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Abstract

Classic and molecular (polymerase chain reac-
tion — PCR) techniques were used to diagnose
American cutaneous leishmaniasis in 149 dogs
from an area in the northwest of Parand State,
Brazil, where an American cutaneous leishmani-
asis outbreak occurred in 2002. The results were
compared to a set of previously obtained results.
Twenty-five dogs had positive indirect immu-
nofluorescence (IIF) (titers > 40), including two
animals with suggestive lesions. The percent-
age of dogs with positive IIF was similar to that
found in a previous study. The cultures of the le-
sion, blood and bone marrow were negative for
Leishmania. A direct search for the parasite in
the lesions proved negative, although PCR tests
were positive. The PCR did not detect the DNA of
Leishmania (Viannia) in the blood, even for those
that had positive PCR in a previous study. The
follow up of the 27 dogs showed that the majority
of them had maintained the same levels of an-
tibodies that had been detected previously. There
was a reduction in the number of dogs with le-
sions, probably due to the transmission control
measures that were adopted after the outbreak.
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Introduction

Leishmaniasis is a serious public health problem
across the world, with approximately 350 million
people living under the risk of contracting one of
the forms of the disease. It is estimated that there
are 12 million cases of leishmaniasis in 88 coun-
tries, 72 of them developing countries, and an
annual growth of 1.5 million new cases 1. Around
90% of cases of cutaneous leishmaniasis occur
in Iran, Afghanistan, Syria, Saudi Arabia, Brazil
and Peru, and more than 90% of cases of visceral
leishmaniasis occur in Bangladesh, Brazil, India
and the Sudan 1.

In Brazil, the prevalence of American cutane-
ous leishmaniasis has been increasing in every
state for the last 20 years, with an annual occur-
rence of 20,000-25,000 cases since 1987 2. In the
period from 1980 to 2005, of the 13,486 cases
registered in the southern region of the country,
13,316 (98.7%) occurred across the north and
west of the state of Parand 34, showing the en-
demic nature of the disease, which attacks peo-
ple of both sexes and from all age ranges 5.

Despite the fact that American cutaneous
leishmaniasis was originally associated with for-
est environments, urbanization and deforesta-
tion have led to an adaptation of the transmis-
sion cycle to the peri-domiciliary environment 6.
In American cutaneous leishmaniasis-endemic
areas, it has become common to encounter in-
fected dogs 7, which suggests that they can serve
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as reservoirs of Leishmania 6. The circumstantial
evidence that suggests that dogs act as hosts of
American cutaneous leishmaniasis is based on
the fact that Leishmania isolates from humans
and dogs are identical, and that the risk of in-
fection in dogs correlates with the risk of infec-
tion in humans 6. In Brazil, natural infections of
domestic dogs by L. (Viannia) braziliensis have
been documented in regions affected by the peri-
urban transmission of cutaneous leishmaniasis 8.
In the northwest region of the state of Parand,
both dogs infected with L. (V) braziliensis 910 and
dogs with positive serology for American cutane-
ous leishmaniasis 11,12 have been detected.

Serological tests are used in epidemiological
studies to detect infected dogs. As American cu-
taneous leishmaniasis is often asymptomatic in
these animals, clinical and parasitological meth-
ods of diagnosis lack sensitivity 6. However, the
sensitivity and specificity of serological tests vary
considerably, and it is believed that they under-
estimate the true prevalence of the disease. The
polymerase chain reaction (PCR) technique is
starting to be used as an extra diagnostic tool for
canine American cutaneous leishmaniasis 13 and
has proved to be more sensitive than other diag-
nostic methods, including culture, direct search
and inoculation into hamsters 14.

The aim of this paper is to carry out an epi-
demiological investigation into American cuta-
neous leishmaniasis in dogs living in a rural set-
tlement in the northwest of the State of Parana,
three years after an outbreak of the disease in
humans and dogs, and to compare the data to
that obtained in studies carried out previously in
the same area.

Materials and methods
Area of study

The study was carried out in the rural settlement
of Nossa Senhora Aparecida and in the district of
Sao Luiz, located in the municipality of Mariluz
(24000’ S and 53010’ W), in the Northwest Me-
soregion of Parand State, Brazil, which has an
area of 391.53km?, an altitude of 500 meters and
is 594km from Curitiba, the state capital. It has
a humid mesothermic subtropical climate, with
a mean temperature of 22°C in the summer and
less than 18°C in the winter.

Design of the study

The rural settlement is divided into 256 lots, and
all dogs from 68 lots were included in the study
according to the following criteria: (a) lots where
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confirmed cases of human and canine American
cutaneous leishmaniasis had occurred, (b) lots
close to remaining forest reserves and (c) dogs
with lesions. The study was carried out in July
2005.

For every house visit, an epidemiological in-
dex card relating to each animal was filled out.
The information on the card included the own-
er’s name and address, and information about
their dogs (origin, length of residence, sex, breed,
approximate age, previous examinations and
type of material collected). Each owner was in-
formed about the objectives of the research, and
those that agreed to participate signed terms of
free and informed consent.

The study protocol was submitted to the
Committee for Ethical Conduct in the Use of
Animals in Experiments (CEAE) at the State Uni-
versity of Maringd, and approved according to
report 027/2005 on 17/May/2005.

Biological material

The animals were restrained and anesthetized
so that biological material could be collected by
veterinary practitioners who were part of the re-
search team.

For the collection of lesion and bone marrow
material, anesthesia with dissociative drugs (10%
ketamine — 15mg/kg/IM and 20% Xylazine — 1-
2mg/kg/IM) and local anesthesia with 0.2% lido-
caine (diluted to 1:10) was carried out.

Some of the biological material (biopsies and
scrapes of the inside edge of the lesion and bone
marrow) was used for the parasite search and
some was stored in micro tubes containing 100pL
STE buffer (0.1M NaCl; 10mM TRIS, pH 8.0, ImM
Na,EDTA.2H,0, pH 8.0) and maintained at -18°C
prior to DNA extraction.

Approximately 5ml of blood was collected
from each animal. An aliquot of 2ml of blood
was added to an equal volume of ACD solution
(25mM citric acid; 50mm sodium citrate; 81mM
glucose), and the leukocyte layer was separated
and stored at -18°C until DNA extraction. The rest
of the blood was used for parasite searches and
for obtaining serum, which was stored at -18°C
until use.

Parasite search

Slides containing smears of the biopsies, scrapes
from the lesions and bone marrow were stained
with Giemsa, and a direct search (DS) for Leish-
mania amastigote forms was carried out under a
common optical microscope.

Blood and bone marrow samples were culti-
vated in BBA medium (Blood Base Agar — BBL) 15



supplemented with 10% defibrinated rabbit
blood and antibiotics (100UI/mL penicillin and
100ug/ml Streptomycin) and incubated at 25°C.
The cultures were analyzed weekly for the pres-
ence of promastigote forms of Leishmania. Every
15 days, the supernatant of the culture was trans-
ferred to a new culture medium.

Indirect immunofluorescence reaction

For the antibody search, promastigote forms of
L. (V) braziliensis and anti-dog immunoglobulin
G conjugated to fluorescein (Sigma) were used,
with titers > 40 being considered as a positive re-
sult 11. The samples that were considered positive
were analyzed for the presence of anti-Trypano-
soma cruzi antibodies by indirect immunofluo-
rescence reaction (IIF), using the Imunocruzi an-
tigen (Biolab, Rio de Janeiro, Brazil) and anti-dog
immunoglobulin G conjugated to fluorescein
(Sigma).

Polymerase Chain Reaction

To extract the DNA from the leukocyte layer, the
guanidine-phenol method 16, with modifications,
was used. The sample was centrifuged (3,500g,
15min) and the sediment washed with PBS.
Three hundred microliters of guanidine-phenol
isothiocyanate solution and 50 ul of chloroform
were added to the sediment. After centrifugation
(9,300g, 10min), the supernatant was transferred
to tubes containing 300ul of absolute ethanol and
centrifuged again (9,300g, 15min). The sediment
was then washed with 300uL of absolute ethanol,
(9,300g, 10min) and dried in a dry bath (BIOPLUS
IT - 2002, Brazil) at 95°C. The sediment was rehy-
drated in 50uL of TE buffer (10mM TRIS; 1 mM
Na,EDTA.H,0, pH 8.0).

The extraction of the DNA from the lesion
biopsy was carried out using the Puregene® kit
(Gentra, USA). The DNA from the lesion-scrape
samples was extracted by incubation at 95°C for
30min in a Personal Cycler Thermocycler (Bio-
metra, Germany), followed by centrifugation
(13,000g, 1min) in order to obtain the superna-
tant.

The DNA from the bone marrow samples
was extracted by the guanidine-phenol16 and the
phenol-chloroform 17 methods.

All the DNA samples were stored at 4°C until
amplification.

The primers MP1L (5’ — TAC TCC CCG ACA
TGC CTCTG-3’) and MP3H (5’ — GAA CGG GGT
TTCTGT ATG C -3’) were used for amplification,
as described by Lopez et al 18, which amplify a
70 bp fragment of the kDNA region of the mem-
bers of the L. (V) subgenus. The reaction medium
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(25pL) was composed of 1uM of each of the prim-
ers (Invitrogen), 0.2mM dNTP (Invitrogen), 3mM
MgCl, (Invitrogen), 1U Taq DNA polymerase (In-
vitrogen) in enzyme buffer (1x) and 2pL of the
DNA sample. A positive (2uL. DNA extracted by
boiling the promastigote forms of L. braziliensis)
and a negative (2pL ultra pure water) amplifica-
tion control were used. The amplification was
carried out in a Personal Cycler Thermocycler
(Biometra, Germany) with an initial tempera-
ture of 95°C for 5min. Then, 35 cycles were car-
ried out, separated into three stages: denaturing
(95°C — 1.5min), annealing (55°C — 1.5min) and
extension (72°C — 2min). Afterwards, the micro
tubes were kept at 72°C for 10min, cooled and
kept at 4°C until use. The amplified samples were
submitted to electrophoresis in 3% agarose gel,
containing 0.1ug/mL ethyl bromide, at 10-15V/
cm for 20min. The presence of bands was verified
in a transilluminator (Macro Vue UV-20, Hoefer,
USA).

Results

Of the 149 dogs studied, 104 (69.8%) were male
and 45 (30.2%) female. The average age of the
dogs was seven, varying from three months to 15
years. Of these animals, 134 were from the rural
settlement of Nossa Senhora Aparecida and 15
from the district of Sdo Luiz. Of the 146 serum
samples analyzed by IIE 25 (17.1%) had titers 40
(Table 1). All of the positive samples were from
dogs from the Nossa Senhora Aparecida rural
settlement.

Two animals (1.3%) from Nossa Senhora Apa-
recida had suspected American cutaneous leish-
maniasis lesions on the scrotum. Parasite search-
esin the lesions of the two animals were negative.
However, the PCR (for both biopsies and scrapes)
detected the DNA of Leishmania (Viannia) in
both. These animals had anti-Leishmania anti-
body titers of 80 and 320 (Table 1). The search for
anti-Tr. cruzi antibodies revealed lower titers to
those encountered for L. braziliensis (titers of 40
and < 20, respectively).

Of the 144 dogs without lesions, 23 (16.1%)
showed antibody titers > 40 in the IIF for Leish-
mania (Table 1). In the search for anti-Tr: cruzi
antibodies, two of these animals had titers equal
to or lower than those encountered for Leishma-
nia braziliensis (titers 20 and 40).

The blood cultures (54 animals) and the blood
PCR results (149 animals) were negative, includ-
ing the two dogs with lesions. For the bone mar-
row samples, the Leishmania sp. direct search
(58 animals), culture (43 animals) and PCR (60
animals) were also negative.
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Table 1

Distribution of the results of the indirect immunofluorescence reaction for American cutaneous leishmaniasis in 146 dogs from

the Municipality of Mariluz, Parana State, Brazil, 2005.

N Anti-Leishmania antibodies (titers)
<20 20 40 80 160 320
n % n % n % n % n % n %
Dogs with lesion 2 - - - - - - 1 50.0 - - 1 50.0
Dogs without lesion 144 36 250 85 590 20 13.9 3 2.1 - - -

Total 146 36 24.7 85 58.2

20 13.7 4 2.7 - - 1 0.7

n: number of dogs.

In Table 2 the results of this investigation are
compared with those of the investigations carried
out in the same location in 2002 10 and 2003 19. In
2002, 2003 and 2005, there were 15.9%, 27.3% and
1.3% dogs with suspected American cutaneous
leishmaniasis lesions, respectively. The propor-
tion of dogs with positive serology was similar for
the three years studied: 19%, 19.3% and 17.1% in
2002, 2003 and 2005, respectively.

An analysis of the epidemiological index
cards showed that 27 of the dogs in this study
had been included in the previous studies. Of
four animals that had lesions (positive DS and/or
PCR) in 2002/2003, two still had active lesions
and two had healed lesions. With regard to serol-
ogy, 18 (66.7%) of the animals continued to have
titers < 40, three (11.1%) continued to have titers
> 40, three (11.1%) had increased their levels to
have titers > 40 and three (11.1%) had reduced
their levels to have titers 20.

Discussion

In the State of Parand, American cutaneous leish-
maniasis has been registered in 276 of its 399
municipalities, presenting a wide and irregular
distribution, with a concentration of cases in
municipalities located in the north and west, co-
inciding with areas that have a high degree of de-
struction of native vegetation due to agricultural
exploitation for the growing of monocultures and
creation of pastures 4.

This study was carried out in an endemic area
in the northwest of the state, where the causal
agent of the human and canine infection is L.
(V.) braziliensis 10. The first cases of American
cutaneous leishmaniasis in the rural localities
of the Nossa Senhora Aparecida settlement, Fa-
zenda Santa Gertrudes and Povoado Sao Luis, in
the municipality of Mariluz, occurred at the end
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of December 2001, and the outbreak started in
March 2002 10,

In the present investigation, only two of the
dogs (1.3%) had American cutaneous leishmani-
asis, a lower proportion than in the previous
studies 11,19. None of these animals had a positive
DS, even though in 2003 Veldsquez et al. 19 en-
countered 12.8% of animals with positive DSs for
Leishmania. It must be stated that the lesions of
these two dogs were old, which justifies the nega-
tive result in the DS, whose sensitivity diminishes
with the evolution of the lesion 20. The cultures of
the lesion materials (biopsy and scrape) were also
negative. Sensitivity in the detection of the para-
site depends on the amounts of the parasite 21
and on the evolution time of the lesions caused
by L. braziliensis 22. The low sensitivity of the
parasite search may be a consequence of a lack
of parasites in the lesions, in the case of canine
American cutaneous leishmaniasis 23. and of the
irregularity in the distribution of the parasite in
cutaneous lesions 24.

The percentage of dogs with positive serology
was similar to that found in the previous stud-
ies. Despite the fact that dogs that were reactive
in serological techniques were considered as
being infected, considering that the absence of
suspected lesions in dogs from endemic areas of
human American cutaneous leishmaniasis does
not signify the absence of canine infection 25,
the possibility that the positive serology of the
dogs is a consequence of past infection should
not be discarded. The positive serology in dogs
from endemic areas has been reported by vari-
ous researchers 6,11,12,19, Madeira et al. 26 suggest
periodic follow-ups of dogs in endemic areas,
or those areas whose landscape could main-
tain the parasitic cycle, in order to confirm their
diagnosis.

Molecular methods based on PCR are useful
tools in the detection of the infection and in the



Table 2
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Results obtained in the direct analysis, indirect immunofluorescence and polymerase chain reaction (PCR) for American cutaneous leishmaniasis in dogs from the

Municipality of Mariluz, Parana State, Brazil, 2002, 2003 and 2005.

2002 * 2003 **
P/N % P/N % P/N %
Dogs with suggestive lesions of American cutaneous leishmaniasis 20/126 15.9 39/143 27.3 2/149 1.3
Direct search for parasite in the lesion 6/20 30.0 5/39 12.8 0/2 0.0
Indirect immunofluorescence reaction 24/126 19.0 27/140 19.3 25/146 171
PCR in lesion - - 17/39 43.6 2/2 100.0
PCR in blood - - 26/139 18.7 0/149 0.0

P: number of positive animals; N: number of animals.
* Lonardoni et al. 10;

** Veldsquez et al. 19.

identification 27 of Leishmaniain clinical samples
18,28 or in purified DNA 29,30, Veldsquez et al. 19
using the same primers as used in this study,
reported that the PCR was capable of detecting
0.9fg of DNA or 3.2 parasites/uL, findings similar
to those reported by Lopez et al. 18 The PCR was
positive in the two animals that had lesions, for
both the lesion biopsies and scrapes, thus show-
ing a higher sensitivity than DS. PCR is therefore
useful in the diagnosis of infection by Leishma-
nia (Viannia) as the number of parasites in the
clinical samples is low 18,31,

Analyzing the data presented in this study;, it
can be seen that no single technique alone was
capable of determining the true prevalence of
canine American cutaneous leishmaniasis in the
region studied, as by using only DS, for example,
the dogs with suspected lesions would not have
had a confirmed diagnosis. Using only PCR, only
the animals with suspected lesions would have
been diagnosed. On the other hand, the isolated
use of serological tests in routine analysis is limit-
ed due to the occurrence of false-positive results,
through the possibility of cross-reactions with
other pathogens. Reithinger et al. 32 suggested
that epidemiological studies of dogs and humans
should be carried out through the association of
serological and PCR tests in order to determine
the true extension of subclinical infections in ar-
eas where American cutaneous leishmaniasis is
endemic.

Even though this investigation did not de-
tect Leishmania or the DNA of L. (Viannia) in
the blood and bone marrow of the dogs, even in
the two animals that had lesions, there are re-
ports of the presence of Leishmania DNA in the
blood 13,14,19,32,33 and bone marrow 14,32 of dogs in
ACL-endemic areas. Previously, Veldsquez et al. 19
found, in the same area of study, the DNA of L.

(Viannia) in the blood of animals, corroborating
the studies of Reithinger et al. 13,1432 and support-
ing the hypothesis that dogs can act as secondary
reservoirs of American cutaneous leishmaniasis.
According to Weigle et al. 34 L. (Viannia) primar-
ily locates itself at the site of infection on the skin
and subsequently disseminates itself hematog-
enously, which happens over an undetermined
time interval. It should be remembered that Ve-
ldsquez et al.’s 19 study was carried out soon after
the occurrence of an outbreak of American cuta-
neous leishmaniasis, in both humans and dogs,
indicating the wide circulation of the parasite in
the region at that time. The negativity of the PCR
tests on the blood of the animals in this study
could indicate that, with the evolution of the dis-
ease, the hematogenous dissemination may have
already been controlled by the immune system,
reducing the importance of the role of the dog in
the transmission cycle of the parasite.

The follow-up of some animals after the out-
break shows that the 33.3% of them continue to
have significant antibody titers, indicating the
maintenance of the subclinical infection. The
smaller number of dogs with American cutane-
ous leishamaniasis lesion and the absence of
other dogs with recent lesions indicate a reduc-
tion in the transmission level of Leishmania in
the region.

The reduction in the number of dogs with
American cutaneous leishamniasis, compared
to the previous investigations, is probably due
to the measures adopted for the control of the
transmission. After the outbreak that occurred
in 2001/2002, houses were moved at least 50m
from the forest (a forest reserve of approximately
121,000km?), shelters for domestic animals such
as cattle, pigs and chickens were constructed in
between the houses and the forest, with the aim
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of acting as a zooprophylactic barrier, and the
residents were instructed to avoid hunting in the
forest and maintain cleanliness in areas around
their dwellings (removal of organic matter such
as leaves, fallen fruits, animal feces and food left-
overs). Since 2003, no cases of human American
cutaneous leishmaniasis have occurred (Mariluz
Health Department) and in this study, no dogs
with recent infections were found. It remains to
be seen if the existence of dogs with positive se-
rology and old lesions, in which no circulating
parasites were detected, has a role in the mainte-
nance of the endemicity of American cutaneous
leishmaniasis.

Resumo

Neste estudo, utilizaram-se técnicas cldssicas e mole-
culares (reacdao em cadeia da polimerase — PCR) para
o diagndstico da leishmaniose tegumentar americana
em 149 caes de uma drea no noroeste do Estado do Pa-
rand, Brasil, onde ocorreu um surto de leishmaniose
tegumentar americana em 2002; os resultados foram
comparados aos obtidos anteriormente. Vinte e cinco
caes tiveram a imunofluorescéncia indireta (IFI) po-
sitiva (titulos > 40), incluindo dois animais com lesdo
sugestiva. O percentual de caes com IFI positiva foi se-
melhante aos encontrados nos inquéritos anteriores.
As culturas dos materiais de lesdo, sangue e medula
dssea foram negativas para Leishmania. A pesquisa
direta do parasito em lesdo foi negativa, no entanto a
PCR foi positiva. A PCR nao detectou DNA de Leish-
mania (Viannia) no sangue dos caes estudados, mes-
mo naqueles que tiveram PCR positiva no estudo ante-
rior. O acompanhamento de 27 animais mostrou que
a maioria deles permaneceu com os mesmos niveis de
anticorpos detectados anteriormente. Houve redug¢do
do niimero de cdes com lesoes, provavelmente em vir-
tude das medidas de controle da transmissdo adotadas
apds o surto de 2002.

Leishmaniose Cutdnea; Caes; Serologia
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Conclusion

It can be concluded that: (i) there are still dog car-
riers of Leishmania (Viannia) lesions among the
animals studied; (ii) hematogenous dissemina-
tion of the parasite in the dogs was not detected;
(iii) the serology test showed that the prevalence
of anti- L. braziliensis antibodies remained at the
same levels as previously detected in the same
locality, which indicates a subclinical infection
or past infection in these animals; (iv) the follow-
up carried out in a group of dogs showed that in
some of them the lesion may remain active for
more than three years; and (v) the adopted infec-
tion-control measures seem to have contributed
to the control of the transmission of American
cutaneous leishmaniasis in the area under study.

The studies carried out to date suggest that
dogs have a secondary role in the transmission
cycle of the parasite. Follow-ups of dogs in areas
where outbreaks of American cutaneous leish-
maniasis occurred, such as the region studied in
this paper, can contribute to an understanding of
this phenomenon.
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