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Abstract Human onchocerciasis was recently discovered in Brazil among Yanomdmi Indians
living along the border region with Venezuela in the States of Amazonas and Roraima. The arti-
cle reports on the history of the disease’s discovery, its distribution, and incrimination of vector
simuliid species. The literature that has been generated on the parasite, its vectors, and control
of the disease is critically analyzed as well as the organization of epidemiological surveys and
the control program developed by the Brazilian government and an international agency. Sug-
gestions for future work are made.
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Resumo A oncocercose humana foi descoberta recentemente no Brasil entre os indios Yanomd-
mi que vivem ao longo da fronteira com a Venezuela nos Estados do Amazonas e Roraima. O au-
tor faz uma revisdo da histéria da descoberta da doenga, sua distribuigdo e a identificagdo de
diferentes espécies de simulideos vetores. Analisam-se a literatura sobre o parasita, seus vetores e
o controle da doencga, assim como, a organizagdo de inquéritos epidemiologicos e do programa
de controle desenvolvido pelo governo brasileiro junto com uma agéncia internacional. O autor
conclui com sugestoes para atividades futuras na drea.

Palavras-chave Oncocercose; Filariose; Simuliidae; Yanomdmi; Indios Sul-Americanos

Cad. Saude Publica, Rio de Janeiro, 18(5):1167-1177, set-out, 2002

1167



1168

SHELLEY, A. J.

Introduction

Despite the discovery of a focus of human on-
chocerciasis in the Brazilian Amazon 35 years
ago, the epidemiology of the disease is still not
fully understood, largely as a result of the high
cost of research in Amazonia and the relatively
low public health importance of the disease in
Brazil as a whole. The objectives of this overview
are to introduce the reader to the literature by
way of review papers, highlight some of the
past and present problem areas, and suggest
topics for future research.

The disease and its distribution

The presence of human onchocerciasis in Brazil
was first recorded by Bearzoti et al. (1967), who
removed two nodules containing Onchocerca
volvulus from the head of a North American
missionary child living in the Yanomdmi Indi-
an area in northern Brazil. Subsequent studies
in the 1970s largely by Moraes and co-workers
based at the Evandro Chagas Institute in Belém,
Brazil, and by Rassi (a short-term consultant to
the Pan-American Health Organization) de-
fined the limits of the focus (Figure 1) as almost
coinciding with the area occupied by Amerindi-
ans, principally of the Yanomdmi tribe (Figure
2). Members of this tribe live in one of the most
isolated areas of Brazil (Figure 3) and until re-
cently had little contact with the rest of the
country. Moraes and his team went on to show
that prevalence rates of the disease were high-
er in the more mountainous regions along the
border with Venezuela than in the lower-lying
areas on the periphery of the focus, that skin
microfilarial densities were higher below the
waist as in West Africa than above the waist as
in Guatemala and Mexico, and that visual acu-
ity was affected by the parasite. Prospection of
simuliids and incrimination of vectors were
carried out by Shelley and co-workers at Brasilia
University and later in the Oswaldo Cruz Insti-
tute. These pioneering studies were hampered
by the extreme isolation of the onchocerciasis
focus and hence difficulty of access. Only in vil-
lages in which missionaries or FUNAI (Nation-
al Indian Foundation) staff had constructed
airstrips and had made initial contacts with the
Indians could surveys be made. Overviews of
these earlier studies in Brazil may be found in:
Moraes (1991), Moraes et al. (1979), and Shel-
ley et al. (1997) and in the Venezuelan part of
the Amazonia focus (Figure 1), which has simi-
lar characteristics, in Yarzédbal et al. (1985). The
original parasitological and entomological re-
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search that defined the extent of the Amazonia
focus, parasite prevalence rates, and incrimi-
nated vectors was followed by a period when
other more important diseases in Brazil were
the priority areas for a Department dealing
with vector-borne diseases (formerly SUCAM,
now FUNASA) in the Ministry of Health. Never-
theless, considerable logistical support was pro-
vided by the FUNASA, CNPq (National Council
for Scientific and Technological Development),
and international organizations for basic
biosystematic research on the previously poor-
ly studied Simuliidae in Brazil, particularly fol-
lowing the discovery of a new focus of the dis-
ease at Minacu outside Amazonia (Figure 1). In
1993 the FUNASA set up an onchocerciasis con-
trol program in the Amazonia focus in Brazil as
part of a multinational control effort for Latin
America involving countries affected by the
disease (Brazil, Colombia, Ecuador, Guatema-
la, Mexico, Venezuela). It was coordinated and
partially funded by the Onchocerciasis Elimi-
nation Program for the Americas (OEPA), a re-
gional coalition of representatives from the
health ministries of these countries, various in-
ternational banks, United Nations agencies, and
the Centers for Disease Control and Prevention
(CDCQ) and Carter Center in the United States.
The current situation (based on this program)
in the Brazilian part of the Amazonia focus is
as follows: about 9,500 Indians (mainly Yanoma-
mi) live in an area of about 200,000 km?2 and
over 1,100 (about 30%) of almost 4,000 tested
from 1993-1996 were positive for onchocercia-
sis (Coelho et al., 1998; Py-Daniel, 1997 — dif-
ferences exist in the data cited in these two pa-
pers, but the infection levels are approximately
in agreement). Hyperendemicity continues to
be associated with the mountainous center of
the focus, while the periphery is hypoendemic
or free of the disease, a stratification even more
clearly seen from recent data for Venezuela (Vi-
vas-Martinez et al., 1998). Surveys of parasite
prevalence rates still continue as ivermectin is
progressively applied as a control measure. The
major questions currently asked are whether
the disease has worsened in terms of preva-
lence and intensity and whether control using
ivermectin is working. Both are difficult to an-
swer for different reasons. An accurate com-
parison between the two surveys (Moraes in the
1970s and FUNASA from 1993 on) is not possi-
ble because different sampling methods were
used, and the original survey by Moraes was far
less extensive due to access problems. Assess-
ment of the control program’s efficacy is more
complex because treatment was started in most
localities before baseline data on Annual Trans-



mission Potentials (ATPs) of vector species had
been obtained. More recent research in Vene-
zuela (Vivas-Martinez et al., 2000a, 2000b) has
assessed the parasite prevalence and intensity
in relation to age and sex in areas of different
endemicity. These findings were then related to
rapid epidemiological assessment methods
(REA) and strategies for ivermectin distribution.

Another important area that has received
limited attention because of funding constraints
is the potential dispersal of onchocerciasis from
the Amazonia focus to non-endemic regions of
Brazil. In the first review of work in the Brazil-
ian part of the Amazonia focus, Moraes et al.
(1979) alerted the health authorities to its po-
tential dispersal to circumjacent areas by in-
fected Indians leaving the focus by the newly
constructed Northern Perimeter Road or to oth-
er parts of Brazil by tin and gold miners who
had recently entered the focus. Unless large
numbers of highly infected Indians were to mi-
grate to the savannas to the east of the focus,
the first alternative for dispersal was judged to
be unlikely due to the poor vectorial compe-
tence of the three local anthropophilic simuliid
species (subject reviewed in Shelley et al.,
1997). However, an autochthonous case of on-
chocerciasis was reported in 1986 some 2,000
km South of the Amazonia focus at Minacgu in
Goids State and is believed to have been ac-
quired as a result of the arrival in the 1970s of
gold miners previously infected with the dis-
ease in the Amazonia focus (Figure 1). Maia-
Herzog et al. (1999) found evidence for a focus
of the disease in this area based on a serodiag-
nostic (ELISA) test. A proportion of the individ-
uals tested, none of whom had ever visited the
Amazonia focus, was seropositive for O. volvu-
lus and hence had had contact with the dis-
ease. Skin biopsies from the majority of a small
sample of seropositive cases yielded no living
parasites but were found to contain parasite
DNA and also gave a positive Mazzotti reac-
tion. From these preliminary data, no firm con-
clusion may be made on whether transmission
had already ceased in the area or whether the
focus is still active. Although the human im-
mune response to O. volvulus probably lasts for
several years, DNA from damaged parasites in
skin biopsies is probably only detectable by PCR
for several weeks, so that low-level infections
are thought to currently occur. It has also been
shown that the four anthropophilic simuliid
species in the Minacu focus (S. auripellitum, S.
guianense s.l., S. minusculum, S. nigrimanum)
(Figures 4, 5, 6, 7) are all capable of transmitting
O. volvulus (Shelley et al., 2001b). Despite these
findings, several health administrators and re-

Figure 1

HUMAN ONCHOCERCIASIS IN BRAZIL

Distribution of human onchocerciasis and mansonelliasis in Brazil.
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Figure 2

Yanomami Indians in area of O. volvulus transmission.
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Figure 3

Isolated maloca (communal hut) of Yanoméami Indians in area

of onchocerciasis transmission.

Figure 4

Distribution of S. guianense s.I., primary vector.
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searchers associated with OEPA were uncon-
vinced by the evidence for this focus because
of the lack of visual evidence of live microfilari-
ae and went even further to state that “The hy-
pothesis that human migration in and out of
endemic areas may result in the emergence of
new foci in the Americas remains unproven and
unlikely” (Richards et al., 2000). In response to
this misleading article, Maia-Herzog et al.
(2000) corrected the factual errors, clarified that
human migration is the most probable reason
for the disease reaching the Americas from
Africa and for its dispersal in the Americas and
is a concern of the World Health Organization
(WHO) in Africa in terms of recrudescence of
the disease in cleared areas. The methods used
at Minacu are considered by WHO to be more
sensitive than classical parasitological meth-
ods. Despite warnings 20 years ago (Moraes et
al., 1979), subsequent reference to the dangers
of human migration and the widespread distri-
bution of potential and known vectors in Brazil
(Py-Daniel, 1997; Shelley et al., 1997), and evi-
dence for visitors to the Amazonia focus ac-
quiring the disease, no support has been given
by OEPA to sample the tens of thousands of
gold miners who have visited the focus despite
the willingness of the Brazilian military forces
in the area to collaborate in such a venture (Py-
Daniel, 1997).

The parasite

The history of the naming of the filarial nema-
tode O. volvulus (Leuckart, 1892) collected
from a West African Negro, the synonymy of the
name O. caecutiens originally given to this
species in Central America, and evidence for its
origin in Africa are covered by Crosskey (1990).
Further evidence, based on the history of hu-
man migration to Latin America (Maia-Herzog,
1999) and parasite DNA in Latin America being
closer to the more pathogenic savanna form of
the parasite (Zimmerman et al., 1994), supports
this hypothesis. However, the forest form of the
parasite may also be present. All stages of the
parasite have been well described, but difficul-
ties still exist in some areas in identification of
the most pathogenic and frequently encoun-
tered stage of the parasite (the microfilaria),
which principally occurs in the skin. Microfi-
lariae are identified to species by their length
and width as well as the arrangement of their
nuclei in relation to specific landmarks such as
the cephalic space, tail space, and nerve ring.
In Africa the only other skin-dwelling filaria is
the morphologically characteristic Mansonella
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Figure 5
Distribution of S. auripellitum, potential vector.
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has also been misidentified as O. volvulus in
two areas where only M. ozzardi has been
recorded (Figure 1). The first involved Ticuna
Indians living alongside the Solimdes river
(Upper Amazon) and was based on stained mi-
crofilariae in skin biopsies (Moraes et al., 1983).
The second (described in Shelley et al., 2001a)

involved an ELISA, reputedly species-specific
to O. volvulus, which detected a high propor-

tion of seropositive cases among people living
in communities alongside the river Purus. Sub-
sequent morphological examination revealed
that most of the microfilariae in skin biopsies
were more similar to M. ozzardi than O. volvu-
lus, but other specimens could not be identi-
fied to species. Morphometric studies (Dr. R.
Post & Ms. Z. Adams, personal communica-
tion) showed that the ratio between the length
of the last nucleus to the length of the tail was Figure 6
significantly larger in M. ozzardi. Based on this
criterion, only M. ozzardi was present in the Distribution of S. nigrimanum, potential vector.
area, confirmed by a study of parasite DNA by
Morales-Hojas et al. (2001). The ELISA used in
this study for detection of O. volvulus cross-re-
acts with M. ozzardi and hence needs to be fur-
ther refined before it can be reliably used where
the two parasites are sympatric, such as in the
Amazonia onchocerciasis focus. Identification
/

problems between these two filarial species al-
so occur in the larval stages found in the vec-

tors (see review in Shelley, 1994). Only the mi-
crofilaria and infective stages can be identified
morphologically, but since at least four filarial
species (of which one remains unidentified)
are transmitted by simuliids in the Amazonia
focus, other techniques are necessary to aug-
ment or replace this method (reviewed in Shel-
ley et al., 1997). Examination of parasite DNA
(Morales-Hojas et al., 2001) will distinguish M.
ozzardi from O. volvulus but does not indicate
the parasite stage. This method is the most
rapid for calculation of ATPs during the on-
chocerciasis control program and is based on , .
the detection of infective larvae. Consequently, Zo 7
simuliid heads may be tested for the presence - }
of infective larvae, but recently ingested micro-
filariae would register as false positives. The
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Figure 7

degree to which microfilariae may occur in the
head of partially fed flies in landing catches is
probably low (Shelley et al., 1979) but is likely
to be higher in species with a cibarial armature
because microfilariae become trapped on the
cibarial teeth.

The vectors

Following the discovery of the Amazonia on-
chocerciasis focus, studies on simuliids in this
previously unprospected area were carried out
to establish the species present and the vectors
of O. volvulus. The taxonomy of the Simuliidae
in both parts of this focus at this stage was vir-
tually unknown and independent studies in
the two countries resulted in the misidentifica-
tion of several previously poorly described
species and the description of supposedly new
species. Major overview papers are: Py-Daniel
(1983), Py-Daniel & Moreira-Sampaio (1995),
Ramirez-Pérez (1983), Ramirez-Pérez et al.
(1982), and Shelley et al. (1997). The simuliid
fauna during the 1970s in the Brazilian part of
the focus numbered 14 while in Venezuela 22

Distribution of S. minusculum, potential vector.
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species were recorded. More recent work in
Brazil (Py-Daniel, 1997) has increased the num-
ber of species to 26, of which eight were not
identified. The most problematic species in
terms of morphological characters have been
S. oyapockense s.l. and S. roraimense. Both
species are easily and reliably separated by the
male scutal pattern and gonostyles of the geni-
talia, but the females of both species, the stage
most frequently encountered and responsible
for parasite transmission, are indistinguish-
able. Light incidence was found to affect scutal
pattern as a function of the distribution of scu-
tal setae, so a standard method for viewing
specimens had to be established before scutal
patterns could be properly studied (Lowry et
al., 1996). The variation noted in adult and im-
mature flies cannot be attributed as being in-
traspecific or interspecific without accompa-
nying cytological and/or molecular data, lead-
ing Shelley and co-workers to accept as an inter-
im measure five specific names as synonyms of
S. oyapockense s.1. (Shelley et al., 1997). Identi-
fication has also been complicated by the pres-
ence of complexes of sibling species in the fol-
lowing vector species: S. exiguum, S. guianense,
and S. oyapockense (Shelley et al., 1997, 2000).
Recently, variation in banding patterns of lar-
val polytene chromosomes and DNA of popu-
lations of S. oyapockense was analyzed (Dr. S.
Luz, personal communication) and the corre-
lation between these and previous morpholog-
ical variations will now facilitate a reexamina-
tion of S. oyapockense and its five synonyms.
During the 1970s studies revealed that there
were four predominant anthropophilic species
in the focus that transmit O. volvulus: S. guia-
nense s.l. and S. incrustatum in highland areas
and S. oyapockense s.l. and S. roraimense in low-
land villages, while S. exiguum s.l. was a sus-
pected vector (reviewed in Shelley et al., 1997)
(Figures 4, 8, 9, 10). Although the distribution
of S. guianense s.1., the most effective vector,
was widespread in the focus, significant an-
thropophilic populations were only found at
the higher altitudes where the disease was hy-
perendemic. Vector cytospecies determination
could not be made because breeding grounds
were extremely difficult to find in localities where
anthropophilic populations occur. Throughout
Brazil S. guianense s.l. has a wide distribution
in large, sunlit rivers, but less common anthro-
pophilic populations appear to have a more
discrete distribution and in some cases are
found breeding in smaller rivers. The distribu-
tion of this successful vector therefore limits
the potential dispersal of onchocerciasis from
the Amazonia focus. In contrast both S. oyapoc-



kense s.l. and S. roraimense (the main lowland
vectors) have wide distributions in lowland
Amazonia, and S. incrustatum is a common
species in highland areas of Brazil, but their
possession of cibarial teeth greatly reduces their
competence as vectors. More recent work em-
bracing a larger number of collection sites (re-
viewed in Py-Daniel, 1997) confirmed these
findings and added S. exiguum s.l. as a vector
at the lowland hypoendemic locality of Ericé.
Limited studies of the biology of these four
vector species were carried out in a highland
and several lowland localities during the 1970s,
thereby giving an indication of their seasonal
biting densities, daily biting cycles, parous rates,
infection rates with filarial species, and breed-
ing grounds, and this work was reviewed in re-
lation to similar sporadic studies in Venezuela
(Shelley et al., 1997). The relevance of these da-
ta to the epidemiology and control of onchocer-
ciasis in Brazil in relation to other foci in Latin
America was discussed. Major conclusions were
that the pattern of onchocerciasis endemicity
is directly related to the simuliid species pre-
sent. Of the numerous factors that affect on-
chocerciasis transmission in Latin America (re-
viewed by Shelley, 1994), the presence or ab-
sence of cibarial teeth and the compatibility of
parasite to vector morphospecies or cytospecies
have major effects on parasite transmission.
The relevance of these factors to the epidemiol-
ogy and control of onchocerciasis in the Amer-
icas are reviewed in Shelley (1988, 1991). It is
clear from these reviews that the epidemiology
of onchocerciasis in the diverse foci in Latin
America is unique and that different combina-
tions of control measures are indicated. Unlike
the extensive endemic areas of West Africa
where knowledge of the biology of a vector cy-
tospecies in one country will apply in a neigh-
boring country thereby permitting an overall
control program, in the Americas the focal na-
ture of the disease necessitates individual con-
trol strategies for each focus. Py-Daniel (1997)
makes exactly the same point in his review of
more recent work in the Brazilian focus. Al-
though Py-Daniel and co-workers have made
concentrated efforts at the hyperendemic lo-
cality of Xitei/Xideia (Andreazze & Py-Daniel,
1999; Medeiros & Py-Daniel, 1999; Py-Daniel,
1997) on the biology of simuliid vectors in rela-
tion to onchocerciasis transmission before iver-
mectin treatment began, no other detailed sur-
veys are underway in the focus. Future research
efforts should concentrate on the biology of
vector morphospecies and cytospecies to bet-
ter understand the epidemiology and control
of the disease. More recent and detailed work

Figure 8

HUMAN ONCHOCERCIASIS IN BRAZIL

Distribution of S. oyapockense s.I./S. roraimense, primary vector.
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Distribution of S. incrustatum, secondary vector.
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Figure 10

Distribution of S. exiguum s.l., secondary vector.
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in parts of the focus in Venezuela (Grillet et al.,
2001) confirmed the relationship between alti-
tude and season with respect to vector species
and provided evidence suggesting that trans-
mission occurs more in the dry season and the
transition period between seasons.

Control of onchocerciasis

Two main methods are available for controlling
onchocerciasis, the killing of microfilariae and
reduction of longevity of adult females of O.
volvulus in man using ivermectin and the de-
struction of the vector simuliid usually through
larviciding (reviewed in WHO, 1995). Control in
West Africa in latter years has been based main-
ly on parasite control, which has been found to
be highly effective in most instances. In Brazil
control using ivermectin has therefore been
the method that is being used exclusively. Lar-
viciding of the large lowland rivers in which S.
oyapockense s.l. and S. roraimense breed (Fig-
ure 11) would be too costly and anyway is con-
sidered inappropriate in a hypoendemic area
where the use of microfilaricides alone is suffi-
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cient (Shelley, 1991). Py-Daniel (1997) ques-
tioned the organization of the control program
because of the semi-nomadic habits of the
Yanomamis and also advocated the local con-
trol of S. guianense s.1., the most effective vec-
tor in highland areas, through the mechanical
removal of vegetation on which they breed in
the rivers. Local control of S. guianense s.l. by
the method suggested is less likely to be effec-
tive because of the difficulty in locating their
breeding grounds in localities where anthro-
pophilic populations occur. At this stage the
success of ivermectin as the only control tool
in eliminating O. volvulus transmission is im-
possible to judge, given the lack of any broad-
ranging monitoring program using vectors. It is
probable that a combination of the habits of
the Yanomami and the logistical difficulties in
treatment will preclude a continual and high
coverage treatment program. For these reasons
resistance to the drug may occur and local vec-
tor control will possibly be necessary in addi-
tion to parasite control in the future in areas of
hyperendemicity.

Conclusions

The major event affecting onchocerciasis in
Brazil in recent years has been the decision to
control the disease. Despite nine years of OEPA
supervision of the control program, the epi-
demiology of onchocerciasis in the Amazonia
focus of Brazil is not completely understood.
This is due largely to the paucity of entomolog-
ical data, which has precluded the setting up of
an efficient control monitoring system. At the
outset, health administrators at OEPA neglect-
ed to fully consult all local research groups and
consequently the control program was initiat-
ed without a full knowledge of available scien-
tific data. Py-Daniel (1997) questioned the ba-
sic organization of the control program in Brazil
in terms of the sampling methods used for vec-
tors and parasites based on work in Guatemala
being inappropriate for Brazil. Consequently,
control has been started in several localities
where there were little or no baseline data on
the simuliid fauna, vector species behavior, or
infectivity rates with O. volvulus and other fi-
lariae, so that meaningful monitoring of the ef-
ficacy of control through ATPs was and still is
not possible. Additionally, lack of funding has
prevented the field application of a molecular
technique (Morales-Hojas et al., 2001) already
established in Fundacao Oswaldo Cruz (FIO-
CRUZ) (but not the one advocated by OEPA)
that can be used to distinguish both O. volvu-



lus and the sympatric filaria M. ozzardi in in-
fected vectors, a prerequisite for the rapid and
accurate assessment of the ATPs for O. volvulus
of vectors in control areas. The blinkered ap-
proach of Richards et al. (2000) to the investi-
gation of dispersal of onchocerciasis from the
Amazonia focus to other locations in Brazil and
consequent lack of OEPA funding has also pre-
cluded the rapid assessment of whether disper-
sal of the disease to non-endemic areas is a sig-
nificant threat in the future. Hence, no attempt
has been made to sample the thousands of ille-
gal miners in the focus who undoubtedly are
contracting the disease and taking it elsewhere.

The situation may be redeemed once fund-
ing is made available to the FIOCRUZ team for
entomological research and field application of
their molecular technique to detect parasites
in vectors, so that ATPs can be calculated for
different locations in the Amazonia focus in or-
der to monitor the control scheme. Funding
should also be made available to determine the
proportion of illegal miners infected in the
Amazonia focus, their movements to other parts
of Brazil, and the likelihood of new foci appear-
ing. The serological and molecular techniques
for screening miners are available in FIOCRUZ,
and data for simuliid distribution in Brazil are
held in FIOCRUZ and INPA (Instituto Nacional
de Pesquisas na Amazoénia). Other research pro-
jects of less immediate relevance to the control
program are the incrimination of vectors of M.
ozzardi and the role of vector cytospecies in
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Figure 11

Breeding grounds of S. oyapockense s.l. and S. roraimense, primary vectors

of onchocerciasis in lowland areas of the Amazonia onchocerciasis focus.

onchocerciasis transmission in the Amazonia
focus, the production of a monograph on the
biosystematics of the Simuliidae of Brazil, and
completion of studies at the Minacu focus to
determine its extent and whether parasite trans-
mission still occurs there.
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