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Abstract

The aim of the present study was to evaluate the serological methods using ELISA with recombinant-rK39
(ELISA-rK-39) and soluble extract-SE (ELISA-SE) antigens, the indirect fluorescence antibody test (IFAT) in
comparison to an immunochromatography rapid diagnostic test (RDT-rK39) and with a direct parasitological exam
(PA) for Canine Visceral Leishmaniasis (CVL) diagnosis. The results showed that 89% (60/67) of the dogs were
positive for at least one serological diagnostic test. ELISA-SE was the test that detected anti-Leishmania antibodies in
the serum of the highest number of dogs (71.6%) followed by ELISA-rK39 (65.7%), IFAT (65.7%) and RDT-rK39
(55.2%). PA detected the lowest numbers (40.3%) of positive dogs. In relation to the total of examined dogs, the
Kappa indexes (p < 0.05) showed a good agreement between ELISA-SE and IFAT (88.1%; k = 0.7237), and it was
also observed in the comparison of RDT-rK39 with ELISA-SE (83.6%, k= 0.6561), IFAT (83.5%, k= 0.6605) and
PA (85.0%, k= 0.7074). A bad agreement was detected in any association of ELISA-rk39 with the other tests in either
symptomatic or asymptomatic animals. ELISA as well as RDT using recombinant antigenic protein (rK39) were the
methods that detected the lowest prevalence rates (33.3%) of CVL in asymptomatic dogs. In conclusion, only one test
does not adequately identify dogs with CVL and it is necessary the association of two or more diagnostic tests. Because
of the good agreement indexes of RDT-rK39 when evaluated with ELISA-SE, IFAT and PA it was suggested as a
complementary method to be used in association with either ELISA-SE or IFAT, particularly in the symptomatic dogs.
Furthermore, new studies are recommended in order to improve the sensitivity of tests mainly for asymptomatic dogs.

Keywords: CVL, diagnosis, dogs, Leishmania infantum, rK39, RDT.

Resumo

O objetivo do presente estudo foi avaliar os métodos soroldgicos usando ELISA (Ensaio Imunoenzimdtico Indireto)
com o antigeno recombinante rK39 (ELISA-rK39) e o antigeno extrato soldvel bruto (ELISA-ES) e a RIFI (Reacao
de Imunofluorescéncia Indireta) em comparagio com o método imunocromatogrifico ripido (RDT-rK39) e o
parasitoldgico direto (PA), para o diagndstico da Leishmaniose Visceral Canina (LVC) em caes de Ilha Solteira, Sao
Paulo, Brasil. Os resultados mostraram que 89% (60/67) dos caes foram positivos por pelo menos um teste diagndstico
sorolégico (RIFI, ELISA-ES, ELISA-rk39 ou RDT-rK39) e somente 40,3% (27/67) foram positivos pelo PA. O
ELISA-ES foi o teste que detectou anticorpos anti-Leishmania em maior nimero de cies (71,6%) seguido por ELISA-
K39, RIFI (65,7%) e por RDT-rK39 (55,2%). No total de caes analisados (assintomdticos e sintomdticos), o indice
Kappa de concordancia (p < 0,05) foi considerado de boa concordancia entre ELISA-ES e IFAT (88,1%; k= 0,7237) ¢
entre RDT-rK39 com ELISA-ES (83,6%, k= 0,6561), RIFI (83,5%, k= 0,6605) e PA (85,0%, k= 0,7074). O indice
de concordancia ruim foi observado em qualquer associacido de ELISA-rk39 com todos os outros testes nos animais
sintomdticos e nos assintomdticos. Tanto o ELISA como o RDT com proteinas recombinantes (rK39) detectaram a
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menor porcentagem de caes assintomdticos (33,3%) em relagio aos outros testes sorolégicos. Em conclusio, somente

um método diagndstico nio foi suficiente para identificar todos os caes positivos com LVC, principalmente os

assintomdticos e por isso foi necessério a associagao de dois ou mais métodos. Em fun¢io da boa concordéncia do teste
RDT-rK39 com ELISA-ES, RIFI e PA, o mesmo foi sugerido como um teste complementar ao ELISA-ES ou RIFI
para o diagnéstico da LVC, principalmente dos cies sintomdticos. No entanto, novos estudos sio recomendados para

melhorar a sensibilidade dos testes principalmente para caes assintomdticos.
Palavras-chave: LVC, diagnéstico cies, Leishmania infantum, rK39, RDT.

Introduction

Canine Visceral Leishmaniasis (CVL) is a disease caused by
Kinetoplastida protozoa that belongs to the genus Leishmania
(ROSS, 1903). Leishmania infantum (syn. L. chagasi) is the causative
agent of visceral leishmaniasis in the New World, with endemic
regions extending from southern USA to northern Argentina,
including Brazil (KUHLS et al., 2011).

The main route for parasite transmission to human and animals
is through the sandfly’s bite, Lutzomyia (L.) longipalpis (Diptera:
Psychodidae: Phlebotominae) (PORROZZI et al., 2006). Thus,
the canine skin is the body system that most commonly presents
signs of the CVL, and the presence of Leishmania parasites in dog
skin reinforces the important role played by domesticated canid
in the L. infantum’s life cycle (QUEIROZ et al., 2010).

Appropriate diagnostic tests are important in epidemiological
studies and control programs, and for that reason the association
of techniques may increase the positivity and contribute to the
control of this canine disease (ASSIS et al., 2010; QUEIROZ et al.,
2010). The detection of infected dogs can be made by serological
analysis using an indirect fluorescence antibody test (IFAT or
ELISA) or by the demonstration of the protozoan in parasitological
methods (e. g., direct microscopic examination of amastigotes in
smear). However, the sensitivity and the specificity of serological
tests depend on the antigen, the protocol used in the laboratory,
the time of infection and the serum conversion (COSTA et al.,
1991; REITHINGER et al., 2002; FERREIRA et al., 2007);
furthermore, the direct parasitological test is a very specific method,
but the sensitivity is low and depends on the biological material
and the parasitic burden (GENARO, 1993).

Specificity and sensitivity of the ELISA based immunoassay
can be improved by using recombinant technology (BURNS-
JUNIOR et al., 1993; MOHAPATRA et al., 2010), which drives
the expression and purification of diagnostically relevant proteins
in large amounts (SUNDAR; RAI et al., 2002).

In the last two decades, several Leishmania antigens have been
genetically and antigenically characterized. Recombinant K39
antigen (rK39) is a 39-amino-acid repetitive immunodominant
B-cell epitope of the 230 kDa kinesin related protein of L. chagasi
(BURNS-JUNIOR et al., 1993; BADARO et al., 1996). The
rK39 ELISA has proven to be suitable for detecting human
and canine visceral leishmaniasis (VL) with the host producing
specific antibodies against replicating Leishmania (QU et al., 1994;
BADARO etal., 1996). Although, sera from patients and dogs with
acute VL strongly recognized rK39, patients with asymptomatic or
self-healing infections had low or undetectable levels of anti-rK39

antibodies (BADARO et al., 1996).

In another study, the performances of ELISA assays with
different antigen preparations, such as Leishmania amazonensis or
Leishmania chagasi lysates and the recombinant antigens rK-39 and
1K-26, were compared to detect anti-Leishmania antibodies in dogs
from a visceral leishmaniasis-endemic area in Brazil. In this study,
the sensitivities and specificities of crude and recombinant antigens
were similar and remarkably high (96-100%) identifying different
clinical phases of canine leishmaniasis (ROSARIO et al., 2005).

Later, Mohapatra et al. (2010) designed a comparative evaluation
of two recombinant hydrophilic antigens, rK9 and rK26 of
L. chagasi along with rK39 and a crude soluble antigen (derived
from Leishmania donovani promastigote) for the serodiagnosis
of Indian visceral leishmaniasis patients by quantitative ELISA.
The rK39 antigen was observed to be the most suitable antigen
with 100% and 96% of sensitivity and specificity, respectively, in
comparison to rK26, rK9 and and crude antigens.

The Leishmania rK39 Antibody Diagnostic Rapid Test (RDT)
is a qualitative immunochromatography assay for detecting
antibodies against L. donovani complex, that includes the L. donovani
and L. infantum species, in whole blood, serum or plasma, but
the diagnostic performance has been reported to be variable
(QUINNELL et al., 2013). According to Quinnell et al. (2013)
the sensitivity of this RDT method in infected dogs was relatively
low (ranging from 46% to 78%), suggesting that rK39 RDTs
may be useful in a veterinary clinical setting, but is too low for
operational control programs.

More recently, an immunochromatography assay (Dual-Path
Platform - DPP® CVL kit) was developed to detect antibodies
against the rK26/rK39 fusion protein. Grimaldi Jr et al. (2012)
investigated the evaluation of this method for CVL diagnosis and
indicated that this kit displays high specificity (96%) but low
sensitivity (47%) to identify parasite-positive dogs without signs
of CVL. However, the test’s sensitivity was significantly higher
(98%) in disease cases, indicating that this convenient test may
be useful to identify the most infectious dogs. Thus, this kit is
unlikely to be sensitive enough for detecting asymptomatic canine
carriers of L. infantum, but it may be useful for confirming clinically
suspected cases due to its high specificity in symptomatic dogs
(GRIMALDI JR et al., 2012).

As the euthanasia of positive dogs after serological exams
is one of the most important CVL control measure, the use of
appropriated diagnostic methods is decisive for the success of the
control programs (REITHINGER et al., 2002); however, the
efficacy of diagnostic methods is a challenge and more studies
about this topic still necessary. Thus, the aim of the present
study was to evaluate the serological methods using ELISA
with recombinant-rK39 (ELISA-rK-39) and soluble extract-SE
(ELISA-SE) antigens and an indirect fluorescence antibody test
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(IFAT) in comparison with the immunochromatography assay,
a rapid diagnostic test (RDT-rK39) and a direct parasitological
exam (PA) for CVL diagnosis in asymptomatic and symptomatic
dogs from Ilha Solteira, Sao Paulo, Brazil.

Materials and Methods

Animals and local of study

The dogs of the present study belong to the Animal Protector
Association shelter from Ilha Solteira, located in the northwestern
region of the state of Sao Paulo, Brazil. According to Noronha
Junior et al. (2007), Ilha Solteira is considered endemic for
CVL, where the reported prevalence rates were 14% in the
urban areas (PAULAN et al., 2012) and 37.7% in the rural areas
(PAULAN et al., 2013).

The study was approved by the Animal Ethics Committee
of Sdo Paulo State University at Jaboticabal, under the Protocol
no. 015863/09. Sixty seven dogs from different breeds and ages,
were clinically examined and divided into two groups according
to their clinical leishmaniasis signs: asymptomatic - when they
did not present any clinical sign (n=12); or symptomatic - when
they presented at least one clinical sign (n=55). The main clinical
signs were onychogryphosis, lymphadenomegaly, weight lost, skin
lesions, apathy, opaque bristles and/or alopecia, conjunctivitis
and anemia.

Parasitological exams

For parasitological exams (PA), smears of popliteal lymph node
aspirates were fixed in methanol, stained with Giemsa (4%) for
20 minutes and were directly examined under a light microscope
(1000x magnification) for the detection of Leishmania amastigotes.
At least 200 microscopic fields were examined for each slide.

Indirect Fluorescence Antibody lest (IFAT)

The detection of antibodies against L. infantum by IFAT was
performed according to the procedure of Oliveira et al. (2008)
as briefly described: Leishmania parasites were isolated from the
bone marrow of naturally infected dogs and maintained on a
RPMI-1640 medium at 25 °C. For IFAT procedure, Leishmania
promastigotes maintained in culture medium were used for antigen
preparation. In duplicate, the serum dilutions were used, starting
at 1:40 and placed over the antigen on the slides at 37 °C for
30 minutes, and then subjected to three washes in PBS (0.01M,
pH 7.4) by immersion, five minutes each. After drying at room
temperature, the slides were incubated with anti-dog IgG serum
conjugated for fluorescein isothiocyanate (KPL, cat n° 02-19-02,
USA), diluted at 1:30 in PBS containing 1mg% of Evan’s Blue. The
slides were washed again in PBS, covered with buffered glycerin
and a cover slip, and then examined under a fluorescent microscope
(Olympus, BX-FLA, Japan). In all the experiments, reference sera
were included as negative and positive controls. For positive serum
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samples, parasites displayed a bright-green peripheral stain with a
dull fluorescence of the cytoplasm and were considered positive
serum samples at 1:40 or more (cut-off point).

Enzime-Linked Immunosorbent Assay (ELISA)

Soluble extract antigens of L. infantum (SE)

An indirect ELISA method (OLIVEIRA et al., 2008) was used
for Leishmania antibodies. 100 Ul of crude soluble extract of L.
infantum antigen (ELISA-SE) was diluted in a sodium carbonate-
bicarbonate buffer (0.05M, pH 9.6) and was added to each ELISA
microplate, sealed and overnight incubated at 4 °C in a humid
chamber. Antigen protein concentration was determined at 5 g/
ml. After coating the plates with antigens, the plates were blocked
for one hour at 37 °C with 6% powered milk diluted in 0.05 M
carbonate/bicarbonate buffer at pH 9.6. After wash (3 min each),
100 ul of diluted dog serum (1/400) in PBS-Tween-20 plus 5%
normal rabbit serum was added in duplicates to the plate and
incubated in a humid chamber at 37 °C for 60 min. Following, a
100 pl of alkaline phosphatase conjugate rabbit anti-dog IgG whole
molecule (Sigma, cat. n® A 0793, USA) at 1:8000 dilution plus
0,5% normal rabbit serum was added to each well and incubated
at 37 °C for 60 min in a humid chamber. After the washings,
100 pl of P-nitrophenyl phosphate (Sigma, cat. n° N-9389,
USA) at 1 mg/ml in diethanolamine buffer, pH 9.8, was added
and incubated for 45 min at room temperature. The reaction was
stopped by adding 50 pl of 3M sodium hydroxide and the plates
were read at 406 nm wavelengths using a microplate reader (Dynex
Technologies, USA). To control inter-plate variation, positive and
negative controls were included in each plate.

The ELISA system calibration was done according to
Oliveira et al. (2008), using positive reference sera collected
from Leishmania symptomatic dogs and negative reference sera
from Leishmania negative dogs. The negative reference sera were
samples collected from dogs living in a non-endemic areas. The
enzymatic activity of each serum sample was determined by
calculating the sample (S) for the positive (P), rate (S/P) at each
dilution, considering positive and negative serum references. The

cut off point was determined to be ELISA level (EL > 3).

Recombinant K39 (rK39) antigen

For ELISA using rK39 of L. infantum (ELISA-rK39), the
antigenic protein concentration was determined at 200 ng/mL.
After coating the plates with antigens, the plates were blocked
for one hour at 37 °C with 5% powered milk diluted in 0.05 M
carbonate/bicarbonate buffer at pH 9.6. Dog sera were diluted at
1/50 in PBS-Tween-20. Following the incubation with dog sera,
100 pl aliquot of alkaline phosphatase conjugate rabbit anti-dog
IgG whole molecule (Sigma, cat n° A 0793, USA) was diluted
at 1:4000, plus 0.5% normal rabbit serum added to each well,
followed by incubation at 37 °C for 60 min in a humid chamber.
The reaction was detected by the substrate P-nitrophenyl phosphate
(Sigma, N-9389, USA).
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The calibration of the ELISA system and the enzymatic activity
of each serum sample were determined as described above in 4.1.
item. The cutoff point was determined to be EL > 3.

Sensit Leishmania rK39 Antibody Rapid Diagnostic
Test (RDT-rK39)

The Sensit Leishmania rK39 Antibody Diagnostic Rapid Test
(RDT-rK39) is a qualitative immunochromatography assay for
detecting antibodies to Leismania donovani complex that includes
the L. donovani and L. infantum species in whole blood, serum or
plasma. The RDT-rK39 kit obtained from Ubio Biotechnology
Systems Pvt Ltd, Cochin Kerala, India, was used according to the
manufacturer’s instructions. The appearance of a red line in the
test area, even a faint one, was interpreted as positive, following
manufacturer’s recommendations; all tested samples were classified
as either positive or negative. All reactions were performed by the
same person, who was not blind to the results of the reference tests.

Statistical analysis

The results of diagnostic methods were submitted for statistical
analysis using Fortran Power station (version 4) program (University
of Economics and Business. Austria), In order to evaluate the
concurrence index among diagnostic methods, the Kappa index of
agreement (at the 95% confidence interval) was used. According to
Landis and Koch (1977), k < 0.4 is consider bad; 0.41 > K < 0.60 is
accept as moderate agreement; 0.61 2 K < 0.80 is a good agreement,
and K > 0.8 is an excellent agreement.

The chi-square test with a significance level of 5% was calculated
using the R system (R Development Core Team, 2013) in order
to assess the associations between the positivity of asymptomatic
and symptomatic dogs in each diagnostic method (RDT, ELISA-
SE, ELISA-rK39, IFAT and PA) for CVL.

Results and Discussion

In order to conduct this study, 67 dogs of different breeds and
ages, from the animal shelter were examined according to their
clinical status and by several laboratorial tests for CVL diagnosis.
Thus, according to their clinical signs, 55/67 (82.1%) dogs were
classified as symptomatic and the most frequent clinical signs
were onycogryphosis (35/55, 63.6%), alopecia (33/55, 60%),
emaciation (30/55, 54.5%), hypertrophic lymph nodes (18/55,
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32.7%) and corneal opacity (15/55, 27.3%). In contrast, 12/67
(17.9%) dogs were classified as asymptomatic.

One of the greatest challenges for the disease control strategy
in dogs is regarding about the appropriate diagnosis. It is clear that
the precise CVL diagnosis is complex and due the fact that the
infected dogs have multiple clinical aspects and no specific clinical
pathological alterations, reinforce the need for a combination of
two or more laboratorial methods for canine diagnosis (ASSIS et al.,
2010; QUEIROZ et al., 2010; PALTRINIERI et al., 2010).
Furthermore, the diagnostic performance has been reported to be
variable, with some disagreements about the results of specificity
and sensibility of methods in different studies (BADARO et al.,
1983; REITHINGER et al., 2002; GOMES et al., 2008). Thus,
the sensitivity and specificity of diagnostic methods are dependent
of the type of antigen (e.g., crude or recombinant, parasite species,
promastigotes or amastigotes, etc), the time of infection and
changes to the standard experimental protocol (BADARO et al.,
1983). We evaluate the serological methods using ELISA with
two different types of antigens (crude soluble extract and rK39)
and IFAT in comparison with RDT-rK39 and PA, and the results
showed that 89% (60/67) of the dogs were positive for at least
one serological diagnostic test, but none of the methods tested in
this study was able to detect all positive dogs when individually
evaluated, and for that reason it was necessary a combination of
two or more methods.

The PA is a very specific method for CVL diagnosis, since
it detects the parasites in the tissues, including biopsies or/and
aspirates of bone marrow, lymph nodes, spleen, liver or skin
(ALVAR et al., 2004; MOREIRA et al., 2007; TASCA et al.,
2009; ASSIS et al., 2010; QUEIROZ et al., 2010). However, the
sensitivity of this method is low, depending on biologic material,
parasitic load and animal’s clinical status (GENARO, 1993).
In the present study, only 23/55 (41.8%) of symptomatic dogs
had Leishmania amastigotes in samples of popliteal lymph node
aspirates, and it was the lowest prevalence rate of positivism in
comparison with ELISA, IFAT or RDT, which the difference
was statistical significant (p < 0.05) (Table 1). For that reason,
serological exams are currently used for mass-screening surveys
instead of parasitological exams.

However, it is important to mention that all positive dogs by
ELISA-SE (Figure 1a), IFAT (Figure 1¢) or RDT-rK39 (Figure 1d),
were also simultaneously positive by PA (40.3%) reinforcing
the low sensitivity, but the high specificity of PA as a diagnostic
method for CVL diagnosis (GENARO, 1993; BRASIL, 2003).
Moreover, the Kappa indexes (Table 2) showed a moderate

Table 1. Numbers and percentages (N°/%) of positive dogs for Canine Visceral Leishmaniosis (CVL) by serological (ELISA-SE, ELISA-rk39,
IFAT and RDT) and parasitological direct exams (PA) in asymptomatic (A) and symptromatic (S) dogs, Ilha Solteira, Sao Paulo, Brazil, 2013.

Numbers / percentages of positive dogs by CVL

Groups (N) Elisa-SE Elisa-rk39 IFAT RDT PA
A (N=12) 7/58.34 4/33.34 6/50.04 4/33.34 4/33.34
S (N=55) 41/74.5%4 40/72.7® 38/69.14 33/60.04 23/41.8"
T (N=67) 48/71.6 44/65.7 44/65.7 37155.2 27140.3

(a/b) Proportions with the same small letters in lines are not significantly different (P < 0.5). (A/B) Proportions with the same capital letters in columns are not

significantly different (P < 0.5). Chi-square test.
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Figure 1. Results of positive dogs for Canine Visceral Leishmaniosis (CVL) compared two by two in symptomatic (n=55) and asymptomatic

dogs (n=12) Ilha Solteira Sio Paulo, Brazil, 2013.
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Table 2. Comparative analysis of diagnostic methods for Canine Visceral Leishmaniosis (CVL) in dogs classified in asymptomatic (A) and

symptomatic (S). Ilha Solteira, Sao Paulo, Brazil, 2013.

Concordances between diagnostic methods
Number of dogs / Percentage

Techniques A S Kappa Index Total
(N=12) (N=55) () (N=67)

Elisa-rK39 x Elisa-SE 05/41.6 34/61.8 0.0330 39/58.2
K -0.1053 0.0170 Bad

Elisa-rK39 x IFAT 06/50.0 31/56.4 0.0069 37155.2
K 0,0000 —-0.0560 Bad

Elisa-rK39 x PA 08/66.7 24/43.6 0.0151 32/47.8
K 0.2500 —0.0492 Bad

Elisa-rK39 x RDT-rK39 08/66.7 32/58.1 0.1667 40/59.7
K 0.2500 0.0800 Bad

Elisa-SE x IFAT 11/91.7 48/87.3 0.7237 59/88.1
K 0.8333 0.6867 Good

Elisa-SE x PA 09/75.0 37167.3 0.4217 46/68.7
K 0.5263 0.3941 Moderate

Elisa-SE x RDT-rK39 09/75.0 47185.4 0.6561 56/83.6
K 0.5263 0.6774 Good

IFAT x PA 10/83.3 38/691 0.4654 48/71.6
K 0.6667 04182 Moderate

IFAT x RDT-rK39 10/83.3 46/83.6 0.6605 56/83.5
K 0.6667 0.6457 Good

RDT-rK39 x PA 12/100.0 45/81.8 0.7074 57/85.0
K 1.000 0.6479 Good

Elisa-rK39 (ELISA recombinant K39 antigen); Elisa-SE (ELISA crude extract soluble antigen); IFAT (indirect fluorescent antibody test); RDT-rK39 (Rapid Diag-
nostic Test—rK39 antigen); PA (Parasitological direct test); () = Kappa Index; A= asymptomatic; S= symptomatic.

agreement between PA x ELISA-SE (68.7%, k= 0.4217) and
between PA x IFAT (71.6%, k= 0.4654), but a good agreement
between PA x RDT-rK39 was observed for symptomatic animals
(81.8%, k= 0.6579).

According to the tests, the positivism rates for CVL were
the following: 71.6% (48/67), 65.7% (44/67), 65.7% (44/67)
and 55.2% (37/67) by ELISA-SE, ELISA-rk39, IFAT and
RDT-rK39, respectively. Furthermore, the results showed that
the serum prevalence rates were higher in symptomatic rather
than in asymptomatic dogs (Table 1) in accordance to the results
of Assis et al. (2010) and Queiroz et al. (2010), who compared
different diagnostic tests in a group of CVL positive dogs.

When ELISA-SE and IFAT were individually or simultaneously
analyzed (Figure le), the data showed similar numbers of positive
dogs in both exams, not only symptomatic but also asymptomatic
dogs. The Kappa indexes of agreement (Table 2) between both
serological methods (ELISA-SE x IFAT) were considered good
in the symptomatic (87.3%, k= 0.6867) and excellent in the
asymptomatic group (91.7%, k= 0.8333). Similarly, Assis et al.
(2010) observed also a good concordance between ELISA-SE and
IFAT, indicating that either ELISA or IFAT can be recommended
for CVL diagnosis during epidemiological surveys.

Moreover similar results were not observed by ELISA-rK39
when individually or simultaneously compared with PA (Figure 1b),
ELISA-SE (Figure 1f), IFAT (Figure 1h) or RDT-rK39 (Figure 1i).
Firstly, because ELISA-rK39 reacted with much lower numbers
of asymptomatic (33.3%) in comparison with symptomatic dogs

(72.7%) with statistically significant difference (Table 1). Secondly,
because the Kappa indexes of ELISA-rK39 indicated a bad
agreement in the association with ELISA-SE (58.2%, k= 0.0330),
IFAT (55.2%, k= 0.0069), RDT-rK39 (59.7%, k= 0.1667) and
PA (47.8%, k= 0.0151) independently of the clinical signs of the
dogs (Table 2). Similar results were found by Zijlstra et al. (2001)
reporting low sensitivity of the rK-39 antigen when a strip test
was used in comparison with direct agglutination (DAT) that
was 67% and 90%, respectively, with an agreement of only 69%
between both diagnostic tests.

More recently, immunochromatography assays have been
developed (e. g., rapid diagnostic tests - RDTs) in order to detect
antibodies against one or more types of recombinant proteins of the
parasite. In this work, we also analyzed one RDT kit containing one
recombinant antigen, (RDT-rK39). In comparison with serological
and parasitological exams, all positive dogs diagnosed by this kit
were confirmed by ELISA-SE (Figure 1g), ELISA-rK39 (Figure 1i)
or IFAT (Figure 1j); even though, this kit detected lower numbers
of positive dogs (55.2%) than ELISA-SE (71.6%), ELISA-rK39
(65.7%) and IFAT (65.7%). Furthermore, our studies showed that
the Kappa indexes of agreement of RDT-rk39 were good when
compared to ELISA-SE (83.6%, k= 0.6561), IFAT (83.5%, k=
0.6605) and PA (85.0%, k= 0.7074), particularly in symptomatic
dogs (Table 2). These good agreement indexes suggest that RDT
may be another option to be used as a complementary method in
association with either ELISA or IFAT or PA for CVL diagnosis.
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Moreover, this study showed that RDT-rK39 and ELISA-rK39
detected lower numbers of positive asymptomatic dogs (33.3%)
than symptomatic (60%-72.7%) demonstrating the poor efficacy of
recombinant protein for the detection of infection in asymptomatic
dogs. Similarly, Quinnell et al. (2013) reported higher sensitivity
(99.7%) of recombinant K39 protein when used in the RDT only
in dogs with clinical disease, but not in asymptomatic dogs. In
other studies, the immunochromatographic tests using protein k39
as antigen, detected sensitivities ranging from 91.5% to 96.7%
in symptomatic dogs (METTLER et al., 2005; LIMA et al.,
2010) and only 52.9% in asymptomatic dogs (METTLER et al.,
2005). According to the clinical progression of the disease, from
asymptomatic to symptomatic, higher specific antibodies tend
to increase with the infection’s development (DEPLAZES et al.,
1995), which may explain the low concentration of anti-Leishmania
antibodies in asymptomatic dogs, while crude soluble extract (SE)
may identify different clinical phases of canine leishmaniasis.

The heterogeneous humoral immune response that develops in
dogs infected by L. infantum (DEPLAZES etal., 1995; SOLANO-
GALLEGO et al., 2001) likely involves multiple antigens that
are differentially recognized in different animals and different
stages of disease in the same host (FALQUETO et al., 2009).
These results suggest that low sensitivity to detect asymptomatic
infections may due to the use of a single defined antigen. Thus,
the development of RDTs using multiple defined antigens (rK39)
may increase the sensitivity in asymptomatic dogs.

In Brazil, the Public Health Services recommend two serological
diagnostic tests for epidemiological surveys and CVL control: the
RDT (detecting antibodies against rK26 and rK39 antigens) for
screening and ELISA as a confirmatory test (BRASIL, 2013).
Nonetheless, recent tests of a RDT incorporating both rK26
and rK39 showed low sensitivity (47%) to detect asymptomatic
canine infections (GRIMALDI JR et al., 2012). In accordance
with Quinnell et al. (2013), RDT is a reasonable method for
confirmation of infection in suspected clinical cases, but due
the low sensitivity to detect asymptomatic infected dogs it is not
indicated for large-scale epidemiological studies and operational
control programs, which many dogs could be misdiagnosed as
false negatives, leading to a failed control campaign. However,
in this paper, RDT-rK39 presented good indexes of concordance
with ELISA-SE, IFAT and PA, and when used as a screening test,
could permit a faster removal of infected symptomatic reservoirs
from the environment, stopping the transmission of parasites to
susceptible uninfected dogs.

The results of this comparative evaluation among several
diagnostic methods reinforce that only one test does not adequately
identify the dogs with CVL and for that reason it is necessary a
combination of different methods. All tests used in this study
showed poor efficacy for detecting infection in asymptomatic
dogs, particularly with recombinant protein K39. Therefore,
RDT-recombinant antigenic proteins should be used only as
a complementary method in association with either ELISA or
IFAT, because of the good concordance among these methods,
particularly in the symptomatic dogs. Furthermore, additional
studies are recommended for the development of new technologies
to increase the sensitivity of diagnostic methods mainly for
asymptomatic dogs.
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