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Recent large epidemics of cholera with high incidence and associated mortality among refugees have raised
the question of whether oral cholera vaccines should be considered as an additional preventive measure in
high-risk populations. The potential impact of oral cholera vaccines on populations prone to seasonal
endemic cholera has also been questioned. This article reviews the potential cost-effectiveness of B-
subunit, killed whole-cell (BS-WC) oral cholera vaccine in a stable refugee population and in a population
with endemic cholera. In the population at risk for endemic cholera, mass vaccination with BS-WC vaccine
is the least cost-effective intervention compared with the provision of safe drinking-water and sanitation or
with treatment of the disease. In a refugee population at risk for epidemic disease, the cost-effectiveness of
vaccination is similar to that of providing safe drinking-water and sanitation alone, though less cost-effective
than treatment alone or treatment combined with the provision of water and sanitation. The implications of
these data for public health decision-makers and programme managers are discussed. There is a need for
better information on the feasibility and costs of administering oral cholera vaccine in refugee populations
and populations with endemic cholera.

Introduction
The recent development of safe and reasonably ef-
fective oral cholera vaccines has made it possible to
consider their use in situations where the risk of
epidemic cholera is high. WHO has strongly discour-
aged the use of the previous cholera vaccines since
they are largely ineffective and, when they confer
protection, do so for a limited time. WHO and others
have emphasized the need to use the limited re-
sources available during epidemics on proven and
effective control measures that reduce morbidity and
mortality due to cholera and other diarrhoeal dis-
eases (1, 3). Nevertheless, recent outbreaks of large
cholera epidemics with high incidence and mortality
among refugee populations have raised the question
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of whether oral cholera vaccines should be consid-
ered as an additional preventive measure in high-risk
populations (4-9). The potential impact of oral chol-
era vaccines on populations prone to endemic
cholera has also been questioned.

This article reviews the potential cost-
effectiveness of the B-subunit killed whole-cell (BS-
WC) oral cholera vaccine in a refugee population
and in a population with endemic cholera. We have
made four general assumptions. First, we assume
that in a population at risk for epidemic cholera,
vaccine can never be used in isolation but may be
considered in addition to the provision of safe
drinking-water, sanitation, and appropriate treat-
ment. Second, we assume that populations at risk of
cholera can be vaccinated before the beginning of an
outbreak. There are as yet no clear guidelines on
how to predict the magnitude, timing, or severity of
cholera outbreaks in high-risk populations. A recent
WHO meeting (10) recommended that priority be
given to research on predicting epidemics of cholera
in these populations. Third, we assume that epidemic
cholera is caused by the pandemic cholera strain
Vibrio cholerae 01 biotype El Tor (11). Fourth, we
have included acute watery diarrhoea (simple diar-
rhoea) in the analysis since it is almost invariably a
major cause of morbidity and mortality in
populations at risk for cholera. An analysis of the
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cost-effectiveness of interventions to prevent or con-
trol cholera should also consider their impact on
other types of diarrhoea.

Methods
Baseline epidemiological assumptions
For both a refugee population and a population
at risk for endemic cholera, we have assumed the
following:
- the total population at risk is 100000;
- a refugee population comprises displaced per-

sons living in a single geographical area, depend-
ent on outside assistance for the provision of all
basic services, and with negligible in or out mi-
gration; this population is assumed to have little
or no prior exposure to cholera;

- a population with endemic cholera comprises
people living in a single geographical area with
negligible migration and experiencing seasonal
outbreaks of cholera;

- the period of observation is 1 year and all inci-
dence and mortality rates are averaged over 1
year; and

- the age structure is characteristic of a population
with a high total fertility rate, i.e. 20% <5 years,
30% 5-16 years, and 50% >16 years (12).

Pre-existing immunity. The refugee population is ex-
pected to have negligible pre-existing immunity to
cholera. In the population with endemic cholera,
90% of those >5 years of age are protected because
of acquired immunity and the entire population <5
years of age is unprotected (13, 14). In both
populations simple diarrhoea may be caused by sev-
eral different viral, bacterial, and parasitological
agents (15-18).

Attack rates. In the refugee population, cholera inci-
dence is assumed to be 8 cases per 1000 population
per year. A wide range of cholera incidence has been
reported in refugee populations (19-23) and rates
are likely to vary considerably between populations
depending on sanitation and hygiene, water quality
and quantity, pre-existing immunity to cholera and
other factors. The rate used is based on data from 17
reported outbreaks of cholera in 11 Mozambican
refugee camps in Malawi between 1987 and 1994,
with incidence ranging from 4 to 60 cases per 1000
population per year (10). Using these data, the over-
all average annual incidence per camp is estimated to
be 8 per 1000 population. The cholera incidence used
in this analysis is the same for each age group.

Incidence of cholera in the population with
endemic disease is estimated from data from similar

populations, i.e. 3, 1.5 and 0.3 cases per 1000 popula-
tion per year for those aged <5, 5-16 and >16 years,
respectively (24-28). The incidence of simple diar-
rhoea for both populations is derived from
community-based data, i.e. 2600 and 200 cases per
1000 population per year for those aged <5 and a,5
years, respectively (15, 29).

Mortality. In the absence of treatment, cholera case-
fatality ratios have been shown to be high; a ratio of
20% for all age groups has been reported (19-22,29-
32). Case-fatality ratios for simple diarrhoea in the
absence of treatment are estimated at 0.7% for those
aged <5 years and 0.14% for those aged -5 years
(these assume that 70% of all patients with severe
simple diarrhoea will die if not treated). These data
apply to both the stable refugee population and the
population with endemic cholera.

Risk of severity. For patients with cholera, 20% are
at high risk of severe dehydration and death. For
those with simple diarrhoea, 1% aged <5 years and
0.2% aged ¢'5 years are at high risk of severe dehy-
dration and death. For the present analysis, it is as-
sumed that 50% of all severe cases can be managed
effectively as outpatients by the use of oral
rehydration therapy and that the remainder will re-
quire admission to hospital, intravenous fluid re-
placement, and treatment with antibiotics.

Access to services. The entire refugee population is
assumed to have access either to hospital or to out-
patient services, since resources and personnel will
have been effectively mobilized to supply the popu-
lation. In the population with endemic cholera, ac-
cess to inpatient treatment services is assumed to be
50% and access to outpatient services 80%.

Assumptions for public health interventions
Treatment. In 90% of cases, treatment for cholera is
outpatient oral rehydration therapy; the remaining
10% will require inpatient treatment with intrave-
nous fluid therapy and antibiotics. Effective treat-
ment for simple diarrhoea is oral rehydration
therapy in 99.5% of cases and inpatient treatment in
the remainder. With treatment, cholera mortality is
expected to fall from 20% to 1% of all cases for all
age groups (22, 31-34). Mortality from simple diar-
rhoea is expected to be reduced by 50% through use
of oral rehydration therapy to 0.35% and 0.07%
per year among those aged <5 years and >-5 years,
respectively.

Water and sanitation. The provision of an adequate
supply of safe drinking-water and adequate sanita-
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tion is expected to reduce cholera incidence by 40%
and that of simple diarrhoea by 27%. These figures
are based on a number of community-based studies
(35-37). The impact of these interventions is the
same in both refugee populations and populations
with endemic cholera.

Vaccine. The analysis was conducted using data on
the BS-WC oral cholera vaccine, which has been
demonstrated to be well tolerated and to have a
relatively long-lasting effect in field trials in Bangla-
desh (38, 39). This vaccine can be given in two oral
doses 7-14 days apart, with protection beginning 7
days after the second dose. Since a population may
be exposed to cholera at any time during the 12-
month period of observation following vaccination,
effectiveness is averaged over the year using data
from the field trial in Bangladesh (39). The BS-WC
vaccine provides protection against both the classical
and El Tor cholera biotypes, and protection against
the El Tor biotype alone is estimated from field trial
data. Overall vaccine effectiveness at 1 year was 50%
for children aged 2-5 years and 70% for persons -5
years. The entire population (adults and children) is
assumed to be eligible for vaccination and all vaccine
is delivered at least 7 days before the onset of the
outbreak. Although levels of pre-existing immunity
in the adult population from an endemic area are
likely to be high, all adults will need to receive the
vaccine since there is no practical method for deter-
mining immunity before an outbreak.

In the refugee population, vaccination coverage
during the 1-year period of observation was 80%
for all age groups. Coverage in the endemic popula-
tion was 80% for children <5 years and 50% for
persons >5 years of age. Effectiveness of vaccination
in the stable refugee population at 1 year was
40% (0.5 x 0.8) for children <5 years and 56% (0.7
x 0.8) for persons >5 years of age. Effectiveness in
populations with endemic cholera at 1 year was 40%
(0.5 x 0.8) for children <5 years and 35% (0.7 x 0.5)
for persons 3'5 years of age. A 10% loss factor was
added to vaccine cost calculations. It was assumed
that BS-WC vaccine can be safely administered to
the entire population of adults and children.

Assumptions for costing public health
interventions

Only direct health sector costs are included in the
analysis, including direct costs regardless of the
source of funds. Costs to the patient, such as time lost
from work, transportation costs and out-of-pocket
expenses, are not included in the cost analysis. While
these costs are often significant, they have not been
routinely measured in studies costing public health

interventions, with the result that reliable figures are
not available. The cost analysis is therefore aimed at
public health decision-makers responsible for re-
source allocation, rather than heads of households.
Costs are calculated over a 1-year period, as are
capital costs for interventions. Water and sanitation
infrastructure costs are included, although they are
not usually attributable directly to the health sector
alone. All costs are given in US$ at 1990 values.

Outpatient oral rehydration therapy
The cost of treating a child with simple diarrhoea on
an outpatient basis ranges from US$ 1.30 to US$ 9.13
(40-43, D.A. McFarland & D.L. Krunshaar, unpub-
lished data, 1992). The midpoint of the range,
US$ 4.67, has been used to estimate the cost of
outpatient treatment for patients with cholera and
simple diarrhoea in both populations (41). Costs
include oral rehydration salts, personnel, supplies,
and facility costs such as maintenance and annual
depreciation.

Inpatient treatment

Inpatient costs include those for intravenous
therapy, drugs, personnel, supplies, laboratory tests,
and facilities. An estimate from Lesotho (US$ 46.82)
has been used because it is the most comprehensive
cost analysis available of hospital treatment in a de-
veloping country (41). This cost estimate includes
the costs of personnel, facilities and drugs, including
intravenous therapy. It is an upper estimate since it
includes costs for permanent facilities, whereas in
stable refugee settings less permanent inpatient fa-
cilities may be constructed. The inpatient cost of
treating individuals who are severely dehydrated is
the same whether the condition is caused by cholera
or diarrhoea.

Water and sanitation
Stable refugee population. The costs of water and
sanitation programmes vary widely and depend on
local rainfall, availability of water sources, topogra-
phy, geography, geology, population density, pump-
ing requirements and many other factors (44). The
Water and Sanitation for Health Project has col-
lected country-level data for estimates of urban and
rural water and sanitation projects (45). Annual
costs were based on a 10% discount over 20 years.
Median annual costs, inclusive of construction and
maintenance, for water and sanitation facilities
consisting of stand pipes and pit latrines are approxi-
mately US$ 9.50 and US$ 2.50, respectively, or about
US$ 12.00 per capita per year, which is the value
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used in the analysis. This cost is expected to be in-
curred whether or not cholera is present, in order to
provide safe drinking-water and sanitation. For the
present analysis, therefore, the entire cost of provid-
ing safe drinking-water and sanitation is borne as an
intervention to prevent simple diarrhoea. It is likely
that the provision of drinking-water and sanitation
will have many benefits over and above the preven-
tion of diarrhoea and cholera, and therefore that
these costs ascribed to simple diarrhoea in this analy-
sis are an overestimate. In addition to infrastructure
costs, we estimate a cost of US$ 5.00 per year for
public hygiene programmes (R. Varley, personal
communication, 1996). The total annual cost per
capita of providing safe drinking-water and sanita-
tion is therefore US$ 17.00.

An intervention specific for cholera is bucket
chlorination, which is estimated to cost US$ 16.00
per day for every 30000 people (L. Roberts, personal
communication, 1995). If buckets are chlorinated for
3 months during an epidemic, the expected cost per
person is US$ 0.048. This is the only water-specific
cost attributed to cholera.

Population with endemic cholera. A deep-well water
system has been used for the analysis in endemic
populations. The per capita cost of constructing and
maintaining a deep well is approximately US$ 12.00
(45). The estimated per capita cost of a pit latrine
is US$ 2.50 (44, 45) and public hygiene costs of
US$ 5.00 per capita per year are estimated. The total
annual cost per capita for water and sanitation pro-
grammes is US$ 19.50. Since water and sanitation
will be provided whether or not cholera is present,
the entire cost of providing water and sanitation is
allocated to simple diarrhoea. The costs of a cholera-
specific intervention are the same as those for refu-
gee populations.

Oral cholera vaccine

Stable refugee population. The cost of the oral BS-
WC cholera vaccine purchased in bulk is currently
US$ 1.50 per dose (10). The entire population of
children and adults is eligible for this vaccine and
should receive two doses at least 7 days apart for
maximum effectiveness. Thus the per capita cost of
vaccine is US$ 3.00. The cost of a kit for delivering
oral vaccine to 5000 people was calculated from
UNICEF product information sheets for 1993-94 to
be US$ 1500, i.e. a per capita cost of US$ 0.30. This
kit contains a small generator, cold box, vaccine car-
riers, cold packs, thermometers, cups and spoons,
and record cards.

The other major cost of administering cholera
vaccine in stable refugee populations is that of per-

sonnel. In such populations it is expected that vac-
cine administration will most closely resemble a cam-
paign strategy. Shepard (46) estimated the cost per
contact (excluding vaccine and other supply costs) of
administering one dose of measles vaccine using a
campaign strategy to be US$ 1.48. Using these data,
the personnel cost per capita for cholera vaccination
is US$ 2.96, since two doses of vaccine need to be
given. This is an upper estimate because personnel
costs for an oral vaccine would be less than those for
administering parenteral vaccines requiring the use
of needles and syringes.

Thus the total cost per capita of administering
two doses of cholera vaccine in a stable refugee
population is US$ 6.26, i.e. US$ 300 for vaccine, US$
0.30 for nonpersonnel costs, and US$ 2.96 for per-
sonnel costs.

Population with endemic cholera. Vaccines are deliv-
ered using a fixed-site or facility-based strategy
according to the Expanded Programme on Immuni-
zation (EPI) model. The annual per capita cost of
cholera vaccine remains US$ 3.00. In the absence
of data on immunization costs for adults, the
nonvaccine cost estimate for children is applied to
both children and adults. This assumes that no addi-
tional personnel will be required to expand coverage
to adults (i.e. that existing facilities are adequately
staffed), and that no additional costs are incurred
for health education or social mobilization. The
nonvaccine cost per fully immunized child using a
fixed-site strategy is US$ 10.02 (47). All nonvaccine
costs will be divided equally among the immuniza-
tions routinely given in an EPI programme (three
doses of diphtheria-pertussis-tetanus (DPT), three
doses of oral poliovirus vaccine (OPV), and one dose
of measles vaccine) and the two doses of cholera
vaccine a total of nine doses. Thus the annual per
capita nonvaccine cost per dose is US$ 1.11 and the
total annual per capita cost of cholera immunization
in an endemic population is US$ 5.22, i.e. US$ 3.00
for vaccine and US$ 2.22 for all other costs, including
personnel.

Net costs

The net cost of an intervention is the total cost of the
intervention minus the treatment costs of the cases
averted by the intervention.

Outcome measures

Baseline epidemiological assumptions are applied to
the standard populations in order to generate the
expected morbidity and mortality levels for cholera
and simple diarrhoea. The key interventions are then
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added (oral cholera vaccination, water supply and
sanitation, treatment, and combinations of these) in
order to calculate the morbidity and mortality that
would be averted.

For each relevant intervention, the net costs
per case and per death averted for both cholera and
simple diarrhoea are calculated for each population.

Disability-adjusted life years

Not all interventions have an impact on both cases
and deaths, nor is it possible directly to compare the
net cost per case averted with the net cost per death
averted. To overcome this limitation, disability-
adjusted life years (DALYs) (48), which combine
the effects of mortality and morbidity, are used.

For the purposes of this analysis, we constructed
a spreadsheet and calculated the burden of disease in
DALYs attributable to cholera and simple diarrhoea
in the two populations. The formula used in the
spreadsheet was based on the DALY formula devel-
oped by Murray & Lopez (49).

Each cholera episode lasts 3 days and has a dis-
ability weighting of 0.92, i.e. a patient needs assist-
ance with activities of daily living such as eating,
personal hygiene and toilet use (49). To calculate the
total number of DALYs in a population of 100000,
an average age for contracting cholera of 25-29 years
is used for the refugee population and of 1-4 years
for the endemic population. The same age ranges are
used for cholera deaths. The standard life expectan-
cies used in the analysis are those reported by
Murray & Lopez (49).

An episode of simple diarrhoea lasts 3 days
and has a disability weighting of 0.60, i.e. ability to
perform recreational, educational, procreational,
and occupational activities is limited (49). In both

populations, an average age of onset of 1-4 years is
used for cases of and deaths from simple diarrhoea.

Results
Results are presented for both a refugee population
at risk of epidemic cholera and for a population with
endemic cholera. Costs per case, deaths, and DALYs
averted are calculated for each intervention, based
on assumptions costs, morbidity, and mortality.
Tables 1 and 2 summarize the combined results for
each intervention in the two settings. The relative
differences between the various interventions and
combinations of interventions are more important
than their cost in US dollars, which will vary with
local circumstances.

In a population with endemic cholera, the net
costs per DALY averted are considerably higher
since incidence is lower and access to health care
facilities is also assumed to be lower. In this popula-
tion, the highest cost per DALY averted (US$ 2973)
is that for cholera vaccination followed by the provi-
sion of safe drinking-water and sanitation (US$ 433).
The lowest cost per DALY averted is realized by
inpatient treatment (US$ 7). The most cost-effective
combination of interventions is water and sanitation
plus treatment (US$ 327). Combining vaccination
with the provision of water and sanitation substan-
tially improves the relative cost-effectiveness of vac-
cination alone though this combination remains
relatively cost-ineffective.

In a stable refugee population, the net costs per
DALY averted are much lower since attack rates are
higher and access to health care facilities is assumed
to be 100%. In this population, costs per DALY
averted for vaccination (US$ 269) and the provision

Table 1: Costs per disability-adjusted life year (DALY) averted, by intervention type, for cholera and simple
diarrhoea combined in a population at risk for endemic cholera

Cholera Simple Cholera Simple Net cost
Net cost cases diarrhoea cases deaths diarrhoea deaths DALYs per DALY

Intervention (US$) averted (n) averted (n) averted (n) averted (n) averted (n) averted (US$)

Vaccine 573845 40 0 8 0 193 2973
Drinking-water and 1954800 43 18360 9 104 4133 433

sanitation
Outpatient 317107 0 0 8 78 2023 157

treatment
Inpatient 9551 0 0 6 49 1294 7

treatment
Drinking-water 2529000 67 18360 14 104 4253 556
and sanitation +
vaccine

Drinking-water 2281458 43 18360 15 196 6439 327
and sanitation +
treatment
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Table 2: Costs per disability-adjusted life year (DALY) averted, by intervention type, for cholera and simple
diarrhoea combined in a stable refugee population at risk for epidemic cholera

Cholera Simple Cholera Simple Net cost
Net cost cases diarrhoea cases deaths diarrhoea deaths DALYs per DALY

Intervention (US$) averted (n) averted (n) averted (n) averted (n) averted (n) averted (US$)

Vaccine 688 600 422 0 85 0 2562 269
Drinking-water and 1 704800 320 18360 64 104 5846 276

sanitation
Outpatient 320021 0 0 79 97 4416 72

treatment
Inpatient 12782 0 0 79 97 4416 3

treatment
Drinking-water 2393400 573 18360 114 104 7356 313
and sanitation +
vaccine

Drinking-water 2075973 320 18360 158 244 11 679 170
and sanitation +
treatment

of safe drinking-water and sanitation (US$ 276) are
essentially the same. The lowest cost per DALY
averted is realized by inpatient treatment alone
(US$ 3). Combining the provision of water and sani-
tation with treatment is the most cost-effective com-
bination of interventions (US$ 170). The net cost per
DALY averted for the provision of water and sanita-
tion and vaccination combined is slightly higher than
the cost of each intervention separately.

Sensitivity analysis
A sensitivity analysis was performed for vaccination
costs and effectiveness. Costs per DALY averted for
a range of vaccine costs are summarized in Table 3.
In Viet Nam, the cost of producing killed WC oral
cholera vaccine without the B subunit has been esti-
mated to be US$ 0.05-0.10 per dose (2). In a refugee
population at risk for epidemic cholera, reducing
the vaccine cost to US$ 0.05 per dose would make
the use of vaccine alone more cost-effective than the
provision of water and sanitation and treatment

Table 3: Sensitivity analysis of cost per disability-
adjusted life year (DALY) averted, by cost of BS-WC
oral cholera vaccine, in a stable refugee population
and in a population at risk for endemic cholera

Intervention cost per DALY averted (US$)
Cost of two
doses of vaccine Endemic
(US$) Stable refugee population population

3.00 269 2973
1.50 204 2120
0.75 172 1693
0.50 161 1550
0.10 144 1322

combined. The cost per DALY averted for vaccina-
tion alone equals that for the provision of water and
sanitation and treatment combined when the vaccine
cost reaches approximately US$ 0.38 per dose. In a
population with endemic cholera, reducing the cost
per dose of vaccine does not improve its relative
cost-effectiveness.

Costs per DALY averted for different measures
of vaccination effectiveness, using current vaccine
costs, are summarized in Table 4. The effectiveness
of vaccination may be changed either by increasing
coverage with existing vaccines or improving the ef-
fectiveness of the vaccine. In a refugee population at
risk for epidemic cholera, the effectiveness of vacci-
nation would need to reach 80% in those aged <5
years and 90% in those aged >5 years in order to
compete in cost-effectiveness with the provision of
water and sanitation and treatment combined. In a
population with endemic disease, vaccination would
remain the least cost-effective intervention even if its
effectiveness could be increased to 80% and 75% in
those aged <5 and :5 years, respectively.

Discussion
Stable refugee population
In a stable refugee population at risk for epidemic
disease, BS-WC oral cholera vaccine is as cost-
effective as the provision of safe drinking-water and
sanitation alone, while remaining less so than treat-
ment alone. Lowering the cost of the vaccine to
-US$ 0.38 per dose at current estimates of vaccina-
tion effectiveness would make vaccination as cost-
effective as combining the provision of water and
sanitation and treatment. Vaccination is more likely
to be a viable option in this population since it is
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Table 4: Sensitivity analysis of costs per disability-adjusted life year (DALY) averted by effectiveness of vaccina-
tion with BS-WC oral cholera vaccine in a stable refugee population and in a population at risk for endemic
cholera

Stable refugee population Endemic population

Effectiveness Intervention cost Effectiveness Intervention cost
Age group of vaccination per DALY Age group of vaccination per DALY
(years) (%) averted (US$) (years) (%) averted (US$)

<5 40 269 <5 40 2973
>5 56 >5 35

<5 50 246 <5 50 2383
>5 60 >5 45

<5 60 209 <5 60 1 987
>5 70 >5 55

<5 70 184 <5 70 1 699
>5 80 >5 65

<5 80 162 <5 80 1400
>5 90 >5 75

more cost-effective and since additional resources
may be available.

There are two important considerations for
public health decision-makers who need to decide on
strategies for managing epidemic cholera and other
diarrhoeal diseases. The first is the likely effective-
ness of vaccination in the target population. The ef-
fectiveness of vaccination against the El Tor biotype
at 1 year has been estimated from data obtained in
field trials in Bangladesh, averaged over a 12-month
period. In reality, effectiveness varies with the timing
of the epidemic, being considerably higher than the
1-year average if the epidemic closely follows vacci-
nation, and becoming progressively lower with time
between vaccination and the onset of the epide-
mic. Effectiveness will be further reduced if cholera
breaks out before vaccination has been completed.
There is a need for better data on the epidemiologi-
cal and environmental predictors of the timing of
cholera outbreaks in these settings. There is no field
trial evidence that the effectiveness at 1 year of the
BS-WC vaccine currently licensed for use against
the El Tor biotype is higher than that estimated in
the present analysis. In studies on volunteers, the
CVD 103HgR oral live attenuated vaccine exhibited
short-term effectiveness against the El Tor biotype
of around 65% (50, 51) and can be given in a one-
dose schedule, although there are as yet no reliable
long-term field trial data available.

The second important consideration for
decision-makers is the logistics of achieving an ac-
ceptable level of vaccination coverage in these
populations. It may be difficult to vaccinate refugee
populations before the onset of a cholera outbreak,
since there are no clear criteria for predicting a chol-

era outbreak and because of the problem of vacci-
nating large populations quickly. Medecins sans
Frontieres has reported immunizing 1500 persons a
day in a crowded but organized setting (10), al-
though there is no experience of administering a
liquid oral vaccine in 40-150-ml doses in these
conditions. In addition, any vaccination campaign
would have to allow an interval of at least 7 days
between doses to induce a full antibody response.
The timing and speed of vaccination in these
populations will be critical to the effectiveness of the
strategy. Rapid mass vaccination strategies are likely
to require considerable resources, since teams have
to be mobilized, vaccine has to be procured and de-
livered, and vaccinees have to be organized to
receive two doses of vaccine. There is a risk that
mass vaccination campaigns will take personnel and
resources away from other interventions that
have been demonstrated to be more cost-effective
(although mass measles vaccination campaigns are
routinely conducted, they usually target only
the population <5 years with a single dose). These
other interventions will prevent and treat diarrhoea
from any cause, including the cholera 0139
serogroup.

Endemic population
In populations at risk for endemic cholera, mass vac-
cination with BS-WC oral cholera vaccine is less
cost-effective than the provision of safe drinking-
water and sanitation or treatment. Currently avail-
able oral cholera vaccine should therefore not be
considered part of the routine vaccination schedule
in countries with seasonal endemic disease.
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Vaccination is less cost-effective in this popula-
tion because access to health facilities is poorer than
that in an organized refugee setting, and because it
is considerably harder to achieve high levels of
coverage using facility-based services. Even the best
vaccination programmes in stable non-displaced
populations rarely achieve greater than 80% cover-
age of infants aged <12 months. A programme
to administer mass cholera vaccine would have to
achieve a high coverage in children aged <5 years
every year with a two-dose schedule. The adult
population would be even harder to reach. A cam-
paign to raise awareness of the need for two doses of
cholera vaccine would add substantially to vaccine
delivery costs and in a population at risk for endemic
disease mass campaign strategies are unlikely to be
sustainable.

The need for further information
Analyses of this type can be useful for public health
decision-makers. Although the estimated costs will
vary considerably with local circumstances, their
relative proportions will remain constant. Further
information is needed on predictors of both the
timing and character of cholera outbreaks, strate-
gies, and costs for conducting mass vaccination
campaigns with a two-dose vaccine in high-risk
populations, and the potential impact of vaccination
on the course of an outbreak if vaccination begins
after the onset of the disease. In addition, there are
currently no data on the impact of vaccination
with BS-WC vaccine on individuals with human
immunodeficiency virus (HIV) infection or severe
malnutrition, and use of the vaccine in populations
with a high prevalence of these conditions should be
carefully considered. Long-term vaccine effective-
ness trials (52) are required for the BS-WC and WC
vaccines and the CVD 103HgR live attenuated vac-
cine. Such trials should include a costing component
that calculates costs for all intervention strategies
in a real-life setting. Ultimately the relative cost-
effectiveness of an oral cholera vaccine will depend
not only on its safety, effectiveness, and duration
of protection against the El Tor biotype, but also
on the feasibility of administering it to high-risk
populations.
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Resume

Rentabilite du vaccin anticholerique oral
dans une population stable de refugies
exposee au risque de cholera epidemique
et dans une population ou le cholera est
endemique
La mise au point r6cente de vaccins anticholeriques
oraux sOrs et raisonnablement efficaces a permis
d'envisager leur utilisation dans des endroits ou le
risque de cholera epidemique est 6lev6. L'OMS a
fortement deconseill6 l'emploi des vaccins
antichol6riques pr6c6demment disponibles, car leur
efficacit6 est faible et leur dur6e de protection
limit6e. A la suite d'importantes epid6mies de
cholera qui se sont produites r6cemment dans des
populations de refugi6s et qui ont entrain6 une inci-
dence et une mortalit6 6lev6es, on s'est pos6 la
question de savoir si les vaccins anticholeriques
oraux pouvaient etre consider6s comme une
mesure de pr6vention suppl6mentaire dans les
populations a haut risque. On s'est aussi interroge
sur l'impact potentiel de ces vaccins sur les
populations expos6es au chol6ra end6mique
saisonnier.

Le pr6sent article examine la rentabilite
potentielle du vaccin anticholerique oral tue de
sous-unit6 B, pr6pare a partir de germes entiers
(BS-WC), dans une population stable de refugi6s et
dans une population ou le cholera est end6mique.
Nous avons formule quatre hypotheses g6n6rales.
Premierement, nous avons consider6 que, dans
une population exposee au risque de chol6ra
epid6mique, le vaccin ne peut jamais etre utilis6
isolement, mais peut s'accompagner d'autres
mesures (approvisionnement en eau de boisson
saine, assainissement et traitement appropri6).
Deuxiemement, nous avons suppose qu'il est pos-
sible de vacciner des populations expos6es au ris-
que de chol6ra avant le debut d'une flambee.
Troisiemement, nous avons suppose que le chol6ra
6pidemique est cause par la souche de cholera
pandemique Vibrio cholerae 01 biotype El Tor.
Quatriemement, nous avons inclus dans l'6tude la
diarrh6e aqueuse aigue (diarrh6e simple), car elle
est presque toujours une cause majeure de
morbidit6 et de mortalit6 dans les populations
expos6es au risque de chol6ra. Une analyse de la
rentabilite des interventions visant a pr6venir ou
combattre le cholera doit aussi envisager leur im-
pact sur d'autres types de diarrh6e.
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Du point de vue de la r6duction de la morbidit6
et de la mortalit6 par cholera et diarrh6e simple, la
rentabilit6 du vaccin BS-WC est compar6e a celle
des autres mesures (approvisionnement en eau de
boisson saine, assainissement et traitement de la
maladie). Des hypotheses fondamentales
concernant la situation epidemiologique et le coOt
des interventions sont formulees et les r6sultats
sont resum6s en termes d'ann6es de vie corrig6es
de l'incapacite (DALY). Une analyse de sensibilite
est present6e pour comparer les differents rapports
coOt/efficacit6 de la vaccination.

L'etude montre clairement que, dans une popu-
lation expos6e au risque de chol6ra endemique, la
vaccination de masse au moyen du vaccin BS-WC,
comparee avec I'approvisionnement en eau de
boisson, I'assainissement et le traitement, est
l'intervention qui presente le rapport coOt/efficacite
le moins satisfaisant. Dans une population de
r6fugies exposee a l'epid6mie, la rentabilite de la
vaccination est proche de celle de
l'approvisionnement en eau de boisson et de
I'assainissement, mais elle reste inf6rieure a celle
du traitement seul ou du traitement associe a
I'approvisionnement en eau et a l'assainissement.
L'importance de ces donnees pour les
responsables de la sant6 publique et les
administrateurs de programme est examin6e. 11 faut
disposer d'une meilleure information sur la
faisabilit6 et les coOts de I'administration du vaccin
antichol6rique oral dans les populations de refugies
et dans les populations ou le cholera est
endcmique.
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