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Phlebotomine Sand Flies in Porteirinha, an Area of American
Visceral Leishmaniasis Transmission in the State of Minas Gerais,
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A study of the phlebotomine sand fly fauna was carried out in an endemic area of American visceral leishmania-
sis (AVL) in the municipality of Porteirinha, in the Brazilian state of Minas Gerais. Captures were performed with
CDC light traps in 7 districts, 5 days per month, during 2 consecutive years (January 2000 to December 2001). A
total of 3240 sand flies were captured and identified. Sxteen species were found, among which 15 belonged to the
genus Lutzomyiaand oneto the genus Brumptomyia. Lutzomyialongipal pis, a proven vector of AVL, wasthe predomi-
nant species (71.85%) throughout the time period. The interference of climatic factors (temperature, humidity, and
rainfall) over the populational dynamics of the sand flies was determined. Satistical analysis of the data showed a
significant correlation among the number of phlebotomine sand flies collected, rainfall, and humidity, whereas the
effect of temperature was negligible, in that particular region. The amount of collected phlebotomine, the number of
human cases, and the prevalence of canine AVL in the districts of Porteirinha are discussed.
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L eishmaniases are zoonoses of great importance in
human and veterinary medicine, caused by Leishmania
parasites (Kinetoplastida: Trypanosomatidae). Thetrans-
mission occurs by biting of infected females of phle-
botomine sand flies (Diptera: Psychodidae: Phleboto-
minae) from the genus Phlebotomus and Lutzomyia, in
the Old and New World, respectively.

In Brazil, avisceral form of leishmaniasis, known as
Americanvisceral leishmaniasis (AVL), isspread through-
out the country, with a significant number of reported
cases in 4 of its 5 geographical regions. The causative
agent of AVL is Leishmania (Leishmania) chagasi. There
isaproposition that L. infantumand L. chagasi may be a
single species, dueto the presence of common character-
istics(Lainson & Shaw 1987).

Over the last 10 years, endemic regions have been
spreading further afield and there has been a sharp in-
crease in the number of recorded cases of the disease
(WHO 2001). A condition that has contributed to the ob-
served urbanization of AV L hasbeen the progressive adap-
tation of sylvatic phlebotomineto environmental modifi-
cations caused by man, associated with aconstant migra-
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tion of rural populationsto suburban areas (Marzochi 1989,
Begjaranoet a. 2002).

The epidemiological chain of AVL includes the con-
comitant presence of the vector, areservoir and a suscep-
tible host inthe same area (Almeida-Silva2002). In human
dwellings, animportant roleisplayed by dogs, that act as
reservoirsfor the parasite (Deane & Deane 1962, Quinnell
et al. 1997). The vectoria ability is restricted to certain
phlebotomine sand fly species and L. longipalpisis the
main vector of human and canine AVL (Grimaldi et al.
1989, Dedet 1993). Morerecent studies haveincriminated
2 other species, L. evansi (Nufiez-Tovar 1924) and L. cruzi
(Mangabeira 1938) in Colombiaand Brazil, respectively
(Travi etal. 1990, 1996, Galati et al. 1997).

Considering theimportance of the vector in thetripod
that sustains AVL transmission, the occurrence of active
transmission in the municipality and the poor knowledge
of thelocal fauna of phlebotomine, we decided to under-
take an entomological survey in the municipality of
Porteirinha, state of Minas Gerais, Brazil. The interfer-
ence of climatic conditions in the dynamics of the
phlebotomine population and any possible association
between the presence of the vector and incidence data of
AVL werealsoinvestigated.

MATERIALSAND METHODS

Sudy area- Themunicipality of Porteirinha(15°44' 42"
S, 43°01' 46" W) islocated in the northern part of the state
of Minas Gerais, in aregion known asthe“ Dry Polygon”.
It occupies an area of 1787 km? with a mean altitude of
567 m (IBGE 1997). Theclimateistropica semi-humid (av-
erage temperatures of 24°C), with adry season of about 6
months per year. Inthelast few years, the region has been
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submitted to prolonged dry seasons that increased the
emigrationindex. According to the Brazilian National Health
Foundation (Funasa 2002) the local population consists
of 35,465 inhabitants, 41% of whom arein the urban area.
The great mgjority of domicileslack basic sanitary condi-
tions and the close presence of domestic animals is a
notable characteristic.

Capture sites - Porteirinha municipality was divided
into 7 regions (districts), with 2 capture sites per district
(Fig. 1). Comparable siteswere chosen taking into account
the occurrence of human cases of |eishmaniases and/or
the presence of dogs with positive serology for calazar.
The same sites were used repeatedly for the trapping of
sand flies.

Phlebotomine captures - Sand flies were captured at
night with CDC light traps (Sudia & Chamberlain 1962)
which were systematically mounted at 18:00 h and taken
down at 08:00 h the next day, for 5 consecutive daysin the
last week of each month, from January 2000 to December
2001. Unfortunately, no captures could be performed in
January and February of 2001 dueto technical problems.
The captured specimens were preserved in glass vials
containing 70% ethanol and transferred to the laboratory.

Phlebotomine identification - The taxonomic keys of
Young and Duncan (1994) and Martinset al. (1978) were
used for identification of the sand fly species. Specimens
with missing or damaged charactersthat impaired theiden-
tification at the specific level were considered as Lutzomyia

Spp.

Sdo Sebastido

Sio Juda

Vila Unido

Vila Vitoria

Climate data - The daily climate datawerekindly pro-
vided by the Janalba Section of the Empresa de Pesqui-
sas Agropecuarias de Minas Gerais (Epamig). Average
monthly values were used in our study.

Statistical analysis - Theinterference of climate fac-
tors (temperature, humidity, and rainfall), asindependent
variables, over the number of phlebotomine sand flies
captured (dependent variable) was eval uated by best sub-
sets and backward stepwise regressions using the
SigmaStat software (Jandel 1995) with P< 0.05.

RESULTS

After 22 monthsand 1540 h of field capture, 1131 fe-
males (34.91%) and 2109 mal es (65.09%) were collected in
atotal of 3240 phlebotomine specimens. Thedistribution
of species per month and sex isshown in Table |, aswell
as the percentua distribution of each, considering both
sexes. Thefollowing specieswere captured: Brumptomyia
avellari (CostaLima1932), L. capixaba Dias, Falcéo, Silva
& Martins 1987, L. cavernicola (Costa Lima 1932), L.
intermedia (Lutz & Neiva 1912), L. ischnacantha Mar-
tins, Souza & Falcdo 1962, L. lenti (Mangabeira1938), L.
longipalpis(Lutz & Neiva1912), L. migonei (Franga1920),
L. peres (Mangabeira1942), L. quinquefer (Dyar 1929), L.
renel (Martins, Falcdo & Silval957), L. sallesi (Galvéao &
Coutinho 1939), L. sordellii (Shannon & Del Ponte 1927),
L. termitophila Martins, Falcdo & Silva 1964, L.
trinidadensis (Newstead 1922), and L. whitmani (Antunes
& Coutinho 1939). L. longipalpis was the predominant

Fig. 1: map of Porteirinha, state of Minas Gerais (Brazil) with identification of its districts and localization of the sites of phlebotomine

captures (M)



TABLE |
Phlebotomine sandflies captured with CDC trap in Porteirinha, state of Minas Gerais, according to species and sex (January 2000 - December 2001)
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species performing 71.85% of the total of phlebotomine
sand flies captured.

Monthly distribution of species per sex and per dis-
trict of capture is depicted in Table I1. The highest num-
bers of specimens were collected at the districts of Sao
Judas(1249), VilaUni&o (700), and Renascenca (639). The
maleto femaleratio wasroughly 2:1in most districts.

In a preliminary analysis by best subsets regression
of the 3 main climatic factors over the number captured
specimens (Table I11), rainfall was the most significant
variable (data not shown). Further analysis by backward
stepwise regression demonstrated that the relative hu-
midity was also important (Fig 2.). Based on the experi-
mental data, the relationship between the number of
phlebotomine collected and the 2 interfering climatic vari-
ables (rainfall and humidity) could be represented by the
mathematical equation

A=438.784+0954B-6.434C

where A is the number of phlebotomine sand flies col-
lected, B isthe average monthly rainfall index, and Cisthe
average monthly relative humidity. The multiple correla-
tion coefficient (R) calculated for thisequation was 0.687,
that means a good adequacy of the mathematical model
to the experimental data. The effect of the third climatic
variable available (temperature) was negligible, not add-
ing significantly to the ability of the equation to predict

the number of phlebotomine sand flies collected. There-
fore, thisvariable was not included in the model.

The mathematical equation was applied to the present
study in order to predict the number of phlebotominethat
one might expected to have collected in January and Feb-
ruary of 2001 (missing data), based on the climatic condi-
tions of each month. The estimated numbers of phle-
botominewould be 133 and 113 for January and February,
respectively. These theoretical data were represented in
Fig. 2, to allow acomparison with the experimental data.

The number and percentage of phlebotomine collected
per regionislistedin Table1V, aswell asthe human cases
and the prevalence of canine AVL in the period of the
study (Franga-Silva2003). The majority of human cases,
10 and 4 respectively, werereported in VilaUni&o and S&o
Judas, where the prevalence of canine AVL ishighand a
significant percentages of sand flies (21.61% and 38.54%
respectively) were captured. Such a coincidence was not
observed in the district of Renascenca, where ahigh pro-
portion of sand flies was observed but no human cases
werenotified.

DISCUSSION

Descriptions of phlebotomine fauna and studies on
the behaviour of some phlebotomine species have been
the subject of several investigations (Andrade-Filho et
al. 1997, Mayo et al. 1998, Rebélo et al. 2001). Thesein-

TABLEI

Distribution of phlebotomine specimens collected per district, sex, and month, in the municipality of Porteirinha, state of Minas
Gerai's, between January 2000 and December 2001

District

Year Month Renascenca Séo Judas S8 Sebastido  VilaKennedy VilaSerrandpolis  VilaUni&o  VilaVitoria
m f m f m f m f m f m f m f

2000 Jan 13 3 68 16 2 2 0 0 0 0 4 7 0 2
Feb 12 3 115 35 1 3 1 0 10 9 10 7 2 2

Mar 3 7 90 34 0 0 0 0 0 2 2 1 0 2

Apr 1 5 23 21 0 2 0 0 0 3 6 16 1 8

May 21 14 26 17 10 6 6 0 0 0 36 13 3 4

Jun 7 6 5 2 0 3 1 5 0 0 11 9 2 0

Jul 29 8 9 12 6 0 2 0 1 0 7 7 4 2

Aug 25 11 20 19 9 4 3 2 2 2 41 7 7 7

Sep 47 15 15 4 4 1 4 0 1 3 7 5 4 5

Oct 65 27 50 30 14 3 6 5 5 4 15 14 4 6

Nov 27 13 104 30 1 2 1 1 1 0 8 2 7 4

Dec 2 0 37 33 0 0 0 0 0 3 4 8 3 4

2001 Jan - - - - - - - - - - - - - -
Mar 92 24 12 5 2 2 3 1 6 3 5 6 9 3

Apr 2 3 4 4 0 3 0 0 1 1 6 6 2 3

May 4 2 4 1 3 1 1 0 0 0 11 2 0 3

Jun 4 5 12 8 4 1 1 0 3 3 43 16 10 8

Jul 2 2 27 10 5 5 0 1 9 6 74 15 7 10

Aug 10 15 22 7 6 3 1 3 2 2 43 18 4 4

Sep 19 13 17 11 4 6 1 0 5 5 35 23 9 8

Oct 16 12 36 34 7 1 2 6 7 16 46 2 5 3

Nov 5 4 74 23 2 2 2 0 70 14 19 23 6 3

Dec 32 8 76 47 19 7 0 2 13 25 29 31 6 12

Tota 438 201 846 403 99 57 35 26 136 101 462 238 95 103

m: male; f: female
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TABLE Il
Climatic conditions in Porteirinha, state of Minas Gerais,
between January 2000 and December 2001 ™
Average Relative Rainfall
Month temperature humidity mm .
oc % g
1 25.1 73.0 2243 | . L
2 26.0 65.1 120.0 ] = &
3 259 65.7 1116 £ x !"
4 255 57.4 02 = S Y
5 24.1 52.3 0 5 1M
6 230 48.1 o 5§ ‘-l‘.
7 22.8 49.3 0 & .
8 24.0 43.7 0 § U
9 24.9 47.7 111
10 27.4 40.7 52.8 : -
11 26.0 63.7 129.5 x o
12 25.4 77.0 248.7 - n F
13 25.7 60.7 89.1 s
1‘51' %g 222 é?g Fig. 2: dispersion plot (XY2Z) of the number of phlebotomine col-
: : : lected as a function of the interfering climatic data (rainfall and
16 26.3 52.0 8.6 humidity) in Porteirinha, state of Minas Gerais, Brazil. The experi-
17 25.9 54.0 156  menta points are represented by circles filled in black. The corre-
18 23.7 515 0 lation between the three variables was represented by the equation
19 23.2 50.0 0 A = 438.784 + 0.954 B — 6.434 C, where A is the number of
20 24.0 44.3 0 phlebotomine sand flies collected, B is the rainfall index, and C is
21 26.1 43.4 a1 the relative humidity. A multiple correlation coefficient (R) of
22 26.4 545 51.2 0.687 was found for this model. The two white circles represent the
23 25.8 67.2 2 45' 1 predicted number of phlebotomine that would be expected to be
: : : collected in Porteirinha in the two months lacking these data (Janu-
24 26.0 64.8 258.5 ary and February of 2001).
TABLEIV

Number of phlebotomine sand flies collected, human cases of American visceral leishmaniasis (AVL), and prevalence of canine
AVL per district in Porteirinha, state of Minas Gerais

Phlebotomine Human cases Prevalence of

District Number % of AVL 2 canineAVL P (%)
Renascenca 639 19.72 0 117

S&o Judas 1249 38.54 4 1.28

S&o Sebastido 156 481 0 131
VilaKennedy 61 1.89 0 0.75
VilaSerrandpolis 237 7.31 2 0.50
VilaUnido 700 21.61 10 1.55
VilaVitéria 198 6.12 2 0.99

Total 3240 100.00 18 -

a: reported cases, b: average prevalence from January 2000 to December 2001 (Franga-Silva2003)

sects are found frequently in natural ecotopes such as
tree trunks, animal burrows, dead leaves, rock clefts
(Aguiar et al. 1985, Alexander et al. 1992, Azevedo et al.
1993) aswell asin rura and urban environments nearby
domestic animal shelters and human houses.

Although in the beginning AVL was a sylvatic dis-
ease, characteristic of rural environments, its expansion
and urbanization was long foreseen (Deane & Deane
1956). As the main causes we have the environmental
modifications by man such as deafforestation, reduction
in the number of sylvatic animals and providing humans

and domestic dogs as aternative feeding sources for the
vector, plus the migration of people from endemic rural
areasto city peripheries (Funasa2002). Recent data con-
firm the urbanization of AVL in cities of median and great
sizesinBrazil (Monteiro et al. 1994, Silvaet a. 2001). Ac-
cording to Marzochi and Marzochi (1994) and to Santa
Rosa (1997) the main condition for transmission in these
new environments is the adaptation of the vectors. This
adaptation process seems to be ongoing in Porteirinha,
wherethe highest frequency of phlebotomine occurredin
those districtsthat have been devastated, forming islands
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of isolated vegetation (capons) and where the houses are
placed, in most cases, in the confluence of downward
slopes of mountains (gulfs). These areas are represented
by the districts of Sdo Judas, Vila Unido (21.61%), and
Renascenca, where the phlebotomine sand flies are present
in high numbers, performing 38.54%, 21.61%, and 19.72%
of the total number of specimens captured (Table V).

The higher proportion of males in the captures with
CDC traps could be explained by a natural behaviour, in
which the malesfollow the femal esto assurefertilization
during their displacements. Similar data were observed
by Domingoset al. (1998) for L. intermedia. Theinterfer-
ence of climatic factors on phlebotomine populations has
been studied before by other authors. Feliciangeli (1987)
demonstrated that rainfall levelsand the consequent rela-
tive humidity were the most important variables in the
seasonality of some species of phlebotomine in an en-
demic focus of cutaneous|eishmaniasisinVenezuela. On
the other side, the combination of temperature and hu-
midity influenced strongly the population of phlebotomine
invarious habitatsin the Panama Canal zone (Rutledge &
Ellenwood 1975). In Porteirinha, the temperature did not
show amajor effect, probable because of its maintenance
between 23° and 28°C throughout the two-year period,
with no drastic variations. Therainfall and the humidity,
however, were decisive in the populational dynamics of
the sand flies. The correlation between the number of sand
flies captured and these two variableswas expressed by a
mathematical model, supported by a significant correla-
tion coefficient (Fig. 2). Thismodel was successfully tested
herefor atheoretical prediction of the expected number of
sand flies in two months of the study where no captures
could be performed. The availability of suchamodel ina
given area could be advantageous in Public Health. For
instance, acomparison between the expected popul ation,
based on a previously determined model for agiven area,
versusthe actual population under known climatic condi-
tions, could be useful to evaluate the effectiveness of
health measures.

The presence of L. longipalpis in high numbers, as
observed over the two-year period of our study, assures
the presence of the vector and the maintenance of the
local transmission of AV L in Porteirinha, wherereservoirs
(dogs) and hosts (humans) are aso present.
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