify the time horizon. The analytical time horizon was the
same as the vaccine protection years for half of all studies
(7/14).14,16,17,20,24,26,27 ranging from 1–3 years.

Vaccination costs
Of all the included studies, the cost per fully immunized person
ranged from USD0.52.18 to 18.2719 Vaccine cost per dose esti-
mated in the studies ranged from USD0.55.14 to 5.52.20 with
administration cost per dose ranged from USD0.37.27 to
2.95.16. Four studies (5/14).14–16,24,26 included wastage rate of
vaccine in the cost estimates with an estimated 10% of wastage
(4/5)14–16,24,26 while one study (1/5)14 did not specify how the
wastage rate was accounted for. The remaining studies
(9/14)17-23,25,27 did not consider wastage rate of vaccine. Three
studies (3/14)14,24,25 also captured the costs for patients and
their family to obtain vaccination which ranged from
USD0.07.14 to 0.44.24 per dose, and another study which
expressed in 0.25 – 1.25 hour per dose.,25 both of which were
based on unpublished data and assumptions (See full details in
Appendix 2).

Discount rate
Of the studies which specified the time horizon of longer than a
year (8/14), five studies (5/8) applied.14,17,24,26,27 a discount rate
between 3 to 10% to costs only, while one (1/8)20 applied 3%
discount rate to the benefits only and one (2/8)19,21 did not
apply discount rate to either cost or benefit.

Quality of studies
Out of the 14 studies, 13.14–17,19–27 has clearly described the
study question. Most studies clearly described the measurements
and methodology used for cost (12/14)14,16,17,19–27 and effects
(10/14)14–16,19,20,22–26. For the methods used for data analysis, most
of the studies (10/14)14,17,19–26 described clearly the methods and
the structure of the model. Almost all studies (13/14)14–18,20–27 had
conducted sensitivity analyses. All studies.14–27 clearly justified the
conclusion of the study based on the study results.

Economic value of OCV vaccination

Compared to no intervention. Of the 5 studies which com-
pared OCV vaccination to no vaccination.14,15,18,20,27 four (4/5)
found OCV vaccination to be either cost-saving.15,18 or with
positive benefit-cost ratio14,27 while one (1/5)20 found that it
was not cost-effective. The study 20 which found vaccination to
be not cost-effective had a much higher cost of vaccination
with USD7.01 per fully immunized person while it ranged from
USD0.52 to 6.05 in other studies.14,15,18,27 (See Table 2 for the
details of the results).
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Compared to other interventions. Of the 4 studies which used
the comparators of W&S interventions, all.16,19,23,25 found that
OCV vaccination was not cost-effective. One study.25 found
that, if OCV vaccination was followed with W&S intervention,
the result turned out to be cost-effective. However, notably, a
higher end of vaccination cost per fully immunized person
were used in the studies.16,19,23,25 which ranged from 6.81.23 to
18.31.19 (See Table 3 for the details of the results), compared to
those studies.14,15,18,27 which have found OCV vaccination to
be cost-effective.

Different vaccination strategies. Five studies investigated the EE
of OCV vaccination with different vaccination strategies and with
varying conditions. One study.22 found that OCV vaccination was
cost-effective when targeted to specific groups including popula-
tion in districts or hotspots with high-risk of cholera, children
below 15 years old, and area where the population had poor access
to health care facilities. Another study.17 which investigated the
population in refugee camp, found the incremental cost per case of
cholera was lower when vaccination was implemented preemp-
tively (at the inception of refugee camp in this case) compared to
after the outbreak. Two studies found that when herd protection
was included, vaccination was cost-effective.26 or yielded positive
benefit-cost ratio.24 either by implementation in the school or com-
munity with specific age-groups targeted or including all ages. One
study.21 found that when CFR was 0.5% (the lowest), with vaccine
price of USD0.9 per dose (themaximum) andwhen the investment

was fewer than 8 years (assuming 20million doses annually), OCV
vaccination targeted at i) specific age-group and region, ii) specific
age-group, and iii) specific region were all cost-effective. The details
of the results were summarized in Table 4 while the full extended
results for all comparisons can be found in Appendix 3.

Sensitivity analysis
Most studies (11/14)14-20,22,24,25,27 performed one-way sensitiv-
ity analysis, followed with threshold analysis (3/14)15,26,27,
probabilistic sensitivity analysis (PSA) (2/14)23,25, and no sensi-
tivity analysis (1/14)21 (Note: Three studies.15,25,27 conducted
more than 1 sensitivity analysis). The most commonly
reported influential input parameters were cholera incidence
(11/14)14–18,20–22,24,25,27, vaccine coverage (7/14)14,16,17,21-24,
herd protection and vaccine price (6/14)15-18,20,21 (Appendix 4).

Discussions

Our review revealed that the data and model structure used in the
EE sources varied considerably, therefore comparison across stud-
ies is difficult. However, EEs which compared OCV vaccination
with no interventionweremost likely to report cost-effective results
even when herd effect was not incorporated. When comparing
between different vaccination strategies, OCV vaccination was
more likely to be cost-effective when targeted at area with high risk
of cholera, population with poor access to health care facilities, or
children below 15 years old, herd protection effect was

Table 3. The characteristics and results of studies which compared oral cholera vaccine vaccination with other interventions.

Author Murray 199816 Whittington 201223 Jeuland and Whittington 200925 Sardar 201319

Comparator 1) Vaccination alone 1) Cholera vaccination 1) School-based vaccination (SV) 1) Vaccination
2) Drinking-water and

sanitation (W&S)
2) Handwashing 2) Community-based

vaccination (CV)
2) Promoting hand-hygiene and

clean water distribution
3) Outpatient treatment 3) Total sanitation campaign 3) Borehole C hand pump 3) Treatment
4) Inpatient treatment 4) Chlorination 4) Biosand filter 4) Sanitation
5) Vaccination C W&S 5) Biosand filters
6) W&S C Treatment 6) Long-lived insecticide-

treated bed nets
Type of model; Herd effect Static; No Static; Yes Static; Yes Dynamic; Yes
Cost-effectiveness threshold

defined?
No NA NA No

Results Not cost-effective Not cost-effective Not cost-effective (Cost-effective
if SV or CV was followed with
either one of the W&S
interventions.)

Not cost-effective

Incidence (per 1,000
population per year)

1) Refugee: 2 All cases: 0.1 -4 NS
Age <5 years: 40%; Children only: 0.1 – 9
Age D >5 years: 56% Diarrhea: 0.4 – 1.4 per person-

year2) Population at risk:
Age <5 years: 40%;
Age D >5 years: 35%
Simple diarrhea for both

population:
Age <5 years: 2.6
Age D >5years: 0.2

Coverage 50–80% 10 – 80% 10–80% 35%
Effectiveness 1) Refugee: Cholera reduction is a

function of uptake
Cholera reduction is a function

of uptake
67%

Age <5 years: 40%;
Age D >5 years: 56%
2) Population at risk:
Age <5 years: 40%;
Age D >5 years: 35%

Cost per fully immunized
person (USD 2015)

11.35 (Refugee), 9.47 (Population
with endemic cholera)

1.44 – 6.81 1.54–7.2 7.10, 18.27 (high emergency)

NA, Not applicable.
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incorporated, or/and vaccine price was low. All EEs which com-
pared OCV vaccination with W&S interventions found OCV vac-
cination to be not cost-effective. Therefore, the results support the
WHO recommendation where amultidisciplinary approach is cru-
cial to control cholera in a long-run but in case of potential out-
break, OCV vaccination with aforementioned strategies is a cost-
effective approach to provide immediate effect. As this systematic
review is aimed to serve as a guidance for future EE on OCV, a
number of methodological issues are discussed in the following
sections.

In order to perform EE in a way to represent real-world sce-
nario, EE studies should be designed in accordance with WHO’s
guidance for planning and use OCV in mass immunization cam-
paigns.1 For example, in area with endemic cholera, it is recom-
mended that all population at risk (> 2 years for Dukoral�, and
>1 year for ShancholTM) should be vaccinated. EE would bemean-
ingful if comparison is made between age-cohorts (i.e. children vs
adults or children vs all ages) or between settings with different
access of health care facilities in order to provide informationwhich
population is with higher priority especially when budget is in con-
straint. Otherwise, comparisonmade only betweenOCVor no vac-
cination approach without considering different population would
lead to a result which cannot be applied in real-world scenario.

Performing sensitivity analysis in the EE studies is important as
the real-world data in terms of burden of disease of cholera and the
impact of OCV are scarce and hence the input assumed carries sub-
stantial uncertainty. According to our review, we identified the
most influential input parameters to be cholera incidence, vaccine
coverage, herd protection and vaccine price. However, this finding
should be interpreted with caution as it was based on only those
parameters tested and reported in the studies. Nevertheless, per-
forming sensitivity analysis with these input parameters is essential
to produce robust results. The range of estimates of these input
parameters can be referred to the estimates reported in this review.

The herd protection effect of OCV vaccination has been evi-
denced especially when it is implemented as a mass vaccination
program.32 The use of dynamic transmission model to capture
the effect would be ideal but it requires complex technical
expertise. However, in this review, we identified studies which
incorporated herd protection effect by performing sensitivity
analysis by adding additional cases averted in addition to the
number of cases prevented from the OCV direct effect. In fact,
the assumption is not realistic as it does not mimic the trend of
transmission reduction. Nevertheless, incorporating herd pro-
tect effect is crucial to prevent the underestimation of the bene-
fits of vaccination. Therefore, estimating the herd protection
effect in this way is a potential solution when there is a con-
straint in the expertise capacity.

The conventional EE normally captures the benefits of inter-
vention specific to health outcomes only which have been
observed in this review. However, recent guidelines have stressed
the importance to include the broader benefits in terms of child
development, household financial security and economic devel-
opment especially when childhood vaccination is involved
(which applies to OCV vaccination).33 In addition, there has
been an argument that CBA with the incorporation of VSL is
advantageous to capture the non-health benefits and financial
risk protection offered by vaccination.30 in contrast to the prefer-
ence of the WHO’s recommendation.10 to use cost-utility

analysis (CUA) for EE of immunization programmes. Neverthe-
less, future EE should consider incorporating the broader benefits
issue to prevent the underestimation of OCV vaccination.

The most commonly employed cost-effectiveness threshold
of the included studies was the GDP-based thresholds of 1 time
and 3 times of GDP per capita.31 This method gives the value
for money indication of the intervention with the specified set-
ting in the model. Therefore, using it as a stand-alone criterion
as a decision rule to fund the intervention or not has been
largely discouraged.34 as it lacks other considerations relevant
to local settings for decision-making. Therefore, future studies
are encouraged to use a multi-criteria decision analysis consid-
ering not only the cost-effectiveness information but also bud-
get impact, fairness, and feasibility among other considerations
considered important in the local context.34

Despite performing an exhaustive literature search, there
might be unpublished study that we were unaware of. Although
we did not apply language restriction, we have identified only
English literature. There are potential studies which were pub-
lished in other languages which could be identified, if we have
broadened our search term using other language or searched in
non-English journals.

In conclusion, our review found that OCV vaccination is poten-
tially cost-effective as part of the prevention and control measure
of cholera when targeted at the population with high risk of cholera
and poor access to health care facilities and when OCV price is
low. Nevertheless, when applying this result in specific context,
attention should be paid to the EEs which have employed the input
parameter and methodology which are applicable to the corre-
sponding context. Methodological issues in terms of using the
appropriate comparator, addressing uncertainty of input parame-
ters, incorporation of herd effect and broader benefits of vaccina-
tion should be addressed. This review provides supporting
information to policy-makers when considering OCV vaccination
as a sound intervention and to prevent the underutilization of
OCV. The findings in this review will be used as foundation for
development of WHO guidance on EE study for OCV to guide
future EE study.
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