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Abstract 

Background: Oral cholera vaccines (OCV) have been recommended as additional measures for the prevention of 
cholera. However, little is known about the cost‑effectiveness of OCV use in sub‑Saharan Africa, particularly in reactive 
outbreak contexts. This study aimed to investigate the cost‑effectiveness of the use of OCV Shanchol in response to a 
cholera outbreak in the Lake Chilwa area, Malawi.

Methods: The Excel‑based Vaccine Introduction Cost‑Effectiveness model was used to assess the cost‑effectiveness 
ratios with and without indirect protection. Model input parameters were obtained from cost evaluations and epi‑
demiological studies conducted in Malawi and published literature. One‑way sensitivity and threshold analyses of 
cost‑effectiveness ratios were performed.

Results: Compared with the reference scenario i.e. treatment of cholera cases, the immunization campaign would 
have prevented 636 and 1 020 cases of cholera without and with indirect protection, respectively. The cost‑effective‑
ness ratios were US$19 212 per death, US$500 per case, and US$738 per DALY averted without indirect protection. 
They were US$10 165 per death, US$264 per case, and US$391 per DALY averted with indirect protection. The net cost 
per DALY averted was sensitive to four input parameters, including case fatality rate, duration of immunity (vaccine’s 
protective duration), discount rate and cholera incidence.

Conclusion: Relative to the Malawi gross domestic product per capita, the reactive OCV campaign represented a 
cost‑effective intervention, particularly when considering indirect vaccine effects. Results will need to be assessed 
in other settings, e.g., during campaigns implemented directly by the Ministry of Health rather than by international 
partners.
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Introduction
Cholera remains endemic in many areas of the world 
that have poor water, hygiene and sanitation access, and 
unsafe food practices, particularly sub-Saharan Africa 
[1–3]. Over the long-term, improvements in water, 

hygiene, and sanitation will reduce cholera burden [4, 
5]. Yet, these will take decades to achieve in the world’s 
poorest communities [6]. Oral cholera vaccines (OCV) 
have been prequalified by WHO and may be used as an 
interim and synergistic measure to mitigate cholera dis-
ease burden [7].

There is an abundance of literature demonstrating 
the protective efficacy of the low-cost Shanchol vaccine 
[8–12]. Because of this, recent years have witnessed an 
increased routine utilization of Shanchol oral cholera 
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vaccine in settings where cholera is endemic. More nota-
ble was the increased usage of the aforementioned vac-
cine to rapidly mitigate ongoing cholera outbreaks in 
emergency contexts such in Lake Chilwa, owing to its 
reduced cost per dose [13].

From December 2015 to August 2016, 1 256 chol-
era cases were notified in the area surrounding Lake 
Chilwa, mainly in fishing communities. In response, the 
Malawian Ministry of Health, supported by the World 
Health Organization (WHO) and international partners, 
including Agence de Médecine Préventive and Médecins 
sans Frontières, conducted a reactive vaccination cam-
paign in three administrative districts, including Mach-
inga, Phalombe, and Zomba in addition to strengthening 
surveillance, case management and water and sanitation 
improvements. All three districts had an estimated total 
population of 1,895,625 inhabitants in 2016. The vaccina-
tion campaign targeted in total 90,000 individuals aged 
more than one-year-old, including pregnant women. The 
first round of the campaign was held between 16 and 22 
February 2016 and begun the same day in the three set-
tings. The second round of the campaign was conducted 
between 8 and 15 March 2016.

The costs of the reactive vaccination campaign and vac-
cine delivery per dose, as well as household and health 
facility costs for treating cholera have already been pub-
lished by the authors [14, 15]. However, little is known 
about the cost-effectiveness of Shanchol vaccine use in 
sub-Saharan Africa, including during reactive outbreak 
contexts. The aim of the present study was to investi-
gate the cost-effectiveness of Shanchol vaccine use in 
response to the outbreak in Malawi.

Methods
Ethics statement
The cost-effectiveness analysis was part of the campaign 
monitoring and evaluation activities approved by the 
MoH and partners, including the Polytechnic in Blan-
tyre, Médecins Sans Frontières and the French Agence 
de Médecine Préventive. Participants provided written 
informed consent prior to interviews.

Population and setting
The OCV campaign was implemented in Machinga, Pha-
lombe, and Zomba. During 2014, the three Malawian dis-
tricts had an estimated combined population of 1,733,250 
inhabitants [16]. Health services were mainly delivered to 
these communities through health posts, clinics, health 
centers, and hospital facilities. Lake Chilwa is used 
by people living on and around it as a source of drink-
ing water, for bathing, and as a toilet. As a consequence, 
fecal contamination levels were high [17]. Of the total 
Malawian population, 59% and 10% had no sustainable 

access to improved sanitation and safe drinking water 
sources, respectively [18].

Data collection aspects
Data collection was conducted from February to March 
2016, using structured questionnaires. The assessment of 
the treatment cost of cholera to households and health 
facilities gathered data retrospectively, while that of the 
reactive immunization campaign used retrospective and 
prospective approaches. The treatment costs of cholera 
to households were elicited by interviewing the head of 
household or the main patient’s caregiver, while costs for 
health facilities were obtained by interviewing the health 
personnel, and reviewing cholera care registries. The 
reactive immunization campaign costs were extracted 
from programmatic documents, microplanning, budget, 
and financial reports of institutions that supported the 
implementation of the campaign. All cost data were pre-
sented in US dollars based on annual conversion rates 
from OANDA (http://www.oanda .com/curre ncy/conve 
rter/) [19].

Measurement of cholera costs to the household and health 
facility
Costs borne by households for the treatment of cholera 
were analyzed from a sample of 100 patients’ house-
holds. To minimize recall biases, eligible patients were 
cases presenting to cholera treatment centres with an 
infectious disease characterized by intense vomiting and 
profuse watery diarrhea, regardless of vaccination sta-
tus, that received care over the previous five weeks. Col-
lected data encompassed direct and indirect costs borne 
by patients’ households. Direct treatment costs included 
out-of-pocket medical and non-medical costs while indi-
rect costs included wage losses due to the number of days 
absent from work for currently employed persons.

The treatment cost of cholera to the health facility was 
measured at selected four cholera treatment centers and 
one district hospital that managed cholera. Only direct 
costs, including staff, medicines, and consumables, were 
analyzed. The ingredient approach was used to estimate 
quantities and prices of items used to treat cholera. 
Interviews were also conducted with health personnel 
to investigate the time spent treating cholera patients. 
Details of the cost-of-illness study to household and 
health facility are available elsewhere [15].

Measurement of immunization costs
The immunization campaign, implemented from Febru-
ary 16–22 and March 8–15, 2016, targeted 90,000 indi-
viduals aged more than one-year-old, including pregnant 
women. Costs incurred for the conduct of immuniza-
tion activities were collected to assess both vaccine and 
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delivery costs per fully immunized person. Data collected 
included vaccine, personnel, perdiems, material, equip-
ment, transportation, rental, catering, operating costs, 
wasted vaccines, and miscellaneous costs. A detailed 
description of the costing assessment has been published 
elsewhere [14].

Data management and analysis
Treatment costs of cholera to households and health facilities
The average treatment cost of cholera to households was 
estimated by computing the average cost among patients. 
The treatment cost of cholera per household was esti-
mated as the sum of direct out-of-pocket expenses in 
medicines and consumables before hospitalization, plus 
direct and indirect costs borne during hospitalization. 
Direct medical and non-medical costs were estimated as 
the sum total of incurred costs before and during hospi-
talization, while indirect costs were only estimated for 
those who were working, based on self-reported total 
reduction of income due to the inactive period induced 
by the cholera episode.

The average treatment cost of cholera to health facili-
ties was obtained by calculating the mean costs across 
three categories of patients treated for cholera (hospi-
talized for less than 12  h and discharged; hospitalized 
for more than 12  h and discharged; and deceased dur-
ing hospitalization). The treatment cost by category of 
patients was obtained by adding up personnel, drugs, 
and consumables used to treat cases. The estimated cost 
for each category of personnel was based on time spent 
treating a cholera case and staff category income level. 
The total personnel cost was obtained by adding-up these 
estimates. Similarly, the cost of each drug and consum-
able used in treating a patient was obtained by multiply-
ing the units of each input by its price. The total cost of 
drugs and consumables was then calculated as the total 
sum spent on these items by category of patients.

Immunization costs and unit delivery costs per fully 
vaccinated person
The total incurred economic cost for the immuniza-
tion campaign was obtained by adding-up financial and 
opportunity costs of capital resources. The financial cost 
was estimated as the sum total of costs incurred for all 
immunization related activities. The total cost for each 
immunization activity was obtained by adding up the 
total costs of all inputs used for that given activity. Total 
cost of a given input was calculated by multiplying quan-
tities used by the corresponding unit price for recurrent 
inputs, and annualized before being accounted for some 
equipment such vaccine carriers and cold boxes. Oppor-
tunity costs covered some equipment and civil servants’ 
time. Civil servants’ time costs were accounted for by 

multiplying the corresponding daily wage of each of these 
human resources by the corresponding time involved. 
The unit economic cost of vaccine delivery per fully vac-
cinated person was estimated by dividing the total eco-
nomic cost of the immunization campaign, excluding 
vaccine procurement and shipment, by the total number 
of people receiving the complete vaccine doses.

Cost‑effectiveness evaluation
The cost-effectiveness analysis was evaluated using VICE, 
the Vaccine Introduction Cost-Effectiveness calcula-
tor [20]. VICE is an Excel-based model for estimating 
the cost-effectiveness of vaccination programs. Though 
initially designed for the calculation of the cost-effec-
tiveness of oral cholera vaccine introduction, the model 
is applicable to any disease interventions in various set-
tings. Upon entry of needed individual parameters into 
the model, three metrics, including the net cost per: 1) 
case; 2) death; and 3) DALY averted were automatically 
generated. The net cost was estimated as the total reac-
tive immunization costs minus household and health 
facility cost-of-illness averted by immunization. The 
denominators for the cost-effectiveness ratios were esti-
mated for the entire immunization program. The estima-
tion of DALYs took into account both morbidity (years of 
healthy life lost to disability, YLD) and mortality (years 
of life lost to premature mortality, YLL) due to cholera. 
Consistent with previous research, the following five-step 
equations were used to calculate the total DALYs averted 
[21, 22].

(1) YLD  avertedi,t = {[(1-CFRi)*VEfft*Coveri*Inci]*Leng
th*DALY9 weight}

(2) YLL  avertedi,t = {[(CFRi*VEfft*Coveri*Inci)/0.03]*[1-
exp(-0.03*LExp)]}

(3) DALYs  avertedi,t = YLD  avertedi,t + YLL  avertedi,t
(4) Total DALYs  avertedi,t = 

∑Dur
t=0

(

DALYsi,t
)

/(1 + 0.03)t

(5) Cost-effectiveness ratio = Vaccination cost/total 
DALYs averted

With VEff = vaccine efficacy against cholera disease; 
Cover = vaccine coverage for two doses; CFR = case 
fatality ratio; Inc. = cholera disease incidence; DALY 
weight = disability weight associated with morbidity from 
cholera; Length = average duration of cholera in days; 
LExp = life expectancy at infection onset; Dur = duration 
of the vaccine’s protective effect for the observed period; 
t is the time in years, and i indicates the subpopulation 
i. However, the analysis conducted in the current study 
only looked at the global population since detailed data of 
various age subpopulations have not been collected. Both 
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costs and effectiveness indicators were discounted at a 
real interest rate of 3%.

The vaccination coverage survey conducted two weeks 
apart from the campaign reported that 68 570 individu-
als were vaccinated during the 1st round, and 54 808 
received two doses of Shanchol vaccine, with a 20% drop-
out rate [23]. In view of this, a static cohort consisting of 
54,808 individuals fully vaccinated out of 90,000 people 
targeted by the campaign was considered in the analysis. 
Cost-effectiveness metrics were first computed from the 
base-case scenario by running a model that incorporated 
economic, demographic, and epidemiological data. The 
metrics were then re-estimated, incorporating indirect 
protection effects, and assessed against gross national 
product (GDP) thresholds. The immunization campaign 
was considered “very cost-effective” and “cost-effective” 
if the net cost per DALY averted was less than one time 
and three times GDP per capita, respectively. We further 
investigated uncertainties surrounding cost-effectiveness 
ratios by conducting one-way sensitivity analyses.

Indirect effects of vaccine
Numerous studies have shown that cholera vaccine can 
provide indirect protection to unvaccinated individuals 

through reducing disease transmission [21, 24–26], an 
effect dependent on immunization coverage. For exam-
ple, in Bangladesh the overall vaccine protection was 93% 
at an immunization coverage level of 50% [24]. A simi-
lar finding was reported by Ali et al. 2013 in India [26]. 
Research also showed a reverse correlation between 
cholera incidence in vaccine recipients and vaccine cov-
erage. Based on these findings, epidemiological models 
predicting vaccine effectiveness as a function of vaccine 
coverage have been developed [24]. The epidemiological 
sub-study which was conducted alongside the cost-effec-
tiveness evaluation of OCV campaign in Malawi did not 
assess the indirect protection conferred to unvaccinated. 
Because of this, we estimated model outcomes with indi-
rect protection by applying the overall protective efficacy 
level reported by the above mentioned published papers 
[24, 26], assuming a total protective efficacy of 93% (95% 
CI 82%–99%) for the corresponding double dose vaccine 
coverage rate [24].

Cost‑effectiveness model input parameters
Table 1 presents base-case values and uncertainty ranges 
of all input parameters used to model cost-effective-
ness ratios. Parameters were mostly derived from the 

Table 1 Model input parameters with uncertainty ranges in brackets

Central Uncertainty Source of data Assumptions

Parameters value range Central value Uncertainty ranges (min – max)

Economic data

 Vaccine purchase price per fully immunized, 
2016 US$

3.7 – Derived from the analysis –

 Vaccine delivery cost per fully immunized, 
2016 US$

3.6 [1.1–3.6] Ilboudo et al. 2017 [14] (Mogasale et al. 2016 [27]—Ilboudo et al. 2017 
[14]

 Cost of cholera to patients and households, 
2016 US$

65.6 [43.0–134.0] Ilboudo et al. 2017 [15] (Schaetti et al. 2012 [29]—Poulos et al. 2012 [28]

 Cost of cholera to health facilities, 2016 US$ 59.7 [30.0–61.0] Ilboudo et al. 2017 [15] (Poulos et al. 2012 [28]—Schaetti et al. 2012 [29]

 GDP per capita, 2016 US$ 372.0 – World Bank 2017 [31] –

 Discount rate (%) 3.0 [1.0–5.0] WHO 2008 [30] (Min and max from WHO, 2008 [30])

Epidemiological data

 Cholera incidence (Inc, cases per 1,000) 4.0 [3.0–5.0] Sauvageot et al. 2017 [32] (Min and max from Sauvageot et al. 2017 [32])

 Case fatality rate (CFR, %) 2.6 [1.4–6.7] M’Bangombé, 2017 [33] (Min and max from M’Bangombé, 2017 [33])

 Vaccine protective duration (Dur, years) 5.0 [3.0–5.0] Bhattacharya et al. 2013 [9] (Min and max from Bhattacharya et al. 2013 [9])

 Length of illness (Length, days) 5.0 [4.0–7.0] Ilboudo et al. 2017 [15] (Poulos et al. 2012 [28]—Schaetti et al. 2012 [29])

 DALY weight (DALY weight) 0.2 [0.1–0.3] Salomon et al. 2012 [36] (Min and max from Salomon et al. 2012 [36])

 Vaccine Efficacy (VEff, no indirect protection) 58.0 [42.0–69.0] Bi et al. 2017 [35] (Min and max from Bi et al. 2017 [35])

 Vaccine Efficacy (VEff, with indirect protec‑
tion)

93.0 [82.0–99.0] Longini et al. 2007 [24] (Min and max from Longini et al. 2007 [24])

 Campaign coverage rate (%, without indirect 
protection)

58.0 [53.0–91.0] MSF 2016 [4] (Min and max from MSF, 2016 [34])

Demographic

 Population 90 000.0 – – –

 Life expectancy at infection (LExp, years) 58.0 [50.0–60.0] WHO, 2016 [37] (Min and Max from WHO, 2016 [37])
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in-country data collection and analysis. When a primary 
source of data was not available, review articles were the 
preferred sources for input parameters and uncertainty 
ranges. When data from review papers were unavailable 
for a specific parameter, data from individual articles 
were considered.

Economic parameters
Base-case values for the costs of cholera to patients’ 
households, health facilities, and vaccine delivery origi-
nated from costing studies we conducted in Malawi. The 
mean treatment costs of cholera to patients’ households 
and health facilities amounted to US$65.6 and US$59.7, 
respectively [15]. Vaccine delivery cost per fully vac-
cinated person was estimated at US$3.6 [14]. For these 
three input parameters, except for the upper value for 
uncertainty range of vaccine delivery cost per fully vac-
cinated person taken from Mogasale et al. 2016 [27], cen-
tral values from published studies with similar methods 
were used as uncertainty ranges. As our estimate of vac-
cine delivery cost per fully vaccinated person was higher 
than other publications, we used it as the upper value for 
the uncertainty range. In addition, the base-case value for 
cholera illness duration was taken from the cost-of-illness 
study [15], and uncertainty ranges were taken from com-
parable studies [28, 29]. Vaccine price has been set inter-
nationally at US$3.7 for two doses. Due to this, sensitivity 
analyses were not performed on the two-dose vaccine 
price. The uncertainty range for the discount rate was set 
at 1–5% to conform with the WHO guide for standardi-
zation of economic evaluations [30]. Finally, data on GDP 
originated from the World Bank’s open data source [31].

Vaccine effects
The epidemiological study, also conducted alongside the 
immunization campaign, provided base-case values for 
cholera incidence [32], case fatality ratio [33], and vac-
cine coverage [34]. The vaccine protective efficacy, with-
out indirect protection, was derived from a review article 
indicating an average 58% protective efficacy of the vac-
cine at five years, with uncertainty ranges from the same 
study [35]. With the demonstrated five-year vaccine pro-
tective efficacy duration for two doses, the vaccine pro-
tection duration was set at five years, with uncertainty 
from three to five years consistent with literature [9, 11]. 
The weighted vaccine protective efficacy from Machinga, 
Phalombe and Zomba were computed and used in the 
base-case scenario analysis, while the overall vaccine pro-
tective efficacy, coverage level, and uncertainty ranges, 
including indirect protection, were taken from Longini 
et al. 2007 [24]. In the absence of disability weights spe-
cific to cholera, those for diarrheal diseases were used 
to approximate YLL to disability because of cholera in 

Malawi. The disability weight for moderate diarrhea was 
used as a base-case value, while those for mild and severe 
diarrhea were used for sensitivity analyses [36].

Demographic data
Regarding the demographic data, the World Health Sta-
tistics 2016 data maintained by the WHO provided the 
base-case value for life expectancy in Malawi and uncer-
tainty ranges [37].

Results
Cost‑effectiveness outcomes
Assuming vaccine efficacy of 58% i.e. base-case scenario, 
the reactive immunization campaign would have resulted 
in 636 cases (619 non-fatal and 17 fatal cases) and 430 
DALYs averted. A total of 172 and 6 631 doses of Shan-
chol vaccine would be required to avert a case and death 
from cholera, respectively. Under this scenario, the esti-
mated amount needed to implement the 2-dose reac-
tive immunization campaign with Shanchol would total 
US$397 358. The campaign would have contributed to 
averting cholera-related treatment costs of US$79 789 to 
households and health facilities, and the net immuniza-
tion program costs would have been worth US$317 569 
(Table 2).

Assuming vaccine efficacy of 93% i.e. with considera-
tion of indirect protection, 1 020 cases (993 non-fatal and 
27 fatal cases) and 690 DALYs could have been averted. 
In total 108 and 4 136 doses of Shanchol vaccine would 
be required to avert a case, and a death from cholera, 
respectively. Under this second scenario, the campaign 
would have contributed to averting cholera-related treat-
ment costs of US$127 938 to households and health 
facilities, and the net immunization program costs would 
have been US$269 420.

The net cost per DALY averted under the base-case 
scenario, estimated at US$738 suggested that the reac-
tive mass immunization campaign was cost-effective. The 
campaign remained just cost-effective when indirect pro-
tection was incorporated, at a net cost per DALY averted 
of US$391. However, the incorporation of indirect pro-
tection was translated into improved health and cost out-
comes, with a 60% increase in total costs averted and a 
reduction of the net program costs of approximately 15%.

Sensitivity analysis
Three input parameters, including case fatality rate, 
discount rate and duration of immunity had an influ-
ence on the net cost per DALY averted under the base-
case scenario i.e. without indirect protection (Fig.  1). 
Parameters such as vaccine delivery costs, cost-of-ill-
ness (household and health facility), life expectancy at 
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infection, length of illness and disability weight showed 
relatively less important influences on the net cost per 
DALY averted.

The incorporation of indirect protection further 
showed that the above mentioned three inputs param-
eters had a much larger influence on cost-effectiveness 
estimates, showed by larger intervals (Fig. 2). 

 Regardless of incorporation of indirect protection, the 
net costs per case and death averted were also most sen-
sitive to six most influential input parameters, including 
cholera incidence, vaccine efficacy, vaccine delivery cost 
per fully immunized person, cost-of-illness of cholera to 
households, duration of immunity, and case fatality rate 
(Additional files 1: Tables S1 and S2).

Table 2 Key immunization program cost‑effectiveness outcomes

Parameters Base case With indirect 
protection

Effects

 Total number of non‑fatal cases averted 619 993

 Total number of deaths averted 17 27

 Total number of cases averted 636 1 020

 Total DALYs averted 430 690

Costs

 Immunization program costs 397 358 397 358

 Total costs averted (households plus health facilities) 79 789 127 938

 Net program costs 317 569 269 420

Cost‑effectiveness ratios

 Net cost per death averted 19 212 10 165

 Net cost per case averted 500 264

 Net cost per DALY averted 738 391

Vaccine requirements

 Doses per death averted 6 631 4 136

 Doses per case averted 172 108

GDP thresholds

 Very cost‑effective (GDP/capita) 372 372

 Cost‑effective (3*GDP/capita) 1116 1116

0 150 300 450 600 750 900 1,050 1,200 1,350 1,500

Lenght of illness (days, 4 to 7)

Disability weight (0.1 to 0.3)

Cost of cholera to facility (2016US$, 30 to 61)

Life expectancy at infection (years, 50 to 60)

Cholera cost to household (2016US$, 43 to 134)

Vaccine delivery cost (2016US$, 1.2 to 3.6)

Cholera incidence (per 1000, 3 to 5)

Vaccine efficacy (%, 42 to 69)

Duration of immunity (years)

Discount rate (%, 1 to 5)

Case fatality rate (%, 1.4 to 6.7)

Fig. 1 Tornado diagram of univariate sensitivity analysis of net cost per DALY averted without indirect protection



Page 7 of 9Ilboudo et al. Cost Eff Resour Alloc           (2021) 19:17  

Discussion
This study investigated the cost-effectiveness of a reac-
tive immunization campaign using Shanchol in Malawi. 
Despite the growing literature on the cost-effective-
ness of Shanchol use, evidence in reactive situations is 
scarce. The contribution of this paper to the literature 
lies in the fact that it provides further useful decision-
making evidence on the value for money of Shanchol 
use for immunization campaigns. To the best of our 
knowledge, most cost-effectiveness evaluations with 
Shanchol vaccine were conducted in the Asian conti-
nent [22, 38, 39] while our study was conducted in one 
of the African country which has long been affected by 
cholera. Therefore, we think that the demonstration 
made in this study may be a catalyst together with other 
studies to accelerate the accumulation of evidence for 
guiding policy-making towards a wider use of OCVs.

The findings of this study show that the reactive 
immunization campaign was cost-effective even with-
out incorporation of indirect protection. The inter-
vention did not become very cost-effective even when 
indirect protection was considered. This finding is con-
sistent with the results from Jeuland et  al. 2009 who 
found that OCV campaigns in North Jakarta, Indonesia 
and Matlab, Bangladesh were just cost-effective when 
indirect protection was incorporated [21]. However, 
indirect protection importantly improved immuniza-
tion outcomes by increasing the number of cases and 
deaths averted. This finding is consistent with a pre-
vious cost-effectiveness analysis demonstrating the 
potentiating effects of indirect protection on immuni-
zation outcomes in Bangladesh, India, Indonesia, and 
Mozambique [21]. Our study finding is also consistent 
with that from Kim et al. 2011 in Zimbabwe though this 

study used a lower vaccine cost estimate than that of 
our study [40].

The results also showed that the net cost per DALY 
averted was sensitive to cholera-associated incidence and 
mortality rate. This finding is consistent with a previous 
study that reported the sensitivity of DALYs averted to 
changes in cholera-associated severity and fatality levels 
[22]. These findings suggest that cholera immunization 
campaigns may be appropriate in settings with high chol-
era incidence and mortality. We likely underestimated 
disease burden by relying on hospital data, since cholera 
cases and deaths may also occur in the community.

Consistent with the literature [21], the net cost per 
DALY averted also was influenced by changes in vac-
cine delivery costs per fully vaccinated person. Moreover, 
household and health facility costs averted by immuni-
zation may have also been much higher than what was 
presented in this study if a larger range of costs had been 
accounted for, including costs for setting-up cholera 
treatment centers and costs of mortality from cholera 
[15].

Limitations
Our study has limitations. First, the cost-effectiveness 
modeling was built upon a static cohort. Although this 
modeling may provide useful information, it does not 
consider the complex transmission dynamics of cholera. 
Research showed that not all vaccinated people will be 
immune to cholera during the analytical horizon [41]. 
This may have led to an overestimation of potential ben-
efits of the intervention, particularly because cholera 
vaccine protection wanes over time [29]. Second, the 
cost-effectiveness ratios we presented may have been dis-
torted by uncertainties relative to data gaps. For example, 
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Life expectancy at infection (years, 50 to 60)

Cost of cholera to facility (2016US$, 30 to 61)

Vaccine efficacy (%, 82 to 99)

Household cost of cholera (2016US$, 43 to 134)

Vaccine delivery cost (2016US$, 1.2 to 3.6)

Cholera incidence (per 1000, 3 to 5)

Discount rate (%, 1 to 5)

Duration of immunity (years)

Case fatality rate (%, 1.4 to 6.7)

Fig. 2 Tornado diagram of univariate sensitivity analysis of net cost per DALY averted with indirect protection
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we relied on vaccine indirect protection estimates from 
Bangladesh, and indirect protection may vary by setting 
[21]. Third, we modeled outcomes for the entire popu-
lation rather than by age cohorts since age specific data 
were absent for many parameters. Age-specific analyses 
may identify groups for which vaccine would be a more 
efficient intervention, such as children [21]. Fourth, 
cost-effectiveness calculations were based on a two-dose 
regimen as recommended by WHO [42]. VICE cost-
effectiveness model has been parametrized to take into 
account either a single- or a two-dose vaccine adminis-
tration. Because of this, it has not been possible to  take 
into account both single- and two-dose regimen effects 
in the same modelling using VICE for the calculations of 
cost-effectiveness ratios. Since reasonable evidence sug-
gests that a single dose of oral cholera vaccine provides 
moderate protection from cholera [43–46], the current 
findings could have understated the effects and cost-
effectiveness ratios. Finally, some costs were not assessed. 
Missing costs may have led the campaign to appear more 
cost-effective than was reported.

Conclusion
The analysis showed in this study suggests that the 
immunization campaign can be considered cost-effective 
compared to the absence of immunization. However, due 
to imprecisions related to model input parameters, cau-
tion must be used when extrapolating the results to other 
settings.
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