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Epidemiological Stratification of Malaria
in the Region of the Americas

Malaria in Latin America and the Caribbean in the
1980s presented a markedly increasing trend that has
prevailed throughout the decade (Figure 1). During this
period, malaria emerged again as a serious public health
problem.

The continuing increase of malaria is of particular
importance since it appears simultaneously with the
socioeconomic deterioration occurring during the 1980s
in the countries of the Region.

Beginning in 1987, more than a million new cases of
malaria were reported annually. In 1990 the figure
reached 1.04 million. These figures reflect the
intensification of the malaria transmission process
during this period.

This resurgence of malaria at a time of critical
socioeconomic conditions has made it necessary to
review and adjust the strategies used for malaria
prevention and control. The purpose of this article is to
present briefly some of the more salient components of
epidemiological methodology that have been
incorporated in the strategy of epidemiological
stratification of malaria. In addition, the progress of the

stratification process in the Region is documented. The
methodology for epidemiological stratification of
malaria and other communicable diseases has been
proposed and developed by Dr. Carlos Castillo-Salgado,
Communicable Diseases Program, PAHO. This article
is part of a more extensive paper by the same author, to
be published in other epidemiology journals.

Basic Concepts of Epidemiological Stratification

In Latin America the stratification of malaria emerged
as a strategic approach in 1979 (1). In 1985 it was
recognized as a helpful strategy for attaining an
objective epidemiological diagnosis, to be used as the
basis for planning malaria prevention and control
activities. In general, the concept of stratification and its
use for the study of the distribution of malaria has been
applied according to different theoretical approaches
(2,3).

The epidemiological risk approach was recently
incorporated into the stratification guidelines; it
supports both the situational analysis and decisions on
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Figure 1. Malariometric Indexes of 21 Countries, Region of the Americas, 1960 - 1990.
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intervention strategies. Some of the most important
concepts of this approach are described below.

In the Region of the Americas, epidemiological
stratification of malaria in the control programs has
been defined as a continuous dynamic process of
research, diagnosis, analysis, and interpretation of
information that serves as the basis for methodological,
comprehensive categorization of geoecological areas
and population groups according to the riskfactors for
malaria (4).

The principal characteristic of this new strategy is the
epidemiological study, in individuals and defined social
groups, of the risk factors that are responsible for the
incidence of malaria at the local level. Knowledge of the
profile of these risk factors at the local level greatly
assists in the selection of the interventions for malaria
prevention and control.

The components of the combined process of analysis,
intervention, and evaluation, that results in stratification
and optimizes decision-making, can be summarized as
follows:

* Study of the API (Annual Parasite Incidence) and
its trends in recent years, to identifypriority areas.

* Identification and measurement of malaria risk
factors in the priority areas or localities, utilizing
the methodology of epidemiological risk
assessment.

* Construction of epidemiological risk strata
according to the risk factor ranking.

ABER per 100 pop.

* Selection of the interventions to reduce or eliminate
the most important risk factors in each stratum.

* Adaptation of the health services for the
implementation of the actions based on the
epidemiological risk stratification.

* Identification of indicators of structure, process,
and impact to evaluate the effect of each
intervention.

* Execution of specific interventions to reduce or
eliminate each risk factor.

* Evaluation and adjustment, including:

Measurement of reduction of the risk of
disease ordeath from malaria, through specific
incidence and mortality rates, as well as
changes to the risk factors, measured through
relative risk and percentage of attributable
population riskl

- Evaluation of each intervention through the
indicators of structure, process, and impact.

Monitoring and adjustment of each phase of
the process.

Based on the analysis of the API and its secular trend,
priority areas are defined as those where the incidence
has increased and/or is very high. In addition,
observation of the API and its secular trend assists in
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identifying areas where antimalarial interventions have
not been successful.

Most countries of the Region with active transmission
of malaria maintain a record of the API and have
identified risk areas on the basis of this indicator.

In the epidemiological approach, a malaria riskfactor
is defined as any variable or set of variables directly
related to malaria incidence. More broadly, it can be
defined as any characteristic, attribute, condition, or
circumstance that increases the probability of the
appearance of malaria morbidity or mortality at a
specific moment. The increased risk of becoming ill
from malaria implies a higher probability of becoming
ill through the presence of one or more risk factors.

Malaria risk factors can be classified in different
ways. However, every classification should include the
ecological, geographical, and entomological as well as
the social, economic, and demographic factors, and
those related to the health services' organization.

The Stratification Process in the Countries of the
Region

Recent experience with the malaria stratification
process in the countries of the Region of the Americas
indicate that its development has been neither
continuous nor homogeneous. The initial approaches
used for stratification depended to a great extent on the
diverse criteria used by the various countries and the
kind of information available.

However, by the end of the 1980s most countries with
active malaria transmission had completed initial
stratification schemes based on the behavior and trends
of the API. In those countries, this characterization of
the epidemiology of malaria has permitted the
subdivision of their malarious areas into strata, or
priority areas, using as the basic criterion the observed
malaria incidence or prevalence ratios. This aggregation
of priority areas has represented a first level of analysis
and synthesis of the malariometric information
available.

The criteria used to stratify epidemiologically the
local malaria situation should begin with the analysis
and recognition of the risk factors that determine the
frequency and distribution of the disease.

To further reduce the complexity of the malaria
problem, stratification should incorporate the
epidemiological analysis of local determinants and
characteristics, that have been recognized as risk factors
explaining the observed increase in malaria morbidity
rates.

According to information available through 1990 the
malaria stratification process has had the following
characteristics in the Region:

· Malaria stratification allowed initiation of the study
of the different risks of disease and death from
malaria to which the population of the countries of

Latin America and the Caribbean are exposed due
to specific attributes or characteristics of
individuals and social groups, the environment,
and the organization of the health services.

* The API trend in 21 countries of the Region shows
an increase from 1.7 per 1,000 population in 1980
to 2.5 in 1990 (Figure 1). The API's average
increase does not reflect the true intensification of
transmission that has occurred in the countries'
malarious areas. A more realistic picture of the
malaria problem can be obtained when analyzing
that indicator in the countries' interiors, with
exclusion of areas and populations that have no
transmission or disease risk. In 1990 the reported
API in some high-risk areas in the various countries
was 250 times greater than the regional figure.
Thus, for example, the API reached levels of up to
694 and 553 per 1,000 population in some
municipalities in Brazil, and 659 and 415 per 1,000
in localities in French Guiana and Guyana,
respectively.

· Malaria is a disease that manifests itself locally. As
a result, it is of the essence that the study of its
distribution and of the various mechanisms to be
selected for its control include the local
epidemiological profile of its determinants.
General and global control strategies are not
successful. Although in particular instances they
may facilitate a temporary reduction in
transmission, the continued existence of the active
unaltered risk factors determines that local
transmission may reappear, and that it may
continue or increase rapidly.

· The epidemiological mapping of the high-risk
areas of malaria transmission has helped the
countries to recognize those priority population
groups and geographical and ecological areas in
which the epidemiological stratification of malaria
makes it possible to identify the principal factors
that determine malaria morbidity and mortality and
whose removal should be the aim of the malaria
prevention and control programs.

A brief summary of the current status of the
stratification process and its relation to the malaria
situation up to December 1990 is given below for some
countries of the Region of the Americas. The description
is not exhaustive and not all of the countries with malaria
transmission are included. However, it exemplifies the
role of epidemiological methodology in the
stratification of malaria.

BRAZIL

The emerging process of epidemiological
stratification of malaria in Brazil has made more visible
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Figure 2. Malariometric Indexes, Brazil, 1960-1990.

ABER per 100 pop.
100

HSR

APIlO
ABER

.+...+ + + ' + + +

0.1

1960 1963 1966 1969 1972 1975 1978 1981

MALARIOMETRIC RATES

-* API '+ ABER

API per 1000 pop.
4

3

2

1

IT -1 [ I 1 1 0
1984 1987 1990

HSR

the differences that exist in the distribution and
frequency of malaria in this country. Moreover, it has
made it possible to appreciate the importance to the
control programs of the recognition of the specific risk
factors that determine the intensity and severity of
malaria in the different population groups and areas of
the country.

The trend of the malariometric indexes in Brazil from
1960 to 1990 is presented in Figure 2. It can be seen that
beginning in 1975 there has been a continuing upward
API trend. Starting in 1983 this upward trend becomes
more pronounced although the Annual Blood
Examination Ratio (ABER) remained the same. The
House Spraying Ratio (HSR) showed a decline during
the 1980s.

In 1990, Brazil, with 560,396 cases of malaria and 154
million total population reported an API of 3.7 per
1,000. This API value does not reflect the increase in the
number of malaria cases in the areas of transmission.
There are large variations among the regions and
municipalities of the country. For example, for 1989, the
Southeastern Region with 4,152 cases and an API of
0.21 contrasts with the Northern and Midwestern
Regions, which reported 455,632 (API, 46.1) and
66,302 cases (API, 13.2), respectively.

If this indicator is disaggregated further, it can be seen
that of the 27 states in the country, eight reported APIs
higher than 7 per 1,000, as follows: Roraima, 146.5;
Rondonia, 128.3; Amapá, 43.2; Acre, 38.5; Mato

Grosso, 28.8; Pará, 22.6; Amazonas, 16.9; and
Maranhao, 7.2.

The highest rates of malaria transmission are found
primarily in the states of the Amazon Region, where
97% of the cases of the country were reported in 1990.
In that Region, three states were responsible for most of
the cases: Rondonia with 45% of the total, Pará with
21%, and Mato Grosso with 11%.

On studying the intensity of the transmission at the
local level, large differences can be found, as compared
to the national or regional averages. For example, in
1990 the state of Amazonas had municipalities with
APIs of 120; in Acre there were municipalities with
APIs of 198.9; in Amapá, with 125; in Rondonia, with
550; in Pará, with 583.8; and in the state of Mato Grosso,
there were municipalities with API of 3,924 per 1,000
population.

In the geographical areas where most of the cases of
malaria are found, particularly in the Amazon Region,
two major social processes are reported as determinants
of the risk of contracting malaria. The first constitutes
an intense and disorderly migratory flow toward mining
areas that are difficult to access, where living and
working conditions are very precarious, and where the
levels of transmission are high. The second process, also
of a social nature, corresponds to the intensification of
population movements toward areas of subsistence
farming with the ensuing establishment of settlements
whose problems of inaccessibility, inadequate living
conditions, and limited health protection have provided
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the basic substratum for the continuance and increase in
* malaria in those areas.

Recognition of the forces and factors involved in
transmission and of the actions that can affect them, and
which would be the basis of the control programs,
constitutes the next stage of this process of
epidemiological stratification.

COLOMBIA

In recent years the basic malaria stratification effort
in Colombia has consisted of the identification and
grouping of critical malarious areas, with the basic
selection criterion being the level of the API reached in
those areas.

Consequently, the areas of malaria transmission in
Colombia have been divided into three levels of risk,
according to the API found.

The corresponding risk classification utilizes the
municipality as the basic unit. Thus, the municipalities
that present an API less than 0.5 are considered to be at
low risk. Most of the municipalities in the consolidation
phase are found at this level. The municipalities with an
API between 0.5 and 10.0 are considered to be at
moderate risk. Finally, those municipalities with an API
of more than 10.0 are classified as high-risk areas.

The 100,286 malaria cases reported in Colombia in
1989 occurred in 2,103 of the 37,841 localities in
malarious areas of the country. In addition, 72,650
cases, representing 72% of the total cases registered in
1989, were concentrated in six regions. These 72,650
cases were detected in 91 municipalities. Of these 91
municipalities, 32 accounted for 57,414 cases,
representing 79% of the cases reported in these regions
and 57.4% of the total cases in the country.

The most important universal risk factors reported by
the Colombian authorities are included in Table 1.

Because of the complexity of the social risk factors
involved in malaria transmission, control programs
must give due consideration to the need to facilitate
intersectoral actions with the economic and other social
sectors, and will require significant adjustments in their
control measures.

VENEZUELA

In Venezuela in 1989 there were 43,369 reported
malaria cases. The API of the country was 2.2 per 1,000
population, very similar to the API of 2.4 for 1988.
Venezuela has an epidemiological risk map showing
three geographical areas with high levels of malaria
transmission.

These areas correspond to the Southern Region,
represented basically by the state of Bolívar; the
Western Region, which includes the states of Zulia,
Táchira, Apure, and the Federal Territory of Amazonas;
and the Eastern Region that surrounds the state of Sucre.

Analyzing the malariometric indicators according to
the epidemiological malaria stratification approach, it
can be seen that the distribution of malaria morbidity is
concentrated in the state of Bolívar, where 61% of total
malaria in the country is reported.

As in the rest of the countries of the Region of the
Americas, malaria in Venezuela has a marked variation
among localities.

HAITI

Epidemiological information on malaria in Haiti has
been limited in recent years. By 1989, 23,231 malaria
cases had been registered, all of them by Plasmodium
falciparum.

Of the four health regions into which the country is
divided, the Transverse Sanitary Region was
responsible for 10,139 cases representing 44% of the

Table 1. Global risk factors determining the persistence of malaria transmission, by area.
Colombia, 1989..

Area
Uraba
Lower Cauca

Malaria cases
18,072

Amazonia 17,903

Pacific Coast 16,074

Sarare 4,608

Middle Magdalena

Catatumbo

2821

694

Risk factors
Factors associated with social
conflicts.
Lack of resources.
Facotrs associated with social
conflicts.
Lack of resources.
Technical problems.
Lack of resources.
Low spraying coverage.
Problems in vector be avior.
Low spraying coverage.
Disturbances of publ¡c order.
Social problems.
Precanous housing.
Settlement areas.
Low spraying coverage.
Problems in vector behavior.

5

--



cases registered in 1989. In the Western Region 6,458
cases were registered, while in the Northern Region
there were 3,737 cases and in the Southern Region,
2,897. These figures do not reflect the true morbidity
due to malaria, since epidemiological information
sources on malaria cases are very limited.

In 1980 a first stage malaria stratification design was
implemented to identify the most important malaria risk
areas in the country. As in other countries, the basic
criterion for the selection of those areas was the behavior
of the API.

The areas considered to be at high risk were those
localities with API of 10 and more per 1,000 population.
Areas with moderate risk were those whose API were
between 5 and 9 per 1,000. Low-risk areas were those
with API of 0.1 to 4 per 1,000. Localities whose API
were outside these three intervals were considered to be
negative with respect to malaria.

According to this characterization, 66% of the 24,470
localities, representing 39.5% of the country's total
population, were declared negative with respect to
malaria.

In 3,401 localities API higher than 10 were found,
with 21.6% of the total population; they constituted the
areas at greatest risk of malaria in the country. At
moderate risk were 6.3% of the localities (1,535) with
10.7% of the population, while 13.7% of the localities
(3,345) with 28.2% of the population were considered
to be at low risk for malaria.

Among the most important risk factors in the
dynamics of malaria transmission were the constant
internal migrations and the socioeconomic deterioration
affecting the population.

With respect to factors related to the organization of
the health services, it should be noted that control
measures began to be cut in 1968. As of March 1988, at
the time of a major financial crisis, the government
closed the National System for Eradication of Malaria,
discharging all field workers and administrative
personnel. Financial difficulties and political instability
have impeded a systematic implementation of control
measures.

BOLIVIA

In Bolivia in 1989 there were 25,367 malaria cases
with a national API of 3.6 per 1,000 population, but in
malarious areas the API was found to be 9.9 per 1,000
population.

On studying this malariometric indicator by
department, it can be seen that in the department of
Tarija the API was as high as 21. In Pando the API was
19.8; in Chuquisaca it was 11.8; and in Beni, 10.5 per
1,000 population.

Among the risk factors to explain the mechanisms of
malaria transmission are migration of workers toward
mining and rice-producing areas, where great mobility

and precarious living conditions of the population make
them subject to high risks of contracting malaria. In
addition, there is mention of parasite drug-resistance in
the malarious areas of the departments of Beni and
Pando. Low health services coverage and operational
problems in the control programs are additional
important factors in the transmission of malaria in the
country.

ECUADOR

In 1989, there were 23,274 reported cases in Ecuador
and the API was 2.2 per 1,000 population, that is, it was
2.4 times lower than in 1988. This does not necessarily
reflect a real reduction in malaria, since, due to labor
problems, the malaria control program was paralyzed
for several months in 1989, resulting in an annual
coverage of less than 40%.

In view of the above, it is reasonable to postulate that
the API in 1989 grossly underestimates the true malaria
morbidity in the country. On breaking the API down by
province, it can be seen that in Sucumbíos the API
reached 45.5 per 1,000 population; in Los Ríos, 17.0; in
Napo, 11.8; in Esmeraldas, 11.8; in Manabí, 4.2; and in
Guayas, 1.4.

Among the principal risk factors for transmission,
there stand out those related to the country's economic
crisis, those linked to problems in the administration of
the malaria program and the low operative capacity of
the health services.

PERU

A total of 32,114 malaria cases were notified in Peru
in 1989. The overall API for the country was 4.5 per
1,000 population. APIs in the interior were as much as
12 times the national average.

Thus, for example, the department of Junín, with
7,321 cases, had an API of 53.9. The department of
Ayacucho had an API of 26.9; the department of Madre
de Dios, 18.7; the department of San Martín, 15.4; and
the department of Pasco, 14.8.

Among the principal risk factors mentioned as
determinants of malarial transmission, were those
related to the country's critical sociopolitical situation
and the great economic deterioration affecting a major
portion of the population.

In addition, an important role has been played by
social factors related to violence and drug trafficking,
population displacements and internal labor migration
involving very precarious living conditions.

The economic deterioration and the social
adjustments that have occurred in the 1980s in most
countries of the Region of the Americas have had a
significant impact on the epidemiological profile of
health and on the malaria situation.

The needed diversification of the control measures
requires a comprehensive epidemiological approach
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that must combine the contributions of the social
sciences and health services research with the advances
achieved in basic immunology, entomology, and the
clinical research.

Malaria stratification provides the rational basis for
planning control activities. The epidemiological
information and the socioeconomic profile of the risk
areas are considered basic elements for the selection of
control measures, which should be directed not only
toward temporary reduction of malaria transmission,
but primarily toward elimination of those risk factors
responsible for the persistence of the disease.
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Fourth Annual Scientific Meeting on Epidemiology in Venezuela

This event, organized by the Venezuelan Epidemiology
Society, took place during 24-26 October 1991 in Ciudad
Bolívar, Bolívar State; it was the first time the meeting has
taken place outside of Caracas. Selection of that state was
based on the theme of the meeting, Workers Health and
Epidemiology, and on the fact that it is home to a great many
of Venezuela's basic industries. Approximately 80
epidemiologists from around the country attended.

Three conferences were delivered, two workshops were
held on the central topic, and 24 open papers were presented.

Part of the Directing Board was elected during the event;
Dr. Luis Echezuria will be president during the 1991-1993
period. The subject chosen for the next annual meeting was
Quality of Life, and it was proposed that it be held in the city
(and state) of Mérida, during the second half of October 1992.

Second National Scientific Meeting on Epidemiology in the Dominican Republic

With the theme Epidemiology and Crisis: Impact on the
Health Situation, and with almost 300 participants, the
Second National Scientific Meeting on Epidemiology was
held during 19-22 November in the Dominican Republic.

Dr. Mervin Susser, of Columbia University, New York,
delivered the inaugural address on the subject of Health and
Human Rights. Over 60 open papers, conferences, round
tables and seminars, as well as workshops and short courses,
constituted a meeting of great national impact.

This second meeting had a markedly multidisciplinary
nature, as did the first one, and numerous institutions from
the governmental and nongovernmental sectors participated,
in addition to 16 intemational guests from Argentina, Brazil,
Cuba, Mexico, Nicaragua, Spain, United States, and
Venezuela. Representatives of several PAHO/WHO
programs and centers also participated.

The meeting provided a valuable opportunity for scientific
exchange on the consequences of the crisis, from the

viewpoint of different disciplines, such as economics,
anthropology, sociology, social psychology, administration,
and epidemiology, among others.

Debate included not only aspects related to the phenomena
of crisis, but also conceptual, methodological, and technical
issues in the fields of epidemiology and public health, with
relation to the study of the differential impact on the health
status of different social groups, by age and sex, within the
Dominican population.

Within the framework of this meeting, and beyond
recognizing the effort of the organizers, participants
repeatedly expressed interest in organizing a Dominican
epidemiology society, having a scientific multidisciplinary
nature and voluntary membership.

The final report of the meeting will be available early in
1992. Additional information may be requested from the
Organizing Committee or the PAHO office in the Dominican
Republic.
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