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The global burden of cholera
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Objective To estimate the global burden of cholera using population-based incidence data and reports.

Methods Countries with a recent history of cholera were classified as endemic or non-endemic, depending on whether they had reported
cholera cases in at least three of the five most recent years. The percentages of the population in each country that lacked access to improved
sanitation were used to compute the populations at risk for cholera, and incidence rates from published studies were applied to groups of
countries to estimate the annual number of cholera cases in endemic countries. The estimates of cholera cases in non-endemic countries
were based on the average numbers of cases reported from 2000 to 2008. Literature-based estimates of cholera case-fatality rates (CFRs)
were used to compute the variance-weighted average cholera CFRs for estimating the number of cholera deaths.

Findings About 1.4 billion people are at risk for cholera in endemic countries. An estimated 2.8 million cholera cases occur annually in such
countries (uncertainty range: 1.4-4.3) and an estimated 87 000 cholera cases occur in non-endemic countries. The incidence is estimated
to be greatest in children less than 5 years of age. Every year about 91000 people (uncertainty range: 28 000 to 142 000) die of cholera in
endemic countries and 2500 people die of the disease in non-endemic countries.

Conclusion The global burden of cholera, as determined through a systematic review with clearly stated assumptions, is high. The findings
of this study provide a contemporary basis for planning public health interventions to control cholera.

Abstractsin 3 ,&, H13Z, Franqais, Pycckuii and Espafiol at the end of each article.

Introduction

Cholera is an important public health problem worldwide.
Although most cholera infections are not detected, large
cholera outbreaks, such as those seen in Haiti,' Viet Nam® and
Zimbabwe® in recent years, can occur. Industrialized countries
have seen practically no cholera cases for over a century be-
cause of their good water and sewage treatment infrastructure.
However, the causative agents (Vibrio cholerae O1 and O139)
continue to thrive wherever crowded housing conditions exist
and water and sanitation facilities are suboptimal.

The World Health Organization (WHO) maintains a
public database of cholera cases and provides outbreak up-
dates and an annual summary of aggregate national data in
the Weekly Epidemiological Record. Owing to its rapid spread,
cholera was one of three diseases requiring notification to the
WHO in the 1969 International Health Regulations (IHR), and
today, after the 2005 revision of the IHR, cholera outbreaks
still require notification. Despite this, cholera notification
remains incomplete because of inadequate laboratory and
epidemiological surveillance systems and economic, social and
political disincentives to case reporting.*” WHO estimates that
the officially reported cases represent only 5-10% of the actual
number occurring annually worldwide. Of the estimated 3 to
5 million cases that occur globally every year, about 100 000
to 120000 die.*” In 2002, Lanata et al. calculated, using the
fraction of diarrhoea cases estimated to be caused by cholera
(0.05%), that 11 million cholera cases occur globally every
year among children under 5 years of age."” However, adults
and older children can also get cholera, and mortality can be
high in all age groups.' ™"

One new generation oral cholera vaccine is pre-qualified
by WHO for purchase by the United Nations (UN), and anoth-
er, less expensive oral vaccine has recently been licensed and
is undergoing evaluation for WHO pre-qualification."* WHO

recommends instituting cholera immunization, in conjunc-
tion with other prevention and control strategies, in endemic
areas, and perhaps in areas at risk for cholera outbreaks.”” To
plan interventions appropriately, policy-makers at all levels
need to know the burden of disease and the population at risk.

In this paper we present age-specific estimates of the
cholera burden in endemic and non-endemic countries and
a global estimate. To derive our figures we used population-
based incidence data and reports from WHO and supple-
mentary sources.

Methods
Data sources and framework

To supplement the WHO cholera reports, we developed
a framework based on literature searches and alternative
disease monitoring systems, including the Program for
Monitoring Emerging Diseases (ProMED), an online forum
for infectious disease specialists, microbiologists and public
health officials established in 1994 and administered by the
International Society for Infectious Diseases since 1999.'¢
Although it is a passive reporting system, it complements
the WHO reports by providing detailed data from media
reports describing outbreaks. In an analysis of ProMED
data, the number of cholera cases reported was found to be
about five times higher than the number reported by the
WHO.*"” We used population-based cholera incidence data
from a multi-country study that included Asian and Afri-
can countries.'®*" In addition to these sources, we reviewed
data from the Global Infectious Disease and Epidemiology
Network (GIDEON) database, published articles listed in
PubMed, and online government reports.
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Geographical patterns of the estimated cholera incidences for entire population in endemic countries

Fig. 1.
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Country classification

In classifying countries, we used WHO’s
division into five mortality strata, as
follows: A, very low child and very low
adult mortality; B, low child and low
adult mortality; C, low child and high
adult mortality; D, high child and high
adult mortality; E, high child and very
high adult mortality. Most developed
countries in North America, Europe
and the Western Pacific, which pri-
marily report imported cholera cases,
belong to stratum A. The Region of the
Americas (AMR) and the European
Region (ER) have very little cholera.
Of the 35 countries in the AMR, only
Brazil and Paraguay have reported non-
imported cases over the last nine years
(5 in Brazil in 2005 and 5 in Paraguay
in 2009). Of the 52 countries in the ER,
only Poland, the Russian Federation
and the Ukraine have reported non-
imported cholera cases (one case each)
since 2005. We therefore classified the
AMR and the ER as cholera-free. For
the 148 remaining countries in the five
mortality strata, we reviewed reported
cholera incidence data for 2000-2008 to
determine whether cholera was: (i) en-
demic; (ii) observed but not endemic,
or (iii) not observed.

Endemic and non-endemic
countries

In classifying countries as endemic or
non-endemic, we used the definitions
recently applied by the WHO Strategic
Advisory Group of Experts on Vaccines
and Immunization (SAGE)."* Countries
were classified as endemic if they had
reported cholera cases in at least three
of the five most recent years (either
2003-2007 or 2004-2008), as published
in the Weekly Epidemiological Record.
If a country had no cholera reports in
the Weekly Epidemiological Record, we
searched PubMed and the ProMED
and GIDEON reporting systems us-
ing the terms acute watery diarrhoea
(or diarrhoea), cholera (or cholerae) to
identify endemic countries. Of the 148
countries, 51 were classified as cholera-
endemic (Fig. 1). The reported cases, by
country and year, are listed in Appen-
dix A (available at: https://trdrdcsys.
ivi.int/cic/appendixA.pdf); details on
the references and methods used to
obtain the reports are in Appendix B
(available at: https://trdrdcsys.ivi.int/
cic/appendixB.pdf).
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We identified another 18 countries
that did not meet the criterion for en-
demic cholera but that had reported
cholera cases sometime between 2000
and 2008. We classified these countries
as non-endemic. Of these countries,
those that had reported only imported
cases (e.g. developed countries in North
America, Western Europe and the Pa-
cific) or very sporadic non-imported
cases (e.g. countries of Eastern Europe
or South America with five cases or
fewer in non-consecutive years) were
considered cholera-free and not in-
cluded in the calculation.

Population at risk

We used the United Nations Develop-
ment Programme population data’ for
2005 to estimate the population at risk
of cholera in each country. Since not all
the population of a cholera-endemic
country is at risk for cholera, we used
instead the percentage of the population
of each country lacking access to im-
proved sanitation, according to UN data
from 2008.” We made one exception:
We considered the entire population
of Bangladesh at risk, on advice from
the country’s cholera experts, because
of frequent and widespread flooding.
For the three largest cholera-endemic
countries — China, India and Indonesia
- we only included the fraction of the
population lacking access to improved
sanitation in states and provinces that
had reported cholera (2000-2007 in
China” and Indonesia** and 1997-2006
in India®).

Disease burden estimation

In estimating cholera caseloads for
both endemic and non-endemic coun-
tries, we focused on cholera episodes
severe enough to require medical
treatment.

Endemic countries

We obtained incidence rates from the
Diseases of the Most Impoverished
(DOMI) cholera surveillance pro-
grammes in Kolkata, India,' Jakarta,
Indonesia,"” and Beira, Mozambique”
(Table 1), since these population-based
surveillance figures included both
inpatient and outpatient cases of labo-
ratory-confirmed cholera. We applied
incidence rates from these studies to the
at-risk populations of cholera-endemic
countries by WHO mortality stratum.
To be conservative, we assumed an in-
cidence of zero in the population not at
risk (i.e. the population with access to
improved sanitation in countries other
than Bangladesh). We grouped countries
according to WHO region and WHO
mortality stratum.” An alphabetical
list of the countries we included in our
calculation, by WHO stratum, is given
in Appendix C (available at: https://
trdrdcsys.ivi.int/cic/appendixC.pdf).
We assumed that the incidence
rates observed in the DOMI studies
were representative of the at-risk popu-
lations in the WHO mortality strata.
This assumption was based on perceived
similarities in cholera risk between the
DOMTI sites and the at-risk populations
of the strata as a whole. For example,
in the South-East Asia Region (SEAR),
we applied Jakarta’s incidence rates to
the at-risk population of Indonesia and
other endemic countries in stratum
B (SEAR-B), and we applied Kolkata’s
incidence rates to India and all other
cholera-endemic countries in stratum
D (SEAR-D), except for Bangladesh. We
also applied Kolkata’s incidence rates to
countries of the Eastern Mediterranean
Region (EMR) in WHO mortality stra-
tum D (EMR-D), which includes Paki-
stan, Somalia and other countries with
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a large cholera burden. For Bangladesh
we used a cholera incidence rate based
on in-country expert interviews con-
ducted for the Cholera Vaccine Invest-
ment Country Case Study: Bangladesh
(B Maskery, personal communication).

In the African Region (AFR), we
applied Beira’s incidence rates to the
at-risk populations of cholera-endemic
countries belonging to WHO’s mortality
stratum E (AFR-E). In the absence of
representative data for African countries
in stratum D (AFR-D), we compared
the mean and median estimates of
cholera incidence reported in the Weekly
Epidemiological Record for countries
in AFR-D and AFR-E from 2000 up to
2008, since countries in the AFR report
cholera cases to WHO more consistently
than countries in other WHO regions.
The average incidence rates reported in
endemic countries in AFR-E were about
1.7 times higher than the rates reported
in endemic countries in AFR-D. Thus,
we assumed that incidence among the
at-risk populations of countries in AFR-
D would be approximately half as high
as in Beira. In the absence of data for
countries in the Western Pacific Region
(WPR) and EMR-B, we assumed that
the incidence of cholera in the at-risk
populations would be low, about 0.1
cases per 1000 persons (Table 2).

Non-endemic countries

The number of cholera cases in non-
endemic countries was estimated from
the reported numbers of cases identified
through the Weekly Epidemiological Re-
cord, ProMED, GIDEON and published
articles in PubMed for the period from
2000 to 2008. The estimated number
of cases is shown in Appendix B. We
estimated the average number of cholera
cases per year by adding all the reported
cases identified in 2000-2008, careful to

Table 1. Cholera annual incidence rates (per 1000), by age group, in two Asian and one African site

Age Kolkata, India Jakarta, Indonesia Beira, Mozambique
(years) (May 2003—Apr 2005) (Aug 2001-Jul 2003) (Jan—-Dec2004)

Population Cases Rate Population Cases Rate Population Cases Rate®
<1 698 10 7.16 3121 25 4.01 = = =
1-4 3782 53 7.01 12620 39 1.55 1686° 9 8.8
5-14 11440 50 2.19 29093 17 0.29 17861¢ 38 35
>14 42143 78 0.93 115423 62 0.27
Total 58063 191 1.64 160257 143 0.45 19547 47 4.0

@ Rates were corrected for direct protection from cholera vaccination.
® Age group 2—4 years.
¢ Age group =5 years.
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Table 2. Cholera incidence rate (per 1000) and source of information by World Health
Organization (WHO) mortality stratum

WHO stratum Incidence? Information source
AFR-D 2.00 Beira, Mozambique and WER data
AFR-E 4.00 Beira, Mozambique data

EMR-B 0.10 Assumption-based

EMR-D 1.64 Kolkata data

SEAR-B 045 Jakarta data

SEAR-D 1.64 Kolkata data

WPR-B 0.10 Assumption-based

AFR-D, African Region, stratum D; AFR-E, African Region, stratum E; EMR-B, Eastern Mediterranean Region,
stratum B; EMR-D, Eastern Mediterranean Region, stratum D; SEAR-B, South-East Asia Region, stratum B;
SEAR-D, South-East-Asia Region, stratum D; WER, Weekly Epidemiological Record; WPR-B, Western Pacific

Region, stratum B.
2 Rate per 1000.

Note: Countries by WHO mortality strata are listed in Appendix A (available at: https://trdrdcsys.ivi.int/cic/

appendixA.pdf).

not repeat data from different articles
for the same year, and dividing the to-
tal by nine (for the nine-year interval).
Because most of the data included in
this report were obtained from WHO’s
Weekly Epidemiological Record, whose
reporting efficiency WHO estimates as
ranging from 5-10%,° we assumed that
the annual average numbers of reported
cases represent approximately 10% of
the cholera burden in non-endemic
countries. We divided the average an-
nual number of cases in 2000-2008 by
this reporting efficiency rate to estimate
the cholera burden in these countries.

Age-specific incidence rates

We estimated age-specific cholera inci-
dence rates for each endemic country
using WHO-region-specific overall
incidence rates (Table 2) and the inci-
dence age distribution from the Kolkata
study (Table 1). We used the Kolkata age
distribution because population-based
age-specific incidence is generally un-
available by WHO mortality stratum.
To account for differences between each
country’s population age distribution
and that of Kolkata, we normalized
age-specific incidence rates such that
the overall incidence for a given WHO
mortality stratum matches the estimates
in Table 2.

Estimation of cholera deaths

Cholera is distinctive among diarrhoeal
diseases in that mortality is high among
patients of all ages. Estimates of cholera
mortality reported to WHO by Member
States may be inaccurate. For example,
during a cholera outbreak in several
Kenyan villages in 2008, active, commu-
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nity-based case-finding showed much
higher numbers of cases and deaths
than reported: 37% more surviving cases
and 200% more fatal cases were found,
raising the estimated case-fatality rate
(CFR) from 5.5% to 11.4%.”” Because in
less-developed countries many deaths
from cholera probably occur before pa-
tients reach the hospital for treatment,
facility-based cholera mortality figures
are very likely to be underestimates.

Drawing on reported CFRs from
several published studies (Table 3, avail-
able at: http://www.who.int/bulletin/
volumes/90/3/11-093427), we computed
variance-weighted’® average cholera
CFRs by WHO region. We took the sum
of the product of CFR and weight and
divided it by the sum of the weights (Ap-
pendix D, available at: https://trdrdcsys.
ivi.int/cic/appendixD.pdf). No CFR
estimates for AFR-D were available from
peer-reviewed sources for the past 10
years, so instead we used the estimated
CFRs for AFR-E, which we found to be
about 20% lower.

Cholera CFR estimates were not
available for any of the cholera-endemic
countries in SEAR-B or WPR-B. We
assigned these countries a CFR of 1.0%
on the assumption that they had lower
CFRs because their health expenditure
per capita was higher than in AFR and
SEAR-D countries (Table 3). Using these
CFRs, we computed the expected an-
nual number of deaths from cholera for
all selected endemic and non-endemic
countries except Bangladesh, for which
we used a CFR of 1.5% provided by an
expert (B Maskery, personal commu-
nication). Since age-specific mortality
data were not available, we assumed that
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CFRs were the same across all age groups
in each stratum.

Results
At-risk population

Table 4 shows the at-risk populations
of endemic countries, aggregated by
WHO mortality strata. An estimated
1.4 billion of the world’s population is
at risk for cholera, and SEAR-D, which
includes Bangladesh and India, has the
largest populations at risk, followed in
descending order by AFR-E and AFR-D.
For country-specific at-risk population
data, see Appendix C.

Cholera cases

An estimated 2.8 million cholera cases
occur each year in endemic countries
(Table 4), and the average global an-
nual incidence rate is 2.0 cases per 1000
people at risk (range: 0.10-4.0). If the
population not at risk is counted, the
estimated average incidence in cholera-
endemic countries drops to about 1.15
cases per 1000 population. The countries
with the highest incidence rates are
in Africa and southern Asia (Fig. 1).
Lower incidence rates were estimated
for South-East Asia. Within Africa,
western countries (primarily those in
stratum D) were estimated to have
lower incidence rates than countries
in eastern Africa (primarily those in
stratum E) because cholera incidence
among at-risk populations in countries
in AFR-D was assumed to be about 50%
of the rate reported in Beira, based on
the cholera incidence rates reported
to WHO and other data sources. Only
1.2% of the estimated cases occur in
SEAR-B, WPR-B and EMR-B, which
is not surprising since these countries
belong to lower mortality strata and
have better infrastructure. Incidence
rates are highest among children under
5. Overall, we estimate that about half of
all cholera cases occur in this age group,
and that the expected annual number of
cholera cases in non-endemic countries
is about 87000 (Table 5). Estimates of
the expected number of cholera cases
by country and by age group are given
in Appendix E (available at: https://
trdrdcsys.ivi.int/cic/appendixE.pdf.).

Cholera deaths

The estimated numbers of annual
cholera deaths in endemic countries,
by age and by WHO mortality stratum,

Bull World Health Organ 2012;90:209-218A | doi:10.2471/BLT.11.093427
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Table 4. Population at risk, estimated number of cholera cases and estimated annual incidence in endemic countries, by age group and
World Health Organization (WHO) mortality stratum

WHO stratum Total population Age group (in years) Incidence (per
at risk <1 1-4 514 15+ Al 1000 at risk)
AFR-D 196462 691 45062 159118 99714 89035 392929 2.0
AFR-E 254606241 115374 410737 259704 232709 1018524 4.0
EMR-B 11817550 93 330 292 459 1174 0.1
EMR-D 114459890 19099 70711 46951 50858 187619 1.6
SEAR-B 50443 558° 1806 6973 5147 8760 22686 04
SEAR-D 694832 590° 100408 379474 305771 416029 1201682 1.7
WPR-B 120530784¢ 846 3287 2785 5137 12055 0.1
Total 1443153304 282688 1030630 720364 802987 2836669 2.0
Incidence (per 1000) - 7.3 7.0 2.2 0.9 2.0 -

AFR-D, African Region, stratum D; AFR-E, African Region, statum E; EMR-B, Eastern Mediterranean Region, stratum B; EMR-D, Eastern Mediterranean Region, stratum D;
SEAR-B, South-East Asia Region, stratum B; SEAR-D, South-East Asia Region, stratum D; WPR-B, Western Pacific Region, stratum B.

2 Provinces of Indonesia included West Java, Irian Jaya, Sumatra, Jakarta, Banten, Tangerang, Bogor and Maluku.

® States and territories of India included Andhra Pradesh, Assam, Goa, Gujarat, Haryana, Himachal Pradesh, Karnataka, Kerala, Madhya Pradesh, Maharashtra, Orissa,
Punjab, Tamil Nadu, Uttar Pradesh, West Bengal, Andaman & Nicobar Island, Chandigarh and Delhi.
¢ Provinces of China included Guandong, Zhejiang, Shanghai, Fujian and Hainan.

Table 5. Estimated annual number of cholera cases in non-endemic countries

Country WHO stratum Cases Deaths
Afghanistan EMR-D 17157 549
Algeria AFR-D 2143 83
Botswana AFR-E 51 2
Burkina Faso AFR-D 17129 651
Cambodia WPR-B 16805 168
Central African Republic AFR-E 173 8
Djibouti EMR-D 190 6
Eritrea AFR-E 271 10
Fiji WPR-B 377 3
Gabon AFR-D 1119 43
Lao People’'s Democratic Republic WPR-B 5426 54
Madagascar AFR-D 23180 881
Malaysia WPR-B 2293 24
Marshall Islands WPR-B 18 0
Micronesia (Federated States of ) WPR-B 143 1
Seychelles AFR-D 103 3
Sri Lanka SEAR-B 10

Timor-Leste SEAR-D 658 20
Total - 87246 2506

AFR-D, African Region, stratum D; AFR-E, African Region, stratum E; EMR-B, Eastern Mediterranean Region,
stratum B; EMR-D, Eastern Mediterranean Region, stratum D; SEAR-B, South-East Asia Region, stratum B;
SEAR-D, South-East Asia Region, stratum D; WPR-B, Western Pacific Region, stratum B.

are summarized in Table 6. Estimated
numbers of country-specific cholera
deaths are available in Appendix F
(available at: https://trdrdcsys.ivi.int/
cic/appendixF.pdf). Using population
data from 2005, we estimated that chol-
era kills about 91000 people annually,
on average, in endemic countries, with
about half of the deaths occurring in
children under 5. This corresponds to
a rate of 6.3 deaths per 100000 people

at risk. Mortality rates vary from 0.1
deaths per 100000 people at risk in
EMR-B and WPR-B to 15.2 deaths per
100000 in AFR-E. Since we assumed
that CFRs were the same across age
groups, age-specific mortality rates, like
age-specific incidence rates, were high-
est among young children (Fig. 2). In
total, we estimated an average of about
2500 cholera deaths per year in a non-
endemic country (Table 5).

Bull World Health Organ 2012;90:209-218A I doi:10.2471/BLT.11.093427

Sensitivity analyses

We performed sensitivity analyses us-
ing different criteria to estimate: (i) the
population at risk in endemic coun-
tries, (ii) cholera incidence rates, and
(iii) CFRs. In the base-case analysis we
assumed the population at risk in en-
demic countries to be the fraction lack-
ing access to improved sanitation. We
also conducted the analysis under a more
restrictive assumption, namely, that the
population at risk was the fraction lack-
ing access to an improved water supply
(smaller in most countries than the frac-
tion lacking improved sanitation). When
we applied the incidence rates from
Table 1 to UN data on the population
without an improved water source,” the
annual cholera burden decreased to 1.17
million cases and 41 000 deaths. We also
applied the less restrictive assumption
that in endemic countries (including all
states and provinces of China, India and
Indonesia) the entire population was at
risk, whereupon the global cholera bur-
den estimates increased to 5.1 million
cases and 156 000 deaths.

When we assumed that incidence
rate estimates were 50-150% of the
base values for WHO mortality strata,
the estimated annual number of cases
and deaths ranged from 1.42 to 4.26
million and from 46 000 to 137000,
respectively. Finally, we found that
CFRs generally vary between 1% and
5%, depending on access to appropriate
treatment (Table 3). When these CFRs
were applied across all mortality strata,
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Table 6. Estimated number of cholera deaths and annual mortality rate in endemic
countries, by age group and World Health Organization (WHO) mortality

stratum
WHO stratum Age group (years) Mortality
<1 1-4 5-14 15+ Total

AFR-D 1712 6045 3788 3383 14928 7.6
AFR-E 4384 15610 9868 8842 38704 15.2
EMR-B 1 4 4 6 15 0.1
EMR-D 612 2263 1503 1627 6005 52
SEAR-B 18 70 52 88 228 0.5
SEAR-D 2647 10062 8056 10725 31490 4.5
WPR-B 8 32 28 52 120 0.1
Total 9382 34086 23299 24723 91490 6.3
Mortality® 24.1 232 7.0 2.7 6.3 =

AFR-D, African Region, stratum D; AFR-E, African Region, stratum E; EMR-B, Eastern Mediterranean Region,
stratum B; EMR-D, Eastern Mediterranean Region, stratum D; SEAR-B, South-East Asia Region, stratum B;
SEAR-D, South-East Asia Region, stratum D; WER, WPR-B, Western Pacific Region, stratum B.

@ Deaths per 100000.

Fig. 2. Age-specific mortality rates for at-risk populations by WHO stratum in

cholera-endemic countries, 2005
40.0
3504
30.0
2504
20.0

15.0

Mortality rate (per 100 000)

10.0

50

0 <1 1-4

m African Region

the expected number of cholera deaths
ranged from 28 000 to 142 000.

Discussion

Our study shows that the global bur-
den of cholera is large, particularly in
developing countries. Every year an
estimated 2.8 million cases of cholera
(uncertainty range: 1.2-4.3 million) and
about 91 000 deaths (uncertainty range:
28000-142000) occur in endemic coun-
tries, and another 87000 cases and 2500
deaths occur in non-endemic countries.
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5-14 15 Total

Age (years)

m Fastern Mediterranean Region

= South-East Asia Region = Western Pacific Region

The burden of cholera is greatest in
Africa and southern Asia, with about
99% of the cases occurring in AFR-D,
AFR-E, SEAR-D and EMR-D. About
half of the cases and deaths occur in
children under 5. Because most cholera
cases occur in poor communities, few
systematic studies of endemic cholera
incidence have been conducted. In addi-
tion, since embargos from trading part-
ners and tourism losses usually follow
confirmation of cholera outbreaks,**
many countries are reluctant to con-
duct cholera surveillance or to officially
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report cholera cases or deaths. Finally,
many cholera deaths occur before
patients can reach treatment facilities,
which further complicates disease bur-
den estimates.”

Our estimates are based on a frame-
work using available endemic cholera
incidence rates, identification of en-
demic countries based on WHO criteria
and, for Bangladesh, interviews with in-
country experts. Our estimated number
of cases and cholera-attributable deaths
were consistent with previous WHO
estimates of underreporting of 3 to 5
million cases and 100000 to 120000
deaths every year.”"” These estimates are
much higher than the 317 534 cases and
7543 deaths reported worldwide in 2010,
suggesting that cholera is substantially
underreported. Even if the 500000 to
700000 cases of acute watery diarrhoea
reported annually in some parts of Asia
are counted as cholera cases,” the result-
ing numbers are still lower than our es-
timates. However, our estimated burden
is substantially lower than the 11 million
cases found among children under 5 in
2002 by Lanata et al., who used different
methods and included published studies
from 1990-2002."

There are limitations to our study.
First, we obtained some incidence rates
from systematic surveillance over a two-
year period in three research settings
and applied them to cholera-endemic
countries by WHO mortality stratum.
Such settings may not be representa-
tive of each region. In addition, cholera
incidence varies from year to year, even
in endemic countries. Thus, two years
of surveillance data may not be enough
to estimate the average cholera burden.
Second, supplemental data from WHO
and other sources were also included to
adjust incidence rates within the AFR;
however, few countries outside this
region report cholera consistently. To
overcome the data limitations, we care-
fully evaluated every country setting and
used our best judgment to attribute inci-
dence rates by WHO mortality stratum.
Third, we generalized data from Kolkata,
in SEAR-D, to estimate the age distri-
bution of cases in regions other than
SEAR-D. We did this because Kolkata
was the only site for which current data
on the age-specific incidence of cholera
in all age groups were available.

A further limitation of our study is
that we treated Bangladesh, China, India
and Indonesia differently from the way
we treated other countries. We assumed
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the entire population of Bangladesh to
be at risk because, unlike other cholera-
endemic countries, Bangladesh has a
low elevation and experiences tropical
monsoons that undermine the benefits
of improved sanitation. China, India
and Indonesia were treated differently
for three reasons: (i) they had large
populations capable of greatly influenc-
ing estimates; (ii) their risk of cholera
is heterogeneous, and (iii) they report
data by state or province. In addition, we
excluded certain parts of these countries
after carefully reviewing the literature
on cholera in 2003-2008. The inclu-
sion of the entire populations of these
countries could artificially increase the
estimated at-risk population and cholera
incidence.

We tried to be conservative in our
estimates by defining the population at
risk of cholera using the UN Millennium
Development Goals Indicators database
on country-specific access to improved
sanitation and assuming zero incidence
in the population not at risk. To ad-
dress the impact of these limitations,
we performed sensitivity analyses and
calculated ranges for the total numbers
of cholera cases and deaths.

On the positive side, we made
transparent assumptions for general-
izing data to the global population,
and we estimated the global burden
of cholera based on cholera incidence
rates obtained from population-based

surveillance studies. Our cholera burden
estimates are in line with WHO’s lesser
estimate. We did not include the recent
major epidemic of cholera in Haiti in our
study because it occurred after the time
frame for our analysis and cholera had
not been reported in Haiti for more than
100 years. If, as some predict, cholera
becomes endemic in Haiti, then Haiti’s
cholera burden should be included in
future analyses.

Epidemic cholera is a disease of
great local importance, as evidenced
by large, recent outbreaks in Haiti and
Zimbabwe. However, the burden of
cholera in endemic areas, which appears
to dwarf the burden in non-endemic
areas, is often overlooked. At two district
hospitals in rural Bangladesh, cholera
was the most common cause of severe
dehydration from acute watery diar-
rhoea among children less than 5 years
of age; it was 1.8 times more common
than rotavirus diarrhoea as a cause of
severe dehydration.” In another study
from a hospital in Kolkata, V. cholerae
O1 was the pathogen most commonly
isolated from admitted patients who
had diarrhoea and the one most often
identified in fatal cases over a two-year
period.”

Our estimate of the global burden
of cholera may direct efforts to develop
strategies for mitigating endemic and
epidemic cholera in the face of climatic
and environmental changes and slow
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progress towards improving water and
sanitation in endemic countries. We
need adequate prevention, preparedness
and control measures to mitigate the
impact of cholera.® Poor case reporting
is problematic because it can lead to
insufficient allocation of resources to
effectively deal with cholera. The data
we present may help policy-makers
and the WHO’s Global Task Force on
Cholera Control to determine how
much investment future cholera control
interventions will require. They also
underscore the need to improve cholera
surveillance, especially among at-risk
populations in endemic countries. H
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Résumé

Le fardeau mondial du choléra

Objectif Estimer le fardeau mondial du choléra en utilisant les rapports
et les données d'incidence basés sur la population.

Méthodes Les pays récemment affectés par le choléra ont été classés
comme pays endémiques ou non endémiques, selon quiils avaient
signalé des cas de choléra au cours dau moins trois des cinq derniéres
années. Dans chaque pays, les pourcentages de la population n'ayant pas
acces a des installations sanitaires améliorées ont été utilisés pour calculer
les populations exposées au choléra, et les taux dincidence tirés détudes
publiées ont été appliqués a des groupes de pays afin dévaluer le nombre
annuel de cas de choléra dans les pays endémiques. Les estimations
de cas de choléra dans les pays non endémiques étaient basées sur le
nombre moyen de cas signalés de 2000 a 2008. Les estimations du taux
de létalité (TL) du choléra basées sur la documentation disponible ont
été utilisées pour calculer les TL du choléra moyens de variance pondérée
afin dévaluer le nombre de déces imputables au choléra.

Résultats Environ 1,4 milliard de personnes sont exposées au choléra
dans les pays endémiques. Environ 2,8 millions de cas de choléra se
produisent chaque année dans ces pays (marge d'incertitude: 1,4—4,3),
et quelque 87 000 cas de choléra sont enregistrés dans les pays
non endémiques. On estime que l'incidence est supérieure chez les
enfants de moins de 5 ans. Chaque année, environ 91 000 personnes
(marge d'incertitude: 28 000 a 142 000) meurent du choléra dans les
pays endémiques et 2 500 personnes en meurent dans les pays non
endémiques.

Conclusion Le fardeau mondial du choléra, tel que déterminé par une
revue systématique sur la base d’hypotheéses clairement énoncées, est
élevé. Les résultats de cette étude fournissent une base actuelle pour la
planification des interventions de santé publique afin de lutter contre
le choléra.

Pesiome

mo6anbHoe 6pems xonepbl

Lenb Ouenuntb rnobanbHoe bpems xonepbl C MCMONb30BaHEM
ZIaHHbBIX 1 OTUETOB O 3ab60NeBaEMOCTIN HaceneHy.

MeTogbi CTpaHbl C HeaaBHe NCTopHEN 3a001eBaeMOCTI XONepoi
BBV KNACCUMLUMPOBAHBI Kak IHAEMMUECKME N HESHAEMUYECKNE,
B 3aBVICYMOCTM OT TOrO, COOBLLIANM MM OHK O CAyYanx 3abonesaHua
XONEPOR, NO KpamHewn Mepe, B TeYeHre Tpex 13 NATY NOCAeAHMX
neT. [poUEHT HaceNeHrA B Kax oM CTpaHe, He MvietoLLer JOCTyna K
YAYYLLEHHBIM CPeACTBaM CaHWUTApPHOrO Haf30pPa, Obi MCMOMb30BaH
ONA BbIUYNCIEHWA TPYNMN HaceneHna C pUCKOM 3aboneBaHuma
XONepoM, a nokasareny 3aboneBaeMoCcT 13 Ony6ANKOBaHHbIX
MCCNefoBaHWI Bbinv NPYMEHEHbl B OTHOLWEHWM rpynn CTpaH C
LeNblo OLEHKM EXKErOfHOrO KoNMYecTsa 3aboneBaHunii Xonepon B
SHAemMMYeckrx cTpaHax. OLeHKr CydyaeB 3aboneBaHmsa Xonepor B
HEdHAEMNYECKIIX CTpaHax OblN OCHOBaHbI Ha CPeAHEeM KonmyecTse
CIlyYaeB, 3aperncTpmpoBaHHbix ¢ 2000 no 2008 rr. OCHOBaHHbIe
Ha MOMYYEHHbBIX JaHHbIX OLEHKIM Y4acTOTbl NIeTAaNbHOrO UCXona
(neTanbHoCTY) B CNydae 3aboneBaHNna Xonepo Oblin CMob30BaHb
[1A BBIUMCNEHMA 3HAYEHNA CPeHEB3BELLEHHON ANCNEPCUN YPOBHA
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NeTanbHOCTW, CBA3AHHOIO C XONEPOW, 1 OLLEHKM KONMYeCTBa CMepTeN
B pe3yrbTaTe AaHHOro 3abonesaHu.

Pe3ynbraTtbl B 3HAEMMUECKMX CTPaHaX PYCKY 3a00MeBaHIIA XONepo
noaBepxeHsl okono 1,4 munnnapna yenosek. 1o oueHkam, B
TakMX CTPaHaX eXerogHo perucTpupyetca 2,8 MUIIMOHa Ciyyaes
33boneBaHNA xonepoit (0bnacTb HeonpeaeneHHocT: 1,4-4,3), n
npumepHo 87 000 cyyaes 3aboneBaHA XONepoK perncTprpyeTca
B HE3HAEMMYeCKMX CTpaHax. 3ab0NeBaeMOCTb OLEHMBAETCA Kak
CcamMas BbICOKadA y feTei B BO3pacTe mnafuwe 5 net. Kaxabin roa
okono 91000 uenosek (06nacTb HeonpeaeneHHocTv: 28 000-142
000) yMUPAIOT OT XONePbl B SHAEMUUECKKX CTpaHax 1 2500 yenosek
YMMPAIOT OT AAHHOTO 3ab0mNeBaHVA B HEIHAEMUYECKIMX CTPaHaX.
BbiBOA YpoBeHb rnobansHOro bpemveHn xonepsl, Kak onpeaeneHo
NoCPeacTBOM CUCTEMATUYECKOro 0030pa C UYETKO 3anBfIEHHBIMY
npeAnoChIIKaMu, ABNAETCA BbICOKMM. Pe3ynbTaTbl JaHHOrO
1CCNeAoBaHVA NPeACTaBAAioT Cobol COBPEMEHHYIO OCHOBY AN
M1aHMPOBaHKA Mep B 06M1acTy OBLLECTBEHHOMO 3APaBOOXPAHEHNA
nns 60pbObl C XONepon.
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Resumen

La carga global del célera

Objetivo Calcular la carga global del célera empleando los informes y
datos sobre su incidencia en la poblacién.

Métodos Los paises con unos antecedentes recientes de cdlera se
clasificaron como endémicos o no endémicos en funcién de si habfan
comunicado casos de colera en al menos tres de los Ultimos cinco anos.
Se emplearon los porcentajes nacionales de poblacion sin acceso a una
sanidad moderna con el fin de calcularla poblacién en riesgo de padecer
el coleray se aplicaron las tasas de incidencia de los estudios publicados a
los grupos de paises para calcular el nimero anual de casos de célera en
paises endémicos. El calculo aproximado del nimero de casos de coleraen
paises no endémicos se basé en las cifras medias de casos comunicados
entre 2000 y 2008. Se utilizaron los cdlculos aproximados de la tasa de
mortalidad por célera (TMC) procedentes de la documentacion disponible
para establecer la varianza ponderada de la TMC media para el clera y
calcular de este modo el nimero de defunciones por esta enfermedad.

Resultados Aproximadamente 1,4 mil millones de personas estan en
riesgo de padecer el célera en los paises endémicos. Se ha calculado
que en dichos pafses se registran aproximadamente 2,8 millones de
casos de cdlera al afo (rango de incertidumbre: 1,4-4,3) asi como unos
87000 casos de clera en los paises no endémicos. Se estima que la
incidencia mas elevada se registra en los nifios menores de 5 afos. Cada
aflo mueren unas 91 000 personas (rango de incertidumbre: 28 000 a
142 000) de colera en los paises endémicos y 2500 personas fallecen por
esta enfermedad en los paises no endémicos.

Conclusion La carga global del célera es elevada, segun se ha
determinado a través de una revision sisteméatica con supuestos
claramente definidos. Los resultados de este estudio ofrecen una base
contemporanea para planificar las intervenciones de la sanidad publica
dirigidas a controlar el célera.
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