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Abstract

The objective of this study was to perform an epidemiological survey to determine the areas at risk of visceral
leishmaniasis through the detection and quantification of natural infection by Leishmania infantum in Lutzomyia
longipalpis. The sandflies were captured between February 2009 and January 2010, at 21 sites in four regions of the
Fortaleza municipality. Samples were screened for the presence of Leishmania DNA by Real Time PCR (qPCR),
amplification of kDNA minicircle sequence. Out of the 123 pools of analyzed sandflies, 45 were positive for L.infantum,
and the minimum infection rate was 3.7%. In the north, south, east and west regions, the pool screen assay predicted
sand-fly infection prevalence of 3.4%, 4.7%, 4.9% and 8.4%, respectively. The parasite load ranged from 2.45 + 0.96 to
2,820,246 + 106,072. No statistical differences were found with respect to the frequency of sand-fly infection between
the regions (P=0.3014), seasons (P = 0.3906) or trap locations (P = 0.8486). Statistical differences were found with
respect to the frequency of sand-fly infection between the two seasons only in the west region (P=0.0152). The qPCR
was able to detect and quantify L. infantum in L. longipalpis, therefore succeeding in identifying the areas of greatest
risk of VL transmission.
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Resumo

O objetivo foi realizar um estudo epidemioldgico para determinar as dreas de risco de transmissao de leishmaniose
visceral pela detecgio e quantificagio de infeccdes naturais por Leishmania infantum em Lutzomyia longipalpis. As
coletas foram realizadas entre fevereiro de 2009 e janeiro de 2010 em 21 locais, distribuidos em quatro regides do
municipio de Fortaleza. As amostras foram testadas quanto a presenca de DNA de Leishmania por PCR em tempo real
(qPCR). Dos 123 pools de flebotomineos investigados, 45 foram positivos para L. infantum, e a taxa de infecgio minima
foi de 3,7%. Nas regioes Norte, Sul, Leste e Oeste, a prevaléncia de flebotomineos infectados foi de 3,4%, 4,7%, 4,9%
e 8,4%, respectivamente. A carga de parasitas nos pools variou de 2,45 + 0,96 a 2.820.246 + 106.072. Nao foram
observadas diferencas significativas na frequéncia de flebotomineos infectados entre as regiées (P = 0,3014), estagio do
ano (P = 0,3906) ou localizacio da armadilha (P = 0,8486). Foram observadas diferencas significativas na frequéncia
de flebotomineos somente na regido oeste durante a estagio chuvosa (P = 0,0152). A qPCR foi capaz de detectar e
quantificar L. infantum em L. longipalpis, identificando as dreas de maior risco de transmissio de leishmaniose visceral.
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Introduction

Visceral leishmaniasis (VL) constitutes a public health problem
that affects millions of people throughout the world (DESJEUX,
2004). In South America and Europe, the causative agent of VL is
Leishmania (Leishmania) infantum, a protozoan parasite transmitted
by sandflies of the genus Luzzomyia in the New World and the genus
Phlebotomus in the Old World, which are both widely distributed
in both wild and domestic surroundings (KILLICK-KENDRICK,
1999). In South America the domestic dog is the main reservoir in
urban areas, and the sylvatic hosts are foxes (Lycalopex vetulus and
Cerdocyon thous), opossums (Didelphis spp.) and rodents (Rattus
rattus), but confirmation of these hosts as primary or secondary
reservoirs requires further xenodiagnosis studies at the population
level (QUINNELL; COURTENAY, 2009).

Determining the rate of infection of sandflies by Leishmania spp.
is an important tool for epidemiological studies of leishmaniasis
and vector competence (SOARES et al., 2010). The classic method
used to identify the parasite in the sandflies’ gut is the dissection
of the digestive tract, followed by direct microscopic examination.
However, a limitation of this technique is the difficulty associated
with the processing of a large number of specimens (PEREZ et al.,
2007). The advantage of dissection should also be mentioned, i.c.,
the detection of developmental infectious stages with recording of
metacyclic forms in the foregut (SADLOVA et al., 2011).

Recent studies of natural infection and parasite-host interaction
have used real-time PCR (qPCR), a technique capable of
quantifying the parasite load (GOMEZ-SALADIN et al., 2005;
RANASINGHE etal., 2008; BEZERRA-VASCONCELOS et al.,
2011). Although the molecular methods have the disadvantage
of not being able to detect the parasite’s viability, since DNA
detection cannot be distinguished between flourishing and abortive
gut infections with dead organisms (CUVILLIER et al., 2003).

Insect-vector disease prevention is very difficult in practice,
especially when associated with the existence of domestic and
wild reservoirs and environmental aspects (GONTIJO; MELO,
2004). The quantification of Leishmania spp in sandflies may
be important in the analysis of the epidemiological differences
observed between foci of VL and a view to the application of vector
control measures MONTOYA-LERMA et al., 2003). Thus, the
objective of this study was to perform an epidemiological survey
to determine the areas at risk for VL through the detection and
quantification of Leishmania infantum in Lutzomyia longipalpis
in an endemic area in Northeastern Brazil.

Materials and Methods

Study area

The city of Fortaleza (03° 43’017 S, 38° 32’ 34” W) is located
on the Atlantic coast and occupies an area of 315 km? in the
southern part of the state of Ceard. The estimated population
in 2010 was 2,452,185 inhabitants, with a population density
of approximately 7786.52 persons per km? (IBGE, 2011). The
climate is tropical and hot, with an average annual temperature
of 26°C. The average rainfall is 1,600 mm, and the heaviest rains
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are concentrated between February and May. The months of
December and January are the warmest, and July the coldest. The
vegetation is typical of the coastal area, with mangrove forests and
“restinga’. The vegetation in the city is diverse, but includes many
fruit trees IBGE, 2011).

Method of capture and trap locations

The capture sites were chosen to cover 21 neighborhoods,
in the four urban regions (north, south, east and west) of the
city of Fortaleza (Figure 1). One trap was placed inside, another
outside each dwelling and, where possible, anotherone close to a
neighboring domestic animal shelter. All sampling sites showed
abundant vegetation, mainly fruit trees. Regarding the presence
of domestic animals, dogs and birds were found at most collection
points, particularly in the south. The selection of neighborhoods
was based on the occurrence of human cases of visceral leishmaniasis
reported in the years from 2005 to 2009. The captures were carried
out from 6 pm to 6 am for four consecutive nights each month,
from February 2009 to January 2010, using CDC-type light traps
(SUDIA; CHAMBERLAIN, 1962).

Identification and organization of phlebotomine
samples

After the captures, the sandflies were killed with cottonwool
balls soaked with ethyl acetate. The identifications were based
only on external morphology, i.e. wings, head and flagellomere
(YOUNG; DUNCAN, 1994). The specimens were analyzed
by qPCR, using the entire insect (PAIVA et al., 2007). The
L. longipalpis females, both unfed and blood-fed, were grouped
in 10 specimen pools based on the capture region (north, south,
east and west), trap location (indoors or outdoors) and season of
year (dry or wet). Samples of the dry season were collected from
February to June 2009 and in January 2010, but the sandflies of
the wet season were captured between the months of July and
December 2010. Three samples of 30 male sandflies were used to
create the standard curve for L. longipalpis gene amplifications.
All samples were preserved in tubes containing isopropanol and
stored at —20°C until DNA extraction.

Real time PCR

The qPCR assay was performed according to the protocol
suggested by Bezerra-Vasconcelos et al. (2011). The specificity
of each reaction was ascertained after the completion of the
amplification protocol, by performing melt curve analysis (55-
95°C, initiating fluorescence acquisition at 55°C and taking
measurements at 10-second intervals until the temperature reached
95°C). There were two negative controls with male sandflies and
without DNA templates.

Leishmania strains

Two Leishmania strains were used to establish standard curves
for kDNA amplification and to access the primer specificities. The
L.infantum strain (MHOM 46/LC/HZ1) was cultured according
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Figure 1. Location of the city of Fortaleza, Ceard State, Brazil. Dotted lines mark the regions with the neighborhoods (gray areas) from which

the sandflies were collected.

to Bezerra-Vasconcelos et al. (2011). Counts were made in triplicate
for a total of six counts, with a mean + standard deviation of
8.056 + 0.08 x 10° parasites per pellet. The L. braziliensis strain
(MHOM/BR/01/BA788) was cultured according to Oliveira et al.
(2004). The counts were made in triplicate for a total of six
counts, with a mean # standard deviation of 8.004 x 10° + 0.008
parasites per pellet. The remaining pellets were stored at —20°C
until DNA extraction.

DNA extraction

About 20% of the females collected were subjected to DNA
extraction and gPCR. Additionally, the minimum number of pools
was 3 per region, trap location and season. DNA was extracted
using the Wizard SV Genomic DNA Purification System Kit
(Promega Corporation, USA). Briefly, samples were macerated
and incubated overnight at 55°C in a digestion solution containing
20ul proteinase K, 50l EDTA and 5ul RNase A. After the cell
debris was removed by centrifugation (4000 x g), the samples
were transferred to spin columns and eluted in 100 ml of water.
Only the first elution was used in the qPCR.

Primers

For amplification of the Leishmania KDNA gene (a minicircle
sequence for kDNA) and the L. longipalpis V-ATP gene (for
V-ATPase protein), we used the primers pairs described by Bezerra-
Vasconcelos et al. (2011). To identify the species Leishmania, we
used the L. infantum MTHD gene (for methylenetetrahydrofolate
dehydrogenase-like protein) and L. braziliensis RNase 111 gene (for
RNase I1II domain), described by Peacock et al. (2007) (Table 1).

Initially all the pools were tested using the Leishmania KDNA
gene. Only the positive pools with more than 10 parasites were
analyzed for L. infantum, using the MTHD primers. The proportion

of infected sandflies and parasite loads are derived from qPCRs
using the kDNA primers. The quantification pools with more
than 10 parasites (i.e. 100 parasites in the pool of 10 sandflies)
were made in triplicate.

Analysis of qPCR data

The threshold and threshold cycle (C) values were automatically
determined by Realplex 2.2 software (Eppendorf), using default
parameters. The specificity of the reaction was determined by the
analysis of the melting curves. The C_and melting temperature
(T ) were expressed as the mean + standard deviation of three
measurements. To establish standard curves, serial dilutions of
L. infantum and L. longipalpis DNA were subjected to qPCR
amplification. The standard curves were also used to determine
the detection limit of the assay and to assess the linearity (R?)
and the efficiency (E) of the qPCR amplifications. The efficiency

-9 _ 1, where

was determined according to the equation E = 10¢
S was the slope of the standard curve generated from tenfold
serial dilutions of purified parasite or sand-fly DNA. The mean
C, values for the samples were interpolated using the standard

curves generated during the amplification of the Leishmania genes.

Detection of parasites

The high parasite load was considered from 10 parasites
per pool (i.e. 100 parasites in the pool of 10 sandflies), and
low load up to 10 parasites per pool (KIMBLIN et al., 2008;
SECUNDINO et al., 2012).

Calculations and statistical analysis

The parasite load was determined by kDNA absolute
quantification. Thus, the number of parasites present in 10 sandflies



58 Rodrigues, A.C.M. et al.

was calculated by interpolation of the average Ct value in the
kDNA standard curve plotted with L. infantum strains.

Since the specimens were pooled, a minimum infection rate
(MIR) for the insects was calculated as: MIR = number of positive
groups x 100/total number of insects (PAIVA et al., 2006). Samples
were considered positive for parasite load starting at 1 parasite
per pool. Statistical analysis was performed using SPSS V19. The
Fisher exact test at a significance level of 5% was used to compare
the proportion of infected flies by the parasite among regions,
seasons and trap locations. The Bonferroni test was used to verify
the presence of false negatives between the regions.

The prevalence of infection in the population was then
determined using the pool screen assay developed by Katholi et al.
(1995). The pool screen assay provides estimates of the prevalence
of infection in the vector population, based on the pool’s size,
the number of pools examined, and the number of negative pools

(Table 2).

Results

Sensitivity and specificity of the reaction

The specificity of gPCR amplification to detect and quantify
Leishmania spp. parasites in sandflies was demonstrated using
only one strain of each species. The MTHD, RNase III and
kDNA primers showed similar specificity in amplifying one
melting peak per gene only in the presence of Leishmania DNA.
L. longipalpis DNA did not interfere with kDNA, MTDH and
RNase III genes amplifications. V-ATP primer also showed similar
specificity, producing one melting peak only in the presence of
L. longipalpis DNA. Additionally, no amplicons were observed in
the negative controls. Amplicon detection was linear over a seven
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log-fold range of Leishmania DNA concentrations and the assay
allowed us to accurately detect as few as 0.46 fg of parasite DNA
corresponding to 0.008 L. infantum. Amplification targeting the
V-ATP gene was linear over a five log-fold range of L. longipalpis
concentrations. The amplification efliciencies for kDNA and
V-ATP genes were found to be high and constant with a strong
correlation coefficient over the concentration/dilution range studied.
The final concentrations of parasite DNA/reaction ranged from
80.560 to 0.008, whereas the amount of sand-fly DNA/reaction
ranged from 0.3 to 0.00003.

Quantification of parasite load in L. longipalpis

The total numbers of analyzed specimens were 480, 450, 180
and 120, originated from the north, south, east and west regions,
respectively. Natural infection by L. infantum was detected in
45 pools, the minimum infection rate was 3.7%. 14/45 positive
samples showed high parasite load, between 118.9 + 1.4 to
2,820,246 + 106,072 parasites per pool (Table 3). 31/45 had
low parasite load, among 2.45 + 0.96 to 10.57 + 5.98 parasites
per pool (Table 4). No sand-fly was infected with L. braziliensis.

Table 2 presents the prevalence of L. infantum infection in the
five collection points, as determined by qPCR screening of pools.
In the north, south, east and west regions, the pool screen assay
predicted a prevalence of 3.4%, 4.7%, 4.9% and 8.4%, respectively.
Analysis of the prevalence confidence intervals demonstrated that
there were no statistically difference from one another (P>0.05).

Regarding distribution of L. longipalpis samples analyzed for
L.infantum infection, no statistical differences were found with
regards to sand-fly infection between the variables analyzed.
Thus, the infection is not dependent on the regions (P=0.3014),
season (P=0.3900) or trap location (P=0.8486). The Bonferroni
correction verified there was no false negative among the regions.

Table 1. Oligonucleotides used to amplify Leishmania infantum, Leishmania braziliensis and Lutzomyia longipalpis genes in real-time PCR assays.

Gene Organism Accession number Primer sequence (5’- 3°) Product size (bp)
kDNA Leishmania spp. AF103738* CTCCGGGTAGGGGCGTTC 122
GCCCTATTTTACACCAACCCC
V-ATP L. longipalpis EF156436 ACGTGACGAGCAAGCAGGGG 107
GCCGAGATCGTCCGACAGGC
MTHD L .infantum chagasi XM_001465516 ACCCCCACCACCCTGCTGTT 76
GCAGCGCGAGTACCCAAGCA
RNase 11T L. braziliensis XM_001565061 GGTGGCAGCGACCACGAAGA 147

GGCCTTGGCGAGAGTGGCAG

“The primers were designed from multiple alignments of L. infantum chagasi (AF103738, AF169138, AF103739, AF169137, AF169132, AF308682) minicircle

sequences for kDNA.

Table 2. Calculated prevalence of Leishmania infantum in Lutzomyia longipalpis populations by pool screen.

Region Pool screen assay
Number examined Pool size Number of pools Positive pools Prevalence*
North 480 10 48 14 2.2-3.4-21.1
South 450 10 45 17 3.2-4.7-26.1
East 180 10 18 7 2.2-4.9-20.7
West 120 10 12 7 3.7- 8.4-25.2

*The center number in bold type represents the estimated prevalence, and the flanking values represent the 95% confidence interval of the prevalence estimate.
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Table 3. Leishmania infantum quantification in high burden sand fly samples.

Region Season Trap Sample number Parasite load
(mean * s.e.m.)*
North Wet Indoors 30 901.7 + 68.8
Wet Outdoors 3 5423 +11.9
South Wet Indoors 76 1189+ 1.4
68 314,681.8 + 23,645
64 2,475,153.4 + 37,573
Outdoors 91 1,353,696.3 + 19,129
Dry Indoors 100 520.3 + 28.4
101 3,565.9 + 139.4
Outdoors 105 261.0 + 8.8
103 82,056.2 + 4,471
East Wet Indoors 109 7,337.7 + 452.0
107 69,479.7 + 590.8
Outdoors 112 387,556.1 + 13,038
West Wet Indoors 125 2,820,246.0 + 106,072

*Mean of triplicate qPCR reactions.

Table 4. Leishmania infantum quantification in low burden sand
fly samples.

Region Number of samples Parasite load
Analized Positive (%) (mean * s.e.m)*
North 48 12 (25.0) 2.45 + 0.96
South 45 9 (20.0) 10.57 £ 5.98
East 18 4(22.2) 7.10 + 4.88
West 12 6 (50.0) 477 +1.36
Total 123 31 (25.2) 5.86 +1.91

*Mean of positive samples with low burden analized by qPCR.

No statistical differences were found (P>0.05) when analyzing
the presence of L.infantum in sand-fly by trap location (indoors
or outdoors) and by region.. Over the rainy and dry seasons there
was no statistical difference in relation to sand-fly infection in
the north, south and east regions. Only the west region showed
statistical difference with a higher number of positive pools during
the rainy season (P< 0.05).

Discussion

The present work reports the use of real-time PCR assays for
the detection and quantification of L. infantum in sandflies. The
identification of Leishmania species circulating in a particular
transmission focus is extremely important, especially when the
goal is to study the epidemiology of the disease. It is known
that the etiologic agent responsible for VL in the New World
is L. infantum, but different regions of Brazil are endemic for
both tegumentary leishmaniasis (TL) and VL (SCHALLING;
OSKAM, 2002). For species identification, primers targeting the
genomic DNA of L. infantum and L. braziliensis were used. For
L. infantum, we used primers targeting MTHD. This enzyme is
responsible for the synthesis of the thymidylate molecule, which
is required for the parasite’s metabolic function o (NARE et al,,
1996). For L. braziliensis, we used primers targeting RNase III,

which is involved in the degradation of double-stranded RNA
and messenger RNA and in the processing of some ribosomal
RNAs (SIMPSON et al., 2004).

The quantification of the parasite load in positive samples was
performed using primers targeting the kDNA of Leishmania spp.
The estimation of the parasite load in the vector is more sensitive
and reliable when using primers targeting kDNA, most likely
due to the large number of copies of this DNA in the parasite
minicircles (approximately 10,000 copies) (MARY et al., 2004;
PRINA et al., 2007; BEZERRA-VASCONCELOS et al., 2011).
Nicolas et al. (2002) reported a sensitivity of 100 fg DNA/reaction
for the qPCR assay used to monitor Leishmania spp infections in
mice. Bezerra-Vasconcelos et al. (2011) obtained a sensitivity of
0.23 fg DNA, equivalent to 0.004 parasites/reaction.

According to Anderson and May (1978), the distribution of
the parasite load in the host is of the overdispersed type, with
many hosts harboring few parasites and few hosts harboring many
parasites. The number of parasites per phlebotomine is of great
importance for the transmission of VL and the establishment of
infection. However, the parasite burden measured in the pools
should be interpreted carefully because the parasite burden may
be different in each infected female, and the level of individual
infection can affect the total parasite burden in the pool. For
example, a high parasitic load in a particular sample could be due
to the presence of one or more infected specimens (BEZERRA-
VASCONCELOS et al., 2011). Secundino et al. (2012) established
a model of transmission through the L. longipalpiss bite and
concluded that the infective dose of L. infantum for a single
bite may vary from 10 to 10,000 parasites per sand-fly, with
approximately 75% of the sandflies transmitting fewer than 300
parasites. The results of this study show that for most samples,
the number of parasites was less than 300.

The study of leishmaniasis epidemiology depends on the correct
identification of vector species that occur in endemic areas to
allow the estimation of the number of infections due to different
species of Leishmania. Studies have been conducted in endemic
areas using the dissection of sandflies and the identification of the
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parasite or molecular techniques to detect Leishmania spp DNA
(PEREZ et al., 1994). Molecular techniques, such as qPCR, are a
sensitive diagnostic method because they allow the DNA detection
corresponding to 0.004 parasites per reaction (BEZERRA-
VASCONCELOS et al., 2011). However, only dissection can
confirm that parasites undergo maturation towards infective forms
and are not eliminated after defecation (SVAROVSKA et al., 2010).

In the present study, the rate of natural infection was similar to
that determined by Goméz-Saladin et al. (2005), used qPCR and
reported an infection rate of 2.9% in sandflies collected in Italy. In
Brazil, the estimated infection rate was 0.2% in Bahia (SHERLOCK,
1996), 2.6% in Mato Grosso do Sul (NASCIMENTO et al.,
2007) and 3.9% in Minas Gerais (MICHALSKY et al., 2011).

The rainy season yielded the highest number of positive
samples; however, the difference between the rainy and dry
season was not significant except in the west region. This trend
for the greater prevalence of L. longipalpis in the rainy season was
previously observed in the 1960s in semi-arid areas in northeastern
Brazil. In endemic areas for VL, such as the states of Ceard and
Bahia, the L. longipalpis populations increased in the rainy season
(SHERLOCK; GUITTON, 1969). However, in other areas,
this pattern can change. In eastern Costa Rica, an area with
warm weather and low rainfall that is endemic for VL, similar to
the northeast of Brazil, the highest abundance of L. longipalpis
occurs in the dry season (ZELEDON et al., 1984). According
to Oliveira et al. (2013), L. longipalpis can be found during each
month of the year, although the presence of a large number of
sandflies coincides with the periods before and after the rainy
season. However, in other states of Brazil, such as Mato Grosso
do Sul, Maranhio and Minas Gerais, there are more sandflies
during the rainy season (GALATT et al., 1997; REBELO, 2001;
RESENDE et al., 20006). Probably, the high prevalence of infected
sandflies in the rainy season is correlated to social-environmental
factors in the west region of the city of Fortaleza. This region is
cut by the Maranguapinho river ,with an extensive wooden part.
Furthermore, it is a poor area of the city with a high number of
human and canine cases of VL, factors that may contribute to the
emergence of sandflies (FERNANDEZ et al., 2010).

VL is an endemic in the state of Ceard since 1930, where
cases were reported for the first time. In 2009, 787 cases were
reported, with 432 confirmed cases and 16 deaths. The largest
number of reported cases was in Fortaleza (194), considered an
area of intense transmission, according to the Brazilian Ministry
of Health (CEARA, 2012).

The difference in the number of positive samples between those
collected indoors and those collected outdoors was not significant.
This result differed from the results found by Silva et al. (2008),
in the state of Mato Grosso do Sul, where a greater number of
positive samples were found indoors.

The pool screen assay is capable of detecting a single infected
individual in a pooled sample (KATHOLI et al., 1995). Furthermore,
the use of the pool screen assay makes it possible to determine the
prevalence in a given area with a limited investment of human
and material resources. Thus, this technique may be a valuable
tool for the surveillance activities to be conducted in the area.
Furthermore, the pool screen assay is an efficient means to screen

large numbers of infected flies (YAMEOGO et al., 1999).
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Based on these results, we can infer that the use of qPCR for
the detection and quantification of L. infantum in sand-fly pools
succeeded in detecting the region and the season with the highest
number of infected sandflies. Additionally, this detection may be
useful in targeting risk areas and implement control strategies,
which are: diagnosis and treatment of human cases, identification
and elimination of reservoirs, vector control, and health education.
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