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The epidemiology of the transmission of malaria parasites varies ecologically. To observe some entomological
aspects of the malaria transmission in an urban environment, a longitudinal survey of anopheline fauna was
performed in Boa Vista, Roraima, Brazil. A total of 7,263 anophelines was collected in human bait at 13 de Setembro
and Carand districtsAnopheles albitarsis sensu [g#82.8%),An. darlingi (10.3%),An. braziliensis(5.5%),An.
peryassui(0.9%) andAn. nuneztovari0.5%). Nightly 12 h collections showed ti#at. albitarsiswas actively
biting throughout the night with peak activities at sunset and at midrghtdarlingi bit during all night and did
not demonstrate a defined biting peak. Highest biting indices, entomological inoculation rates and malaria cases
were observed seasonally during the rainy season (April-November). Hourly collections showed host seek activity
for all mosquitoes peaked during the first hour after sunset.darlingi showed the highest plasmodial malaria
infection rate followed byAn. albitarsis, An. braziliensiand An. nuneztovar{8.5%, 4.6%, 3% and 2.6%, respec-
tively). An. albitarsisvas the most frequently collected anopheline, presented the highest biting index and it was the
second most frequently collected infected species infected with malaria parasitebitarsisand An. darlingi
respectively, are the primary vectors of malaria throughout Boa Vista.
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Malaria continues to be the most important endemi&mall villages (14.6%) contributed >50% of the reported
disease in Brazil. Approximately 500,000 cases, primarilyalaria cases. This is an underestimate of the total malaria
in the Amazon Basin (99%), have been reported annualtythe area since may people acquire medication from phar-
during the last decade (Fundacdo Nacional de Saude-FMSdcies (self-treatment) or private doctors and are there-
Funasa, Ministry of Health). The majority of cases arfore not reported. During 1996, malaria cases among na-
reported from the states of Pard and Amazonas (Fundis@ Indians represented 16.5% of the total, whereas people
2000). However, nowhere does malaria have a greater iliwing in periurban areas accounted for <15% (FNS 1996).
pact on health than in Roraima, as shown by the recaofghproximately 50% of the mortalitg&usa mortisamong
annual parasitic indices, (API) (number of cases/ 1,00@ptive Indian populations were accredited to falciparum
reported for the last five years (150.9 in 1995, 143.3, 199%alaria (FNS 1996).
104.9,1997;81.6, 1998; 135.8, 1999, FNS 1996, Funasa 2000).Vector control is still one of the most successful ways
For the period January-April 2000, a total of 14,973 case$controlling malaria (WHO 1991). The identification of
were reported, approximately 40% of those registered @amtomological variables in different malaria areas, such as
1999 (Funasa 2000). Routine inquiries by health authothe prevalent species, density, seasonal variation, larval
ties provided evidence for the origin of many of the mdiabitats and infection rates, may assist in the develop-
laria cases (FNS 1996). These investigations showed tiagnt of effective malaria control programs. Those pro-
people living in small agricultural settlements (37.8%) andrams should take into account the way and time to inter-
fere in the transmission cycle to increase effectiveness.

Our objectives were to identify anopheline species,
their peak of biting activity, biting indices and natural
X ) infection rates and, to collect meteorological data aiming
Supported by the CNPq, Fiocruz, Instituto Evandro Chagagy nderstand the malaria ecology in the area. Longitudi-
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MATERIALS AND METHODS processes are manual and locally made, from clay extrac-

Study site To observe malaria transmission in a highiion to molding, burning and sales. This makes a floating
endemic urban area, anopheline human-bait collectioR§Pulation of around 3,000 people that to move to the
were conducted at Boa Vista (02°49'11"N, 60°40'24"W) Brancq River margins, some with their famllle_s living in
State of Roraima, Brazil, from May 1996 through ApriIhUtS without walls at 13 de Setembro. The daily excava-
1998. The study was performed in the districts of 13 din Of clay produces shallow pits (2-3 m depth, ~3 m
Setembro (May 1996 to April 1998) and Carana (June 19§i2meter) where water accumulates. Even though NaOH
to April 1998). These two districts are situated along rivei'S€d in brick manufacturing), is washed into those pits,
margins and had the highest number of reported malaﬂ/g decided to check whether they could be providing
rates for Boa Vista (from 1970 to 1996, FNS 1997). reeding sites for anophelines. . . .

Roraima is the northernmost state of Brazil (Fig. 1). | ne district of 13 de Setembro, with 12,000 inhabit-
Roraima has 225,116 Rmwith a population of 254,499 ants, is situated southeastern of Boa Vista (Fig. 2). Be-
(IBGE 1996). Roraima’s rural population density is <12km sides Branco River, a_not_her smaller stream, the Pnc_umé
while the population density of its capital, Boa Vista, i{darapg borders the district together with dense marginal
approximately 27/ki(154,000 people or 62% of the state/€9€tation. This dense vegetation in combination with
population, IBGE 1996, FNS 1998). Approximately 85% oP00!S and slow moving waters provide suitable habitats
Roraima is forested, with the remaining 15% covered 4¢" many anopheline mosquitoes. The district of 13 de
savanna (Silva 1993) (Fig. 1). The climate is tropical humm€tembro accounts for the highest number of reported
with mean temperatures 27.8°C (range 27.3 to 28.9°C, f§laria cases in Boa Vista (1970 to 1996, FNS 1997).
years) and mean rainfall 429 mm (range 391mm to 451mm, | n€ district of Carand, with 10,800 inhabitants, is lo-
4 years) with low annual variation (NASA 2001). cated in western Boa V|st§1 at tr]e margin of a Iar_ge perma-

Savanna is the predominant ecological environme@@?t stream, the Cauarfgarape(IBGE 1996) (Fig. 2).
in Boa Vista. The climate presents two distinct seasons?31l€ no longer active, there was evidence of clay exploi-
rainy season between April and November with high raif@tion for brick manufacturing along the margins of the

fall indices during the months of June and July (Schmidt@uame. From this exploitation, shallow pools that could
1942). The Branco River crosses the city in the nort yrovide suitable habitats for mosquitoes were formed.

western direction (Fig. 2). During the driest months (DeS arana district had the second highest number of reported

cember-March) the Branco River margins are intenselpalaria cases in Boa Vista (FNS 1997).

exploited for brick manufacturing. All the manufacturing_ S¢lécted entomological variables investigated were
seasonal and hourly biting indices and natural infection

rate for the various anopheline species. The suitability of
the brick pools for anopheline habitats were also checked
in 13 de Setembro. Meteorological and reported human
malaria cases data were provided by local authorities. Rain-
fall indices, temperature and humidity averages were those
from the Air Force Meteorological Station in Boa Vista.
Malaria cases data was obtained from Funasa-RR.

Adult collection -At 13 de Setembro, adult human-
bait collections were performed for 7 to 10 consecutive
days/month from May 1996 through April 1997 and 1to 5
consecutive days/month from May 1997 through May
1998. Human-bait collections were performed at dusk
(18:00-20:00 h £ 30 min, sunset time variation throughout

the year) in a house located ~100 m from the right margin
‘ of the Branco River and ~50 m from the Pricugerapé
in a neighborhood called Olaria. Collections were done
on the veranda of a house with screened windows and
doors. People living in this house (a family of 17 members)
were previously affected by many malaria episodes. They
normally interrupted their outdoors activities by 18:00 h
for dinner and TV, a common behavior for the whole neigh-
borhood.

A 12 h collection, from 18:00 to 06:00 h, was performed
in 13 de Setembro for one of the ten days of the consecu-
tive collection period, from May 1996-April 1997, to deter-
mine biting activity peaks.

In Carand, adult collections were conducted for one to
Fig. 1: Brazil, expanded area, Roraima. Light gray, savana; daf/e€ consecutive days/month (June 1997-April 1998). Hu-
gray, equatorial forest with predominancewdirzeasandigapés ~man-bait collections also were performed at dusk (18:00-
(perman_ent and se_mi-permanent flooded areas); white equatorfgl):00 h) on the veranda of a wood-constructed house
forest with predominance of non-flooded areas (IBGE 1992) located approximately 50 m from the CaudgaFapé.
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Fig. 2: municipality of Boa Vista, Roraima, with the districts of 13 de Setembro and Carand, Branco and Cauamé rivensnaid Pri
Igarapé

Anopheline species were identified using taxonomic Determination of anopheline infection rated he
keys (Consoli & Lourenco-de-Oliveira 1994). Data were reassays were performed at the Laboratério de Entomologia
corded for the number of specimens collected by speciels Malaria, Servico de Parasitologia, Instituto Evandro
collection time and date, and number of collectors. BitinGhagas, Belém, Par4. Specimens had their identification
indices were calculated fBnopheles albitarsis sensu latoreconfirmed based on the same taxonomic key (Consoli &
(hereafter onlyAn. albitarsis), An. darlingi, An. Lourenco-de-Oliveira 1994). Only the head and prothorax
braziliensis, An. nuneztovaand An. peryassufor the of the specimens were useh. darlingi, An. nuneztovari
first hour after sunset (18:00-19:00 h) and4ar albitarsis and An. peryassuivere individually assayed. Fém.
andAn. darlingifor the second hour (19:00-20:00 h). Thealbitarsis sensu lat@and An. braziliensis5 specimens
indices were obtained by dividing the number of mosqufrom the same collection date were pooled per tube.
toes collected daily by the number of collectors and the Methodology used ELISA techniques essentially the
hours of collection daily. Monthly means (based on the Same described in Wirtz et al. (1987a,b).
10 collections/month) for the 1st, 2add for the 2 h period Lyophilized monoclonals antibodies fetasmodium
were also calculated. Mosquitoes were kept in silica-gel féalciparum, P. vivaX’K210, P.vivaxy¥K247 andP. malariae
natural malaria infection determination. and, positive controls used were kindly provided by Dr

Excavation pits as anopheline habitatédmmature Pamela Patterson, National Center for Infectious Diseases,
collections in the brick shallow pits were performed wittCenters for Disease Control and Prevention-CDC, pro-
400 ml metallic dippers ladles in the early morning fronduced by Kirkegaard & Perry Laboratories.
06:00-06:30 h in water flooded excavations ~2 km along Statistics Results were analyzed by Pearson’s corre-
the Branco River margin, at 13 de Setembro. Investigktion coefficient, Student’s t test and, standard error of
tions were performed five days per month during the sartige correlation coefficient (Rodrigues 1993). Pearson’s
period as the adult mosquito collections, whenever tlwrrelation coefficient (r) was used to evaluate the degree
Branco River water level permitted. Larvae and pupae wenédependence between variables. Student's t test (t) iden-
either placed in 70% alcohol or reared in the laboratory tdied significant levels of dependence between variables
4th instars or to adults, respectively, for identificationto determine whether one had an effect on other variables
Water temperature and pH were recorded during collecr were related by chance. Significant levels were desig-
tions and means calculated. Species identification wenated as twice correlation coefficient difference from the
as previously described for adults correlation coefficientr.
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21+16
1.2+18
04+0.6

0

Bl
peryassuy Total

34
23
>

64

3.2+31
0.6+0.8

0.4+0.6

0.3+05

Bl
braziliensis Nb An.

Rerage braziliensis Average peryassuy Average

Nr An.
97
12
-
124

Bl
darlingi
0.8+0.7
0.3x0.5
0.3+0.5
0.1£0.1

1+£0.8

2nd h

Bl
darlingi

0.6+0.8

0611
+1.1
0.1+0.2

TABLE I
Number (Nr) and biting indexes (BI) for specimen#abpheles albitarsisAn. darlingi, An.braziliensiandAn. peryassufor the first and second hours and overall mean
Bl
darlingi
1st h
0.6

24

Nr An.
darlingi
37

+1.7
0.4+0.6

503

BI
albitarsis
Mean
28+4.1
1.2
34+32

Bl
albitarsis
2nd h
4 +3.2

Bl
albitarsis
1st h
23+34
2.8+3.2

05%+1.2

12.3+246 8.6+6.8 105+ 147
55+83

NAN.
albitarsis
0
313
55
23
0
68

5
5
5

5

5

Days
5
5
5
1
466

(mean + standard deviation). Collections were made at sunset (18:00-20:00 h + 30 min) between June 1997 and April 1#0&lmsti@ay&Boa Vista, Roraima, Brazil
Month

September
October
February
March
April

December
Total 46

August
November
1998 January

July

Year
1997 June

0
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RESULTS

Adult collections From May 1996 to April 1998, 7,263
specimens were identified to five speci@s:. albitarsis
(82.8%),An. darlingi(10.3%) An. braziliensig5.5%),An.
peryassu{0.9%), andAn. nuneztovag0.5%).

The number of collectors/night ranged from 1-6, 2.6
mean, during the study period in 13 de Setembro. In
Carand, the number of collectors/night ranged from 2-3
(mean 2.2). Total man-hours of collection was 1,194 for 13
de Setembro and 110 for Carana.

Mosquito biting indices (BI) were highest seasonally
during the first hour after sunset (18:00-19:00 h) during
the rainy season (April-November) at 13 de Setembro dis-
trict (Tables I, 1l). At both 13 de Setembro and Carana
districts,An. albitarsisBl, while variable seasonally, were
higher than for other anophelines species (as high as 27.7
in September 1996An. nuneztovaspecimens were col-
lected only at 13 de Setembro with Bl of = 0.2 (May-Octo-
ber 1996 and January-March 199%).peryassuivas col-
lected only at Caran@n. darlingi, An. braziliensis, An.
nuneztovarandAn. peryassuiere infrequently collected
throughout the study at both districts.

To determine host-seeking activity, monthly 12 h col-
lections (18:00-06:00 h) were performed at 13 de Setembro
from May 1996 through April 1997. A total of 1,334 speci-
mens were collected\n. albitarsis (76%), An. darlingi
(21.2%) An. braziliensig2.1%) andAn. nuneztovafD.7%)

(Fig. 3).

An. albitarsis the most abundant species, was found
throughout the night with peaks at sunset (18:00-20:00 h)
and during the middle of the night (23:00-02:00 h). These
peaks were observed in May and August through No-
vember 1996An. darlingiwas found biting throughout
the night (May, July, August and November 1996). A bit-
ing peak was observed féin. darlingionly in Septem-
ber 1996, when most specimens were collected at sunset.
An. braziliensiendAn. nuneztovanvere presentin small
numbers, always at sunset.

Immature collections At 13 de Setembro, a total of
342 immature anopheline specimens were collected dur-
ing 80 days of collections from irregular excavations along
the north margin of Branco River associated with manual
brick manufacturing. Species collected were 209
albitarsis,17 An. nuneztovaril 7 An. darlingiand 10An.
oswaldoi. An. oswaldaivas found only in this type of
collection. Water was turbid, mixed with clay, with tem-
peratures and pH ranging from 22.7-27.6°C and 6-6.5 mean,
respectively, during the time of collection, from May 1996
through January 1997 (Table I11).

Mosquito natural infection rates A total of 7,198
specimens were analyzed by ELISA for malaria parasites.
Malaria infections were found in 383 anophelines, 31 be-
ing mixed infections (MI)An. darlingihad the highest
natural infection rate (IR) (8.5%, excluding MI) followed
by An. albitarsis(4.6%),An. braziliensiq3%) andAn.
nuneztovar(2.6%).An. albitarsiswvas positive for all plas-
modia investigatedin. peryassuivas not found infected.
Only oneAn. darlingi specimen was found infected in
Carané (Table 1V). IR were calculated monthly as the num-
ber of infected specimens among the total analyzed per
species (Table V).

Rainy season is April to November; dry season is December to March. Collections were not performed in December 1997 drgb8ahummryMay 1996 to April 1997, in one day

a 12 h collection (18:00-06:00 h) was performedANralbitarsis s.l., darlingi, braziliensendperyassuiis the total number of mosquitoes collected in 2 h. Mean number of collect

was 2.2.
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P. vivax was the most prevailing plasmodium infect247 , 1 withP. vivax VK 210 andP. falciparumand 1 with
ing anophelines (72.3%, both strains) followed By P. vivax VK 247 andP. falciparum.The other species

falciparum(26.1%) andP. malariae(1.6%).

Among the 27 specimensAh. albitarsiswith Ml, 14
were found withP. vivax VK210 andP. falciparum,10
with P. vivax VK 210 andP.vivax VK 247 and 3 withP.
vivax VK 247 andP. falciparumThe 4 specimens @in.
darlingi with Ml, 2 hadP. vivax VK210 andP. vivax VK

showed no M.

Entomological inoculation ratesEntomological in-
oculation rates (EIR) were calculated monthly as the prod-
uct of Bl and IR (Shiff et al. 1995) (Table V). EIR varied
seasonallyAn. albitarsisdisplayed the highest monthly
EIR followed byAn. darlingi andAn. braziliensis.

400
350
300 \\
%]
f'g’ 250 \
g 200
£ 150 \\
5 100 < ,/\\
0 - ‘\7 = T T T T
\} ) \} ) ) \} ) \} ) \} ) \}
I@Q ILQQ fb'\’g 9/(19 51:’6 flzb‘Q D'\’Q ,0(19 > ,D‘Q D%Q ,OQ’Q
S Y F X perind
An.albitarsis An.darlingi - - - - An.braziliensis An.nuneztovari

Fig. 3: peak of host seeking activity as expressed by the mean number of mosquito specimens collected per hour duriegtiths coll
(18:00-06:00 h) for the period May 1996 to April 1998 in the 13 de Setembro district, Boa Vista, Roraima.

TABLE Il

Number of immature anophelines specimens (Nr) collected in excavations at the Branco River margin during May 1996 through
April 1998, 13 de Setembro district, Boa Vista, Roraima, Brazil

Water
Year Month Days? Rainfall Temperature temperature pH An. Nr An. Nr An. Nr An. Subtotal
(mm) (°C) (°C) albitarsis  darlingi nuneztovari oswaldoi
1996 May 5 474.2 28.2 22.7 6.5 4 0 5 0
June 5 541.2 27.1 - - 2 4 3 0
July 5 331.6 27.1 25.6 6 28 0 45 1
AugustP 0 208.2 28.2 27.5 6 0 0 0 0
September 5 109.6 29.5 27.5 6 1 1 0 0
October 5 12 30.2 27.6 6 7 0 0 0
November 5 32.8 29.6 26 6 48 5 18 4
December 5 9.4 29.8 26.1 5 55 6 28 2 1997
January 5 113.5 295 25.3 5 19 1 6 3
February 5 129.7 28.3 25 6 0 0 0 0
March 5 3.8 29.9 - - 0 0 0 0
April 5 52.6 29.6 - - 0 0 0 0
Subtotal 55 164 17 105 10 296
1997 May 5 203.9 28.5 - - 0 0 0 0
June 5 209.4 28.7 - - 1 0 1 0
July 5 217.4 28 - - 0 0 0 0
August 5 144.8 29.2 - - 0 0 0 0
Septembef 5 3.1 30.8 - - 44 0 0 0
Subtotal 25 45 1 46
Total (%) 80 209 (61) 17(5) 106 (31) 10(3) 342

Rainy season is April to November. Dry season is December to Mar2igollectors, 30 min collectionb; collections were
negative in August 1996 because margins were floodeadandre negative from October 1997 to April 1998 because of drought;

- not determined
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Fig. 4: malaria cases, rainfall, humidity and temperature indices for the period May 1996 through April 1998 in Boa Viste, Rora

Meteorological variables, mosquitoes and malaria Collections for the immature forms showed that the
cases correlation Mean monthly Bl forAn. albitarsis, excavations made along the Branco River margins at 13
An. darlingi, An. braziliensig/ere plotted against IR and de Setembro for brick manufacturing contributed to adult
EIR, rainfall, temperature, humidity and reported malarianopheline populationé&n. nuneztovanvas the second
cases for both 13 de Setembro and Carana districts anthst frequently collected species along the river margin
Boa VistaP. malariaedata for human malaria cases werg31%), but was least frequently collected at human-bait
not routinely diagnosed by health authorities. (0.6%). In this are@n. nuneztovaninay be highly zoo-

Results showed that there was no significant correlphilic and comparisons between bovine and human bait
tion between meteorological variables tested (tempereellections should be performed to confirm this.
ture, humidity and rainfall) and Bl for 13 de Setembro (r eswaldoiwas found only in its immature forms and not in
0.4+0.21, p>0.05) or Caranéd (r<0.6 + 0.3, p>0.05). human-bait collections. In some areas. oswaldoiis

There was no significant correlation between metetighly anthropophilic, while in this site, it appears to pre-
rological data (temperature, humidity and rainfall), IR an¢er other animalsAn. braziliensisndAn. peryassuivere
reported malaria cases for 13 de Setembro (r < 0.4 + 0.2%dllected only as adults and were not found in excavation
>0.05) and Carana (r<0.6 £ 0.3, p > 0.05). However, thgs@ts as immatures.
was a positive significant correlation between rainfall and Bl and malaria reported cases showed no monthly cor-
malaria cases for all Boa Vista (r <0.65+0.21, p < 0.01).relation. Considering that the pre-patent periodPfeivax

DISCUSSION (the most prevalent species in Boa Vista) is 10-20 days
o . (mean ~12 days at 24°C, Garnham 1966) and considering

A 2-year longitudinal entomological survey was congn 4t mosquito (infected) bites can increase in one month
ducted at two highly malaria endemic d's}”CtS (13 dg\at would be registered (as disease) in the following month,
gg:gmg%gz‘ﬁ Carana districts, Fig. 2), of Boa Vit yitical correlations of Bl and IR means of a given month

AN élbitaréis An. darlingi, An. braziliensis, An and malaria cases means of the next month were performed.

: ' . ' . ’ "Again, these variables showed no correlation perhaps due

Egi?’ z,\i/lsosru?lg?o’/'\?éar;lég}?g:gg’gg;iﬁgﬁ"?fg r?]terr]r:Jt;Te]:?Q 0t small sample size an/or populations becoming infected
P 9 9 I§ewhere where Bl and EIC were not measured.

gheiiﬁg’étagéiggmp;% (Iliﬁizsda_ge&act)sr eﬁil.égiozgv:é%no Bl varied considerably seasonally, hourly and by spe-
) P polymorp 'cies. Among the selected environmental and biological

Wilkerson et al. 1995) was not performed, therefame parameters, there were significant differences for the rain-
albitarsisrefers toAn. albitarsis sensu lato. An.albltar3|sII| Il and malaria indices (0.65, p < 0.01) aAd, albitarsis

was the most common anopheline found throughout t . SO .
period. Low numbers oAn. darlingiwerecollected. In iections and malaria indices (0.62, p < 0.01Horivax
a?c[]d 0.47, p < 0.05 fér. falciparum)

Boa Vista, the predominant savanna vegetation may Host attraction activity demonstrates that while

count for this, sincén. darlingiis often associated with . : : g )
: ; 5anophelme:s bite predominantly in the early evening

(Forattini 1962, Consoli & Lourengo-de-Oliveira 1994 (mainly at.thefirst houraftersunsgt), small numbers con-
Rubio-PaIis&Zi'mmerman 1997) tinue to bite throughout the evening. Therefore malaria



159

(o]
o
o
m d|ge|leAr Jou Blep - ‘euede) Ul pa1dsjul punolibuliep LREIN- Sapl|s aanisod Jo Jaquinu ay) Aq passaldxa se sased eueew
WW@@H Arenuer pue 66T loquwadaq ul Umrm‘_m_smN:EEo__oo ‘elIsIA eogd Ul Um\ﬁm‘_qm >__m:me SeM apIa10asul /66T Jaquada 0} ‘_mn_.cmuamm 11aquianonN 01 __‘_Q< Sl uosesas >c_mw_
Z 2T L2 99 695 vOE G867 8ST 85€ 81921 [eloL
N o o o0 0O 00 O O0 O O o 8 ©O0 O ST - 0 O - T 0 8 T 9 19 [udy
0 0o 0 0O O 0O 0O 0 O O 0 €0 0 O € § 0 S S 0 § vOT ¢ €I 68 yose
S 0 0 O O O O O0 0 O o o vo 0o O ¥ T 0 T ¥ T € ¥8 T ¥I 69 Aenigad
s - - - - - - - - - - - - - - € 0 € € 7z T /. T 91 09 Aenuersgeer
= - - - - - - - - - - - - - - 6 0 S ¥ T €228 T LT ¥9 JoqwassQ
S 0 0o 0O O O O €0 0 O 9 0 TE¢ O O 8 ¢ 0 ¢ v ¢ Tz S 0 9T 65 JoqwanoN
P 0o 0 0 0 00 2O O O 9 o0 ¥¢ 0O O 68 L O 9 O ¥ 9 9 ¢ LT LL 190010
2 o o o o O O O0O oM O O 9 O O 8 9 0 9 8 0O L /6 T ST 18 Joquaydss
& 0 00 0O 0 € 0 TO 0 O € 90 76T €009T €S ¢ 0 T 6 ¢ 8 60T € T1Z S8 Isnbny
N 0 ¥0O 0 0 § GSI0 €0 S0 ¢ v 20 L9 €0¢ 9 9 T § 8 § € Tz¢ T LS €97 Aing
5 0o 0o 0 0 00 O0 0 O 0O 0O €T 0 0 € 2 T IT € T 2T ¢9€ € €6 99¢ aung
S 0O 0 0 0 00 €0 0 O ¢ 0 ¥o 0O O ST 22t T IT 6 T 8 ¥S ¢ SOT L¥e Aen
B 0 0 0O 0 O 0 ¢z 0 I 0 ¢260 0 0 L 2 T 9T TIT ¢ TIT lvw ¥ ST 8IE udy
2 0 80 0O 0 S 200 20 T T T 900 TT S00€E 09 8 O 8T LT ¢ ¥I SS¥ v LET VIS yose
© 0 €0 0 0 ¢ 0 0 0 O 0O LZ 69T OI8ET 828 2 9 9T 9y +¥I 2T 625 T 26T 9ec Aienigad
€ 0 sOo 0 O ¥ 0 2O 0 O 9 9,0 92T 900y 89 G OT S 1Ir ¥ L& G655 € 6T G6E  Atenuer /66T
0 €0 O 0 € 20 20 T § § 20 S0 ¥00O T S Oz - - gy - - ¥gS ¢ 28T Ope JequadeQ
$ vo 0O 0 [z [00 SO €TO ¢ 9T TITO §€¢ €0 9 ¥o¢ ST - - gL - - €SE € €O0T LpZ JSQWINON
0 soO 0 O [z TO S0 610 € 9T €0 ¢8 +voOPT 08 OZ - - T - - €€ € P¥OT 9/¢ 499oRO
20 LT 2T0 8 99 6T0 ¢9 €00 S €T SyT 18T 800 € 89 6 - - 6 - - /g 0 €9 v.T Jequaldss
200 €0 900 ¢ 1€ e¢v0 ST 80 8T ¥9 ¢v0 S€ ¢TO0 ¢ 6T v - - 6 - - 98 L Ly 08T  snbny
0O ¥0 0 O S& G0 €T S€0 62 <¢8 ¥0O TcC gzZo€e 67T 6 - - 8 - - 89 8 TII¢ 6Ly Ainp

o o o0 0 ©00 92 O O 8T 0 TS 0 O 61 IT - - ¥ve - - 89 ¢ 10T S2v aung

v00 80 S00 ¢ 66 0O 90 O O 92 T¢0 €L €0 TT €€ O - - S - - GS0T 8 IS¢ G69 KeN 966T
‘olel +
43 19 ¥ IN ON 3 18 "l IN 9N d3 19  dl IN OGN [eloL "Ofe} XeAIA [e]0l "Ofe} XeAIA [€]OL XeAIA Ofe} XBAIA  UIUO JedA
Sisualjizelq "uy IBuiep ‘uy sisieliqe ‘uy euere) olquialeS ap €T elSsIA eog

sased pauodal eleew uewnH

lizeig “ewreloy ‘eISIA eog JO SIOLISIP OM} Ul 866T |ldy pue

966T A\ UaMIBCEISUBI|IZRIQ "UYpUBUILIEP Uy |'S SISJeliqie sajargjdun ) Sa1el uonenooul [ealbojowolua pue ‘(1g) saoipul Bunig Ajyiuow ueaw ‘(Y|3) sarel paloajul
‘suawioads auljaydoue (IN) paloajul pue (IN) pa199]|09 Jo Jaquinu (*oe} + XeAysuonoaul paxiw pue (-opepwniediofe) 'd (XeAnyealn WNIpowselg) Sased uewny euejen

A 31avl



160 Malaria and Mosquitoes in Roraima e Adenildo da Silva-Vasconcelos et al.

transmission may occur throughout the night, evetated by an outbreak of malaria cases and not before to
though it is more likely to occur at sunset. The concomprevent the outbreak. Nevertheless, as our results indi-
tant Bl decrease for the period September-December 1988e, mosquito populations could have been decreased
and malaria cases observed could be due to a successfien malaria becomes “visible” through the diagnosis of
Malathion ultra-low volume pesticide fumigation programg¢ases. This would decrease the effectiveness of insecti-
aimed atAedes aegyptieduction, due to a dengue out-cide-based vector control methods. Therefore, vector-
break in September 1996. Large decreases in rainfall inbased malaria control programs should rely on mosquito
ces could, on the other hand, account for the decreasadafa, such as natural infection and biting rates rather than
Bl observed (Table V). reported malaria cases.

Rainfall indices appeared to affect the malaria rates. Even though the importance of an integrated and de-
This has also been observed in Costa Marques, Rondémiantralized approach to the malaria control program has
where increases in rainfall indices positively affected moseen recognized in the last few years, little malaria control
quito population numbers (Klein & Lima 1990). Duringhas been achieved as shown by the increasing numbers
the long period of drought that extended from Septembef malaria cases in Brazil and approximately 500 thousand
1997 to February 1998 in Boa Vista, there was a large deases have been reported annually over the last years.
cline in Bl (< 6.5 thereafter fgkn. albitarsisand < 0.3 for Even with occurrences of torrential rain (in the period
An. darling) and an associated low number of malariday-July 1996), drought (September-October 1997 and
cases. Between September 1997 and April 1998, the lodanuary-February 1998), insecticide fumigation applica-
est rainfall indices in 20 years were observed (IBGE 1993)on (September-December 1996), low mosquito Bl for the
As a result, the water flow of the Branco and Cauam@&o most frequent species, malaria cases did not subside
rivers nearly halted. Large areas of vegetation were com-Boa Vista.
sumed by natural fires around Boa Vista, as well as other Statistical results indicated that malaria cases are not
areas throughout the state. Not only mosquito immatulieked to mosquito BI, even though mosquitoes were
populations might have been affected by the lack of sufisund infected in the two most malarigeneous districts of
able breeding habitats, adult populations might also haB®a Vista. This might demonstrate that imported malaria
been reduced due to resting site reduction and the drgses from other municipalities may play a putative role
and smoky atmosphere prevailing in Boa Vista. on the maintenance of the endemicity in Boa Vista, that

In contrast, during July and August 1997 rainfall indideserve to be better investigated. Roraima has localities
ces were very high, 217.4 mm and 144.8 mm, respectivedy. high API (as for the municipality of Mucajai in 1999
During that period, large areas of the city were floodedvith an API of 600, Funasa 2000). People transit inten-
During the extreme water levels, there was a corresporgively from Boa Vista towards those localities, and vice-
ing decrease of malaria (135 to 63 cases, respectivelgrsa. Farmers and weekenders lead this transit. This in-
followed by an increase in the Bl fAn. albitarsig6.7to tense flow of people can be a large contributor for the
19.2, July-August 1997) and a decrease ihedarlingi malaria maintenance in the capital and in the rest of the
BI (0.3t0 0.1, July-August 1997). state.

Biting indices forAn. darlingiwere generally low, sug- The correct appreciation of the variables that com-
gesting a low participation of this species in the malarjgose the malaria panorama in a given area is critical. These
transmission. However, even though low numbedsof variables can play distinct roles in different endemic ar-
darlingi specimensvere collected, it had the highest com-eas. Important components of the control effort have been
bined infection rate (8.5%). Deane (1986) stated that evappointed in the past. They were related to better hous-
though populations ofn. darlingi were low, they sig- ing, that decrease the man vector contact and increase
nificantly contribute to transmission due to its high susresidual insecticide activity, the determination of the case
ceptibility toPlasmodiunparasitesMinimal biting indi-  origins, society engagement and, early diagnosis and treat-
ces could be enough for keeping the transmission cycleent of the malaria cases (Botelho et al. 1986, Sawyer
In fact, the high IR observed in the period of July-Decenit986, Motta 1992, Barata 1995, Marques 1995, Voorham
ber 1996, accounted for a steady EIR even with low BI997). We suggest that measures that could decrease
(Table V). The second highest natural infection rate wamople flow could play a putative role in malaria control
observed foAn. albitarsis(4.6%). Even though present-and should be considered in the infrastructure of any
ing the second highest IRn. albitarsiswas the most government settlement programs. Among those measures,
frequently collected found species (82.8%) and had tiiee availability of health care in the interior, farming sup-
highest Bl and EIR (Table VAN. albitarsisshould be plies and equipments as well as produce cooperatives. To
considered the primary malaria vector in Boa Vista due those variables related to vector biology, population fluc-
its high density, high infection and potential transmistuation and natural infection of malaria vector species
sion rates. should be inserted in the routine of the entomological

An. albitarsis s.lhas been recently assigned as a vecontrol teams. Entomological studies should include de-
tor of primary importance in malaria transmission in Paréiled taxonomy of vectors, monthly Bl and natural infec-
with IR of 4.5% (Arruda et al. 1986), Amapa with 1.6% IRtion determination to better assess the correct interven-
(Segura 1998) and 0.8% IR (Pévoa et al. 2001) antiion time for larvicide and adulticide application. Routinely
Rondbnia, 0.5% (Oliveira-Ferreira et al. 1990). assessed mosquito Bl and natural infection rates should

Malaria control is largely based on vector control. Uswallow health authorities to draw a threshold level. Larvi-
ally, the moment to apply vector control measures is dicide and adulticide control measures should be under-
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taken every time this threshold level is reached. Success Brasil, referentes a 199Rev Soc Bras Med Trop:28t1-155.

on vector control can be achieved when intervention timééotta EGF 1992. Fatores determinantes da situac&o da malaria
coincide with that of a low-high borderline mosquito popu- na AmazéniaRev Soc Bras Med Trop gSupl.ll): 27-32.
lations. Then larval and adult control might prevent moé\'Af‘ﬁb’.\}?‘;gsﬁéslearrocni‘;té‘;sg%:‘/?sssgace Administration 2001.
quito po_pulatlons to increase. On the other hand’.IaCkBﬁiveira-Ferreira J, Oliveira LR, Teva A, Deane LM, Daniel-
Cprrelatlon_beyween reported malarla cases and biting in-"pipeiro CT 1990. Natural malaria infections in anophelines
dices may indicate that malaria is acquired elsewhere. In i, Rondania state, Brazilian Amazohm J Trop Med Hyg
Roraima, human population daily flow movements from 43: 6-10.

the interior to the capital Boa Vista and vice-versa couldévoa MM, Wirtz RA, Lacerda RNL, Miles MA, Warlhurst
be of great importance to the malaria persistence. Coop- DC 2001. Malaria vectors in the municipality of Serra do
eration teams working on entomology, protozoology, hu- Navio, State of Amapa, Amazon Region, Braklem
man ecology and, developmental infrastructure for a bet- Inst.Oswaldo Cruz 96179-184. o

ter quality of life will provide the tools to control malaria Rodrigues PC 199Bioestatisticaz® ed., Eduff, Niterdi, RJ, 268

i pp-
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