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Distribution of Sand Flies (Diptera: Psychodidae) at
Different Altitudes in an Endemic Region of American
Cutaneous Leishmaniasis in the State of
Espirito Santo, Brazil

Adelson Luiz Ferreira™, Paulo Augusto Sessa, José Benedito Malta Varejao,
Aloisio Falqueto

Unidade de Medicina Tropical, Departamento de Patologia, Centro Biomédico, UFES, Av. Marechal Campos
1468, 29040-090 Vitéria, ES, Brasil

The involvement of different sand fly species in the transmission of American cutaneous leishmania-
sis (ACL) at different altitudes was evaluated in the municipality of Afonso Claudio in the State of
Espirito Santo, Brazil, from November 1995 to February 1997. CDC light traps and Shannon traps
baited with human volunteers were hung simultaneously at three altitudes of a river valley: (a) 650-
750 m in an area of active ACL transmission; (b) 750-850 m in a transitional area; and (c) 850-950 m
in an area where no ACL transmission occurred. A total of 13,363 specimens belonging to 28 species
was collected. The five most abundant man-biting specied wez@myia intermediawhich constituted
24.3% of the total u. migonei(22.3%),Lu. whitmani(15.4%),Lu. fischeri(14.9%) and_u. monticola
(5.8%). Analysis of the distribution of these species at the three altitudes provided evidehae that
fischeriandLu. monticolawere not involved in ACL transmission, wherkas migoneiand Lu.
whitmanimight act as secondary vectorslodishmania (Viannia) braziliensadLu. intermediawas
probably the principal vector of the parasite. These results reinforce those published in the existing
literature, which indicate thatu. intermediais the main vector ofLe. (V.) braziliensisn Southeast
Brazil, whileLu. migoneiandLu. whitmaniare of secondary importance.
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The distribution of American cutaneous leishLe. (V.) braziliensisthe main etiological agent of
maniasis (ACL) is influenced by little-known geo-ACL in these areas (Falqueto et al. 1986, Aguilar et
graphical and climatic factors that determine thal. 1989). Among the species of sand flies that have
distribution of different sand fly vectors, parasitegprobably adapted to habitats modified by human
and reservoirs. Tropical climatic conditions and alactivities,Lutzomyia intermedid_u. whitmaniand
titudes of up to 800 m above sea level (asl) favdru. migonej are proven or probable vectors of
transmission oEeishmaniaViannia) braziliensis LeishmaniaRangel et al. 1984, Hoch et al. 1986,
(Mogollén et al. 1977, Bonfante-Garrido 1983, AfieAzevedo et al. 1990a, b, Marzochi 1992, Sessa et al.
etal. 1988), including in Brazil (Forattini et al. 1972,1994, Marzochi & Marzochi 1997).

Aguiar et al. 1987, Azevedo & Rangel 1991, Passos The municipality of Afonso Claudio in the State
et al. 1993, Hermeto et al. 1994, Domingos et abf Espirito Santo, Brazil, is an important endemic
1998, Gomes & Neves 1998, Rangel etal. 1999). area of ACL. Sessa et al. (1994) noted that in

In same areas of Northeast and Southeast Briaiberdade, a village in this municipality, most trans-
zil that were first colonized by Europeans, the dismission of the disease was in the peridomicile of
ease is transmitted predominantly in the domestiwouses situated between 600-750 m asl and none
environment, affecting people of both sexes and afccurred above 850 m. Falqueto (1995) collected
all age groups (Mayrink et al. 1979, Barros et afive man-biting species of sand flies in the village,
1985, Queiroz et al. 1991, Lainson et al. 1994). Dodg<.,Lu. intermedialLu. whitmanjLu. migonejLu.
and horses appear to be the domestic reservoirsfistheri andLu. monticola Although this author

considered that most transmission bé.
braziliensisoccurred in the peridomiciliary envi-
ronment, with dogs acting as reservoirs of the para-
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Given that man and his domestic animals, as The total number of insects collected in the
well as wild mammals are present at all altitudes iperidomicile or forest during the first 4 h of dark-
this area, the absence of ACL above a certain altiess at each altitude was considered as the basic
tude may be attributed to changes in the sand fgampling unit used in statistical analysis of the re-
fauna. This hypothesis was tested during thsults for the most abundant sand fly species.
present study by systematic sampling of phle- Levene’'s homogeneity test and Kolmogorov-
botomines at different altitudes, with the aim at inSmirnov’s normality test were applied to the data in
criminating possible vector species. order to determine whether parametric or nonpara-

metric tests should be applied to the data.
MATERIALS AND METHODS Friedman’s ANOVA was then applied in multiple

The village of Liberdade (200’S; 4P05'W)is  samples and, when significant results were ob-
located at the head of the Guandu river, a tributagained, Wilcoxon’s test was applied to pairs of
of the Rio Doce in the midwestern region of Espititgamples. Spearman’s nonparametric correlation test
Santo, about 100 km from the Atlantic coast. Thesokal & Rohlf 1979) was used to evaluate the cor-

area was first colonized about 85 years ago, wheglation between the altitudes and the most abun-
coffee plantations were established. Few remnanggnt man-biting sand fly species.

of the original forest remain and the space between They?2 (chi-square) test, with binomial approxi-
houses in the village is generally occupied by plafnation and apost-ho¢ Tuckey'’s test for multiple
tations. ) ) . . comparisons of proportions (Zar 1996) were used
‘The valley in which Liberdade lies presents affg study the relative proportions of clinical ACL
altitudinal range of 650-1,000 m over a distance afases and apparently healthy members of the hu-
approximately 6 km, extending in a Southeast-Northman population.
east direction. The relatively short length of the
valley made it possible to do simultaneous collec- RESULTS
tions of sand flies at three altitudes. The lowest of Sand fly sampling was carried out over 50 nights,
these (650-750 m asl) is an active transmission arbatween November 1995 and February 1997. A to-
for ACL. The intermediate level (750-850 m) pre-tal of 13,363 specimens belonging to 28 species
sented fewer cases of the disease and there waswas collected. The distribution of these insects at
transmission at the head of the valley (850-950 m¢ach altitudinal range and in each habitat type is
Three modified Shannon traps (Shannon 193%hown in Table I. Among the man-biting species,
of dimensions 1 m X 1 m X 1.9 m (topped with a_u. intermediaLu. migoneandLu. whitmanipre-
overhanging square roof of side 1.6 m) and thre#gominated in the peridomicild,u. fischeriwas
CDC traps (Sudia & Chamberlain 1962) were useedqually numerous in peridomiciliary and forest col-
to sample sand flies. One trap of each type wdsctions, and_.u. monticolawas more abundant in
installed in each of the three altitudes and santkhe forest.
pling was performed simultaneously. Shannon The altitudinal distributions of the five most
traps were installed in the peridomicile of houseabundant.utzomyiaspecies are shown in the Fig-
while CDC traps were hung in nearby forest, at leasire.Both Lu. intermediaandLu. migonepresented
100 m from the houses. The three volunteers whtistribution patterns inversely proportional to the
manned the Shannon traps were randomly assignaltitude. The former was the most abundant spe-
to the different altitudes in order to avoid systemeies at the altitudes at which active transmission of
atic error due to differences in their individual abili-ACL occurred, its numbers progressively decreas-
ties to collect sand flies. Collections were madag up to the transmission-free level. Although
during the first 4 h after sunset on 3-5 consecutiveigoneiwas the second most abundant species at
nights and repeated at intervals of 4-6 weeks, untihe active transmission level, it was also the sec-
each trap had occupied each of the habitats samplaad most numerous sand fly at the ACL-free alti-
for 100 h. tude.Lu. whitmaniwas slightly more numerous at
Clearing and mounting of the insects followedhe intermediate altitude than at the level at which
the technique described by Barretto and Coutinhactive transmission occurred, and was scarce at
(1940). Specimens were identified according tthe transmission-free altitude. Bath. fischeriand
Young and Duncan (1994). Lu. monticolashowed inverse distribution patterns
In order to verify the occurrence of ACL amongto those ofLu. intermediaand Lu. migonei The
the human population, the number of cases of theost abundant species at the highest (transmis-
disease recorded in the area between 1993 and 1998n-free) altitude walsu. fischeriand thenumber
was surveyed by checking local health service aof specimens collected at this level was slightly
chives, the patients having been treated by otigher than at lower altitudes. At the active trans-
group. mission levelLu. monticolawas the least abun-
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TABLE |

Phlebotomine sand fly species collected in Liberdade, municipality of Afonso Claudio, State of Espirito Santo,
by Shannon and CDC traps, from November1995 to February 1997, distributed according to altitudes
and the catching site

1063

Altitudinal range

Species 650-750 m 750-850 m 850-950 m  Total %
Pd Fr Pd Fr Pd Fr
Lutzomyia intermedi@_utz & Neiva) 2,149 189 718 33 159 4 3252 243
Lu. migoneiFranca) 1,467 194 741 32 524 32 2990 223
Lu. whitmani(Antunes & Coutinho) 609 288 910 41 193 28 2,069 154
Lu. fischeri (Pinto) 248 240 307 283 560 366 2,004 144
Lu. monticola(Costa Lima) 10 72 24 177 51 451 785 5.8
Lu. alencari Martins, Souza & Falcédo 3 - 10 11 4 1 29 0.2
Lu. amarali (Barretto & Coutinho) 1 3 1 1 - 3 9 <01
Lu. callipygaMartins & Silva - 9 - 1 - - 10 <01
Lu. costalimaiMangabeira) - 2 - - - - 2 <01
Lutzomyiaspp? 11 50 7 12 1 1 82 0.6
Lu. edwardsi(Mangabeira) 36 144 5 18 6 12 221 1.6
Lu. ferreirana (Barretto, Martins & Pelegrino) 138 181 50 43 27 72 511 3.8
Lu. firmatoi (Barretto, Martins & Pelegrino) 243 315 28 23 1 17 627 4.6
Lu. hirsuta (Mangabeira) - 1 - - - - 1 <01
Lu. lenti(Mangabeira) 21 7 7 1 9 - 45 0.3
Lu. matosi(Barretto & Zago) - 2 - - - - 2 <01
Lu. microps(Mangabeira) 3 9 1 - - 2 15 0.1
Lu. misionensis(Castro) - - - - - 1 1 <01
Lu. pascalei(Coutinho & Barretto) - 1 - 2 2 3 8 <01
Lu. pessoai(Coutinho & Barretto) 3 2 - 3 - - 8 <01
Lu. pestanai(Barretto & Coutinho) - - 1 - - - 1 <01
Lu. quinquefeDyar) 406 62 112 14 28 3 625 4.6
Lu. sallesi (Galvao & Coutinho) 4 - 2 1 - 1 8 <01
Lu. schreiberiMartins, Falcéo & Silva 9 12 5 3 4 4 37 0.2
Lu. shannoni(Dyar) - - - - - 5 5 <01
Lu. termitophila Martins, Falc&o & Silva - - - - 1 - 1 <01
Brumptomyia avellari(Costa Lima) 1 - - - - - 1 <01
B. cunhaiMangabeira) - 1 - - - 1 2 <01
B. nitzulescu{Costa Lima) - 3 - - 1 - 4 <01
Brumptomyiaspp® 2 4 1 1 1 - 9 <01

a: Lutzomyiaspp refers tdemale specimens of tineigoneigroup;b: Brumptomyiaspp. to female specimens of the
genusBrumptomyiawhich can not be distinguished based on morphological characters; Pd: peridomicile; Fr: forest
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Altitudinal range

Distribution of the most frequent man-biting sand fly species in relation to altitude, in the Liberdade valley, municipality
of Afonso Claudio, State of Espirito Santo, collected between November 1995 and February 1997.
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dant of man-biting species, its numbers progres-
sively increasing with altitude, until at the highest
level it was more numerous than bolth.
intermediaandLu. whitmani

The results of the Levene’s homogeneity tests,
Kolmogorov-Smirnov’s normality test, Friedman’s
ANOVA multiple samples test, Wilcoxon’s sample
pairs test and Spearman’s nonparametric correlation
test, applied to the data on the five most abundant
man-biting species are shown in Table II. Among
these specied,u. intermediapresented a signifi-
cantly negative correlation with altitude. Based on
Wilcoxon’s test, the number of specimens collected
at the lowest altitude was significantly lower than
that collected at the intermediate level. A significant
drop was also seen between the latter and the high-
est level. By contrast, the numbersLof migonei
presented a significantly negative correlation with
increasing altitude between the two lowest levels
although the difference between the intermediate and
highest levels was not significant according to
Wilcoxon's test. A significantly negative correlation
was seen between the numberswfwhitmaniand
increasing altitude for the two highest levels but
results were not significant when the lowest and
intermediate levels were comparéd. monticola
showed a significantly positive correlation with in-
creasing altitude only when the lowest and highest
levels were compared. Although a positive correla-
tion was observed between numberkwffischeri
sampled and altitude, this was not significant. This
was confirmed using Friedman’s analysis.

With respect to human disease, 22 cases of ACL
were registered in the area from 1993-1998. The dis-
tribution of the cases according to the altitude is
shown in Table lll, and the number of healthy people
in each level is represented by present residents
who did not acquire the disease. The relative pro-
portions of ACL cases at the three altitudes were
significantly different§2=7.78; p < 0.05) and ac-
cording to Tuckey’s test, the proportion of ACL
cases and apparently healthy individuals in the
population only differed significantly between the
lowest and highest levels.

DISCUSSION

The distribution of ACL in the study area seems
to be influenced by altitude, the number of cases
progressively decreasing from the lowest level, in
which active transmission occurs, to the highest
altitude, where the disease is absent. Sessa et al.
(1994) surveyed residents of the area using the
Montenegro skin test, which revealed that 29% were
positive forLeishmanianfection. The authors car-
ried out this survey among individuals who lived
below 700 m and no cases of leishmaniasis have
been reported above this altitude since then. Other

TABLE 1l
Results of statistical tests applied to the data on the five most frequent species of man-biting sand flies

Wilcoxon

Kolmogorov-

Spearman’s

Intermediate/

Low/
Intermediate

Friedman’s
Anova
P< 0.01
P< 0.01
P< 0.01

Smirnov’s

Normality

Levene'’s

Correlation

R=-044
R=-0.33

Low/High

High
P =0.04
P >0.05

Homogeneity
P<0.01
P<0.01
P<0.01
P<0.01
P =0.02

Species

R 0.01

R 0.01

P<0.01
P< 0.01

P<0.01
P<0.01
P<0.01
P< 0.01

Lutzomyia intermedia

Lu. migonei
Lu. whitmani
Lu. fischeri

R 0.01

R 0.01

R 0.01

-0.38

£0.01

P =0.02

P >0.05

P >0.05
R 0.01

0.15
0.27

R =

P >0.05
P =0.04

<P.01

P >0.05

P >0.05

P<0.01

Lu. monticola
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TABLE Il areas of both Northeast and Southeast Brazil
Numbers (percentages) of clinical cases of American(Azevedo & Rangel 1991, Falqueto 1995, Gomes &
cutaneous leishmaniasis (ACL) and apparently healthiieves 1998). The dog, considered to be a reservoir
individuals at three altitudinal ranges in the Liberdadeof the parasite by some authors, is highly attrac-
valley, municipality of Afonso Claudio, State of  tjye to Lu. migonej so that this species is sus-

Espirito Santo, 1993-1998 pected of maintaining canine ACL (Falqueto et al.
Clinical condition 1986, 1991, Falqueto 1995, Marzochi & Marzochi
Altitude ACL Apparently 1997)_. There are also recqr_ds of r)atu_ral infection of
(m asl) cases healthy Total LU. migoneby Le. (V) braziliensisin different re-
650-750 1A 19 (18.6) 83 102 %2;1? of Brazil (Azevedo et al. 1990a, Queiroz et al.
750-850 raP 3(6.2) 45 48 : ) ..
850-950 R 0 20 20 It appears thatu. whitmaniis a secondary
vector in the study area, since it occurred in similar
Total 22(12.9) 148 170 numbers at the active and intermediate transmis-
Different letters represent significant differences sion levels. Although this species showed a low

predisposition to enter houses in the Afonso
Claudio area, it was highly attracted to dogs and
was the most man-biting species (Falqueto 1995).

authors refer to the occurrence of ACL predomiWOrklng in this same area, Sessa et al. .(1994) re-
orted a high prevalence of natural infectiorby

nantly at elevations below 800 m (Bonfante-Garrid Ybraziliensisamong dogs. In addition, there are

1983, Gomes & Neves 1998) in tropical and SUbr'nan records of natural infection lofi. whitmani
tropical regions of South America. y :

ANOVA of the altitudinal distribution of the five byLe. (V.) braziliensigHoch et al. 1986, Azevedo

most abundant man-biting species indicated ﬂ} t al. 1990b, Queiroz et al. 1991). This sand fly is

possible role of each in the transmissiohef(V.) .Qrefore con'sidered to be an important peridomi-
braziliensisto man in the study area "/ ciliary vector in the main endemic areas of ACL in

Among these five specieky. monticolaap- the Northeast of Brazil and in parts of the South-

pears to be better adapted to higher altitudes whei stregion (Mayrink et al. 1979, Azevedo & Rangel

ACL does not occur and therefore is probably ng hgtl, Lal_[nsot:1 egal. t1'994)l. In Espirito S?'ti!m’ .
involved inLe. braziliensistransmission. Hermeto Lvimaniis apundantin only Six municipafities o
et al. (1994) noted a high degree of anthropophil
and attraction to light by this sand fly in an ACL-
endemic area situated at 680 m asl in the Brazilia*gn
State of Minas Gerais, whekel. monticolacom-

prised 43 (39.8%) of 108 sand flies collected
Falgueto (1995) collected large humbers of this sp
cies in the municipality of Venda Nova do Imigrante

Espirito Santo, (750 m as) an area from which AC outheast Brazil, at least in areas situated below

has not been reported. Small numberd_of : .
monticolahave been collected in ACL—endemic800 m (Marzoch! 1992, L?"F‘SO” etal. 19.94’ Rangel
et al. 1999)Lu. intermediais abundant in many

areas of the Brazilian States of Sdo Paulo, Mina demic areas of ACL. where it has adanted to habi-
Gerais and Rio de Janeiro (Aguiar et al. 1987, Passt% . ’ L p ;
ats modified by human activity, showing an in-
etal. 1993, Mayo et al. 1998). ] d oredi ition to enter h nd bit
The distribution of_u. fischeriwas similar at ¢ etﬁsrianpaendsgc?;s ?Falgugtoelg9gusl:/?§r;ochi &e
the three altitudes, suggesting that this speci arzochi 1997, Domingos et al. 1998). There are

was not involved in the transmission bé. also records of natural infection witkeishmania
braziliensis although it is abundant in several ar-

S Wher e st & ndeme (kovar o freum o 8 1972 Rangel o 1ovuh
1987, Gomes & Neves 1998). Yy sp

The uniform distribution oEu. migoneiat the in the principal ACL foci of Espirito Santo and

intermediate and high levels indicates that this sp%—f’ri]g;;éit%? i(t)sf; i)olgtihne?hsé 5;2'&1?;;\33_'2? (f\L/J;ther
cies may not be an important vectorLaf. (V.) S

A ! raziliensis(Barros et al. 1985, Falqueto 1995,
braziliensisin the study area. It is noteworthy that%omes & Neves 1998, Rangel et al. 1999),

large numbers of this sand fly have been collecte Finally, in considering the possible participa-
in domestic environments in several ACL-endemu%. T : : .
ion of Lu. intermedia, Lu. migoneind Lu.

he midwest region, including Afonso Claudio
alqueto 1995).

Lu. intermediaappears to be the most impor-

t vector in the study area, since its decreasing
frequency in samples from increasingly higher alti-
udes, coincides with the distribution of ACL cases.
he results of other studies suggest that this spe-
ies is the main vector dfe. (V.) braziliensisn
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whitmani in the transmission otLe. (V.) de Viana e Cariacica, estado do Espirito Santo, Brasil.
braziliensis it should be taken into account that ~Rev Saude Publ Sdo Paula 196-153. o
all three species were relatively abundant at thgonfante-Garrido R 1983. Leishmanias y leishmaniasis
intermediate altitude, where ACL cases are rarely (egumentariaen America Latirgol Of Sanit Panam
observed. This could be explained by the fact thﬁ)ton?%;olsg-l\jlz;LCarreri-Bruno GCC. Ciaravolo RMC
a poor para.s.'tlsm was foun(_j in dogs 'r?f.eCted wit Galati EAB, Wanderley DMV, Corréa MA 1998.
Le. (V) braziliensis SO that h'gh?f dpnsmes of th? Leishmaniose tegumentar americana: flebotomineos
vector would be required to maintain the transmis- e area de transmissdo, no municipio de Pedro To-
sion cycle (Falqueto et al. 1986). The results of this |gqq regido sul do estado de S&o Paulo, BRsil.
study could thus assist in the development of new soc Bras Med Trop 31825-432.
strategies to control the disease, based on copalqueto A 1995 Especificidade Alimentar de
tinuous efforts to maintain sand fly populations Flebotomineos em Duas Areas Endémicas de
below levels that permit transmission lcé. (V.) Leishmaniose Tegumentar no Estado do Espirito
braziliensis. Santq PhD Thesis, Fundag&o Oswaldo Cruz, Rio de
Janeiro, 84 pp.
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