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Abstract

A commumty randomized controlled trial was carried out in an area of moderate
malaria transmission in the Amazon region, in South East Venezuela, where the
indigenous Yanomami population live. The aim of the project was to assess the
impact of lambdacyhalothrin treated hammock nets (ITHNs), compared to
placebo treated hammock nets (PTHNSs), on the malaria incidence rate and on the

malaria vector population Anopheles darlingi.

In both arms of the study intensive early case detection was performed and
prompt malaria treatment administered. Baseline data were collected one year

before the intervention and a population of around 924 Yanomami was followed

for two years.

Despite the recent introduction of nets in the Yanomami villages and the adverse
natural conditions in the area, the majority of Yanomami showed high compliance

and took good care of the nets.

Analysis performed by gas chromatography of samples taken from the nets dried
in different ways, i.e. vertically or horizontally, in the sun or in the shade, showed
that there were no significant differences between methods with the only

exception of drying the nets horizontally and in the sun performing significantly

worse then the others. In addition bioassays, with Aedes aegypti, showed that

hammock nets treated at village level with lambdacyhalothrin (10 mg/m’) and



dried vertically in the sun were effectively killing mosquitoes (87%) after six

months of regular use and the mortality rate was 83% after washing the nets

twice.

The malaria incidence rate per thousand person years at risk was 114.6 in the
[HTNs group and 186.8 in the PTHNs group. The adjusted rate ratios indicated
that ITHNs prevent 55% (IRR: 0.44, 95% CI: 52-59%) of new malaria cases.
ITHNSs reduced the prevalence of parasitaemia by 87% (RR: 0.17,95% CI: 0 -
45%) 1n the first cross-sectional survey carried out during the high transmission
season, six months after the intervention. The prevalence of splenomegaly and of

anaemia was low in both groups, and there was no evidence of reduction due to

ITHNS.

There was little evidence of a mass killing effect on the density of the vector

population, although significant differences between study arms were found when
the analysis was carried out adjusting for baseline An. darlingi density. The

density of An. darlingi was 62% less in villages with ITHNs than those with

PTHNS s (density ratio: 0.38, 95% CI 52-70%).

The main conclusion of the present study is that ITHNs can reduce malaria

incidence in the area and it 1s the most feasible method of malaria control in a

forested area where indigenous villages are scattered over a large territory.
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Chapter 1

CHAPTER 1. Introduction

1.1 Malaria in America

More than one hundred years after the transmission cycle of malaria was revealed
and malariologists began to look forward optimistically to the possibility of
breaking it and, ultimately, eliminating the disease, malaria is still one of the most
serious and challenging health problems facing humanity (Dobson, 1999). Malarna
kills more people than any other infectious disease after tuberculosis and HIV.
Although its main impact is in sub-Saharan African countries, where at least 90%
of the malaria deaths occur, it remains an important health problem in some parts

of Asia, Central and South America.

In the American continent, malaria is present in 21 countries and it has been
estimated that 36% of the population live in areas at risk of transmission (Figure
1.1). During the last decade there has been an increase in the number of reported

cases, from 982,000 in 1993 to 1.4 million in 2000 (WHO, 1996, PAHO/WHO,

2002). The predominant parasite is Plasmodium vivax, but malaria mortality is

associated with P. falciparum. In 2000 there were 301 malaria-associated deaths.
There are a small number of cases caused by P. malariae, the third most prevalent

parasite in the continent. The principal anopheline vectors in Mexico and Central
America are Anopheles albimanus and An. pseudopunctipennis, while in the

countries belonging to the Amazon region, An. darlingi and An. albimanus are

the most important,
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Figure 1.1 Map of endemic areas in America, 2002

Of the total number of malaria cases reported on the continent, 87% are located in
the Amazon region, which includes nine countries: Brazil, Colombia, Ecuador,

Peru, Bolivia, Venezuela, French Guiana, Guyana, and Surinam. Of all the
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P. falciparum cases reported in America during 2000, 80% occurred in the

Amazon region (PAHO/WHO, 2002).

In the above mentioned countries, inequity in income and access to health,
education, adequate environmental sanitation, and housing remain high. The
indigenous ethnic groups, particularly those living in the Amazon region, are the

most vulnerable and in fact the most affected by malaria (PAHO/WHO, 2002).

1.2 Malaria in Venezuela

Venezuela is located in the Northern part of South America (0° 38’ 53°” and 12°
117 46°° N; 58° 10’ 00’ and 73° 25° 00"’ W), with a surface area of 912,050 km?.
It encompasses a variety of ecological areas as it forms part of the Caribbean, the
Andean and the Amazon regions. It has been estimated that one third of the
population of the country was affected by malaria before 1935, when Dr. Aroldo

Gabaldon established activities for its control on a national basis and the Malaria
Control Programme was founded. Human and economic development was
seriously affected throughout the country. In the decade 1935-1945 the average
annual mortality rate was 110 per 100,000 inhabitants. During this period the
newly created programme focused its attention on investigating the epidemiology
of the disease, training personnel, and setting up a network of mobile teams in
order to direct and implement control activities in many areas of the country.
Before the advent of DDT, these activities were limited to environmental

management (large-scale drainage and filling in operations of marshes around
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towns), use of larvicides and non-residual adulticides, active surveillance, and

chemotherapy with quinine and quinacrine (Gabaldén and Berti, 1954; Berti et al.,
1960). In 1945, the emphasis of the activities changed radically as a consequence
of the introduction of residual spraying with DDT, and eradication seemed to be
possible. That year, the Malaria Eradication Campaign started. DDT spraying
allowed an increase in the coverage of malaria control programme activities and
the mortality rate dramatically decreased to 8 per 100,000 inhabitants in 1950, and
to 0.01 per 100,000 by 1959, when malaria was considered to be eradicated from
407,945 km* (47%) of the country, mainly in the North-central region (Berti et al.,
1960). By the end of the 1950s, the distribution of the disease was confined to the

Western, Eastern and Southern areas of the country (Figure 1.2, see page 26).
Three types of situation were defined, according to the usefulness and efficacy of

indoor DDT spraying: responsive, refractory and inaccessible malaria (Gabaldon,

1983).

Responsive malaria referred to the situation in those areas where residual indoor
spraying effectively interrupted transmission. This corresponded to the central

area of Venezuela where the main vectors, An. albimanus and An. darlingi were

highly endophilic (resting indoors). Here malaria was successfully eradicated.

Refractory malaria referred to those areas where the disease persisted due to the
vector’s behaviour (resting and biting patterns) or to physiological resistance to

the insecticide. Here, malaria transmission persisted in spite of adequate spraying
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with DDT. These areas corresponded to the Western and Eastern areas of the

country where the main vectors are An. aquasalis and An. nurieztovari.

Inaccessible malaria described those areas where the application of DDT was not
possible due to a variety of factors such as: the area being inhabited by ethnic
groups with nomadic habits, type of housing (e.g. no sprayable walls), difficult
geographical access, and exophilic habits of the main vector. The inaccessible

area corresponded to the South of the country (Bolivar and the Amazonas states)

where An. darlingi prevails.

In areas with responsive malaria, the incidence decreased dramatically, as
transmission was interrupted, while in areas of refractory malaria, the incidence
decreased slowly, as transmission was reduced but not interrupted (Gabaldon,

1972, 1983).
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Figure 1.2 Evolution of malaria eradication and control campaigns in Venezuela
a. Malaria was widespread in Venezuela before the eradication campaign started in 1945.
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Since 1962, Venezuela has experienced two periods of malaria resurgence. The
first was in the early 1970s when the Annual Parasite Incidence' (API) increased
from 87 per 100,000 inhabitants in 1969, to 222 per 100,000 inhabitants in 1971.
The other period of resurgence occurred at the end of the 1980s, when the malaria
Incidence rate rose to 244 per 100,000 inhabitants in 1988. This increase in
incidence was related to the re-infection of formerly cleared areas in association
with socio-economic changes, (an increase in mining activities in high risk areas,
population mobility and migration) and to financial constraints affecting the
malaria control programme (Figure 1.3, see page 30). By the beginning of the
1990s there was a decrease in the number of malaria cases, in line with the trend

reported for the rest of America (WHO, 1996). This decrease coincided with a
Global Malaria Strategy in which 21 countries in America were reorienting their
programmes in order to identify the highest risk areas using epidemiological
criteria and to concentrate the bulk of their resources on prevention and control in
those areas. Following this strategy, countries made progress in providing early
detection and treatment of cases (WHO, 1996). Moreover, from 1992 to 2000 the
malaria control programme in Venezuela received an increase of its budget

through national and international donors.

In 1995 the goal of the programme finally changed in accordance with the

international strategies, and attention was focused on control rather than

! Annual Parasite Incidence (API): malaria cases/number of population at risk per 1000 (Warrell
and Gilles, 2002).

27



Chapter [

eradication. The endemic regions of the country were stratified into “risk zones*”,

depending on the API, to increase the effectiveness and targeting of control
activities (Figure 1.4, see page 30) (MSDS, 1995). Presently, the distribution of
malaria in the country is similar to that at the beginning of the 1960s. The
principal known vectors are An. aquasalis in the Eastern region, An. nurieztovari
in the Western region and An. darlingi in the Southern region. Other potential or
suspected  vectors are  An. albimanus, An. albitarsis, An. oswaldoi,
An. pseudopunctipennis and An. emilianus. The most frequently reported species
of Plasmodium is P. vivax, followed by P. falciparum and P. malariae. During the
year 2002, 29,336 cases of malaria were parasitologically diagnosed and 94% of
them were reported in the Sucre, Amazonas and Bolivar states, the former
corresponding with the North-eastern and the latter two with the southern region.
This number of cases represents 33% more than that expected according to the
prediction of the Ministry of Health for the seven years 1998 to 2004 (MSDS,
2002). Since the beginning of the 1990s, Venezuela has attempted a process of
State reform including decentralisation, which has been heterogeneously
implemented among federal entities and sectors. Health sector reform is still
ongoing. In accordance with a recommendation by the Pan American Health
Organization (PAHO) and the World Health Organization (WHO), antimalarial
activities are being progressively integrated into regional health services. One of
the problems in the decentralization process is the weakness of managerial and
operational capabilities at the regional and district level. For example, in several

? Low risk IPA less than 1 malaria case per 1000 inhabitants. Moderate risk IPA 1 to 10 malaria
cases per 1000 inhabitants. High risk more than 10 malaria cases per 1000 inhabitants

(PAHO/WHO, 2002).
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arcas of the country there are no personnel trained to carry out entomological

monitoring, or susceptibility testing either to insecticides or antimalarial drugs.

Currently, the main Malaria Control Programme activities are based on
surveillance, early case detection, adequate treatment and focal vector control.
The strategy is based on: a) improvement of local capacity to increase passive
case detection; b) provision of early antimalarial treatment to individuals with a
positive slide for malaria parasites; c¢) establishment of a national network for
surveillance of antimalarial drugs efficacy, and d) implementation of vector
control in places with high incidence, i.e. spraying with residual insecticides
(organochlorines, organophosphates and pyrethroids) supplemented by fogging

with peridomestic insecticides (pyrethroids and organophosphates).

Since 1999, Venezuela has subscribed to the goals of the global partnership

initiative “Roll Back Malaria (RBM)” (Nabarro, 1999), and this has further
accelerated the decentralisation of control activities, the establishment in the

Amazon region of a surveillance system of drug susceptibility, and the continuous
training of field workers for parasitological diagnosis and vector control. Among

the control measures promoted by the RBM initiative is the introduction of

Insecticide Treated Nets (ITNs) in transmission areas.
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Figure 1.4 Malaria epidemiological map by risk level in Venezuela in 1999

Figure 1.3 Annual Parasite Incidence (IPA) of malaria in Venezuela, 1954 -2002

30



Chapter 1

1.3 The Amazonas state of Venezuela

The Amazonas state of Venezuela is located in the South of the country, with an
area of 180,475 kmz, 20% of the total national territory. This state, together with
the corresponding areas of Brazil, Colombia, Ecuador, Peru, Surinam, Guyana
and French Guiana, constitute the Amazon region of South America. The
population of Venezuelan Amazonas state is estimated as 110,324 inhabitants,
61% of whom live in the capital, Puerto Ayacucho, while the remaining 39% live
in scattered communities in rural and more remote areas. Amazonas is the federal
entity with the highest proportion of indigenous people in the country. Nineteen
different ethnic groups make up half of the total indigenous population of

Venezuela, with the Yanomami group being the largest (OCEI, 1992).

The health system of the state comprises seven districts: Atures in the state

capital, San Fernando de Atabapo, Autana, Manapiare, Rio Negro, Guainia and
Alto Orinoco, the latter in the Upper Orinoco area. All of them are highly

dependent, for administrative and operational support, on the capital district. Most
of the health services, including the only hospital, are concentrated in the capital,
while in the rural districts there is a network of Primary Health Centers (PHC).
These are staffed occasionally by recently graduated medical doctors and, in most

cases, by primary health care workers called Auxiliares de Medicina Simplificada.

During 2000 Amazonas was the state with the highest number of malaria cases

reported in the country with an API of 40.3 per 1,000 inhabitants. The distribution

31



Chapter 1

of cases 1s not homogenous throughout the state, Manapiare and Alto Orinoco

being the most affected districts (MSDS, 2002).

1.4 The Alto Orinoco Region: the Yanomami

The Alto Orinoco District (henceforth Alto Orinoco), is a large district located 1n
the South-eastern part of Amazonas state. It is characterised by a large area of rain
forest in the lowlands and pre-montane deciduous forest and grassland savannah
in the highlands (Huber et al., 1984). The Yanomami Amerindian population 1s

the main ethnic group living in this region (OCEI, 1992).

The Yanomami are considered to be the most numerous and least acculturated
ethnic group in the country, and in the continent. They live in an extensive
geographical area straddling the Brazilian-Venezuelan border in the Amazon
region of South America (Figure 1.5). There are reports of intermittent contact
with the criollos” as early as the 18™ century, particularly between 1787 and 1800.
Permanent contact did not begin until 1950, when the first Protestant mission was
established in the area (Neel, 1970; Lizot, 1988). According to the latest
indigenous census published in Venezuela, the Yanomami population was
estimated at 15,012 dispersed over 82,662 km* with a demographic density of

0.13 persons/kmz, grouped in approximately 233 scattered communities (OCEI,

1992).

* Criollo is the local and regional name for non-indigenous people.
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Figure 1.5 Location of the Yanomami area

Despite these estimates, neither Venezuela nor Brazil have carried out a truly
reliable census of the Yanomami population due to their remoteness and the
difficulty of movement through the tropical rain forest and high plain savannahs

that characterise the area.

The Yanomamt live traditionally in a single large circular house with a thatch

single-pitch roof, open at the centre and with no solid walls, called shabono
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(Figure 1.6, see page 35). More recently, however, individual family houses, with
a closed double-pitch thatched roof made out of palm, and walls constructed with
mud and/or palm leaves, have been built in some areas, especially around
permanent mission settlements. The population of each shabono ranges from 10 to
300 1nhabitants (Lizot, 1988) belonging to several closely related families. The
daily activities of the Yanomami include vegetable (slash and burn) gardening,
hunting, fishing, foraging for wild fruits and edible insects, collecting firewood,
carrying water, and tool making (baskets, hammocks, arrows, accessories and
colourful pigments which they use to paint their bodies). The component families

of a shabono usually sleep in hammocks arranged around their fire.

The Yanomami are a very mobile group. Apart from shifting the location of their
shabono every few years for social and/or ecological reasons (micro and macro
movements), 1t is also common for individuals or families to leave the community
for days, or weeks, in search of seasonal fruits in the forest®. Even more frequent
movements include visits to friendly communities for ritual activities like funeral
ceremonies or festive events that also involve negotiation of political, economic
and marriage-exchange relationships. Finally, single families or people often

travel to other communities to visit relatives living there. In all these contexts,
networks of reciprocal exchange of objects, rituals, and news are maintained, for

these are essential for the social well being of each community:.

* This hunting and mobilizations of communities is less frequent in shabonos settled near to the
missionary establishments.
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Figure 1.6 Yanomami shabono: above) typical multifamily house open at the
centre and; below) individual covered family house
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The Yanomami have a complex set of beliefs regarding the aetiology, nosology
and curing of 1llness. They perceive the person as having several non-material
constituents beyond the body, organised in concentric circles reminiscent of the
shabono’s shape. In their cosmology, the forest and universe are populated with a
range of spiritual entities. They also consider that enemy shamans and sorcerers,
together with spiritual beings, are frequently the intentional agents responsible for
an 1llness which involves either the theft, injury or other types of intrusion (non
material objects) into one of the spiritual constituents of the body. Alongside these
interpretations, the Yanomami often use the word shawara to describe illness in
an epidemic situation (e.g. diarrhoea, respiratory diseases) which can hit
communities or be brought in by individuals who come from communities where
there is shawara. Therapeutic options include shamanic healing and the intake of
plant preparations and, in places where there is a health post, the intervention of a

medical doctor or Yanomami auxiliary. The course of action followed by an

individual patient depends a lot on the particular case: the evolution of the illness,
past experience, availability of resources, etc.. Shamans, however, even in places

where there are medical doctors, are fundamental to the Yanomami culture in

prevention, diagnosis and treatment of disease.

All this means that in the Yanomami culture, the understanding of disease
causation is radically different from that in modern developed societies, and
complicates relationships between social and supernatural factors determining the

equilibrium between health, illness and death. The representation and
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understanding of the causes of illness in the local culture are normally very
important when designing control activities and operational research within a

different culture (Chavasse et al., 1999).

Chagnon (1992) and Lizot (1998) classify the Yanomami into three groups
according to their degree of acculturation and proximity to missionary and
medical settlements: a) nearby villages, with the highest demographic density,
high morbidity indices but with medical attention; b) intermediate villages and, c)

distant or remote villages that have never had continuous medical assistance.

At present there are nine religious mission posts in the Alto Orinoco region, so the
Yanomami communities living around these settlements are considered nearby
villages. In these areas, some villagers have been in contact with the mission for
up to 52 years and bilingual (Yanomami and Spanish) schools have been
established and staffed with Yanomami teachers. Exposure to outsiders over the
past decade has had a significant influence on their traditional way of life. This
means, for example, that these communities are more sedentary and have more

access than intermediate and distant shabonos to criollo culture and materials,

including Western medicine.

Most of the PHCs have been constructed in localities along big rivers, like the
Orinoco (and its tributaries), Padamo, Ocamo and Mavaca rivers, where Catholic
missions settled during the 1960s. The communities of Ocamo and Mavaca,
where the present study was carried out, are among the largest settlements, with

the highest density and degree of contact with criollos. In each of them, there is a
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Catholic mission, usually with 2 or 3 permanent members. They run educational
programs and a cooperative trading system. The PHCs are usually attended by a
rural medical doctor, medical students in their last year of training, and
Yanomami personnel trained as primary health care workers or auxiliaries. The
Yanomami population living nearby have direct access to these centres, and the
health personnel visit the intermediate and distant villages at irregular intervals by
boat, helicopter and/or on foot. However, the majority of the most remote
communities have no access to health services. This “isolation” does not apply to
the network of trading and economic exchange, as this extends far into the more
distant communities from settlements where manufactured goods are available. In
general, manufactured products obtained along the Orinoco river — in the villages
nearby missions or by travelling from these communities to other scttlements
further down river or to Puerto Ayacucho — are exchanged further upriver for
indigenous products. Manufactured products are also obtained from various
sources along the Orinoco either through the economic cooperative at mission

posts, or by individual purchase or exchange. In general, therefore, manufactured

products flow up river and into the forest whereas indigenous ones flow down

river.

The economic cooperatives are organised under the umbrella of the Shabonos

Unidos del Alto Orinoco (SUYAO) organization. They are established in villages

close to the Catholic mission posts, and make available industrial products such

as: fishing tackle, machetes, knives, cooking pots, matches, etc., which are sold

for money or exchanged for local craft products. The cooperative 1tself 1s usually
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managed by men. Yanomamt women are in charge of the watota. The watota is a
place where women learn to sew clothes, such as pants and shirts. One year before
this study began, the Yanomami women started to produce hammock nets in the
watota, selling or exchanging them through the cooperative. This may represent a
valuable opportunity for the implementation and spread of control measures such
as ITNs through the Yanomami exchange system, which as described above, 1s
such an important part of their life and culture, and which partly motivated this

study.

1.5 Malaria in the Alto Orinoco

Malaria in the Alto Orinoco region is caused mainly by P. falciparum, followed
by P. vivax and, in a smaller proportion, by P. malariae (Figure 1.7, see page 41).
Infections caused by P. vivax are more frequent during the dry season, while those
caused by P. falciparum normally increase during the rainy season. The main

malaria vector is An. darlingi and disease transmission occurs throughout the

year, with seasonal peaks varying yearly.

Of all cases reported in the Amazonas state, Alto Orinoco provides approximately
40% (MSDS, 1999-2000). This figure does not take into account cases which are

not registered in the local PHCs. Data obtained from the PHC from 1994 to 1998

show a decreasing trend in the API (Figure 1.8). This trend could be partially

explained by a progressive improvement in the local health service and the

malaria control programme. In particular, better access to prompt diagnosis and
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drug treatment. In addition, environmental and climatic factors, such as cyclic

flooding and drought, appear to have a major impact on malaria transmission in
the area. For instance, the drought which occurred in 1998 seems to have

contributed to the observed decrease in malaria transmission.
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In recent years, several surveys have been carried out to improve understanding of
the level of malaria endemicity and drug resistance in the area. These studies have
mainly documented the prevalence of Plasmodium infection, splenomegaly and
antibodies against malaria. The principal results are summarized in Table 1.1.
Although some of these studies were carried out in the same localities, outcomes
appear very different. These differences could be explained in several ways. First
of all, they may reflect the differing seasons when the studies were carried out.
Secondly, they may be due to the progressive improvements in accessibility and
availability of the local health services during the time the studies were
conducted. Thirdly, there may have been differences in the methodology used in
data collection. Furthermore, all the studies mentioned above were cross-sectional

surveys, and were not designed to observe longitudinal variations.
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Table 1.1 Previous malaria surveys carried out in Ocamo and Mavaca localities

Period of

Stud Spl ly  Parasite IgG I
Authors y, cross-sectional p” Age d enomegacy ras d 6 . Mean Hb
villages range prevalence” prevalence® prevalence” (g/dl)
survey
Torresetal., Ocamo  notspecified 110  2-9 years . . .
1988 Mavaca Overall 31% 3% 92%
Marcano, @ Ocamo April - 407  2-9 years 81% 33% 90%
1991 Mavaca  June, 1990 Overall 73% 16% 91%
Perez-Mato, Mavaca October, 1992 103  2-9 years 94% 31% ‘ 9.7
1998 Overall 77% 13% : (sd: 5.1)
Villegas, = Ocamo June - 256  2-9 years 64% 21% : (0.9

1997 Mavaca Augst, 1997 Overall 51% 9% . (sd: 1.8)

: All the villages in these studies were classified as nearby
n= Number of Yanomami included in the cross-sectional survey
“ Splenomegaly prevalence= number of individuals with palpable spleen per 100 examined
? Parasite prevalence= number of individuals with parasites per 100 examined
“Prevalence of anti P. falciparum 1gG

The level of anaemia in the population was studied by Perez-Mato (1998). This
author measured the haematocrit level, finding 94% of anaemia according to the
definition given by WHO. High prevalence of anaemia is typically recorded n
areas of malaria transmission (Menendez et al., 2000). In the Yanomami
population, apart from the classical physiopathological changes caused by malaria
infection, a syndrome called Hyperactive Malarious Splenomegaly (HMS) has
been observed and documented by Torres et al. (1988). HMS 1s defined by the

following features: 1) residence in a malarious area; 2) chronic splenomegaly; 3)

serum IgM elevated more than two standard deviations above the local average; 4)

high malaria antibody titres; 5) hepatic sinusoidal lymphocytosis, and 6) a clinical
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and immunological response to long-term antimalarial prophylaxis (Marsden and

Crane, 1976; Fakunle, 1981).

Data on the Ievel of antimalarial drug resistance in the Alto Orinoco region are
scarce. In vitro drug resistance tests carried out in 1994-1995 on P. falciparum
samples from Yanomamt living in Ocamo, confirmed the presence of resistance to
4-aminoquinolines (chloroquine and amodiaquine) but not to mefloquine and
quinine (Magris, 1996). Later, Tami-Hirsch (1999), reported in vivo resistance to

chloroquine at RIII levels in the same area.
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1.6 Anopheles darlingi

Anopheles (Nyssorhynchus) darlingi (Root), is the most efficient human malaria
vector 1n South America (Zimmerman, 1992) and the main vector in most of the
Amazon basin. The first samples were collected and characterised in Rio de
Janeiro, Brazil (Root, 1926). In South America 4n. darlingi is found from
Colombia to north-eastern Argentina and in Central America in Belize,
Guatemala, Honduras, El Salvador and Mexico, whereas it has not been officially
reported in Nicaragua, Costa Rica and Panama. The species An. darlingi is usually

identified morphologically (see review in: Rubio-Palis, 2000).

Anopheles darlingi lives mainly in warm-humid forest areas, along rivers and in

lowland areas up to 1,500 m above sea level with a mean annual temperature

between 25°C and 28°C. It can also be found in coastal and piedmont eco-regions,
characterised by annual precipitation between 100 and 2,500 mm, as well as in
tropical forest. In Guyana, Colombia, Honduras and Brazil An. darlingi has been
found on the coast at <500 m above sea level, where the tropical forest reaches the

sea (Rubio-Palis and Zimmerman, 1997).

This species normally breeds in partially shaded, unpolluted and relatively still
pools of water with a neutral pH. In some areas of Belize, larvae have been found
in floating debris (pieces of wood, dead leaves, flower and seed debris) or patches
of submerged plants shaded or partly shaded in still or semi-still water. Less
frequently the larvae have been collected in lake margins, small lagoons, and

ground pools (Manguin et al., 1996). In Surinam, typical An. darlingi breeding
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sites can be found along rivers and streams, in pools of water formed after
flooding following the end of the rainy season. During the wet season An. darlingi
larvae occur mainly between grass stems and debris floating in open and sunny
places, in flooded forest areas and riverside swamps. Other breeding places can be
found in newly opened-up areas of rainforest (often man made) such as pools
associated with badly made drains (Rozendaal, 1990). In Ocamo (the locality
where this study was carried out) larvae of An. darlingi have been found in
lagoons with submerged macrophytes and in association with An. argyritarsis,
An. marajoara,  An. braziliensis,  An. strodei,  An. mediopunctatus  and
An. punctimacula, during surveys carried out in December 1997, during the dry

season (Rubio-Palis, unpublished data) and in July 1997 during the rainy season
(Rejmankova et al., 1999). Breeding site patterns were similar to those reported in

Belize by Manguin et al. (1996).

The seasonal abundance of adult An. darlingi populations is known to vary
throughout its distribution. Some of these differences might be related to
geographical variations in seasonal temperatures, rainfall and river levels. In the
Brazilian states of Amazonas, Roraima and Matto Grosso, the highest population
densities were found during the dry season (Charlwood and Hayes, 1978), while
in Costa Marques, state of Rondonia, 4n. darlingi populations peak during the late
wet season and early dry season (Klein and Lima, 1990). In Surtnam, population
peaks occur during both the long and short dry seasons in some localities and in

the long rainy season in others (Hudson, 1984; Rozendaal, 1937).
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The biting pattern of An. darlingi also varies between localities (Rosa-Freitas et
al., 1992; Zimmerman, 1992). In some areas in Amazonas state Brazil, the peak
biting pattern is bimodal, occurring in the early evening and morning (Lourenco-
de-Oliveira et al., 1989), while in other areas it varies from early evening to
23:30-02:00 h (Elliott, 1972; Charlwood and Hayes, 1978; Roberts et al., 1987;
Rozendaal, 1987). In Ocamo, An. darlingi biting activity occurs throughout the
night, with an extended peak between midnight and 04:00 h (Rubio-Palis,

1995)(Figure 1.9).

147
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Figure 1.9 Biting activity of An. darlingi in Ocamo, Amazonas state, Venezuela (Rubio-
Palis, 1995)

Studies of the resting behaviour of An. darlingi carried out in Venezuela, Brazil,

Surinam and Guyana, concluded that this species 1s endophilic (Rubio-Palis,
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2000), which explained the initial success of the DDT house spraying campaign in

Venezuela,

In Quibdo, Department of El Chocd, in the north-west of Colombia, physiological
resistance to DDT in An. darlingi was reported after many years of spraying by
the malaria control programme (Suarez et al., 1990). In a study carried out in the
state of Bolivar, southern Venezuela, An. darlingi was found to be resistant to
DDT and the pyrethroid cypermethrin, but susceptible to deltamethrin and
lambdacyhalothrin. No resistance to pyrethroids was found in An. darlingi from

Amazonas state in Venezuela (Molina et al., 1997).

An. darlingi has always been regarded as the most important vector of malaria
within its geographical distribution, especially in the Amazon region, due to 1ts
anthropophilic habits, its longevity and its great susceptibility to infection by
P. falciparum, P. vivax and P. malariae (Rubio-Palis, 2000). Arunda et al. (1986)
analysed a total of 2,043 4n. darlingi females, collected from the state of Para in
Brazil, with the enzyme-linked immunosorbent assay (ELISA) for detection of
Plasmodium Circum-sporozoite Protein (CSP). The percentage of infection was
4.2% P. falciparum, and 1.3% P. vivax. Only one mosquito sample reacted with
P. malariae. Using the same technique Rubio-Palis et al. (1997) reported that the

sporozoite rate in Ocamo was 0.42% for P. falciparum, 0.22% for P. malariae and

0.097% for P. vivax-247 in a sample of 7,196 mosquitoes.

Some reports have suggested that An. darlingi could be a species complex.

Manguin et al, (1999) studied samples of An. darlingi collected in seven
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countries from America. Based on analysis with 1sozyme; random amplified

polymorphic DNA, internal transcribed spacer 2, and morphologic markers, they
concluded that all the An. darlingi populations examined demonstrated a genetic

similarity that is consistent with the existence of a single species.

1.7 The malaria control programme in the Alto Orinoco Region

The history of malaria control in the Alto Orinoco can be divided into three
periods according to the presence of different institutions in the area and the

nature of the activities performed.

First Period. From the start of the Malaria Eradication Campaign in 1945 until
the middle of the 1970s, Amazonas in general, and the Alto Orinoco in particular
were considered to constitute an inaccessible focus of malaria. In the Alto
Orinoco, the Malaria Control Programme started its activities through regional
workers, on a top-down basis, in two surveillance posts built in 1959 in the
localities of Mavaca and Mahekoto-theri. From these post the teams visited the
Yanomami communities along the Orinoco, Ocamo and Mavaca rivers monthly,
carrying out parasitological diagnosis and treatment of positive cases and,
sporadically, spraying and fogging with insecticide. In remote villages, where no
regular visits could be ensured, mass prophylactic treatment was often carried out

(G. Bértoli and Maria Blaker personal communication).
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Second Period from the middle of the 1970s to 1992. In 1974 the surveillance
posts were dismantled and personnel were moved to Puerto Ayacucho (two days
by river from the Alto Orinoco). Until the beginning of the 1990s, regional
Ayacucho teams visited the area. Visits were very sporadic, with low coverage
and at great expense. Missionary nurses, starting approximately from the middle
of 1970s, took over the distribution of drugs obtained from the regional
programme and nearly every local case of fever was treated with antimalarial
drugs irrespective of parasitological diagnosis. During this period medical

assistance started to become more regular and continuous in the area.

Third period. Since 1992 local teams and medical doctors have been trained to

follow the activities of the Malaria Control Programme, focusing on early

diagnosis and case-treatment, with the author of this thesis being mostly

responsible for the coordination of training activities.

There are six PHCs in the area, each with a medical doctor, a nurse and a
microscopist. The medical care is mainly for out-patients. Severe cases of any
medical condition are referred, when possible, to the hospital in Puerto Ayacucho
— two hours flying in small aeroplanes. The villages that are not close to a health
post are visited weekly, monthly or annually, depending on the resources
available. The coverage is still very low — estimated at less than 20% of the
Yanomami population — and morbidity and mortality remain high. During this
period prospective studies were also carried out on malaria transmission and

antimalarial drug sensitivity to understand the epidemiology of the disease in
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order to propose alternative anti-vector control measures and more efficient and

acceptable drug regimens, considering the socio-cultural aspects of the Yanomami

population.

1.8 Malaria control by mosquito nets

Insecticide Treated Nets (ITNs) have emerged during recent years as an important
tool 1n malaria prevention, used not only at country and regional levels in malaria
control programmes, but also at the individual level by people wishing to use
better ways of protecting themselves and their families from mosquito nuisance or

mosquito-borne infections (Lines and Zaim, 2000).

Many studies have now shown the efficacy of ITNs in reducing malaria morbidity
and mortality in a variety of epidemiological conditions. A systematic review
carried out by Lengeler (2003) of all randomised controlled studies at village
level, showed that the use of ITNs can reduce mild episodes of malaria by around
50% in areas of Africa with stable malaria transmission and 40% in areas with
low malaria transmission such as in Asia and South America where either P. vivax
or P. falciparum are prevalent. In addition, in Kenya (Nevill et al., 1996) ITNs
reduced severe malaria morbidity by 44% among children aged 1-59 months. The

effect of ITNs on both overall and malaria-specific mortality in children was

examined in areas of stable® malaria in different African countries: The Gambia

* In stable malaria areas transmission is high and endemicity is relatively insensitive to environmental
changes. Variation in the transmission is minimal over many years, although seasonal fluctuations do occur
and transmission can continue even with very few vectors. The immunity of the population is high (Warrel|

and Gilles, 2002).
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(Alonso et al., 1991; D'Alessandro et al., 1995a), Kenya, (Nevill et al., 1996)
Ghana (Binka et al., 1996) and Burkina Faso (Habluetzel et al., 1997; Diallo et
al., 1999; Habluetzel et al., 1999). It was estimated that 6 deaths per year could be
prevented per 1,000 children provided with nets. Making an extrapolation to the
under five population at risk of malaria in Sub-Saharan Africa (14% of 400
million population, or 56 million), it was estimated that approximately 336,000
child deaths could be avoided if every child could be protected by an ITN

(Lengeler, 2003).

However, operational issues such as large-scale use, and development of systems
for insecticide re-treatment, have posed serious problems for the implementation
of this measure of malaria vector control. Randomised control trials and meta-
analysis have been carried out on the efficacy of treated versus untreated nets or
the use of no nets at all. Results of these studies show that the protective efficacy
of untreated nets could be approximately half of that of ITNs (Choi et al., 1995;
Jana-Kara et al., 1995; Maxwell et al., 1999; Abdulla et al., 2001; Clarke et al.,

2001; Guyatt and Snow, 2002; Lengeler, 2003).

Although the short-term protective efficacy of ITNs in the context of well-
controlled, randomised trials has been confirmed in several studies, the
consequences of their long-term use on epidemiological parameters are not yet
completely clear. Particularly in areas with high levels of malaria transmission, it
has been argued that reducing the transmission intensity from high to intermediate

level could delay the natural acquisition of malaria immunity in children, with a
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consequent mortality rebound in later childhood (Trape and Rogier, 1996; Snow

et al., 1997b). This issue is considered in the General Discussion (page 203).

1.9 Effect of ITNs on the vector population

Untreated bednets have long been used as an individual protective measure
against mosquito bites as they constitute a physical barrier between humans and
mosquitoes. However, a high level of protection depends on factors like good
maintenance of the net and its correct use. The protective effect of a bednet can be
enhanced by treatment with an insecticide. Mosquitoes are attracted by the carbon
dioxide and odour of the person sleeping under the net, and once they approach
the treated bednet they are repelled and/or killed by the insecticide. ITNs are more
specific than residual house spraying because the insecticide is placed in the path
of the host-seeking mosquito, whereas with house spraying mosquitoes absorb the
insecticide only if they rest on the walls, generally after feeding. If the vector is
highly exophilic, house-spraying may not be effective. For example, one of the
reasons for the poorer than expected impact of house spraying in the district of
Garki in Nigeria in the 1970s was thought to be the presence of a heterogeneous
population of An. gambiae sensu stricto, with only one part of the population
endophilic and another part of the population exophilic. The indoor residual
spraying left the exophilic population unexposed to the insecticide and this

fraction of the population was considered to be sufficient to maintain the

transmission of malaria (Molineaux et al., 1979).
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In addition, there is evidence that an ITN with large holes protects as well as an
untreated intact bednet, reducing biting by up to 95% (Lines et al., 1987; Curtis et

al., 1992) and often bednets and curtains in the field are torn.

The impregnation of bednets with a synthetic pyrethroid reduces malara
transmission in two ways: by providing protection to individuals sleeping under
treated bednets (or in houses with treated curtains) through a repellent effect and
inhibition of biting; and by killing mosquitoes. If treated bednets/curtains are
widely used in the community a reduction in the density of the local vector
population may occur, called the mass killing effect. In addition reduction in
longevity occurs, i.e. the mosquitoes are killed before the parasite has completed

Its cycle and can be transmitted (Lines, 1996).

The mass killing effect has been studied in Africa. In particular, it has been
documented in Burkina Faso (Cuzin-Ouattara et al., 1999), Tanzania (Magesa ef
al., 1991; Maxwell et al., 1999) and Kenya (Howard et al., 2000; Hawley et al.,
2003). In The Gambia, however, it was not possible to show such an etfect
(Quinones et al., 1998) and the observed protection against malaria seen in
children using treated bednets was thought to be primarily due to personal

protection. No studies have been so far carried out on the mass killing effect in

America.
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If the vector population density is reduced by the extensive use of bednets in the
community, those people who do not have bednets are also protected against

malaria.

One aspects of choosing the right insecticide compound for net treatment is its
irritancy. If the insecticide is too irritant, because of its specific chemical
properties or a too high concentration is applied, the irritated mosquito may fly
away before absorbing a lethal dose of insecticide through tarsal contact. In this
case the net may provide a good personal protection with no effect on the density
of the vector population. In addition, the use of such nets might increase the risk
of biting of unprotected people sleeping in the same house or community

(Rozendaal and Curtis, 1989).

Hodjati and Curtis (1997) investigated the effects of bednets impregnated with
200 and 500 mg/m® permethrin on pyrethroid resistant and susceptible strains of
An. stephensi under experimental conditions. They showed that in these
conditions, the higher dose provoked more irritation, but lower knockdown and
mortality rates, whereas the lower dose was less irritating and hence more

effectively insecticidal. Thus a dose of 200 mg/m” is preferable to 500 mg/m? for

the permethrin impregnation of nets for malaria vector control.
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1.10 The pyrethroids: insecticides used for the treatment of mosquito nets

The impact of ITNs on reducing the intensity of malaria transmission relies on the
efficacy of the insecticide used. Pyrethroids are currently the only class of
insecticide approved for use on nets due to their low toxicity to mammals and
high toxicity to insects (Zerba, 1988; Zaim et al., 2000). They are synthetic
analogues of the natural pyrethrins contained in flowers of the genus
Chrysanthemum. They constitute, together with chlorinated hydrocarbons (DDT,
dieldrin, lindane), organo-phosphorus compounds (parathion, malathion,
diazinon) and carbamates (methylcarbamate esters such as bendiocarb,
carbosulfan and carbaryl) one of the four major classes of insecticides.
Pyrethroids are neurotoxins and have been grouped into two subclasses (Type I
and II) based on chemical structure and the symptomatology after acute
Intoxication of insects and mammals. Type I pyrethroids include non-a-cyano-

pyrethroids such as permethrin that induce a tremor syndrome (T-syndrome)

characterized by hyper-excitation, ataxia and convulsion followed by prostration
and flaccid paralysis. Type II pyrethroids are characterized by the presence of an
a-cyano group. They produce a choreoathetosis syndrome in rodents with
salivation and finally paralysis. Although this classification system is widely
employed, it has several shortcomings for the identification signs found following
oral administration of various pyrethroids (Soderlund et al., 2002). In mammals
and insects the principal molecular mode of action of synthetic pyrethroids is
considered to be an alteration of sodium channel kinetics (Vijverberg and van den

Bercken, 1982). They act on the nerve membrane, modifying the sodium
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channels, probably by preventing protein conformational changes at the lipid-
protein interface. The effects on the nervous system include repetitive firing,
blockage of impulse conduction or of neuromuscular transmission, and
spontaneous depolarization of the resting potential (Zerba, 1988). However
additional mechanisms have been described such as inhibition for Ca”™-channels,
ATPases and the receptors for acetylcholine, serotoni<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>