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Preface

In response to the need for more research on displaced persons, the
Committee on Population developed the Roundtable on the Demography
of Forced Migration in 1999. This activity, which is supported by the
Andrew W. Mellon Foundation, provides a forum in which a diverse group
of experts can discuss the state of knowledge about demographic structures
and processes among people who are displaced by war and political violence,
famine, natural disasters, or government projects or programs that destroy
their homes and communities. The roundtable includes representatives
from operational agencies, with long-standing field and administrative
experience. It includes researchers and scientists with both applied and
scholarly expertise in medicine, demography, and epidemiology. The group
also includes representatives from government, international organizations,
donors, universities, and nongovernmental organizations.

The roundtable is organized to be as inclusive as possible of relevant
expertise and to provide occasions for substantive sharing to increase knowl-
edge for all participants with a view toward developing cumulative facts to
inform policy and programs in complex humanitarian emergencies. To
this aim, the roundtable has held annual workshops on a variety of topics,
including mortality patterns in complex emergencies, demographic assess-
ment techniques in emergency settings, and research ethics among conflict-
affected and displaced populations.

Another role for the roundtable is to serve as a promoter of the best
research in the field. The field is rich in practitioners but is lacking a

vii
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coherent body of research. In recent years a number of attempts to codify
health policies and practices for the benefit of the humanitarian assistance
community have been launched. The SPHERE Project—a collaboration
of a large group of nongovernmental organizations—has produced a set of
guidelines for public health interventions in emergency settings. The non-
governmental organization Médecins Sans Fronti¢res has published a book
entitled Refugee Health: An Approach to Emergency Situations (1997). In
addition, a number of short-term training courses have been developed,
including the Health Emergencies in Large Populations (HELP) course
sanctioned by the International Committee of the Red Cross and the Pub-
lic Health in Complex Emergencies course, which is partially funded by
the U.S. Agency for International Development. All of these are intended
to convey the “state of the art” to health care practitioners who serve refu-
gees.

Yet the scientific basis for these currently recommended “best practices”
is rarely presented along with the guidelines. And many of the current
recommendations are based on older, perhaps even outdated, analyses and
summaries of the literature. Furthermore, even when data are available,
they are frequently inconsistent, unreliable, and spotty. Few of the currently
recommended practices are based on scientifically valid epidemiological or
clinical studies conducted among the refugee populations they are intended
to benefit. Recognition of the need for a more evidence-based body of
knowledge to guide the public health work practiced by the relief commu-
nity has led to a widespread call for more epidemiological research. This
was acted on by the World Health Organization, which formed an Advisory
Group for Research in Emergency Settings.

In some sense the current wave of recommendations represents the end
of a cycle of learning that began with the publication of a series of papers in
the medical literature in the late 1980s. The data contained in those papers
were originally generated during the period 1978-1986. But the world and
the nature of forced migration have changed a great deal since then, and
the relevance of those data can now be called into question. Therefore, the
roundtable and the Program on Forced Migration and Health at the
Mailman School of Public Health of Columbia University have commis-
sioned a series of epidemiological reviews on priority public health problems
for forced migrants that will update the state of knowledge. These
occasional monographs will be individually authored documents presented
to the roundtable and any recommendations or conclusions will be solely
attributable to the authors. It is hoped these reviews will result in the
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formulation of newer and more scientifically sound public health practices
and policies and will identify areas where new research is needed to guide
the development of health care policy. Many of the monographs may
represent newer areas of concern for which no summary information is
available in the published literature.

The present monograph—on malaria control—is the first in this series.
It provides a basic overview of the state of knowledge about the epidemiol-
ogy of malaria and public health interventions and practices for controlling
the disease in situations involving forced displacement and conflict. Other
topics under consideration include reviews of current knowledge on
diarrheal diseases, malnutrition (particularly micronutrient disorders),
psychosocial issues, and reproductive health.

This report has been reviewed by individuals chosen for their diverse
perspectives and technical expertise in accordance with procedures approved
by the National Research Council’s Report Review Committee. The
purpose of this independent review was to provide candid and critical
comments that would assist the institution in making the published mono-
graph as accurate and as sound as possible. The review comments and draft
manuscript remain confidential.

Ronald J. Waldman of Columbia University served as review coordi-
nator for this report. We wish to thank the following individuals for their
participation in the review of this report: Mary Ettling of the Office of
Sustainable Development, Bureau for Africa, United States Agency for
International Development, and Dominique Legros of Epi Centre,
Meédecins Sans Frontieres, Paris.

Although the individuals listed above provided constructive comments
and suggestions, it must be emphasized that responsibility for this mono-
graph rests entirely with the authors.

We are also grateful to the staff and associates of the National Research
Council. Ana-Maria Ignat assisted with the proofreading and formatting
of the manuscript. Barbara Bodling O’Hare edited the volume. Christine
McShane skillfully assisted with the editing and Yvonne Wise guided the
manuscript through the publication process. Development and execution
of this project occurred under the general guidance of Barney Cohen,
director of the Committee on Population.

The authors, Peter B. Bloland and Holly A. Williams, work with the
Malaria Epidemiology Branch in the Division of Parasitic Discases, Na-
tional Center for Infectious Diseases, Centers for Disease Control and Pre-
vention in Atlanta, Georgia.
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The authors also thank John Sexton, Ray Beach, Eric Noji, Brent
Burkholder, Gail Stennies, and Paul Spiegel for their comments on a draft
version of this report.

This series of monographs is being made possible by a special collabo-
ration between the Roundtable on the Demography of Forced Migration
of the National Academy of Sciences and the Program on Forced Migra-
tion and Health at the Mailman School of Public Health of Columbia
University. We thank the Andrew W. Mellon Foundation for its continued
support of the work of the roundtable and the program at Columbia. A
special thanks is due Carolyn Makinson of the Mellon Foundation for her
enthusiasm and significant expertise in the field of forced migration, which
she has shared with the roundtable, and for her help in facilitating partner-
ships such as this.

Most of all, we are grateful to the authors of this report. We hope that
this publication contributes to both better policy and better practice in the

field.

Charles B. Keely
Chair, Roundtable on the Demography of Forced Migration

Ronald J. Waldman
Member, Roundtable on the Demography of Forced Migration

Holly E. Reed
Program Officer, Roundtable on the Demography of Forced Migration
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Introduction

In recent years, large-scale population movements in troubled areas of
the world and the suffering associated with these displacements have caught
the attention of the media. Often, the media’s attention focuses on the
political vulnerabilities of the uprooted populations, the turmoil that caused
the displacement, the malnourished state of the displaced, and occasionally,
communicable disease epidemics, such as cholera, that occur in such
settings. Rarely is it noted, however, that such displacement often occurs in
malarious areas and that malaria is frequently a primary cause of death in
the displaced population. Nonetheless, humanitarian responses to these
situations have rarely given malaria control activities the degree of emphasis
and the level of resources that the burden of disease and death due to the
disease would seem to demand. In the past, malaria control in complex
emergencies was a relatively low-priority activity that was often dis-
organized, poorly conceived, and, ultimately, inadequate. The field-based
practice of malaria control in complex emergencies typically did not reflect
a thorough and current understanding of the disease and its contributing
factors and failed to adequately capitalize on lessons learned from stable
situations. More recently, with the attention given to malaria by global
initiatives such as Roll Back Malaria (<heep:/fwww.who.int/inf-fs/en/
InformationSheet02.pdf>), there has been a noticeable increase in concern
about the impact of malaria in complex emergencies and a desire to improve
malaria control activities during mass population movements (Rowland

and Nosten, 2001; <hup:/fwww.who.int/inf-fs/en/InformationSheer07. pdf >).
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This is not to say that achieving effective malaria control is easy. Even
among stable communities, the level of commitment and resources needed
is substantial. As there is no simple “one size fits all” approach to malaria
control, and in recognition of the multitude of factors influencing the
potential success of any malaria control program, it becomes incumbent on
those providing the services to base their decisions on the best practices
available for the given situation. This, in turn, requires a familiarity with
the technical aspects of malaria, an ability to obtain the information needed
to make informed decisions, and a flexibility to match or adapt interven-
tions to the local situation. An ability to facilitate effective communication
and coordination among those involved (not just the relief community but
the displaced and host communities as well) in order to develop an
integrated plan of action is essential. Finally, adherence to best practices
requires a commitment to address malaria with as much serious planning
and forethought as are applied to the provision of water, sanitation, food,
and shelter. In many situations the burden of disease and death attribut-
able to malaria easily justifies this commitment.

This monograph is intended to provide humanitarian workers with a
comprehensive review of those aspects of malaria control that are most
relevant to designing and implementing a program in response to mass
population movements. Where possible, field-based examples from
complex emergencies have been used to illustrate different approaches, some
successful and others not. The intent is not to present a “cookbook” for
malaria control but rather to provide the relief generalist with an overview
of proven or promising malaria control interventions and enough back-
ground information to make informed decisions or to facilitate the recog-
nition of when outside expertise and advice are required. Effective malaria
control during mass population movements is more likely to be achievable
given a willingness to become informed and prepared beforehand; it is
hoped that this report will assist relief organizations to become better

prepared to deal with this potentially devastating disease.!

'Use of trade names throughout this monograph is for identification only and does not
imply endorsement by the U.S. Public Health Service or the U.S. Department of Health and
Human Services.
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WHY MALARIA CONTROL IN EMERGENCY SITUATIONS?

Mass population movements are not a new phenomenon; they have
resulted from wars and natural disasters since antiquity. During the past
several years a large number of conflicts in diverse regions of the world have
forced millions of civilians to flee their homes and seck refuge in other areas
of their country or in neighboring countries. People have also been forced
to leave their homes because of natural disasters such as floods or droughts
leading to severe food shortages. Periods of major social or environmental
change often cause a secondary migration in which people move to seek
better economic opportunities.

In recent years many forced population movements have occurred in
areas where malaria constitutes a substantial public health threat. The
World Health Organization lists environmental disruption for agricultural
or economic reasons, sociopolitical unrest, and migration as probable
precipitating causes of the most serious malaria problems (World Health
Organization, 1996a). Additionally, it has estimated that as many as one-
third of malaria deaths in Africa occur in countries that have been affected
by complex emergencies (Whyte, 2000).

Malaria occurs in over 90 countries worldwide, and 36 percent of the
world’s population lives in areas where there is risk of malaria transmission;
29 percent of the world’s population lives in areas where malaria was once
transmitted at low levels or not at all but where significant transmission has
been reestablished. An additional 7 percent lives in areas where malaria has
never been under meaningful control (World Health Organization, 1996a).
Each year there are an estimated 200 million to 500 million clinical cases of
malaria and 990,000 to 2 million deaths, the majority of the deaths occur-
ring in sub-Saharan Africa. The magnitude of this burden of illness makes
malaria one of the world’s most important infectious diseases (World Health
Organization, 1996a; Snow et al., 1999; Greenwood and Mutabingwa,
2002).

In certain epidemiological circumstances, malaria can be a devastating
disease with high morbidity and mortality that deserves rapid and compre-
hensive response. In other settings, while malaria may not be an important
cause of severe illness and death, it may have a more subtle public health
impact through increased morbidity, loss of productivity, and exacerbation
of other problems, such as anemia and malnutrition. In many malarious
areas of the world, especially sub-Saharan Africa, the disease is ranked
among the most frequent causes of morbidity and mortality among children

Copyright © National Academy of Sciences. All rights reserved.
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and is often the leading cause of each. If this is the case for the stable host
community, it is reasonable to expect that it will also be the case for a
displaced population that finds itself in the midst of that host community.
For a variety of reasons, malaria may actually be a far worse problem in the
displaced population than it is in the surrounding community (Suleman,
1988).

Public health responses to mass population movements due to a
complex emergency? or natural disaster typically represent a compromise
between competing priorities and finite resources. Informed decisions, at
times difficult ones, must be made as early as possible to define which
components are most urgently needed and which should receive financial
and logistical support. This is especially true during the initial emergency
phase of a sudden or unexpected mass population movement. Adequate
food, shelter, clean water, and sanitation are clear priorities (Toole and
Waldman, 1990; Sphere Project, 2000). Responding to epidemics or the
threat of epidemics due to diseases with high attack rates or high mortality
(including malaria) is also a clear priority, especially in the case of diseases
with an easily defined and practical intervention such as immunization.
Defining the appropriate response for endemic diseases without a simple
intervention, however, is far more difficult and may come down to a deci-
sion favoring what is operationally realistic over what is technologically
possible.

Such is the case with designing an appropriate ongoing malaria control
program. Factors such as the intensity of malaria transmission, the level of
immunity in the population, the biology of the locally prevalent parasite
and vector, and the ecology of the location can all influence the design of
an integrated malaria control effort. While there are technological solutions
to most of the uncertainties presented by these variables, many are expen-
sive, complex, or unsustainable. Because of the potential for malaria to be a
major cause of illness and death among displaced populations, decisions
about what approaches to support and implement need to be made on the
basis of a solid understanding of the disease, the local malaria situation, the
political/economic context in which relief operations occur, and a familiar-
ity with control options.

2Complex emergencies are generally defined as situations in which large civilian popula-
tions are exposed to war or civil strife, food shortages, and population displacement resulting
in excess morbidity and mortality (Duffield, 1994; Palmer and Zwi, 1998; Goodhand and
Hulme, 1999).
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Provision of easily accessible and effective malaria therapy is an essential
component of health care in areas where malaria transmission occurs, as
well as in epidemic-prone areas and situations where populations are
arriving from malaria-endemic areas. However, many agencies fail to make
an effective transition from the initial stages in a complex emergency where
the focus is on malaria case management, to the later stages where control
activities should broaden to include both curative and preventive services.
While malaria can certainly be an epidemic disease, with high attack rates
and high mortality rates, its potential impact in nonepidemic settings
should not be ignored.

Objectives of This Report

Any agency accepting responsibility for providing medical or public
health services to a displaced population in or from an area where malaria
transmission occurs will need to be prepared to deal effectively with malaria
control. Similarly, organizations responding to public health needs follow-
ing natural disasters or governments anticipating environmental disruption
due to development projects must consider the possibility of increases in
malaria transmission and the need for enhanced malaria control efforts on
a temporary or permanent basis. Our objectives in this report are to
describe in detail aspects that are most relevant to designing a malaria
control program in response to a mass movement of people. The focus is
primarily on situations of displacement, such as can occur with complex
emergencies, natural disasters, or some development projects. The
principles discussed here can also be applied to more stable nonemergency
situations.

There is a growing body of evidence and literature that address malaria
control in situations of mass population movement; however, much still
needs to be better understood. Wherever possible, examples and
experiences from displacement situations are given here. However, many
interventions and programs that have been successfully evaluated in stable
communities have not been satisfactorily evaluated among displaced
populations. Nonetheless, these experiences may offer insights and lessons
into approaches that could be modified to address the needs of displaced
populations.

Making sound decisions regarding malaria control in any situation
requires a familiarity with malaria itself, including the epidemiology of the
disease; the life cycle of the parasite; and the interaction between parasite,
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human host, environment, and mosquito vector. On the other hand, the
realities of addressing an evolving complex emergency argue strongly in
favor of providing straightforward and practical advice. Further complicat-
ing the situation, any mass movement of people will also have implications
for the host population. A basic tenet of humanitarian relief is that
assistance should be offered to those in need in a refugee- or displacement-
affected area, but this tenet is often forgotten or ignored due to constraints
associated with lack of funding, poor access and utilization, and political
sensitivities (Wilson, 1992). Health care and other essential services should
be integrated, whenever possible, into the existing services and policies of
the host population (Cromwell, 1988; Van Damme et al., 1998).

The intended audience for this monograph is primarily generalist relief
workers who are in the position to develop, implement, and support disease
control programs at the field, country, or home office level. While recom-
mendations are provided that would be of use to clinical staff regarding the
management of malaria, this paper is not intended as a handbook for action
without first understanding the context of a situation. Approaches that
may work in one setting may fail in another; decisions about which
approaches are practical, logistically feasible, or economically justifiable in
any given situation can only be made on a case-by-case basis. The intent is
to (1) provide a basic technical background on malaria; (2) offer practical
advice based on available evidence; and (3) where possible, provide field-
based examples. Together, this information should help those involved in
humanitarian relief efforts make reasonable policy and programmatic deci-
sions that address the local malaria situation and the political realities in the
field. Nonetheless, no written review can offer the quality of information
provided by a consulting expert. To help the reader obtain qualified
assistance, potential sources of technical assistance are also provided (see
Appendix D). Addressing malaria in complex emergencies requires proper
preparation and planning as well as adequate training for field personnel.

RECOMMENDATIONS

*  Require training in the fundamentals of malaria control, including
the basics of epidemiology, entomology, clinical and behavioral consider-
ations, and political factors that affect the provision and receipt of malaria
services.
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* Develop generalized contingency plans to address malaria control
pro-actively. Initally, these plans could be devised using existing informa-
tion to reflect the malaria situation regionally (such as for Tropical sub-
Saharan Africa, Southeast Asia, or Central Asia) and then modified as
needed for specific local conditions (see Appendix D for information
resources). These contingency plans should form the framework for devel-
oping a comprehensive and locally appropriate malaria control program.

* Be prepared to conduct a rapid initial assessment of the local malaria
situation in order to be able to modify contingency plans as well as properly
prioritize malaria control in relation to other locally relevant health needs.

* DProvide or generate adequate financial resources for implementa-
tion of malaria control activities.

* Produce and implement a plan for monitoring and evaluating the
effectiveness of the control program.

-

Why Malaria Control in Emergency Situations?
Key Points

» Mass population movements often occur in areas where
malaria is transmitted.

» Given certain epidemiological conditions, malaria can be
responsible for substantial levels of morbidity and mortality, espe-
cially in displaced populations.

 Effective malaria control, which is challenging in stable situ-
ations, becomes even more difficult in situations of displacement.

» Decisions about the most appropriate malaria control
strategies to employ during a complex emergency are best made
with an understanding of all the factors involved (epidemiological,
entomological, clinical, behavioral, and political).

(& /
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Malaria and Mobility—
A Brief History and Overview

Human mobility has had a tremendous effect on the global malaria
situation. Among 20 countries with high risk of malaria transmission in
the Americas, 16 have identified human mobility as a major cause of persis-
tence of transmission (Pan American Health Organization, 1995). Migra-
tion has been associated with the spread of drug-resistant malaria in Africa
and Southeast Asia and with dramatic change in the local epidemiology of
malaria in Pakistan (Verdrager, 1986; Thimisarn et al., 1995; Kazmi and
Pandit, 2001). In Kenya, seasonal movement of large numbers of workers
from lowland areas to highland tea plantations has been associated with
yearly epidemics (Malakooti et al., 1998; Shanks et al., 2000). Seasonal
movement of migrant farm workers from Central and South America has
been associated with outbreaks of local transmission of malaria in the
United States (Zucker, 1996), raising concerns about the possibility of rees-
tablishment of local transmission (Olliaro et al., 1996).

Even movements of individuals or small numbers of people can have
an effect on the malaria situation in a given area, as evidenced by the out-
breaks of local transmission in the United States (Zucker, 1996). Move-
ments of large populations either into or out of malaria-endemic areas,
however, have a much greater likelihood of disastrous consequences.
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SPEED, DURATION, AND CAUSE OF
MASS POPULATION MOVEMENTS

Large populations can move rapidly in response to a single cataclysmic
event (e.g., natural disaster) or a high-intensity political event (e.g., war).
Populations can also move more gradually (seasonally or over years), such
as migration toward urban or peri-urban areas for economic reasons or into
new areas for agricultural reasons. Movement can be away from a bad
situation, toward a promising one, or both (Prothero, 1989; Martens and
Hall, 2000). Displaced populations can move into organized settings, such
as planned refugee camps, into temporary or chaotic settings where mini-
mal services are available, disperse into established communities, or remain
highly mobile. The duration of dislocation or displacement can range from
short (such as with seasonal work) to long-term or even permanent reloca-
tion. While returning a displaced population back home from a country or
area of refuge is a fundamental goal, displacement can last for years or even
decades, especially when its origins are political in nature. Displacement
due to development projects, such as dams, can permanently alter the envi-
ronment, making return impossible.

While this review focuses primarily on rapid movements of large
populations and the recommendations provided are geared toward non-
governmental organizations (NGOs) providing humanitarian relief during
such situations, the principles presented are derived primarily from malaria
control in stable populations and could be applied to more slowly develop-
ing or more chronic situations.

The evolution of a complex humanitarian emergency (and, to some
degree, any large, unplanned, rapid population movement) can be divided
into two general phases: the emergency phase and the postemergency phase
(Toole and Waldman, 1990).

Emergency Phase

The emergency phase of a complex emergency is often marked by
increased mortality (exceeding 1 death per 10,000 population per day) (Bu-
reau for Refugee Programs, 1985; Toole and Waldman, 1990; Centers for
Disease Control, 1992; Burkholder and Toole, 1995; Meck et al., 1999).
Priorities during this phase are directed toward addressing critical needs,
such as provision of food, immunizations, water/sanitation, and shelter.
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This phase may be characterized by outbreaks of communicable diseases,
and health services often focus on case management for the most common
illnesses and prevention of illnesses with the greatest epidemic potential.

A definition of the emergency phase was developed primarily to char-
acterize a given situation and help prioritize public health interventions
during emergencies occurring in developing countries where infectious
diseases account for the bulk of morbidity and mortality. More recently,
however, the nature of humanitarian crises in Kosovo and Bosnia-
Herzegovina have brought into question the appropriateness of using mor-
tality rates alone to define an emergency situation (Waldman and Martone,
1999; Spiegel and Salama, 2000, 2001; Waldman, 2001).

Postemergency Phase

The second stage is the postemergency or maintenance phase. During
this period, the health profile of the displaced population returns to levels
similar to preflight times and increasingly reflects the same communicable
diseases that are present in the host population in the surrounding areas
(Burkholder and Toole, 1995). It is during the postemergency phase that
the focus of public health interventions for communicable diseases should
shift from a predominantly curative approach to a sustainable, comprehen-
sive approach that includes appropriate curative and prevention compo-
nents, especially for common endemic diseases such as malaria. The goal of
health care services during this period should be to maintain at acceptable
levels, or further diminish, morbidity and mortality rates within the
population.

POLITICAL AND ECONOMIC CAUSES OF
POPULATION MOVEMENT

War and severe political strife can disrupt health care services and
disease control programs. Health care infrastructure can be destroyed or
can simply cease to function. The food supply can be interrupted, causing
deterioration in nutritional status. Homes and communities can be
destroyed, and large populations may move in search of food, shelter, and
safety.

A rapidly growing population can strain the capacity of rural areas and
lead to population movement (Prothero, 1989; Martens and Hall, 2000).
The search for new farmland causes people to encroach on forests and
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marginal lands. Large irrigation schemes are developed to produce food in
arid areas. Dams are built, and roads are extended into remote areas. People
who are no longer able to support themselves in rural areas move to urban
areas in search of work or engage in such activities as logging, mining, and
hunting that bring them into malaria-risk areas.

During the past 20 years, a large proportion of complex humanitarian
emergencies have occurred in many regions where malaria is transmitted
(see Figure 2-1). Many of the same socioeconomic forces that cause politi-
cal instability also predispose areas to continued malaria transmission and
vice versa. The drive for economic development can cause projects to be
pushed forward with little or no consideration for health effects.

War and Civil Strife

In Southeast Asia, malaria was considered the primary cause of mor-
bidity and mortality among Cambodian refugees when they first arrived in
eastern Thailand in 1979 (Glass et al., 1980). Surveys conducted in Somalia
during 1980 showed that, while malaria was not one of the leading causes
of mortality, it still accounted for 2 to 5 percent of all deaths (Toole and
Waldman, 1988). In 1984 among Karen refugees fleeing Myanmar to
western Thailand, the annual incidence rate for malaria was 1,037 cases per
thousand, with over 80 percent of infections due to Plasmodium falciparum,
causing malaria control to be given high priority (Decludt et al., 1991).
Malaria continues to be a major public health concern in these camps
and surrounding areas (Brockman et al., 2000; Nosten et al., 2000;
Chareonviriyaphap et al., 2000). In Central Asia, civil war and the
attendant collapse of the health care infrastructure led to a reemergence of
malaria in Tajikistan (Pitt et al., 1998). Recent relief efforts in East Timor
and Afghanistan have been complicated by malaria (Ezard, 2001a; Sharp et
al., 2002).

Similarly in Africa, malaria was the leading cause of death among adult
Mozambican refugees in Malawi and among Ethiopian refugees in castern
Sudan (Centers for Disease Control, 1992). In the midst of massive chol-
era and dysentery epidemics at the beginning of the Rwandan refugee crisis
in eastern Zaire (now the Democratic Republic of Congo) in 1994, fever
presumed to be malaria was second only to diarrheal disease as the leading
cause of morbidity and mortality (Goma Epidemiology Group, 1995; Cen-
ters for Disease Control and Prevention, 1996). In the years since the
Rwandan refugee crisis, malaria has remained a major public health prob-
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lem among displaced populations in the eastern Democratic Republic of
Congo (International Rescue Committee, personal communications),
Guinea (P Spiegel, Centers for Disease Control and Prevention, personal
communication, 2001; Ezard, 2001b) and Ethiopia (Salama et al., 2001).

Resettlement and Development

Resettlement typically refers to an organized relocation of large popu-
lations for purposes of population redistribution (e.g., “transmigration” in
Indonesia), settlement of nomadic people, resettlement of repatriated
refugees or demobilized military (Eritrea and Angola), social engineering
(postcolonial Tanzania), or economic development (Brazil, Indonesia).
Movement can be away from areas of development because of loss of land,
such as occurs with dam building, or toward areas of development for pur-
poses of employment (the latter is less likely to be an organized population
movement).

The potential financial gains associated with economic development
projects or large-scale commercial enterprises frequently atcract large
numbers of people. Often these movements are not organized and living
conditions in new settlements can be poor, such as occurs with peri-urban
slums or squatter’s camps. The greater concentrations of people that occur
can create highly focal areas of concern for malaria control, especially when
the population is non-immune. In Brazil large groups of people travel from
nonendemic areas into malarious areas to obtain work in mining opera-
tions and then become ill at very high rates (Veeken, 1993; de Andrade et
al., 1995). Large-scale irrigation projects or hydroelectric water production
schemes have been shown in many instances to facilitate mosquito breeding
and malaria transmission (Kloos, 1990; Singh et al., 1999). In Indonesia,
malaria has been identified as the primary public health concern of
transmigrants and as a limitation to their acceptability of hydroelectric
schemes (Abisudjak and Kotanegara, 1989).

Even relatively small-scale projects, such as road building or small
dams, can have a large effect on malaria incidence through opening up
malarious areas to travel (H6pital le Bon Samaritain, Limbé, Haiti, unpub-
lished surveillance data, 1965-1996), changing local environmental
conditions, and attracting laborers (Sawyer, 1993; Alemayehu et al., 1998).
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Urbanization

Between 1960 and 1980 the population living in urban settings in the
developing world doubled (Knudsen and Sloof, 1992). This rapid urban-
ization of marginal areas within or on the outskirts of urban centers is
commonly done in an uncontrolled fashion without thought or planning.
Conditions are crowded; housing is of poor quality or of temporary
construction; and the provision of health care, sanitation, and vectorborne
disease control is inadequate. The result can be lack of proper drainage,
leading to explosive growth of mosquito vectors, increased exposure to
vectors due to poor housing, and amplification of disease to epidemic pro-
portions through lack of effective treatment.

ENVIRONMENTAL AND NATURAL DISASTERS

Natural disasters, such as floods or earthquakes, can precipitate mass
population movements out of affected areas or can cause a normally dis-
persed population to crowd around food and water sources, health care
facilities, or debarkation points. Disasters involving flooding or severe rains
can increase mosquito breeding sites (Mason and Cavalie, 1965). After a
natural disaster a number of behavioral changes can occur that can increase
the impact of malaria. Loss of housing or fear of collapsing structures can
cause people to sleep outside, where contact with mosquitoes is increased.
Normal health care services and disease control activities can be disrupted

(Sdenz et al., 1995).

Hurricanes

Two to three months following a hurricane, Haiti experienced a severe
epidemic of malaria that caused an estimated 75,000 cases (Mason and
Cavalie, 1965). This epidemic was attributed to the presence of a consider-
able amount of malaria before the hurricane; destruction of shelter, putting
people at increased risk of exposure; disruption of malaria control activities;
massive increases in mosquito breeding sites due to rainfall and flooding;
and a large influx of people to areas providing health care, food, and other
assistance.
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Earthquakes

After an earthquake in Costa Rica in 1991, malaria incidence increased
between 1,600 and 4,700 percent in some affected cantons (Sdenz et al.,
1995). These increases were associated with people being afraid to sleep
indoors, disruption of malaria control activities in the area, and environ-
mental changes due to the earthquake and flooding that allowed explosive
growth in mosquito numbers.

Heavy Monsoon Rains/Floods

Heavy monsoon rains or other causes of flooding can dramatically
increase mosquito breeding sites and result in massive increases in mosquito
numbers. As with other natural disasters, heavy rains or flooding can dis-
rupt normal malaria control efforts and destroy shelter, putting inhabitants
at increased risk of acquiring malaria. Unusually heavy monsoon rains
after the El Nifo-Southern Oscillation (ENSO) in 1992 resulted in a
malaria epidemic affecting four districts of Rajasthan, India, a typically arid
region (Bouma and van der Kaay, 1994). Increased malaria transmission or
epidemics have also occurred in association with ENSO events in
Colombia, Uganda, Kenya, and elsewhere, although in the Tanzanian high-
lands malaria was reduced following the 1997-1998 ENSO (Bouma et al.,
1997; Lindblade et al., 1999; Lindsay et al., 2000; Githeko et al., 2000).

Drought and Famine

Over the past 30 years, food shortages caused by drought and often
exacerbated by war have been a frequent cause of population movements,
especially in sub-Saharan Africa (Toole and Waldman, 1993; Prothero,
1994). In some cases, populations have been forced from malaria-free high-
land areas into endemic lowlands, exposing many of them to malaria for
the first time and placing them at high risk of malaria-associated morbidity
and mortality (Roundy, 1976; Mouchet et al., 1998; Anonymous, 1999).
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Speed, Duration, and Cause of
Mass Population Movements:
Key Points

» Displacement can occur rapidly or slowly and can be caused
by man-made (e.g., war, economic development) or naturally
occurring situations (e.g., hurricanes, floods).

» Regardless of the cause of a complex emergency, there are
generally two phases: emergency (focus on provision of curative
health services) and postemergency (focus on prevention and
sustainability).

* In addition to malaria having been a major public health
threat for many displaced populations, human population move-
ments in the past have resulted in the introduction or reintroduction
of malaria into areas otherwise malaria free and the spread of anti-
malarial drug resistance.

(& /

MALARIA-RELATED CHARACTERISTICS OF
MASS POPULATION MOVEMENTS

Large unplanned movements typically have a number of common
attributes that increase not only people’s risk of acquiring malaria but also
the risk of epidemic malaria. Additionally, infrastructural changes or local
and international politics may further complicate the provision of effective
public health programs, exacerbating public health problems, including
malaria.

Poor or No Housing

Studies conducted among stable populations living in malaria-endemic
areas have shown that housing quality is associated with the risk of malaria
infection (Koram et al., 1995a; Wolff et al., 2001). Similar problems have
been noticed among refugee populations as well (Meek, 1989). Sub-
standard shelter is common in situations where movement has been rapid
and unplanned, such as occurs in refugee situations or when movement is
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expected to be temporary, such as movements for economic reasons. Sub-
standard housing provides minimal or no protection from mosquitoes.
Additionally, the areas in which people settle, whether refugee camps or
peri-urban slums, are typically not planned with vector control in mind.
Lack of planning for drainage of wastewater, for example, can create situa-
tions where explosive growth in vector populations is possible.

Movement into High-Risk Areas

Displaced populations are often forced to relocate or settle in areas
with high risk of malaria. These can be areas that are unused by the stable
population for specific reasons, such as known health risks (e.g., lack of safe
water, known risk of disease). Migrant workers are often drawn to high-risk
areas in search of work, such as mining in Brazil and Cambodia or logging
in Myanmar and Thailand. Displaced populations may intentionally locate
near water sources. While this facilitates the ready use of water, it may also
put the population at increased risk of malaria if the water source is also a
breeding site for mosquitoes.

Deliberate Movement to Areas Near Water

Displaced populations may intentionally locate near water sources.
While this facilitates ready use of water, it may also put the population at
increased risk of malaria if the water source is also a breeding site for
mosquitoes.

Overcrowding

Crowding can increase the malaria burden among displaced popula-
tions by increasing the density and proximity of both infected individuals
and susceptible people. This phenomenon is secen even among stable
populations exposed to fairly constant levels of transmission (Defo, 1995).

Low Socioeconomic Status

Within stable populations, low socioeconomic status has been associ-
ated with increased risk of malaria (Koram et al., 1995a). The exact reason
for this is unclear, but it may be related to decreased access to health care,
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limited knowledge of risk factors, poor housing, marginal nutritional status,
or behaviors that put individuals at increased risk of malaria.

Proximity of Livestock

A number of explanations have been offered for a reported two-fold
higher prevalence of malaria among Afghan refugees living in Pakistan, as
compared with local Pakistani residents. One is that the refugees came
from an area of low malaria endemicity to an area of higher endemicity and
were at increased risk because of low population-level immunity (Suleman,
1988). Other explanations focus on “zooprophylaxis” (Service, 1990).
Some malaria vector mosquitoes will feed preferentially on livestock if avail-
able; if insufficient numbers of livestock are kept nearby, mosquitoes may
begin to feed on humans. Conversely, livestock may attract mosquitoes,
which may feed on nearby people if the opportunity arises, causing
increased exposure to malaria (Hewitt et al., 1994; Bouma and Rowland,
1995; Mouchet et al., 1998). Information on the behavior of the specific
vectors in the area is essential to understand the potential impact of live-
stock on malaria risk.

Mobility

Movement back and forth between settlement areas and areas of high
malaria risk (“circulation”) can increase people’s exposure to malaria and
the risk of introduction of the disease into malaria-free areas (Prothero,
1977). In Thailand a well-described cause of epidemic malaria is the
movement of people between the forested areas of the Thai-Myanmar and
Thai-Cambodian borders, where malaria risk is high, and nonendemic low-
land villages. Most of the movement is for economic reasons, including
logging, hunting, and charcoal making (Singhanetra-Renard, 1993;
Chareonviriyaphap et al., 2000).

Immune Status

Understanding the interaction between the probable immune status of
populations in transition and the intensity of malaria transmission to which
they will be exposed is exceedingly important in anticipating the likely
impact of malaria.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/10539.html

ents and Natural Disasters

MALARIA AND MOBILITY 19

Displaced populations can move from an area of high malaria trans-
mission to another area of high transmission. Although there are some
indications that, because of antigenic or strain variation, an adequate or
protective immune response in one area does not guarantee an adequate or
protective immune response in another area, typically this situation carries
the least risk in terms of increased morbidity or mortality. Population-level
immunity would be expected to be high and, while malaria may still be a
major cause of illness and death, it would not be expected to be clinically
worse than it would be in the area of origin.

A far more serious situation occurs when displaced populations from
an area of low or no malaria risk arrive in an area with high transmission.
Because the overall level of immunity would be low, a significant risk of
severe illness and death exists. In these situations an aggressive malaria
control program becomes essential; not only is ready access to effective
curative services needed, preventive measures, including comprehensive
public education, should be included.

A similar level of concern should be given to addressing malaria risk
among nonimmune responders (see Chapter 10, Prophylaxis and Personal
Protection for Aid Workers). Relief workers and other personnel respond-
ing to displacement situations are frequently from nonendemic areas and
can be at high risk of malaria-associated morbidity and mortality. For
example, U.N. Peacekeepers in the Democratic Republic of Congo and
Sierra Leone have reportedly had a serious problem with malaria, resulting
in increased sick-leave and even deaths (C. Halle, U.N. Department of
Peacekeeping Operations, personal communication, 2002).

Finally, displaced populations can move from an area of high transmis-
sion to an area of low or no malaria risk. Many areas, countries, or regions
have successfully eradicated malaria even though competent mosquito
vectors still exist. In this situation, concern should include not only treat-
ment of clinical cases as they occur but also reduction of the likelihood of
introduction or reintroduction of malaria. Strategies to accomplish this
include screening or presumptive therapy of new arrivals and vector control.
Because immunity to malaria wanes over time in the absence of exposure,
displaced populations spending as little as one or two years away from their
homes in endemic regions should be considered nonimmune and appro-
priate precautions should be instituted upon repatriation or resettlement to
malaria-endemic areas.
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A similar problem exists if the areas of origin and refuge differ with
regard to the prevalence of drug-resistant malaria. Refugees arriving in an
area where little or no drug resistance occurs from another area where drug-
resistant malaria is common can act as a source of introduction of resis-
tance. This can be an issue both with newly arriving refugees and with
repatriation back to the country of origin.

It is possible that new arrivals will come with different histories of
previous exposure. Rwandan refugees arriving in the Democratic Republic
of Congo (then Zaire) in 1994, for example, came from all over Rwanda,
including some highland areas where malaria risk is lower or nonexistent.
The prevailing treatment policy at the time, however, was use of chloro-
quine, despite high levels of resistance to that drug. While an individual
with acquired immunity can still respond adequately to a marginally
effective antimalarial drug, one who comes from an area with lictle or no
malaria transmission (and therefore little or no acquired immunity) would
likely be at risk of severe complications or even death.

While an individual’s level of acquired immunity can affect the clinical
presentation of malaria (see Chapter 3, section on Epidemiology of Clinical
Malaria), malaria infection can increase the risk of infection or modify the
progression of disease due to other pathogens, through either direct
immunosuppression or other alterations in host factors. Evidence of such
interactions exists for Sa/monella and human immunodeficiency virus and
may also exist for tuberculosis (Mabey et al., 1987; Xiao et al., 1998;
Hoffman et al., 1999; Enwere et al., 1999). Malaria infection can reduce
the immune response to vaccines for tetanus, typhoid, and meningitis
(Greenwood et al., 1981). Successful prevention of malaria through com-
bined use of insecticide-impregnated bed nets and chemoprophylaxis
resulted in a significant drop in mortality from all causes among Gambian
children, suggesting a substantial indirect effect on nonmalarial illness

(Alonso et al., 1993).

Nutritional Deficiency

The interaction between malnutrition and malaria is complex and not
well understood. Studies of the interaction between nutrition and malaria
have had conflicting results (Hendrikse et al., 1971; Murray et al., 1977;
Oppenheimer et al., 1986a; Greenwood et al., 1987; Smith et al., 1989;
Snow et al., 1991; van Hensbroek et al., 1995). A critical evaluation of
these studies, their methodologies, and their interpretations, though, sug-
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gests that protein energy malnutrition is in fact associated with an increase
in malaria morbidity and mortality (Shankar, 2000). Information collected
during famine relief efforts suggests that nutritional rehabilitation of fam-
ine victims can induce recrudescence of sequestered parasites, causing an
increase in malaria, and that refeeding programs should include provisions
for malaria prevention (Murray et al., 1976, 1978; Shankar, 2000).

The effects of specific micronutrient deficiencies on malaria morbidity
and mortality is equally complex and requires more investigation. The
effect of specific micronutrient deficiencies may be reflected not only in
greater susceptibility to malaria (e.g., increased incidence or higher parasite
densities) but also poorer response to malaria therapy. For example, the
prevalence and degree of parasitological resistance to both chloroquine and
sulfadoxine/pyrimethamine were worse among malnourished Rwandan
refugees, possibly because of impairment of immune function (Wolday et
al., 1995).

While malaria may be exacerbated by certain nutritional deficiencies,
malnutrition can also be worsened because of it. Malaria causes increased
red blood cell destruction and decreased production, further complicating
preexisting nutritional anemias (Greenwood, 1987). The anorexia and
vomiting frequently associated with malaria infection can limit food intake
(McGregor, 1982). One study even raised the question of whether 2 vivax
infection might be a cause of acute malnutrition in Vanuatu (Williams et

al., 1997).

Destruction or Overburdening of Existing Infrastructure

In many settings, local health care infrastructure may be lacking or
inadequate to deal with a large, newly arrived population. After natural
disasters and war, disruption of normally adequate infrastructure can occur.
There may be insufficient numbers of buildings, equipment, and trained
staff. Drugs and medical supplies may be inadequate and difficult to obrain.
Normal disease control efforts can also be disrupted, contributing to epi-
demics, as occurred in Costa Rica after an earthquake (Sdenz et al., 1995).

The logistics of supplying and supporting services may also change
dramatically. Roads may become impassable. The population may move
to remote areas where existing services or roads are inadequate for large-
scale movement of supplies. Trucks and other vehicles, spare parts, trained
mechanics, and fuel may all be in short supply.
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Availability of Health Care

Although governments and international agencies go to great lengths
to provide health care services in emergency situations, it is not always
apparent to the population being served where or how to access that care.
The availability of health care services must also be sufficient for the size of
the population. Surveys conducted in refugee camps in Goma, Zaire, found
that 47 percent of people dying from diarrheal disease had never visited a
health care facility (Goma Epidemiology Group, 1995). Overall, more
than 90 percent of deaths from all causes occurred outside health care
facilities, suggesting that health care services were not accessible to most of
the population or that the demand for curative services overwhelmed the
capacity of the organizations (Centers for Disease Control and Prevention,
1996). A malaria control strategy based on prompt, effective therapy of
acute febrile illness can only be successful if people know where to go to get
diagnosed and treated and if such facilities are easily accessible.

Operational Concerns

Nongovernmental organizations frequently suffer from high turnover
of staff, causing a loss of institutional knowledge. Expatriate staff often
lack specialized knowledge or experience with tropical diseases, especially
malaria.

Coordination of malaria control efforts across organizations can be an
impediment to successful implementation of malaria control activities.
Often, there is no clearly identified lead agency responsible for coordinat-
ing the implementation of these activities. Responsibilities related to
malaria control may be divided between nongovernmental organizations
and other multinational organizations: one may be responsible for curative
health care, another for environmental control, still another for outreach or
other community-based interventions. Unfortunately, these various agencies
work under different and, at times, conflicting paradigms and agendas.

Donor Fatigue

As complex emergencies or other situations involving mass population
movements become prolonged affairs, international support can wane.
International relief organizations move on to the next emergency. Some
transfer responsibility to local nongovernmental organizations that may not

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/10539.html

ents and Natural Disasters

MALARIA AND MOBILITY 23

have the international visibility needed to supplement diminishing public
financial support. Responsibility may also shift to the government of the
host country, which may already be hard pressed to provide adequate
services to its own citizens. Additionally, high-cost interventions may be
introduced by comparatively well-funded international agencies that the
inheriting local nongovernmental organization or government might have
a difficult time sustaining. Examples include the first-line use of relatively
expensive antimalarial drugs or rapid diagnostic (“dipstick”) methods that
are not a normal part of the host country’s national formulary or practices.

[ N

Factors Affecting Overall Risk of Malaria:
Key Points

» Large, unplanned movements can increase both the risk of
acquiring malaria and the risk of epidemics.

+ Factors influencing the overall risk of malaria include poor
or no housing, movement into unused areas, deliberate movement
to areas near water, overcrowding, low socioeconomic status,
proximity of livestock, mobility, immune status, and under- and
malnutrition.

+ Political and infrastructural factors that affect the provision
of health care services include destruction or overburdening of
existing infrastructure, limited availability of health care services,
insufficient or poorly trained staff, insufficient coordination among
agencies, and donor fatigue.

+ Most of the above factors operate simultaneously in a com-
plex emergency and must be considered when planning realistic
malaria control strategies.

= /
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Epidemiology of Malaria

A familiarity with the technical aspects of malaria is necessary for
decisions to be made about how to devise a locally appropriate malaria
control strategy. Such familiarity can aid in determining whether malaria
might pose an important public health risk in a given situation, how large a
problem it might be, which drugs would be expected to be effective and
which probably would not, and which groups within a displaced population
might be at increased risk of malaria and therefore need special attention.

The following section presents information on areas at risk of malaria
transmission, the mechanics of how malaria is transmitted within a popula-
tion, the range of clinical manifestations of malaria, antimalarial drug resis-
tance, and the mosquito vector. The information presented is by no means
exhaustive but should aid in basic decision making or in recognizing when
expert assistance is needed.

AREAS AT RISK

Malaria occurs primarily in tropical and some subtropical regions of
Africa, Central and South America, Asia, and Oceania (Figure 2-1). In
areas where malaria occurs, there is tremendous variation in the intensity of
transmission and risk of infection. For example, over 90 percent of clinical
malaria infections and deaths occur in sub-Saharan Africa (World Health
Organization, 1996a). However, even there the risk varies widely. High-
land (>1,500 m) and arid areas (<1,000 mm rainfall/year) typically have

24
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less malaria, although these areas are prone to epidemic malaria if climactic
conditions become favorable to mosquito development (World Health
Organization, 1996a). Although urban areas have typically been at lower
risk, explosive unplanned population growth has been a major factor in
making urban or peri-urban transmission an increasing problem (Knudsen
and Sloof, 1992).

Human malaria is caused by one or more of four parasites: Plasmodium
Jalciparum, P vivax, P ovale, and P malariae. Distribution of these para-
sites varies geographically, and not all species of malaria are transmitted in
all malarious areas. P falciparum, the species most commonly associated
with fatal malaria, is transmitted at some level in nearly all areas where
malaria occurs. It accounts for over 90 percent of all malaria infections in
sub-Saharan Africa, for nearly 100 percent of infections in Haiti, and causes
two-thirds or more of the malaria cases in Southeast Asia. P vivax is a
relatively uncommon infection in sub-Saharan Africa. Duffy antigens,
which are required by the parasite to invade red blood cells, are lacking in
many ethnic groups, especially in West Africa. Vivax malaria, however, is
the predominant species in Central America, most of malarious South
America, and the Indian subcontinent (Miller et al., 1977).

MECHANISMS OF INFECTION AND TRANSMISSION

Malaria is typically transmitted by the bite of an infective female
Anopheles mosquito; transmission can also occur transplacentally, as a result
of blood transfusion, or by needle sharing. Infective mosquitoes inject
sporozoites into the bloodstream during feeding (see Figure 3-1). These
sporozoites infect liver cells (b) where they undergo asexual reproduction
(exoerythrocytic schizogony), producing schizonts (c). In 6 to 14 days
(sometimes longer), the schizonts rupture, releasing merozoites into the
bloodstream (d). Merozoites invade red blood cells and undergo a second
phase of asexual reproduction (erythrocytic schizogony), developing into
rings (e), trophozoites (f), and finally blood stage schizonts (g). The
schizonts rupture, destroying the red blood cell and releasing more
merozoites into the bloodstream, starting another cycle of asexual develop-
ment and multiplication (h). This erythocytic cycle will continue until the
infected individual is successfully treated, mounts an immune response that
clears the infection, or dies. During this cycle, sexual forms called
gametocytes are produced (i) and can be ingested by a mosquito during a
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blood meal (j). Sexual reproduction occurs in the mosquito (k).
Sporozoites are formed (1), which migrate to the salivary glands, making
the mosquito infective to humans.

The timing of events in the life cycle of malaria parasites and the
number of merozoites produced during schizogony vary by species. Addi-
tionally, two species of malaria, 2 vivax and P ovale, have a form,
“hypnozoites” (m), that can persist in the liver for months to years, causing
periodic relapses of peripheral parasitemia and illness (see Table 3-1).

MALARIA VECTORS AND VECTOR BEHAVIOR

Human malaria is transmitted by the bite of female mosquitoes
belonging to the genus Anopheles. Of the 400 or so species of Anopheles in
the world, approximately 60 are important vectors of malaria. However, a
particular species of Anopheles may be an important vector in one area of
the world and of little or no consequence in another.

Different species of Anopheles can behave differently. Mosquito
behavior can differ in terms of breeding or larval habitat (e.g., fresh vs.
brackish water; flowing streams, still pools, or man-made habitats; shaded
or sunny sites), feeding preferences (e.g., time of day when peak biting
occurs, preferences for people over animals, feeding indoors or outside),
and resting habits (resting indoors after feeding or leaving the house before
resting). These differences in mosquito behavior can affect both the epide-
miology of malaria and the choice of malaria control strategy used. For
example, An. dirus is an important vector in Southeast Asia and is primarily
a forest dweller. People at greatest risk are, therefore, those who enter the
forest for whatever reason, while those who stay closer to home (such as
small children) are at less risk. This also means that malaria control strate-
gies aimed at preventing mosquito biting in the home (such as residual
spraying or insecticide-treated bed nets) would be of little value in prevent-
ing exposure and infection. An. gambiae, the most important vector in
much of sub-Saharan Africa, breed in small temporary pools of water (even
as small and temporary as cattle hoofprints). Therefore, vector control
strategies aimed at reducing or eliminating breeding sites will likely have
little impact. For these reasons, expert advice relevant to the primary
malaria vectors in a given area is essential for making sound decisions
regarding control options.
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TABLE 3-1 Characteristics of the Four Species of Human Malaria

P falciparum P vivax P ovale P malariae
Exoerythrocytic cycle  6-7 Days 6-8 Days 9 Days 14-16 Days
Prepatent period 9-10 Days 11-13 Days  10-14 Days  15-16 Days
Incubation period 9-14 (12) 12-17 (15) 16-18 (17) 18-40 (28)
(mean) Days Days to Days or Days or

6-12 months  longer longer

Severity of Severe Mild to Severe Severe
primary attack severe
Duration of 16-36 Hours  8-12 Hours ~ 8-12 Hours ~ 8-10 Hours
primary attack? or longer
Duration of 1-2 Years 1.5-5 Years ~ 1.5-5 Years  3-50 Years
untreated infection®
Relapse No Yes Yes No
Central nervous Frequent Infrequent  Infrequent  Infrequent
system complications”
Anemia? Frequent Common Infrequent Infrequent
Renal insufficiency” Common Infrequent Infrequent Infrequent
Effects on pregnancy”  Frequent Infrequent  Unknown Unknown
Hypoglycemia Frequent Unknown Unknown Unknown

“ Influenced by immunity. Documentation of complications for species other than 2

Jalciparum is limited.

SOURCE: Adapted from Bruce-Chwatt (1985).
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VECTOR LIFE CYCLE

There are four stages in the life cycle of the mosquito: egg, larva, pupa,
and adult. Eggs are deposited singly on water in suitable breeding sites,
where the developing embryo hatches as a larva after 2 or more days.
During the aquatic period of development, the larva sheds its skin four
times. The fourth larval molt gives rise to a pupa. At this stage the
mosquito undergoes a complete metamorphosis, emerging as an adult.
When parasites are ingested during a blood meal, they undergo further
development in the mosquito’s stomach, and during the next 10 to 20 days
the parasite passes through a number of stages, eventually multiplying and
penetrating all parts of the mosquito body. Parasites that end up in the
salivary glands can be transmitted to humans when the mosquito takes
another blood meal.

The length of each developmental stage depends on temperature and
humidity. The life span of adults under natural conditions is difficult to
determine but averages 10 to 14 days or longer (Service, 1993). The time
for an egg to develop to an adult in the tropics can be as short as 5 to 7 days.
Development of malaria parasites in the mosquito host is also temperature
dependent; as ambient temperatures decrease, the time needed for parasites
to develop increases. Malaria transmission stops when the time needed for
development of infective sporozoites exceeds the life span of the mosquito

(Gilles, 1993).

MALARIA ILLNESS

The normal incubation period from infective mosquito bite to onset
of clinical symptoms is 9 to 30 days or longer, depending on such
parameters as species of parasite, immune status, infecting dose, and use of
antimalarial drugs. The clinical symptoms associated with malaria parasites
are produced by increases in cytokines (particularly tumor necrosis factor)
in response to merozoites, pyrogens, and cellular debris released when red
blood cells rupture at the end of schizogony (Kwiatkowski, 1990). Onset
of illness is associated with the initial rupture of erythrocytic schizonts;
exoerythrocytic forms (sporozoites, exoerythrocytic schizonts, and
hypnozoites) and gametocytes do not cause clinical symptoms.

Typical symptoms among nonimmune individuals include fever, chills,
myalgias and arthralgias, headache, diarrhea, and other nonspecific signs.
Other findings may include splenomegaly, anemia, thrombocytopenia,
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pulmonary or renal dysfunction, changes in mental status, and coma. Most
cases of malaria-related severe illness and death are associated with
P falciparum infection. This is due, in part, to the parasite’s ability to
infect both mature and immature red blood cells, its rapid rate of asexual
reproduction, and a broad range of poorly understood pathological
processes associated with its ability to sequester in postcapillary venules,
especially in the central nervous system. Cyclical fevers seen in nonimmune
individuals with synchronous infections (occurring when a majority of
schizonts rupture at the same time) are frequently absent among individuals
with immunity.

In general, immunity to malaria is acquired after repeated exposure to
the malaria parasite; those individuals who survive their initial infections
develop some degree of immunity. In highly endemic areas, most clinical
malaria and malaria-associated mortality occurs in children less than 5 years
old, whose immunity has not yet fully developed. Although malaria preva-
lence in endemic areas decreases with increasing age, suggesting an acquired
ability to clear malaria infections, immunity to malaria typically also in-
volves the development of a tolerance for the presence of malaria parasites
in the blood with a minimum of symptoms and relative protection from
severe illness and death.

EPIDEMIOLOGY OF CLINICAL MALARIA

Malaria transmission intensity, levels of acquired immunity in a popu-
lation, and manifestations of malaria illness are intimately linked (see
Table 3-2; Snow et al., 1994; Slutsker et al., 1994). Understanding this
relationship should help in estimating the likely impact of malaria in a
given population. An important additional consideration is understanding
the implications of differences between the environment from which a dis-
placed population comes and the environment in which that population
settles, even if only temporarily.

The overall level of immunity to malaria is highest in areas where
malaria transmission is the most intense. The first exposure to malaria
occurs very early in childhood, and with repeated exposures the likelihood
of severe illness or death lessens. In Africa, where the majority of malaria-
associated deaths occur, the highest mortality rates occur in children less
than 5 years old. It has been estimated that in the Gambia, malaria accounts
for 25 percent of all deaths among children less than 5 years old. Malaria-
associated mortality decreases rapidly with increasing age (Greenwood et
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TABLE 3-2 Malaria Transmission Characteristics, Immunity, and
Clinical Features

Areas Where
Nonfalciparum Malaria
Is the Predominant

Areas Where P, falciparum Malaria Is Predominant or
Represents a Significant Proportion of Infecting

Malaria Species Infecting Species

Areas of Intense
Perennial Malaria

Examples:
Central America, some

Transmission Areas of Very Low, parts of the Indian
and/or Highly Seasonal, or subcontinent, parts of
Populations with ~ Areas of Epidemic Malaria Central Asia, parts of
High Levels of Low-to- Transmission and/or  eastern Europe.
Immunity Moderate Low Levels of Typical epidemiology of
Originating in Malaria Immunity in the clinical illness:
Those Areas Transmission ~ Population Nonfalciparum malaria
can be a significant
Example: Examples: Examples: Sahelian cause of morbidity bur
Most of tropical ~ Parts of and highland areas is rarely associated
equatorial Africa.  southern of Africa, Central with severe illness or
Typical Africa, coastal ~ America. death. Spontaneous
epidemiology of eastern Africa,  Tjpical epidemiology  splenic rupture can
clinical illness: Indian of clinical illness: occur in chronic P
Bulk of clinical subcontinent,  Disease can occur in  pjpax infections, but
disease occurs in  Southeast all age groups and is  cerebral malaria has
young (<5 years  Asia. more likely to only rarely been
old) children. Typical progress to severe attributed to this
While adults and  epidemiology of  disease if not parasite. Infections
older children clinical illness: ~ promptly treated. caused by P malariae
are often Bulk of In some areas have been associated
parasitemic, they  disease occurs  of very low with nephrotic
are more likely in broader transmission (e.g., syndrome. In areas
to be range of ages.  Haiti), mortality where both falciparum
asymptomatically ~ Cerebral rates associated with  and nonfalciparum
infected or to malaria malaria can be malaria occur, species-

have only mild becomes more  paradoxically low, specific treatment is
symptoms. common. probably due to advisable. Because
Severe anemia high incidence of drugs used for the

tends to be more
common than
cerebral malaria

clinical symptoms,
rapid treatment-

seeking behavior of

treatment of acute
infections do not

typically affect the

in young the population, and  hypnozoites of 2 ovale

children. the high efficacy and P vivax, these
and ready infections can relapse
availability of CQ. months to years later.
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al., 1987; Campbell, 1991). In areas with very high levels of transmission,
severe malaria tends to manifest itself more frequently as anemia than as
cerebral disease. As transmission intensity decreases and population
immunity is lessened, illness is seen more frequently in all age groups and
the incidence of cerebral disease increases relative to severe anemia.

Displaced populations coming from areas of little or no malaria trans-
mission to areas with intense transmission are therefore at greatest risk of
severe illness and death due to a lack of acquired immunity. Undil they
themselves acquire a protective level of immunity to malaria, these popula-
tions will probably require a much more intensive intervention effort to
achieve and maintain low rates of morbidity and mortality.

Malaria also has important effects in the way of chronic or repeated
infections, including anemia (especially among individuals with underly-
ing malnutrition), and poor pregnancy outcomes. Anemia, itself an
important cause of mortality associated with malaria, is also a common
reason for blood transfusion.

MALARIA DURING PREGNANCY

Among nonimmune women, acute malaria during pregnancy carries a
high risk of maternal and fetal death if not treated promptly and adequately.
Among semiimmune pregnant women, however, malaria parasites prefer-
entially sequester in the placenta, with minimal increase in overt clinical
disease. Malaria during pregnancy is a cause of both maternal anemia and
low birth weight, accounting for as much as 35 percent of preventable low
birth weight in malarious areas (Steketee et al., 1996a). Low birth weight,
in turn, is a well-recognized risk factor for infant mortality (McCormick,
1985). In most populations living in areas of high malaria transmission,
this is an issue primarily affecting women in their first and second pregnan-
cies.

MALARIA AND HIV/AIDS

Malaria and HIV infection can occur at high frequencies in the same
population, especially in sub-Saharan Africa, raising concerns that inter-
actions between these two diseases could greatly complicate control of both
(Corbett et al., 2002). Malaria and HIV have indeed been shown to inter-
act in important ways. Peripheral malaria infection has been shown to
occur more frequently and parasite densities have been shown to be higher
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among HIV-positive pregnant women compared with HIV-negative preg-
nant women (Steketee et al., 1996b). HIV-infected women are at increased
risk of placental malaria, even during later pregnancies when placental
sequestration is less of a problem among HIV-negative women (Steketee et
al., 1996b). Similarly, HIV-infected, nonpregnant individuals are at
increased risk of both malaria infection and illness (Whitworth et al., 2000).
There is also evidence that acute malaria infection can increase viral load
among HIV-infected individuals, an increase that is reversed with effective
malaria therapy (Hoffman et al., 1999). Finally, unscreened blood trans-
fusions for malaria-associated anemia remain an important source of HIV
transmission in malarious areas (Corbett, et al., 2002).

ANTIMALARIAL DRUG RESISTANCE

Simply defined, antimalarial drug resistance occurs when malaria
parasites gain the ability to survive what should be an effective dose of
antimalarial drugs. Resistance occurs because of naturally occurring muta-
tions that affect the susceptibility of the parasite to a given drug. For some
drugs, resistance can occur after a single-point mutation (as for the drug
atovaquone); with others a number of mutations may be required. Factors
that facilitate intensification of drug resistance include poor adherence to
recommended treatment regimens, inadequate dosing, use of poor-quality
drugs, presumptive treatment, and use of drugs that have a long half-life.
Because of rapidly developing and spreading resistance to antimalarials and
the relatively slow process of developing new antimalarials, the number of
useful drugs is dwindling (Bloland and Ettling, 1999; Winstanley, 2000).
The most commonly available antimalarial drugs are described in Appen-
dix A and Table 3-3, although not all are practical or appropriate for use in
any given situation.

Chloroquine-resistant 2 falciparum (CRPF) was first recognized al-
most simultaneously in Thailand and South America in the late 1950s. It
was first identified on the east coast of Africa in 1978. In the past 20 to 25
years, CRPF has spread and intensified to the point that only Central
America northwest of the Panama Canal, the island of Hispaniola (Haiti
and the Dominican Republic), and limited regions of the Middle East are
free of chloroquine (CQ) resistance. All other endemic areas have malaria
that is, to varying extents, resistant to CQ. In some regions, CQ resistance
has intensified to the point where the drug no longer has an optimal effect
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