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Estimating effects of improved drinking water and
sanitation on cholera
Andrew J. Leidner and Naveen C. Adusumilli

ABSTRACT
Demand for adequate provision of drinking-water and sanitation facilities to promote public health
and economic growth is increasing in the rapidly urbanizing countries of the developing world. With a
panel of data on Asia and Africa from 1990 to 2008, associations are estimated between the
occurrence of cholera outbreaks, the case rates in given outbreaks, the mortality rates associated
with cholera and two disease control mechanisms, drinking-water and sanitation services. A
statistically signiﬁcant and negative effect is found between drinking-water services and both cholera
case rates as well as cholera-related mortality rates. A relatively weak statistical relationship is found
between the occurrence of cholera outbreaks and sanitation services.
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INTRODUCTION
Economists have long focused substantial effort to under-

under-nutrition, dehydration and stunted growth among

stand the relationship between an individual’s health and

children (Nandy et al. ). This paper focuses on one par-

wealth (Grossman ). In more recent years, public

ticular pathogenic agent Vibrio cholera which causes the

health and economic development researchers have focused

diarrheal disease more commonly known as cholera.

on regional and national issues, to understand the mechan-

One of the objectives of the Millennium Development

isms which contribute to regions possessing both sub-

Goals (MDGs) is to halve the proportion of people without

standard health and economic poverty (Anand & Ravallion

access to improved sanitation and drinking water (UN Gen-

). Efforts have focused on health as it affects economic

eral Assembly ). This goal is in part motivated by the

development (Mayer ; Sachs & Malaney ; Bloom

recognition that water and sanitation infrastructure plays a

et al. ), poverty as it affects health (Tol & Dowlatabadi

role in preventing disease, encouraging economic growth,

), and the two issues together as they simultaneously

and ultimately reducing poverty (Prüss-Üstün & Corvalán

affect each other (Tol ; Bonds et al. ).

). Furthermore, drinking water and sanitation improve-

Among the illnesses that seem to pervade impoverished

ments become more important public health considerations

regions, the persistence of diarrheal disease poses a particu-

when viewed in the context of rapidly urbanizing human

larly tragic problem because well-known and well-executed

populations across the globe (Vlahov et al. ).

methods exist in the developed world by which diarrheal

With these dynamics in mind, this paper seeks to better

disease can largely be prevented and by which many of

understand the relationships among the development of

those that become infected can be medically treated to

drinking water facilities, sanitation facilities, and the

achieve a full and relatively fast recovery. Diarrheal disease

burden of the water-borne disease cholera. In this study, a

is the second leading cause of death among children less

cross-country and time-series dataset (i.e., a panel dataset)

than ﬁve years old and can be caused by a wide range of

for nations in Asia and Africa has been assembled from sev-

viral, bacteriological, or parasitic organisms (WHO ).

eral sources, integrating disease infection levels, water and

The morbidity associated with diarrheal illnesses leads to

sanitation infrastructure levels, economic wealth indicators,
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and environmental variables. To our knowledge, no such

prevalence has been linked to ocean warming in conjunc-

study exists that estimates the relationship among so many

tion with El Niño or the Southern Oscillation (ENSO)

disease-relevant factors and across such a broad geographic

(Rodó et al. ).

range. Moreover, this study is timely and relevant in light of

Water treatment methods, whether they be piped water

the ongoing efforts of the MDGs to reduce poverty and

service or simple point-of-use systems, have been found to be

improve the lives of citizens worldwide. The progress and

effective at reducing infections of all types of diarrheal dis-

merits of the MDGs may be up for discussion long into

ease (Fewtrell et al. ; Zwane & Kremer ).

the future, and this study provides an evaluation of one par-

However, evidence collection and evaluation for the effec-

ticular facet of the MDGs in the context of cholera, a well-

tiveness of water treatment and sanitation interventions

known scourge of the developing world. This study builds

remains ongoing. A review by Cairncross et al. () con-

a novel dataset to look at these questions. Empirical ﬁndings

siders study design and ﬁnds that the effectiveness of

indicate a complex relationship between the varied aspects

water treatment interventions in some random controlled

of cholera-related public health burdens, access to improved

trials are not reproduced when trial participants are blinded.

drinking water and sanitation systems, and environmental

Looking at treatment interventions that are speciﬁc to cho-

and economic conditions. The remainder of the study will

lera, the implementation of simple ﬁlters to remove water-

proceed with the following sections: cholera background,

borne copepods, to which cholera bacterium are known to

methods and empirical approach, data description, results,

attach (Huo et al. ), has been shown to result in 48%

and conclusion.

reduction in cholera cases (Colwell et al. ). Other
water-related infrastructure projects, such as drainage sys-

Relevant literature and background

tems, have also been linked to cholera incidences (Sasaki
et al. ). Well-designed evaluation studies of sanitation-

Diarrheal disease can originate from a variety of microbiolo-

based infrastructure interventions are few in number,

gical agents (Jose & Bobadilla ) and results in the

which results in a dearth of high-quality evidence to support

deaths of possibly more than 1.6 million children annually,

the effectiveness of these interventions in reducing the

mostly in developing countries (WHO & UNICEF ).

burden of cholera and other diarrheal illnesses (Cairncross

Cholera is one such disease caused by the pathogen Vibrio

et al. ). Beyond drinking water and sanitation-related

cholera. Cholera case burden numbers between 100,000

control strategies, other personal health-based interventions

and 300,000 recorded cases per year worldwide (WHO

are also acknowledged for reducing the cholera disease

a). More recent estimates of the total disease burden

burden. These interventions include breastfeeding (Glass

in areas of the globe where cholera is endemic suggest

et al. ), vaccinations (Sanchez et al. ), simple

that between 1.4 and 4.2 million cases occur annually

hygiene such as hand washing prior to food preparation

around the world and result in as many as 91,000 deaths

(Hutin et al. ), and bathing (Sack et al. ).

annually (Ali et al. ). Cholera transmissions occur primarily

as

a

consequence

of

contaminated

Therapeutic disease mitigation strategies have also

shared

demonstrated effectiveness at reducing the disease burden

resources, such as lakes (Bompangue et al. ) or coastal

of diarrheal illnesses. The most common therapy for acute

estuaries (Jutla et al. ). Other environmental and water-

diarrhea regardless of the disease-causing agent (i.e., not

related factors inﬂuence cholera incidences, such as proxi-

speciﬁcally cholera-induced diarrhea) is oral-rehydration

mity to coast (Borroto & Martinez-Piedra ), seasonal

therapy (ORT), the consumption of large amounts of water

weather conditions (Akanda et al. ), temperature

with a balance of salts and sugars to replenish the essential

(Lama et al. ), rainfall (Sasaki et al. ) and rainfall

nutrients lost due to diarrhea. From Jose & Bobadilla (),

anomalies (de Magny et al. ). In the context of climate

ORT reduces the duration of diarrhea as well as the mor-

change, these environmental factors may yield profound

tality

implications for developing nations. Consider the case of

management strategy for most types of diarrheal diseases

Bangladesh,

is to prevent and treat dehydration while maintaining

where

substantial

variation
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nutrient intake levels throughout the course of the disease

concentration, is partially motivated to control for behavior-

(Alam & Ashraf ). Speciﬁc to cholera, the deployment

al changes which may also be correlated to these broader

of ORT has reduced mortalities associated with cholera out-

economic and geographic trends.

breaks from greater than 40% of reported cases, with tens of
thousands of deaths, to less than 4% of reported cases

METHODS

(WHO a).
A variety of other factors may also inﬂuence disease
levels, including a region’s economic and institutional

Empirical approach

characteristics. Gerolomo & Penna () show the incidence of cholera is linked to lower household income

This study considers the factors that contribute to annually-

levels. In Latin America, higher levels of gross national pro-

reported cholera levels of countries in Africa and Asia. The

duct per capita, above US$2,000, was negatively correlated

analysis considers cholera events (or episodes) as consist-

with cholera incidence rates (Ackers et al. ). Talavera

ing of three statistically-tractable components. Those

& Perez () found that the number of cholera cases

components are: (1) the occurrence of an outbreak (a

was highest in countries with low gross national income,

binary variable), (2) the number of cases per 100,000 popu-

strengthening the case that cholera, and sub-standard

lation in a given outbreak, and (3) the number of disease-

health in general, are linked to poverty.

associated mortalities per cases in a given outbreak.

The many factors associated with cholera outbreaks and

Since negative values for the number of cholera infections

disease-burden that are identiﬁed by previous literature

in a given country at a given time cannot occur, the data for

inform the conceptual framework and the empirical strategy

cholera cases and by extension the data for cholera rates

of this study. This study endeavors to construct a dataset that

(cases per 100,000 population) are lower bound at zero.

is designed to isolate the effects of the variables of interest:

Decomposing a given cholera event into the three com-

drinking water and sanitation infrastructure, while control-

ponents itemized above also allows for the selection of

ling

and

the three different estimation procedures, whichever is

economic factors. Given the complexity of the relationships

most appropriate given the type of data available for each

between cholera disease-burden and the various social,

component.

for

relevant

environmental,

demographic,

economic, technological/infrastructural, and behavioral

The three empirical models used to characterize a cho-

attributes that contribute to cholera, assembling such a data-

lera outbreak and its severity are presented more explicitly

set provided a considerable challenge.

below. The occurrence of a cholera outbreak is estimated

As is discussed in subsequent sections on this study’s

with a probit model Equation (1) (Gujarati ; Wooldridge

data imputation procedures, locating available data on

). The number of cases (per 100,000 population) given

even the more readily measurable of these contributing fac-

in a cholera outbreak is represented by Equation (2). The

tors proves difﬁcult. And in the case of the more difﬁcult to

intensity of cholera-related mortality rates given at least

measure factors, such as behavioral factors like hand wash-

one cholera-related death is represented by Equation (3).

ing and hygiene, data collection proves to be impossible

Since the outcome variables of Equations (2) and (3) are

while maintaining the same temporal and spatial scales as

continuous variables, they are estimated using ordinary

the other variables. The absence of explicitly behavioral

least squares (OLS) (Wooldridge ).

and hygienic data constitutes a limitation of this article





O O
P yO
i,t ¼ 1 ¼ F β Xi,t

and highlights a worthy objective for future studies and

(1)

data collection efforts. Assuming that public health awareness and hygiene practices are likely to increase with a
nation’s wealth, education, and economic development,
the decision to include economic and geographic variables,
i.e., gross domestic product (GDP) per capita and urban
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Cholera ratei,t ¼ β C1 Water rurali,t þ β C2 Water urbani,t
þ β C3 Sanitation rurali,t þ β C4 Sanitation urban i,t

 
In Equation (1), the probability of an outbreak (P yO
i,t ,
where superscript O denotes ‘outbreak’) in country i at
time t is a function of components in XO
i,t . The components
of XO
i,t include time-varying and country-speciﬁc levels of
improved drinking water and sanitation services, i.e., the
percentage of population served by improved drinking
water and improved sanitation services, the occurrence of
cholera outbreak in the previous year (or the lagged outbreak variable), a nation’s wealth (measured as GDP per
capita), the trend to capture time-correlated effects, and
other geographic and environmental characteristics of a
country that are ﬁxed through time, such as latitude
(a proxy for climate), and area of coastal and inland water
bodies. The complete empirical speciﬁcation of Equation (1)
is presented below in Equation (4). All of the empirical
variables are described in greater detail in the following
section.

þ β C5 Cholera ratei,t1 þ β C6 Urbani,t þ β C7 GDP per capitai,t
þ β C8 Yeart þ β C9 Latitudei þ β C10 Coast Land Ratioi
þ β C11 Water Land Ratioi þ β C12 Constant

(5)

Equation (3) is the model for the mortality rate associated with reported cholera cases where superscript D in
the outcome variable yD
i,t denotes ‘deaths’. Many of the
same environmental and economic variables (i.e., urban
proportion, GDP, latitude, ratios of coastal land and
inland water area to land area) are used in this model of cholera-related mortality rates. One exception is that lagged
(nor current-time) cholera cases (yCi,t ) are not used as an
explanatory variable in the mortality model of Equation
(3). Since the mortality rate is by deﬁnition a function of current cases, by virtue of being the number of deaths divided
by the number of cases, using current case rates as a righthand-side covariate would introduce simultaneity into the
model. One potential alternative is to model case rates

Outbreaki,t ¼ β C1 Water i,t þ β C3 Sanitation i,t þ β C5 Outbreaki,t1
þ β C6 Urbani,t þ β C7 GDP per capitai,t þ β C8 Yeart

and mortality rates in a simultaneous system, perhaps
using lagged cholera cases in an instrumental variable
approach, but that kind of analysis is beyond the current

þ β C9 Latitudei þ β C10 Coast Land Ratioi

scope of this study. The complete empirical speciﬁcation

þ β C11 Water Land Ratioi þ β C12 Constant

(4)

The outcome variable in Equation (2) is the cholera

of Equation (3) is presented below in Equation (6).
Mortality ratei,t ¼ β C1 Water rurali,t þ β C2 Water urbani,t

case rate yCi,t , where superscript C denotes ‘case rate’

þ β C3 Sanitation rurali,t þ β C4 Sanitation urban i,t

(number of reported infections per 100,000 population).

þ β C5 Urbani,t þ β C6 GDP per capitai,t þ β C7 Yeart

This case rate is a function of water services, sanitation ser-

þ β C8 Latitudei þ β C9 Coast Land Ratioi

vices, economic and environmental characteristics, much

þ β C10 Water Land Ratioi þ β C11 Constant

as the determinants of the binary outbreak variable in

(6)

Equation (1) are a function of those same variables. One
important distinction between the set of explanatory vari-

Data description

ables for outbreaks in Equation (1) and case rates in
Equation (2) is that where Equation (1) implements a
lagged

outbreak

variable

O
(yO
i,t1 ∈ Xi,t ),

The dataset used for this study comes from several sources.

(2)

The nations included in this dataset comprise the majority of

implements a lagged case rate variable (yCi,t1 ∈ XCi,t ). The

nations located in Africa (including 43 nations of 54) and

lagged case rate variable, deﬁned in a similar way, is the

Asia (including 31 nations of 50). African nations included

number of reported infections per 100,000 people that

in the dataset are: Algeria, Angola, Benin, Botswana,

occurred in the previous period. The complete empirical

Burkina Faso, Burundi, Cameroon, Cape Verde, Central

speciﬁcation of Equation (2) is presented below in

African Republic, Chad, Comoros, Democratic Republic of

Equation (5).

the Congo, Republic
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Djibouti, Equatorial Guinea, Ethiopia, Gabon, Gambia,

exceptions, the WER does not report a ‘0’ for countries

Ghana, Guinea, Guinea-Bissau, Kenya, Liberia, Libya,

that, presumably, either did not have any cholera cases (or

Madagascar, Malawi, Mali, Mauritania, Morocco, Mozam-

deaths) or did not report their cases to the WHO. Rather, a

bique, Namibia, Niger, Nigeria, Rwanda, Senegal, South

country’s name is simply omitted from the annual cholera

Africa, Swaziland, Tanzania, Togo, Uganda, Zambia, and

report, which may or may not imply zero cases for that par-

Zimbabwe. Asian nations included in the dataset are: Arme-

ticular country. Zero cases are not necessarily implied

nia, Azerbaijan, Bangladesh, Bhutan, Cambodia, China,

because the situation could be that a country actually experi-

India, Indonesia, Iran, Iraq, Jordan, Kazakhstan, Kuwait,

enced a positive number of cholera cases, but, due to a variety

Kyrgyzstan, Laos, Lebanon, Malaysia, Mongolia, Nepal,

of possible reasons, insufﬁcient resources for monitoring and

Oman, Pakistan, Philippines, Qatar, Russia, South Korea,

reporting being just one, such data were never transmitted to

Sri Lanka, Thailand, Turkmenistan, United Arab Emirates,

WHO and thereby not published in the WER.

Vietnam, and Yemen.

To generate a binary variable amenable to probit analysis,

The time-series of the dataset is from 1990 to 2008. The

speciﬁc instances of the outbreak variable are populated with

variable Cases is the count of reported cholera cases for a

a value (i.e., yO
i,t ¼ 0) indicating that no cholera outbreak

given country in a given year. Observations where no cho-

occurred. Imputing yO
i,t ¼ 0 from the original data occurs in

lera cases are reported for a given country and year are

two ways: (1) for non-missing observations, deﬁning an ‘out-

initially assumed to be missing values. The Cholera Rate

break’ as a country-year that reported cholera cases above

is a function of Cases and the level of Population reported

an assumed threshold, and (2) for missing observations,

to the World Bank. The Death Rate is the number of cho-

selecting speciﬁc missing observations that, based on reason-

lera-related mortalities per reported case. The variable

able criteria, most likely represent non-occurrence of cholera.

Deaths is found alongside Cases in the World Health

An assumed number of cholera cases are established as

Organization (WHO) Epidemiological Record (b).

an outbreak threshold to indicate a cholera ‘outbreak’ has

The variables Water and Sanitation are the percentage

occurred. This assumption is made for two reasons. First,

rates of coverage for ‘improved’ drinking water and

very low case levels (as few one or two) in a given year in

‘improved’ sanitation services for each country. The

a country do not comport with the general conception of a

source for these variables comes from World Bank ()

disease outbreak. Second, and more importantly, small num-

and WHO & UNICEF (). Data for Water and Sani-

bers of cases may be a consequence of international travel to

tation are available for urban and rural populations,

nations that are both unknown to the analysis as well as

hence the subscripts urban and rural are used, Waterurban,

potentially outside the African and Asian scope of this

Sanitationrural, etc. The raw data for Water and Sanitation

article. Since these cases are not generated within the drink-

are available for only a speciﬁc set of years: 1990, 1995,

ing water, sanitation, environmental, and economic contexts

2000, 2005, and 2008. The demographic and economic

of the country in which they are reported, using them as cri-

variables GDP and Urban are reported annually in World

teria to estimate the effectiveness of drinking water and

Bank (). Environmental variables are found in The

sanitation coverage is unreasonable. This threshold is oper-

World Factbook () and are presumed to be ﬁxed

ationalized in this analysis as follows: if the threshold is

through time.

set at 200 cases, then in a given year if more than 200 cholera cases is recorded, the outbreak variable for that year is

Imputed data on cholera outbreaks

set equal to one (i.e., yO
i,t ¼ 1), else it is zero. More formally,
for a given country i and time t:

One of the ﬁrst data-related challenges this study encounters
is the construction of the outbreak variable, which is yO
i,t from

if Casesi;t ≥ Casesthreshold then yO
i;t ¼ 1

(7)

if Casesi,t <Casesthreshold then yO
i,t ¼ 0

(8)

Equation (1). Data on the number of cholera cases in a given
country and year are found in the archives of the Weekly Epidemiological Record (WER) (WHO b). With a few
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Due to the arbitrary nature of selecting a value for

that are wealthy enough to report cholera in year t are

Casesthreshold, several values ranging from 50 cases in a

also wealthy enough to do so in year t þ 1. Similarly,

year to 500 cases in a year are used in robustness checks.

this assumes a country’s political willingness to report

Results presented in this paper are largely consistent

cholera is nondecreasing and/or not reversed through

across the entire range of possible assumed threshold

the years of the dataset. A more precise interpretation

case levels (from 50 to 500). With no other satisfying gui-

of these missing values would likely include country-

dance available for the selection of the most appropriate

by-country analyses of political stability and wealth

value for the outbreak threshold, we assumed the baseline

over the years of the dataset, but such an effort is

value for the threshold for presentation in this article to

beyond the scope of the current study. To make this
procedure more concrete, Table 1 contains an illustrative

be 200.
The second step in completing the ‘outbreak’ variable

example using three countries in the dataset of the

is to address the observations where the value of Casesi,t is

generation of the outbreak variable (yO
i,t ) over the years

not reported in the WER, initially becoming a missing

1990 to 1999.

value in the dataset. For a country to report its cholera
level to the WHO (and to be then recorded in the

Imputed data on drinking water and sanitation services

WER), we conjecture that two criteria must be met.
Those criteria are: (1) that the country is wealthy

Data on the proportion of people with access to ‘improved’

enough to monitor and distribute data on cholera inci-

drinking water infrastructure and ‘improved’ sanitation ser-

dences, and (2) that the country possesses the political

vice

desire to report those ﬁndings to the WHO. With these

conjunction with measuring progress towards the MDGs

criteria in mind, we concluded a reasonable procedure is

(WHO & UNICEF ). As far as we can tell, the published

to assume that reporting cholera cases to the WHO in

data for this particular goal occur for the following years:

year t reveals (or demonstrates) both an ability (or sufﬁ-

1990, 1995, 2000, 2005, and 2008. These years are referred

cient wealth level) to report cholera cases and a

to as the reported years. Since cholera cases and most of

willingness-to-report cholera cases for that country in all

the other covariates used in this study are reported annually,

years going forward. Implicitly, this assumes countries

imputing values of drinking water and sanitation for the

Table 1

|

1989

are

collected

and

published

in

An illustrative example of the imputation of the binary ‘outbreak’ variable for three countries (Rwanda, Mali, and India) over the years 1990 to 1999 in the context of cholera

RWANDA
Year

infrastructure

Cases (Casesi,t)

1

MALI
Case rate (yC
i,t)

–

1990

Outbreak (yO
i,t)

INDIA

Cases (Casesi,t)

–

Case rate (yC
i,t)

–

Outbreak (yO
i,t)

–

Cases (Casesi,t)

Case rate (yC
i,t)

Outbreak (yO
i,t)

5,026

–

–

0

3,583

0.410

1

1991

679

9.882

1

6,993

0.784

1

1992

530

8.214

1

6,911

0.759

1

1993

568

9.491

1

9,437

1.017

1

1994

10

0.177

0

4,973

0.526

1

1995

3

0.054

0

3,315

0.344

1

1996

106

1.826

0

5,723

56.663

1

4,396

0.447

1

6

0.058

0

2,768

0.277

1

0

7,151

0.701

1

0

3,839

0.369

1

1997

274

4.351

1

1998

3,220

46.370

1

1999

217

2.862

1

6

0.055

Note: Cases in year 1989 are not used in this analysis except to generate the outbreak variable
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years between the reported years seems a straightforward

used to project water and sanitation coverage at points in

and reasonable way to increase the size of the dataset. The

the past, the addition of new data may alter what this article

imputation strategy used is a simple linear interpolation of

refers to as the ‘reported’ levels of water and sanitation cover-

the unknown years, where the reported years (1990, 1995,

age estimates for past years. This issue introduces the

2000, 2005, and 2008) serve as endpoints. In this case,

possibility that analyses (such as this article) which are

using linear interpolation is analogous to drawing a line

based on JMP water and sanitation coverage data can be

between the known values in the reported years, where

repeated in the future with using updated coverage data

the drawn line represents the imputed values. To make

from JMP and thereby yield different, potentially more

this procedure concrete, an illustrative example of the two

reliable, results. Secondly, a model that is linear with respect

improved drinking water variables (reported and imputed),

to time is best suited for capturing processes with time-

using three countries, is presented in Figure 1.

constant rates of change. For the build-out of water and sani-

An important caveat, the WHO/UNICEF Joint Monitor-

tation coverage in conjunction with the MDGs, the case

ing Programme (JMP) for Water Supply and Sanitation is

could be that water and sanitation coverage are increasing

charged with tabulating and reporting progress made on

(or possibly decreasing) at an increasing rate. In particular,

the Water and Sanitation MDG goal (WHO & UNICEF

as the 2015 target year associated with the MDGs

). The methodology JMP uses to calculate water and

approaches, if efforts to achieve the MDGs have been

sanitation coverage rates are described by WHO &

increased, then any resulting acceleration in the rates of

UNICEF (, ). The levels of water and sanitation ser-

water and sanitation coverage may not be adequately cap-

vices which this article refers to as the reported data are

tured by the linear projection model. More details on the

themselves also a product of a data imputation process

JMP methodology can be found in WHO & UNICEF ().

that occurs as JMP tabulates the water and sanitation progress reports. In brief, for each progress report, JMP

Summary statistics

accumulates survey data and updates a model that projects
each nation’s levels of water and sanitation services. Most

Table 2 presents the summary statistics for the variables used

importantly, their model is linear with respect to time.

in this analysis. Subscripts on Water and Sanitation include:

The JMP data imputation process has two important con-

total, rural, and urban, which indicates access to improved

sequences for the analysis done in this article. First, the efforts

water and sanitation services of the population as a whole,

of JMP are ongoing. As additional surveys are collected for

the rural population, and the urban population, respectively.

each nation, the JMP projection model is updated. More

The subscript imputed differentiates the reported data (only

recent projections from JMP utilize newly collected or pre-

the years 1990, 1995, 2000, 2005, and 2008) from imputed

viously unavailable survey data. Since the linear model is

data that covers all the years from 1990 to 2008. The difference in years covered is reﬂected in the increase in sample
size among the imputed variables. Overall, Asian countries
seem to have fewer outbreaks, fewer cases per outbreak,
fewer deaths per case, and more of both drinking water infrastructure and sanitation infrastructure.

RESULTS
Probit estimation of cholera outbreaks
Figure 1

|

Illustrative example of the two variants of the drinking water services variable,
the reported values (Watertotal), and imputed values (Watertotal,imputed) for three

Table 3 illustrates the difference between two models with

countries (China, Nigeria, and Mozambique) over the years 1990 to 2010.

regard to the imputation of improved drinking water and
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Summary statistics for cholera case levels, water and sanitation services, and other variables for countries in Africa and Asia from 1990 to 2008

Pooled
Variable

Details

N

Africa
Mean

Asia

N

Mean

N

Mean

Cases

Number of cholera cases

693

4,109.889

488

5,178.207

205

1,566.771

Cholera rate

(Cases/Population) * 100,000

693

41.242

488

57.182

205

3.296

1220

0.401

695

0.545

525

0.210

644

0.038

472

0.046

172

0.014

Outbreak

Binary variable ¼1, if cases >¼ 200

Death rate

Deaths/Cases

Watertotal

% total pop. with improved drinking water

283

72.159

163

63.215

120

84.308

Watertotal,imputed

% total pop. with improved drinking water

1220

72.118

695

62.937

525

84.271

Waterrural,imputed

% rural pop. with improved drinking water

1220

63.023

695

52.016

525

77.595

Waterurban,imputed

% urban pop. with improved drinking water

1220

87.916

695

83.624

525

93.598

Sanitationtotal

% total pop. with improved sanitation

283

48.385

163

34.037

120

67.875

Sanitationtotal,imputed

% total pop. with improved sanitation

1220

48.304

695

33.256

525

68.225

Sanitationrural,imputed

% rural pop. with improved sanitation

1220

40.908

695

25.387

525

61.454

Sanitationurban,imputed

% urban pop. with improved sanitation

1220

60.318

695

45.231

525

80.291

Urban

% total pop. lives in urban area

1220

41.494

695

36.440

525

48.184

GDP per capita

Gross domestic product per capita (US$2,000)/1,000

1220

2.301

695

0.656

525

4.478

Latitude

Latitude (absolute value)

1220

18.634

695

12.259

525

27.074

Coast Land Ratio

Ratio of coastline to land area

1220

0.012

695

0.010

525

0.015

Water Land Ratio

Ratio of water area to land area

1220

0.035

695

0.039

525

0.029

Year

Year

1220

2,001.362

695

2,001.325

525

2,001.411

sanitation services. Model I uses the limited dataset (with no

outbreak. Only in the imputed dataset is a negative effect

imputation of Water or Sanitation), whereas Model II uses

measured on sanitation services with statistical signiﬁcance

the dataset where the years between original observations

at 10%. These results are consistent across the range of out-

are linearly interpolated. For the most part, the results are

break threshold levels.

consistent across models. The lagged outbreak variable is a

Observations increased from 287 in Model I to 1,236 in

strong predictor of current cholera outbreaks, with the lar-

Model II. The explanatory power (as measured by the

gest marginal effect, which is statistically signiﬁcant in

McFadden’s R 2) of the two models are not dramatically

both the models, presented in Table 3. The estimate on the

different. Coefﬁcient estimates, where statistically signiﬁ-

lagged outbreak variable suggests that cholera outbreak in

cant, also do not hold opposite relationships across the

a previous time period is linked to an increase in the prob-

two models. Taken together, the comparison of estimated

ability of cholera outbreak in the current time period. This

coefﬁcient values and model statistics across Models I

could be capturing the effects of an outbreak event that

and II suggest that imputation of the water and sanitation

extends across multiple years or mutiple months if the

variables for the unknown years increases the statistical

months include December and January.

power of the analysis, without altering (i.e., increasing or

In the expanded (imputed) dataset, the absolute value of

decreasing) any statistical bias that may be in either

latitude, a proxy for climate, is also signiﬁcant and indicates

model. In particular, the imputations used in Model II do

that at higher latitudes (as climates become more seasonal

nothing to address any bias that may arise from the JMP

and cooler), the likelihood of an outbreak falls. Interestingly,

methods used to project past drinking water and sanitation

this table shows little evidence for the effectiveness of water

coverage levels that are discussed in the ‘Data description’

and sanitation interventions on the occurrence of an

section.
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The estimate on the Water Land Ratio exhibits some-

and Asian countries from 1990 to 2008 with no imputation (Model I) and

what weak evidence (statistically signiﬁcant at 10%) that

with linear interpolation (Model II) of water and sanitation services

more cholera cases can occur in countries with larger pro-

Imputed water and
Model:
Dependent variable:

Original data
I

sanitation
II

Outbreak

Outbreak

portions of open water bodies. This result does comport
with the idea that these water bodies are environmental
reservoirs for the pathogen that causes cholera. However,
interpretation of the results on the ratio of water area and

Marg. Eff.

Watertotal

0.0027

R.S.E.

 0.0036

Urban
GDP per capita

0.5836*** 0.0576

coastline to land area warrants caution since these variables
are crude proxies for a variety of factors related to a nation’s

0.0001

0.0020

 0.0023*

0.0013

0.0023

Sanitationtotal,imputed
Outbreak lag

R.S.E.

0.0029

Watertotal,imputed
Sanitationtotal

Marg. Eff.

population’s risk from cholera and a nation’s natural water
systems. In particular, these variables do not directly

0.4752*** 0.0396

account for the nation’s population density near, nor its
proximity to, surface water bodies or coastlines.

 0.0036

0.0025

 0.0009

0.0015

Perhaps the most interesting and relevant ﬁnding for dis-

0.0056

0.0049

 0.0045

0.0045

ease-control policies is that the effects of Water are

0.0056

0.0057

 0.0042

0.0031

measurable with respect to cholera rates, but not statistically

Latitude

 0.0034

0.0033

 0.0090*** 0.0024

different from zero with respect to cholera outbreaks. By

Coast Land Ratio

 0.0413

0.6477

 0.6203

0.3857

contrast, Sanitation exhibits evidence, albeit weak, as nega-

Water Land Ratio

0.7046

0.8306

0.6196

0.5710

tively correlated with outbreaks, but exhibits no statistical

Year

N
McFadden’s R 2
Log-likelihood

283
0.353
 124.0

1220
0.339
 543.1

Note: Robust standard errors are clustered at the country level. This pooled sample
includes Africa and Asian countries.
*, ***indicates signiﬁcance less than or equal to 10 and 1%, respectively.

difference from zero with respect to cholera rates. These
results illustrate that not only are intervention effects difﬁcult to measure, especially at the national scale, but the
effects of different interventions may have a heterogeneous
inﬂuence on each of several aspects of a cholera event.
OLS estimation of cholera mortality rates

OLS estimation of cholera rates
Table 5 is a presentation of the results of OLS estimation on
The OLS results for cholera rates, conditional on an out-

the Death rate (scaled up by 1,000 for easier presentation of

break, are presented in Table 4. This table presents three

the coefﬁcients). Similar to the results of the cholera case

groups of estimates, based on the type of sample. Model

model, Water has an estimated effect that is negative and

III includes African and Asian nations pooled together.

statistically signiﬁcant with respect to cholera-related

In Models IV and V, the African and Asian nations are sep-

deaths, and no such effect is found for Sanitation. In the

arated into subsamples. As a factor that is associated with

pooled sample, rural access to improved water is negative

reduced intensity of an outbreak, water access in rural

and signiﬁcant at 5%, and, in the Asian sample, urban

areas is signiﬁcant and negative in the pooled and African

access to water is negative and signiﬁcant at 10%. Sani-

samples. In the pooled sample, a one percent increase in

tation, rural or urban, is not signiﬁcant in any sample with

access to improved water infrastructure in rural popu-

respect to changes in cholera-related death rates. A point

lations decreases the cholera rate by two cases per

that was raised in the literature review is that in many

100,000 population (Table 4). Interestingly, Water, rural

cases those infected with cholera may be treated by consum-

or urban, is not signiﬁcant in the Asian sample. In the

ing uncontaminated water (possibly augmented with ORT)

Asian sample, the lagged cholera rate is the most important

and may achieve a full recovery. As such, access to improved

factor related to cholera infection rate in the current

drinking water infrastructure seems likely to promote dis-

outbreak.

ease remediation.
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Coefﬁcient values and robust standard errors from ordinary least squares regression on the cholera rates, conditional on at least 200 documented cases (Outbreak ¼ 1), in African
and Asian countries from 1990 to 2008

Sample:

Pooled

Africa

Model:

III

IV

V

Dependent variable:

Cholera rate

Cholera rate

Cholera rate

Coef.

R.S.E.

Coef.

Asia

R.S.E.

Coef.

R.S.E.

Waterrural,imputed

 2.066**

0.877

 2.218*

1.114

0.373

0.314

Waterurban,imputed

 2.286

1.673

 2.086

1.922

 0.362

0.274

Sanitationrural,imputed

 1.094

1.330

 2.514

2.259

0.153

0.205

1.286

1.258

2.390

2.138

 0.323

0.296

Sanitationurban,imputed

 0.091

0.229

 0.268

0.282

Urban

1.018

0.899

0.962

1.219

 0.262

0.178

GDP per capita

1.099

10.443

70.787

49.824

 0.151

0.164

Year

1.796

1.515

-0.915

1.827

 0.700

0.627

Cholera rate lag

Latitude

1.980

Coast Land Ratio

3,549.8

Water Land Ratio

1,138.9*
 3,388.4

Constant

1.397

3.012

2,505.3

5,759.2*

672.5

1,514.3*

2,992.5

1,972.5

437

N
R2

0.231***

3.284
3,240.5

0.115
 50.2

762.4

 93.1

3,652.7

1,436.7

342

0.203

0.073

0.149
32.143
87.016
1,242.8

95

0.341

0.297

*,**,*** indicate signiﬁcance less than or equal to 10, 5, and 1%, respectively.

Table 5

|

Coefﬁcient values and robust standard errors from ordinary least squares regression on the death rates associated with cholera, conditional on at least 200 documented cases
(Outbreak ¼1) and at least one documented cholera-related death, in African and Asian countries from 1990 to 2008

Sample:

Pooled

Africa

Model:

VII

VIII

IX

Dependent variable:

Death rate

Death rate

Death rate

Coef.

R.S.E.

Coef.

Asia

R.S.E.

Coef.

R.S.E.

Waterrural,imputed

 0.465**

0.190

 0.239

0.232

 0.339

0.347

Waterurban,imputed

0.103

0.210

0.240

0.236

 0.676*

0.324

Sanitationrural,imputed

0.083

0.177

0.038

0.285

0.179

0.266

Sanitationurban,imputed

 0.098

0.195

0.151

0.221

 0.099

0.409

Urban

 0.177

0.160

 0.161

0.237

 0.059

0.146

GDP per capita

 0.431

0.714

 7.473**

3.614

0.041

0.275

Year

 1.523***

0.355

 2.200***

0.345

 0.297

0.294

0.525

 0.073

Latitude
Coast Land Ratio

 0.713**
 67.5

0.326

 0.526

56.6

 104.6**

48.9

 7.3

0.133
32.6

Water Land Ratio

 117.8***

42.0

 138.2***

46.2

 41.6

61.7

Constant

3,120.4***

706.5

4,448.3***

688.1

698.7

581.6

N
R2

455
0.288

* indicates signiﬁcance less than or equal to 10%,**5%, and ***1%.
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The signiﬁcance of Year in the pooled and African

outbreaks. In the Asian sample, lagged cholera case rates

sample suggests that time-correlated factors, not otherwise

predict larger current case rates. These results are robust

controlled for in the model, are at least reducing the mor-

to assumptions about the threshold number of cases that

tality effects of cholera infections. Some of these time-

deﬁne a cholera outbreak.

correlated factors could include: broader distribution of

More relevant to policymakers and development

human capital, such as knowledge about the effects and

researchers, this article tries to isolate and estimate the

possible treatments of cholera, broader physical products,

effects of actionable variables monitored as a part of efforts

such as ORT salts and water puriﬁcation devices, as well

made towards achieving MDGs. In particular, the effects of

as faster and more effective responses of public health

national levels of water and sanitation, representing access

organizations that intervene when a cholera epidemic

to ‘improved’ drinking water and sanitation services, are

occurs. Another interesting result in this regression is,

examined in the context of cholera outbreaks, outbreak

unlike the estimation of the case rate (Table 4), the coefﬁ-

intensity or cholera case rates, and cholera-related mortality

cient on the relation of water area to land area is negative.

rates. In the pooled sample using imputed water and sani-

Together, these results suggest countries with proportionally

tation data, cholera outbreaks are negatively related to

more water area are likely to have larger outbreaks in terms

access to improved sanitation albeit with statistical signiﬁ-

of case volumes but be subject to lower mortality rates per

cance at 10%. In the pooled and African samples, the

cholera case. This could be explained in a few ways. For

cholera case rates (conditional on an outbreak) are statisti-

example, countries with a higher ratio of water area to

cally signiﬁcant and negatively related to access to

land area may have more experience dealing with cholera

improved water systems among rural populations. In the

infections, or perhaps more intense outbreaks invoke

context of cholera-related mortality, the number of deaths

greater public health responses. The signiﬁcance of GDP

per case is negatively related to water access among rural

per capita in the African sample agrees with conventional

populations in the pooled sample (signiﬁcant at 5%) and

sense that wealthier nations are more able to care for the

among urban populations in the Asian sample (signiﬁcant

ill and prevent fewer infections from becoming fatalities.

at 10%).
The most cohesive policy implication that follows from
this study is to underscore the importance of high quality

SUMMARY AND CONCLUSIONS

monitoring and reporting of both disease incidence and progress towards social goals such as the MDGs. Such data are

This article presents an analysis of factors that are associated

not only necessary to monitor progress towards social objec-

with cholera outbreaks, case rates, and mortality rates in

tives but are also useful in retrospect to evaluate the beneﬁts

countries of Africa and Asia. For this study, a new dataset

and costs from such projects. Any other policy recommen-

is constructed from a variety of sources. Implementing

dations that follow are based on empirical ﬁndings and are

data imputation for speciﬁc missing values in two variables

therefore qualiﬁed by the context, speciﬁcally the limitations

allows for the development of a larger dataset. In the case of

of our data, in which the ﬁndings are produced. The most

imputing water and sanitation levels for unknown years, the

convincing empirical result found in this analysis is that

power of the model seems to increase with no apparent

drinking water infrastructure is negative correlated with

increase (or decrease) in any potential model bias.

cholera case rates and cholera-related mortality rates in

Results indicate a mixture of geographic, environmental,

rural areas of the sample containing both African and

and anthropogenic factors contribute to the three com-

Asian nations. Therefore, expanding water supply systems

ponents of a cholera event. Latitudes nearer to the poles

in rural areas seem to present a viable opportunity to

are associated with lower probabilities of outbreaks. Over

reduce cholera burden in Africa and Asia.

the time frame captured by the dataset, the proportion of

In conclusion, this study takes one particular aspect of

fatal cholera cases is falling in the pooled and African

the MDGs, the water and sanitation program, and examines

samples. Lagged outbreaks are a strong predictor of current

the potential effect on the issue of cholera outbreaks, which
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is just one of a myriad of water and sanitation-related public
health issues confronted by economically developing
regions. The empirical ﬁndings, being one important contribution of this study to the literature, are couched in the other
main contribution of this study, which is the assimilation of
a new dataset that captures a large spatial scale and a fairly
large temporal scale, relative to other cholera studies.
Interpretation of any results from this dataset should be qualiﬁed by obvious limitations on the availability and the
quality of the data. The numbers of cholera cases and
deaths are voluntarily reported to the WHO, published in
the WER, and almost certainly do not represent the full
extent of cholera infections across the geographic region
of the sample. As mentioned previously, the reported data
on the coverage levels of drinking water and sanitation infrastructure, which are generated from the JMP projection
model, while based on survey data are not strictly empirical
records.
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