
Parasitology

cambridge.org/par

Research Article

Cite this article: Gondim CN, Ferreira Sde A,
Vasconcelos BKS, Wouters F, Fujiwara RT, de
Castro JC, Barçante JMde P (2022). Visceral
leishmaniasis in a recent transmission region:
27.4% infectivity rate among seronegative
dogs. Parasitology 149, 640–645. https://
doi.org/10.1017/S0031182022000063

Received: 8 November 2021
Accepted: 12 January 2022
First published online: 26 January 2022

Key words:
Conjunctival swab; Leishmania infantum; PCR;
rapid test; rKDDR-plus; serology; zoonosis

Author for correspondence:
Carolina Novato Gondim,
E-mail: carolina.gondim@ufla.br

© The Author(s), 2022. Published by
Cambridge University Press

Visceral leishmaniasis in a recent transmission
region: 27.4% infectivity rate among
seronegative dogs

Carolina Novato Gondim1 , Sidney de Almeida Ferreira1,

Beatriz Ketelin Sousa Vasconcelos2, Flademir Wouters2, Ricardo Toshio Fujiwara3,

Joseane Camilla de Castro3 and Joziana Muniz de Paiva Barçante1

1Department of Health Sciences, Faculty of Health Sciences, Federal University of Lavras, Lavras, Minas Gerais,
Brazil; 2Department of Veterinary Medicine, Faculty of Zootechnics and Veterinary Medicine, Federal University of
Lavras, Lavras, Minas Gerais, Brazil and 3Department of Parasitology, Institute of Biological Sciences, Federal
University of Minas Gerais, Belo Horizonte, Minas Gerais, Brazil

Abstract

American visceral leishmaniasis (VL) is a parasitic disease whose main domestic reservoir in the
urban environment is dog and is considered one of the most important zoonoses in the context of
public health. Serological tests are typically used for the diagnostic screening of the disease. This
study aimed to analyse the performance of different methodologies used in the diagnosis of VL in
dogs sampled from a recent transmission area. The sample consisted of 52 dogs separated into
groups based on the absence and presence of clinical signs of VL. The following serological tech-
niques were carried out: the DPP® rapid test (RT), the ALERE® RT and an RT and immunoenzy-
matic assay with a recently developed protein (rKDDR-plus). In addition, molecular techniques
were carried out with conjunctival swabs, and bone marrow aspirate samples and parasitological
samples were obtained directly from bone marrow aspirates. It was concluded that 27.4% of sero-
negative dogs were infected, but the serological tests, used as screening tests, showed unsatisfactory
sensitivity results (average: 51.2%) for dogs without clinical signs. It was suggested that polymerase
chain reaction with conjunctival swabbing be used as a screening test for dogs without clinical
signs, as this is a non-invasive collection technique with high-sensitivity values.

Introduction

Visceral leishmaniasis (VL), a parasitic disease caused by the protozoan Leishmania infantum,
found on the American continent, is considered one of the most important zoonoses, and dog is
an animal reservoir of the parasite of great epidemiological importance in the urban environment
(Dantas-Torres, 2007; Lukes et al., 2007). It has high morbidity and mortality and is of great import-
ance in the context of One Health as it mainly affects humans and domestic dogs (WHO, 2018).

A laboratory diagnosis for dogs must be assertive, and tests with high accuracy assume a
crucial role in preventing false-negative animals from perpetuating the biological cycle of
the parasite. For screening canine visceral leishmaniasis (CVL), the DPP® immunochromato-
graphic rapid test (RT) is used in epidemiological surveys by environmental surveillance agen-
cies due to its easy handling, quick results, disposability and use of samples that can be
collected with a lancet from the tip of the ear, tail or paw (Coura-Vital et al., 2014; Brazil,
2016a). When the availability of DPP® RT is limited due to insufficient production to meet
the national demand, the ALERE® brand RT can be used. Currently, both involve the use of
recombinant K28 proteins derived from proteins of the kinesin family (Souza-Filho et al.,
2016). In 2014, a recombinant protein, rKDDR (kinesin degenerated derived repeat), was
developed; its optimized version, called rKDDR-plus, consists of approximately 15 repetitive
motifs of 39 amino acids of the kinesin protein, increasing the immunogenic potential of
the original (Dhom-Lemos et al., 2019; Siqueira et al., 2021).

The municipality of Lavras, located in the state of Minas Gerais, Brazil, started recording
cases of CVL at the end of 2013 and of human VL in 2017 and was, thus, classified as a recent
transmission area (Brazil, 2016b; Lavras, 2019). Our research group has been conducting epi-
demiological investigations with vectors and human and canine cases of VL. This study aimed
to evaluate the effectiveness of different methods for conducting the laboratory diagnosis of
CVL with rK28 and rKDDR-plus proteins using molecular and parasitological tests as a ref-
erence standard in samples from dogs segregated by the presence of clinical signs (PCSs) or the
absence of clinical signs (ACSs) of VL in the municipality of Lavras and the surrounding cities.

Materials and methods

Study area and sample selection

This study was carried out between August 2018 and January 2019 in the municipality of
Lavras and the surrounding cities, located in the southern area of the state of Minas Gerais,
Brazil.
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The non-probabilistic sample consisted of 52 dogs selected
without distinction of race and sex, excluding those that were
under the age of 1 year and/or in a clinical state in which bone
marrow puncture could pose a risk to the animal’s health and
those that were being treated with immunosuppressive medica-
tion. Owners who voluntarily permitted their dogs to participate
in the research signed a consent form approved by the CEUA of
the Federal University of Lavras (UFLA).

Procedure flowchart

The dogs received a numerical code generated by software to elim-
inate potential biases in the identification of the samples that could
influence the results of the laboratory tests. All selected dogs under-
went the following procedures: external clinical evaluation and sep-
aration into groups based on the ACSs or PCSs; collection of venous
blood and plasma separation for conducting immunochromato-
graphic RTs (DPP®, ALERE® and an RT with the rKDDR-plus anti-
gen) and an immunoenzymatic assay (IEA) with the rKDDR-plus
antigen; bone marrow puncture for direct parasitological examin-
ation and conventional polymerase chain reaction (PCR) and con-
junctival swab collection for conducting conventional PCR.

Clinical evaluation

All dogs underwent clinical evaluation by a veterinarian to assess
their general condition and check for the presence of possible
external clinical signs that could be associated with CVL. The
verified signs were those adopted according to the Ministry of
Health’s VL Surveillance and Control Manual (Brazil, 2014).

The animals were grouped based on the ACSs or PCSs. A score
(1 or 2) was used to classify the animals according to the assess-
ment of their clinical signs. Dogs that attained a final total score of
0–3 points were classified as having no clinical signs, and those
that had a final total score of >3 points were classified as having
clinical signs, as shown in Table 1. The classification of animals
into those that did or did not present with clinical signs with a
score is based on other previous studies that assessed the accuracy
of CVL diagnostic tests (Quinnell et al., 2001; Borja et al., 2018).

Conducting immunochromatographic tests

After centrifugation and separation of blood cells, plasma col-
lected from the dogs was used to perform the immunochromato-
graphic tests. The DPP® and ALERE® RTs, both with the K28
protein, and the RT with the rKDDR-plus protein were carried
out according to the manufacturers’ specifications.

IEA with rKDDR-plus antigen

The protocol used for the enzyme immunoassay was standardized
according to Dhom-Lemos et al. (2019), differing only in the dilu-
tion of the antibody conjugated with peroxidase, which was
1:2500 in the current study.

The cutoff point was calculated using the area under the curve
through the construction of the receiver operating characteristic
curve using the plasma of uninfected dogs (according to the nega-
tive parasitological examination and bone marrow PCR) as the
negative control. As a positive control, plasma of the dogs with
confirmed L. infantum according to parasitological examination
and bone marrow PCR was used.

Direct parasitological examination of bone marrow puncture

Four smears were prepared on a microscopic slide with the bone
marrow aspirates from all dogs. After drying the smears, the slides

were stained with the haematological dye Panotic Rapid®
(Laborclin, Brazil) following the procedure described by the
manufacturer. A minimum of 200 fields were observed under
an optical microscope in the immersion objective for the observa-
tion of Leishmania amastigote forms.

DNA extraction

DNA was extracted from bone marrow samples according to the
procedures described in the ‘Genomic DNA from tissue’ user
manual from the NucleoSpin® Tissue kit (Macherey-Nagel,
Germany), with modifications only in the DNA elution phase,
where 50 μL ultrapure water, rather than 100 μL buffer BE solu-
tion from the kit, was added to the microtube, and the incubation
time at room temperature was changed to 10 min.

For DNA extraction from the conjunctival swab, a DNeasy
Blood & Tissue® kit (QIAGEN, Germany) was used.

After extracting the DNA from the bone marrow and swab
samples, it was measured in a spectrophotometer at 260/280 nm
and 260/230 nm ratios.

Conventional PCR

Each sample had its DNA adjusted to a concentration of 20–100
ng μL−1. The reactions were conducted according to the protocol
of Lachaud et al. (2002). For PCR, specific primers for the sub-
genus Leishmania were used, which target the DNA of the mini-
circle kinetoplast (kDNA) of the organisms (Table 2). The
microtubes were placed in an automatic thermocycler with the
following thermal cycle conditions: initial denaturation at 94°C
for 5 min; followed by 35 cycles of denaturation at 94°C for 30
s, annealing at 59°C for 30 s and extension at 72°C for 30 s;
then final extension at 72°C for 7 min.

The samples were subjected to electrophoresis on a 2% agarose
gel stained with ethidium bromide (0.5 μg mL−1), using a 100 base
pair molecular weight standard. DNA extracted from promasti-
gote forms of L. infantum (MHOM/BR/74/PP75) and ultrapure
water were used as a positive control and a negative control,
respectively.

Samples with negative results in PCR in bone marrow samples,
but with positive results in PCR with a conjunctival swab were sub-
jected to the restriction fragment length polymorphism (RFLP) tech-
nique for identification of species. Conventional PCR was carried out
using the initiators (LITSR: 5′CTGGATCATTTTCCGATG3′ and

Table 1. Standardized score values for clinical signs related to CVL and
classification as to the final score

Clinical sign Scorea

Lymphoid adenopathy 1

Small weight loss 1

Opaque fur 1

Alopecia 2

Furfuraceous eczema 2

Ulcers 2

Hyperkeratosis 2

Onychogryphosis 2

Marked weight loss 2

Keratoconjunctivitis 2

Paresis of the hind legs 2

aFinal score 0–3: animal with no clinical signs. Final score >3: animal with the PCSs.
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L5.8S: 5′TGATACCACTTATCGC ACTT3′) addressed to the ITS I
(internal transcribed spacer I) target at 10 μM. The samples were
digested with the enzyme ‘HaeIII’ (10 U μL−1) (Promega, USA).
The digestion reaction solution was prepared for a final volume of
15 μL containing 1 μL ‘HaeIII’ (10 UmL−1), 1.5 μL enzyme buffer,
2.5 μL ultrapure water and 10 μL PCR product. The mixture was
incubated at 37°C for 2 h and the restriction profiles were analysed
on 4% agarose gel and compared with the following Leishmania pro-
files: L. amazonensis (IFLA/BR/67/PH8), L. braziliensis (MHOM/
BR/75/M2903) and L. infantum (MHOM/BR/74/PP75).

Reference standard

The reference or gold standard for the evaluation of the diagnostic
tests consisted of the visualization of amastigote forms of the
parasite in the bone marrow smear; the presence of Leishmania
sp. DNA as detected by PCR in bone marrow samples and the
presence of Leishmania sp. DNA as detected by PCR in conjunc-
tival swab samples.

The animal was considered uninfected (true negative) when all
tests included in the reference standard were negative and infected
(true positive) when at least one positive result was obtained from
any of the standard reference tests.

Data and statistical analysis

Each diagnostic test was evaluated to obtain its sensitivity, speci-
ficity and accuracy. For the analysis of the agreement between the
diagnostic tests, the kappa test was used, and the values were
interpreted according to Landis and Kockh (1977).

For comparison between the absolute frequency of positivity of
the diagnostic tests with the reference standard, the differences
were assessed by using the McNemar test and considered statistic-
ally significant when P < 0.05.

Results

In the current study, 59.62% (n = 31) of the animals had physical
clinical signs compatible with CVL. Among the dogs in the group
with no clinical signs (n = 21), 52.4% had a score of 0; that is,
none of the clinical signs given in Table 1 was present in these
dogs according to the evaluation of the veterinarians.

It was possible to verify the presence of rounded shapes, meas-
uring approximately 3.0 μm and demonstrating nuclei and kineto-
plasts, compatible with Leishmania amastigotes in only six of the
smears prepared from the bone marrow of the animals.

Of the 52 dogs included in the current sample, 50 were classi-
fied as infected and two as not infected according to the results of
the standard reference tests.

The main parameters used to assess the performance of the
different techniques used in the diagnosis of CVL are shown in
Table 3. Among all the immunographic techniques, the DPP®
RT showed the highest sensitivity (76%) and accuracy (76.9%).
All serological tests showed lower sensitivity values when evalu-
ated the group with no clinical signs (ACS) (42.9–57.1%) than
in the group with clinical signs (PCS) (79.3–93.1%). Direct para-
sitological examination of the bone marrow showed very low

values of sensitivity and accuracy for all groups evaluated. The
molecular techniques showed high-sensitivity and accuracy values
for all groups evaluated, and PCR with bone marrow aspirate
samples showed higher values compared with PCR with conjunc-
tival swab samples. All techniques showed 100% specificity.

All serological tests for the 52 dogs showed an agreement clas-
sified as mild by the McNemar test, and the differences in the
absolute frequencies of positivity between the tests and the refer-
ence standard were all statistically significant. For the serological
tests, only the DPP® RT showed a greater agreement with the ref-
erence standard in the PCS group. In this same group, the fre-
quency of positivity between the tests and the reference
standard was not significantly different, except for the ALERE®
RT.

Among the tests comprising the reference standard, PCR with
bone marrow aspirate samples showed a substantial agreement
and even perfect agreement when evaluated only for dogs present-
ing with clinical signs. The P values obtained with the McNemar
formula indicated that among the tests comprising the reference

Table 2. Primers used in PCR reactions with their respective amplified product sizes and sequences

Target Primer Sequence Amplicon size (base pair)

Subgender Leishmania kDNA, Leish, F 5′ CGTGGGGGAGGGGCGTTCT 3′ 135

kDNA, Leish, R 5′ CCGAAGCAGCCGCCCCTATT 3′

Source: Adapted from CARDOSO et al. (2019).

Table 3. Parameters for evaluating the performance of various techniques for
the diagnosis of VL in 52 dogs from the municipality of Lavras and the
surrounding cities

Test Groups SENS (%) (95% CI)
AC
(%)

RT DPP® General 76.0 (62.4–89.6) 76.9

ACS 52.4 (22.9–81.9) 52.4

PCS 93.1 (83.5–102.7) 93.5

RT rKDDR-plus General 72.0 (57.3–86.7) 73.1

ACS 52.4 (22.9–81.9) 52.4

PCS 86.2 (72.7–99.7) 87.1

RT ALERE® General 64.0 (47.4–80.6) 65.4

ACS 42.9 (10.5–75.2) 42.9

PCS 79.3 (62.8–95.9) 80.6

IEA rKDDR-plus General 74.0 (59.9–88.1) 75.0

ACS 57.1 (29.1–85.1) 57.1

PCS 86.2 (72.7–99.7) 87.1

Direct bone marrow
parasitological

General 13.0 (−13.9 to 40.0) 16.7

ACS 4.8 (−37.0 to 46.5) 4.8

PCS 20.0 (−15.1 to 55.1) 25.9

PCR bone marrow General 95.8 (90.1–101.6) 96.0

ACS 90.0 (76.1–103.9) 90.0

PCS 100.0 100

PCR ‘swab’
conjunctival

General 91.4 (81.7–101.1)

ACS 87.5 (70.2–104.8) 87.5

PCS 94.7 (84.4–105.1) 94.7

RT, rapid test; IEA, immunoenzymatic assay; PCR, polymerase chain reaction; ACS, absence
of clinical signs; PCS, presence of clinical signs; SENS, sensitivity; CI, confidence interval; AC,
accuracy.
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standard, only the direct parasitological examination yielded a sig-
nificant difference.

When the McNemar test was carried out for the ACS group, a
statistically significant difference in the frequency of positivity
between the tests and the reference standard was found for all
tests except for the molecular techniques, in which the P value
obtained was >0.05.

According to the compatibility of the band pattern obtained in
the gel electrophoretic analysis of the RFLP technique, it was pos-
sible to verify only the L. infantum species among all tested samples.

Among the dogs in the studied sample, three found in the
municipality of Nepomuceno/MG, a city close to the municipality
of Lavras, were diagnosed with VL and confirmed with samples
sent to the state’s public reference laboratory, FUNED
(Fundação Ezequiel Dias), which identified L. infantum using
the RFLP technique. The dogs were reported to the competent
environmental surveillance bodies as the first autochthonous
cases of CVL in the municipality of Nepomuceno.

Discussion

The correct diagnosis of CVL is fundamental for the adoption of
preventive and control measures such as canine vaccination,
euthanasia and treatment. Public control policies directed towards
the different municipalities will vary according to the classifica-
tion each receives in terms of the number of reported cases,
which also depends on a correct diagnosis.

In the current study, the diagnosis of CVL was based on the
detection of the parasite with different techniques that composed
of a rigorous reference standard, which improves the reliability of
the results. Thus, through the adopted diagnosis, it is possible to
evaluate the characteristics of the sampled dogs and the effective-
ness of the different laboratory diagnostic techniques.

The adoption of a score for classifying groups of animals with
or without clinical signs helps reducing subjectivity in the classi-
fication, increasing the reliability of the group designations. In the
current study, only signs physically observed during clinical evalu-
ation were adopted, as these are the signs that can be perceived by
the guardian of the dog. Thus, if the animal does not show any
clinical signs, its guardian would not seek veterinary medical
care. Other studies have also adopted classification into groups
only by assessing physical signs compatible with CVL (Quinnell
et al., 2001; Grimaldi et al., 2012; Laurenti et al., 2014; Borja
et al., 2018).

When evaluating the performance of the rKDDR-plus protein,
the sensitivity and accuracy of the RT and IEA were unsatisfactory,
with low agreement in relation to the reference standard. Better
results were obtained in the group presenting with clinical signs;
however, the agreement was still considered moderate. Siqueira
et al. (2021) also evaluated the effectiveness of an IEA with the
rKDDR-plus protein in the diagnosis of CVL. The selected dogs
were not evaluated for clinical status. High-sensitivity (96.67%)
and accuracy (97.22%) values were obtained for the IEA, with an
excellent agreement with the reference standard. The difference
in relation to the current study is that in the Siqueira study, the
samples were obtained from a serum bank, where there was already
previous knowledge of the results (intrinsic validation), whereas in
the current study, there was no sample tracking, and the results of
the true positives and negatives were obtained after the application
of the reference standard tests, featuring an exploratory method-
ology (extrinsic validation).

In the evaluation of the performance of the different techni-
ques in the studied samples, the DPP® RT showed a higher sensi-
tivity and accuracy compared with the other RTs. The ALERE®
RT showed the lowest sensitivity and accuracy and the lowest
agreement in the group of dogs with clinical signs, showing a

statistically significant difference in the frequency of positivity
with the results of the reference standard.

It appears that the RTs provide heterogeneous data, and thus it
is necessary to be careful and rigorous when choosing an RT for
screening. Overall, the sensitivity of all immunochromatographic
RTs was considered low. When a screening test has a relatively
low sensitivity value, the number of false-negative results can be
high, when ideally, the screening test should be able to detect
all cases of the disease (Franco and Passos, 2005).

When the sensitivity was assessed in the two groups, the per-
formance was even lower for the dogs without clinical signs, with
an average accuracy of 49.24%, differently from the group with
clinical signs, which presented an average accuracy of 87.07%.
This means that approximately 51% of infected dogs without clin-
ical signs cannot be detected by RTs. This fact is very important
because dogs that do not present with clinical signs may also have
high transmissibility, indicating their role in the maintenance and
spread of the parasite in endemic areas (Laurenti et al., 2013),
although most studies suggest that only a small proportion of
dogs with symptomatic infection and high parasitic load on the
skin is responsible for the majority of transmission events for sand-
flies (Courtenay et al., 2002, 2014). Thus, there is no consensus on
the exact relevance of the clinical landscape in the parasite transmis-
sion cycle, and it is prudent to consider that dogs that do or do not
present with clinical signs can be considered a source of infection
for vectors and that both must be correctly diagnosed so that the
actual prevalence of the infection is considered in the adoption of
control measures by public policies (Ribeiro et al., 2018).

We cannot infer whether an infected dog is sick. As a rule,
asymptomatic dogs are parasitized, but may not have developed
the disease yet. In areas endemic for CVL, the prevalence of infec-
tion is greater than that of the disease, and the percentage of
seronegative-infected dogs is relatively high (Solano-Gallego
et al., 2001). However, these non-sick infected dogs can act as a
reservoir, perpetuating the cycle, and/or evolving into a clinical
picture of VL.

Peixoto et al. (2015) conducted a systematic review and
meta-analysis with articles published until February 2013 on sero-
logical diagnosis for CVL and demonstrated that the values for
sensitivity found in the articles were 83.5% for the DPP® RT,
which was higher than that found in the current study (76%).
Among the methodological problems identified in this review,
the majority of studies used dogs previously screened for the pres-
ence or absence of the infection through other serological tests,
overestimating their accuracy. This study differs from the studies
in the above review in the use of molecular tests to classify dogs as
true positive and true negative. When another serological test is
used as the gold standard for assessing the performance of the
DPP® RT, to obtain positive results, seroconversion is required
in the dog, which can take an average of 3–5 months and can gen-
erate a false negative if the animal has not produced detectable
antibodies or even in cases of anergy or immunosuppression,
even if the animal is already infected (Moreno and Alvar, 2002).

A major challenge for diagnostic test validation studies for
CVL is the definition of the reference standard. Traditionally,
parasitological techniques have been employed, but following
the emergence of molecular techniques, infection can be detected
in animals that have not yet been diagnosed by parasitological and
serological examinations. Thus, so long as adequate samples, well-
designed primers and standardized methodologies are implemen-
ted, these techniques can be used to compose the reference stand-
ard, as they can overcome the limitations of serological and
parasitological diagnoses.

Similar to the current study, Lopes et al. (2017) used molecular
tests as the reference standard (PCR with blood, lymph node and
conjunctival swab samples) and compared their results with those
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from the DPP® RT for 975 dogs in an endemic region, concluding
that one in five seronegative dogs was infected. This result is in
accordance with those of the current study, where it can be
observed that the RTs failed to detect the infection in an average
of 27.4% of infected dogs. Teixeira et al. (2019), who also included
molecular tests as the reference standard, found that the sensitiv-
ity values in several serological tests, such as the DPP® RT
(21.74%), Biomanguinhos IEA (11.59%) and enzyme-linked
immunosorbent assay rK39 (37.68%), were too low.

In the current study, performance was evaluated separately for
each technique that composed of the proposed reference standard.
The results helped justify the use of more than one technique as the
gold standard. If only the parasitological technique was used as the
gold standard, for example, more than 80% of infected dogs would
not have been diagnosed. The combination of two different sam-
ples to assess the performance of PCR increased the sensitivity of
the reference standard, because some dogs yielded negative PCR
results with the bone marrow aspirate but positive results with
the conjunctival swab. This can be due to the difficulty in collecting
bone marrow, where aspiration can be accompanied by a large vol-
ume of blood, influencing the quantification of extracted DNA
because studies have already demonstrated the low sensitivity of
PCR with blood samples (Quaresma et al., 2009).

Although PCR with the bone marrow sample was more sensi-
tive according to the results of current research, it requires more
invasive collection and an experienced professional to perform
the procedure. This is a limitation for its use in the field and in
epidemiological surveys.

On the contrary, the collection of cells from the conjunctival
mucosa is not invasive, it can be easily performed in the field,
and, according to the current research, it showed higher values
of sensitivity compared with the serological tests, with no statistic-
ally significant difference in the frequency of positivity with the
reference standard, even for the group presenting with no clinical
signs. Lombardo et al. (2012) also presented satisfactory results
for the diagnostic accuracy of PCR with conjunctival swabbing,
corroborating the results of the current research. Ferreira et al.
(2012), in a study investigating 80 dogs naturally infected by L.
infantum, obtained higher frequencies of positive results by con-
junctival swabbing than by blood collection and bone marrow
aspiration and concluded that the ‘conjunctival swab’ can yield
a clinical sample suitable for the qualitative molecular diagnosis
of CVL regardless of the clinical status of the dog.

The use of PCR with conjunctival swabs as a screening test can
serve as an alternative in the diagnosis of animals without clinical
signs of VL to the use of serological methods, which are the tech-
niques recommended by the Ministry of Health today.

This was the first exploratory study on the extrinsic evaluation
of tests for the diagnosis of CVL in the municipality of Lavras,
which used molecular techniques as a reference standard.

According to the results, further research should assess the
prevalence of CVL infection in Lavras and its micro-region with
a larger sample size through the use of conjunctival swab PCR,
given the limitations and difficulties of bone marrow aspiration.

This research reported the first confirmed cases of CVL in the
municipality of Nepomuceno, neighbouring the Lavras territory,
demonstrating the spread of the disease.

Further studies with xenodiagnosis and/or specific and sensi-
tive markers of infectivity are still needed to ascertain the true
role of asymptomatic dogs in the transmission to vectors.

The identification of the species according to the polymorph-
isms of DNA fragments found only L. infantum in the selected
samples (those that showed positive results with PCR using con-
junctival swabs but negative results using marrow aspirations).
This identification was essential for excluding the possibility of
dogs being parasitized by other species of the subgenus

Leishmania. Dogs that had positive PCR results with bone mar-
row samples were not included for identification of species
because it is more likely that L. infantum is present in this type
of sample and because the primer used in the PCR is specific
for the subgenus Leishmania. However, this cannot be stated con-
fidently, because some studies have reported possible visceraliza-
tion of another species of the subgenus Leishmania in a lymph
node, L. amazonensis (Tolezano et al., 2007).

The results obtained reinforce existing concerns with the use of
serological tests to identify dogs lacking clinical signs, given that
this methodology is the main tool used to control CVL in
Brazil. The results of this study reinforce the need to improve
screening tests to assist in resolving diagnoses and establishing
control measures.
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of the UFLA approved the project on 22/12/17, as stated in certificate 77/17.
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