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Abstract
Dogs are the main reservoirs in the domestic transmission cycle of visceral
leishmaniasis, and the diagnosis is essential for the effectiveness of the control
measures recommended by the Brazilian Ministry of Health. We assessed the
diagnostic performance of the ELISA-Vetlisa/BIOCLIN prototype with serum
samples from 200 dogs, in triplicate, including symptomatic, oligosymptomatic, asymptomatic, and healthy dogs, originated by two distinct panels (A
and B) characterized by parasitological tests as the reference standard. In this
study, the prototype kit showed a 99% sensitivity (95%CI: 94.5-100.0) and a
100% specificity (95%CI: 96.4-100.0). The sensitivity of the prototype kit did
not vary significantly with the clinical status of the dogs. Considering the final result classification (positive or negative), agreement between the results of
repeated tests was almost perfect (kappa = 0.99; 95%CI: 0.98-1.00). ELISAVetlisa/BIOCLIN is a promising option for the serological diagnosis of canine
visceral leishmaniasis in Brazil.
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Introduction
Visceral leishmaniasis (VL) is a neglected tropical disease caused by protozoan parasites of the genus
Leishmania. Brazil is one of the six countries where more than 90% of cases of this disease occur 1. In
the Americas, VL is caused by Leishmania infantum, transmitted by the bite of phlebotomine vectors,
mainly Lutzomyia longipalpis 2, and dogs are the main urban reservoirs 3. Control measures include
early diagnosis and treatment of human cases, reactive chemical vector control, education activities,
and control of the canine reservoir. In this context, accurate serological diagnosis of canine visceral
leishmaniasis (CVL) is of major importance.
Since 2011, the Brazilian VL control program recommends screening CVL with an immunochromatographic test (ICT) followed by the ELISA assay as confirmatory test 4. Since then, public laboratories use the ICT Dual Path Platform rK28 (DPP CVL, Bio-Manguinhos, Rio de Janeiro, Brazil), followed by ELISA with soluble Leishmania major antigen (Bio-Manguinhos). Despite the improvement
of the diagnosis, debate on the accuracy of this protocol persists 5,6. Moreover, the limited supply of
diagnostic kits for ELISA in Brazil represents a problem, mainly for private laboratories.
The recombinant protein rK39, derived from a specific antigen produced by Leishmania donovani
complex species, has been widely studied in the last decades for use in the serological diagnosis of VL,
presenting varied performance, especially in rapid tests 7,8,9,10,11,12.
In this context, the company BIOCLIN developed a commercial ELISA kit using rK39 as antigen
(Vetlisa/BIOCLIN, Belo Horizonte, Brazil). However, at the moment, reference centers in Brazil have
not assessed commercial ELISA rK39 LVC kits. This study evaluated the performance of this prototype in a sample of dogs, using a well-defined reference standard and blind analysis for the diagnosis
of CVL in infected and non-infected dogs from endemic areas of Brazil.

Methods
Animals and local study
This study was a retrospective diagnostic test evaluation, with samples previously collected in two
studies (panel A and B), kept under guard, and monitored using the serological panel database of the
Parasitic Diseases Service, Ezequiel Dias Foundation (Minas Gerais State, Brazil).
In panel A, we assessed 1,440 serum samples obtained from dogs from the municipalities of Bauru
(São Paulo State), Brasília (Federal District), Palmas (Tocantins State), and Fortaleza (Ceará State),
between 2009 and 2010. In each selected municipality, three distinct, non-continuous neighborhoods
with the highest prevalence of CVL were studied. Dogs were selected by active search, by house-tohouse visits, following a systematic sampling procedure. Inclusion criteria were dogs whose owners
had lived in the study region for at least six months; dogs whose owners were of legal age and qualified
to sign the informed consent form; dogs aged eight months and older; dogs in conditions of being
submitted to sedation; and dogs without previous clinical evaluation or laboratory diagnosis for CVL.
The exclusion criteria were pregnant female dogs; dogs that got aggressive with handling; stray dogs;
and dogs undergoing anti-Leishmania chemotherapy.
In panel B, we assessed seventy-five serum samples obtained from dogs from the endemic municipality of Betim (Minas Gerais State) in 2015. The dogs were selected by active search by the Zoonoses
Surveillance Unit (ZSU) of Betim or by the owners’ spontaneously bringing the animals to ZSU.
Inclusion criteria were dogs whose owners resided in the study region; dogs whose owners were of
legal age and qualified to sign the informed consent form; dogs aged four months and older; dogs in
conditions of being submitted to sedation and dogs a with previous serological diagnosis for CVL
(ICT Dual Path Platform rK28 and ELISA/Bio-Manguinhos). Exclusion criteria were dogs that got
aggressive with handling, dogs undergoing any anti-Leishmania chemotherapy.
In both panels, veterinarians performed clinical evaluation. Clinical conditions among symptomatic animals were heterogeneous. The dogs were classified as asymptomatic (absence of clinical signs),
oligosymptomatic (the presence of one to three clinical signs), and symptomatic if the animals pre-
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sented typical signs of CVL (alopecia, dermatitis, conjunctivitis, lymphadenopathy, onychogryphosis,
etc.) as adapted from criteria proposed by Mancianti et al. 13.
Reference standard tests
In panel A, fragments of healthy skin and, when present, of skin lesions were collected for parasitological culture, immunohistochemistry, and histopathology according to the protocol proposed
by Madeira et al. 14 and Menezes et al. 15. The parasites isolated in culture were characterized by
isoenzymes based on protocols defined by Cupolillo et al. 16. The characterization was performed to
determine the species of Leishmania in each case and to positively identify cases of L. infantum.
In panel B, fragments of healthy skin, popliteal lymph node, and bone marrow aspirates were collected for parasitological culture and direct exams. Moreover, postmortem immunohistochemistry
and polymerase chain reaction (PCR) for Leishmania sp. kDNA were performed according to the
protocol proposed by Tafuri et al. 17 and Volpini et al. 18, respectively. The molecular characterization
by restriction fragment length polymorphism (RFLP) was performed in the DNA samples to identify
the L. infantum DNA.
Study design, sample size, and test procedures
A total of 200 serum samples were selected at random in the respective panels (100 positive and 100
negative), considering 90% sensitivity and 90% specificity with ± 6% error 19. Positive samples were
those with at least one positive parasitological test, and negative samples were those negative in all
parasitological and serological tests. A total of 148 samples from panel A (6 asymptomatic, 13 oligosymptomatic, 29 symptomatic, and 100 negative samples) and 52 positive samples (11 asymptomatic,
10 oligosymptomatic, and 31 symptomatic) of panel B were used (Figure 1 and Supplementary Material. Box S1. http://cadernos.ensp.fiocruz.br/static//arquivo/suppl-e000413-20_9739.pdf). After
sample selection, two aliquots of 100 microliters of each sample were taken from the freezer -80ºC.
The samples were coded with a sequential and unambiguous number for each of them, from 1 to 200,
by an analyst who did not participate in the execution of the Vetlisa/BIOCLIN tests.
The test was performed according to the manufacturer’s instructions, considering the cutoff =
negative control mean absorbance + 0.5 and calculating the index by dividing the absorbance of the
sample by the cutoff value. All samples were tested in triplicate.
Statistical analysis
Accuracy evaluation was based on the cross-distribution of positive (asymptomatic, oligosymptomatic, and symptomatic) and negative samples, as detected by the reference standard, and the results of
the Vetlisa/BIOCLIN test results of the 200 samples. Indeterminate results were excluded from the
statistical analysis. We estimated sensitivity, specificity, and global accuracy with their respective 95%
confidence intervals (95%CI).
Reliability was assessed in three ways, considering the “index values”. First, the intra-assay precision (repeatability) was performed in five replicates in a single run to detect antibodies of Leishmania,
using seven positive and seven negative samples 20. Second, the inter-assay precision (reproducibility)
was assessed using the same samples used in repeatability analysis but now repeated for five consecutive days. Both the intra-assay (repeatability) and the inter-assay (reproducibility) precision levels
were evaluated using the variation coefficient (Vc) of the results of the retested samples using the
equation: Vc = standard deviation/mean × 100. Third, agreement between three repeated measures of
the “index values” for all samples was estimated by the intraclass correlation coefficient (ICC) using a
two-way mixed-effects model 21,22. Agreement was also assessed using the kappa statistic considering
the results of the Vetlisa/BIOCLIN test classified as positive (asymptomatic, oligosymptomatic, and
symptomatic) and negative.
The results readings were individually assessed using the Shapiro-Wilk normality test and compared using the Kruskal-Wallis test. The groups (asymptomatic, oligosymptomatic, and symptomatic)
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Figure 1
Sample selection flowchart.
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were compared using the Tukey and Kramer (Nemenyi) test. All statistical procedures were performed using R (http://www.r-project.org) and Stata software (https://www.stata.com).
Ethics
The study was approved by the Animal Ethics Committee of the Ezequiel Dias Foundation (n. 016/18).

Results
The Vetlisa/BIOCLIN test was performed in triplicate. All final classifications (positive or negative)
were consistent across the repetitions, except one, coming from an infected dog, in which one of the
replicates was considered undetermined (the other two were positive). This result was discarded from
the sensitivity and specificity analysis.
The Vetlisa/BIOCLIN test detected the presence of anti-Leishmania sp. antibodies in 99% of
infected dogs included in this analysis (98/99). The only false negative was a symptomatic dog. In
the group of negative dogs, all the samples presented negative results in all three replications of the
Vetlisa/BIOCLIN test.
Table 1 shows an an accuracy performance of 99% sensitivity (94.5-100.0) and 100% specificity
(96.4-100.0). Regarding the detection of different CVL clinical presentations, the test showed sensitivity values (95%CI) of 100%, 100%, and 98.3% for asymptomatic, oligosymptomatic, and symptomatic dogs.
Figure 2 shows the distribution of the Vetlisa/BIOCLIN test results as expressed by the “index values” for negative, asymptomatic, oligosymptomatic, and symptomatic dogs. We found no statistically
significant difference between the asymptomatic, oligosymptomatic, and symptomatic, either when
analyzed together (p = 0.1874) or when analyzed separately (asymptomatic versus oligosymptomatic,
p = 1.00; oligosymptomatic versus symptomatic, p = 0.29); and asymptomatic versus symptomatic,
p = 0.35).
The intra-assay Vc ranged from 2.5% to 9.3% (mean = 4.6%) for all fourteen samples; from 2.5% to
5.7% (mean = 3.7%) for positive canine sera; and from 2.9% to 9.3% (mean = 5.4%) for negative canine
sera. For the reproducibility analyses (inter-assay precision), the variation coefficients were calculated
for the results of five different assays performed on consecutive days with the samples evaluated. The
reproducibility Vc ranged from 6.6% to 12% (mean = 8.8%) for all fourteen samples; from 6.6% to 8.4%
(mean = 7.5%) for positive canine sera; and from 7.9% to 12% (mean = 10.1%) for negative canine sera.
As measured by the kappa statistic for the final classification provided by the test (positive or negative) for the three replications, agreement was almost perfect (kappa = 0.99; 95%CI: 0.98- 1.00). Agreement between three repeated measures of the “index values” for all samples was also almost perfect, as
indicated by the intraclass correlation coefficient (ICC = 0.98; 95%CI: 0.98-0.99).

Discussion
The sensitivity and specificity of the diagnostic tests currently used in Brazil to assess CVL in the field,
has been challenged due to their imperfect accuracy and, consequently, the impact on the effectiveness
of control measures such as euthanasia of infected dogs 23,24,25. The accuracy of serological tests may
vary with the clinical status of infected dogs and according to the stage of infection or the immune
status of the host 26.
Our study provided evidence that the ELISA-Vetlisa/BIOCLIN prototype shows substantial
sensitivity, specificity, and reproducibity. It is essential to point out that further studies regarding the
specificity of this test are necessary, with the inclusion of positive samples for other pathogens.
In general, diagnostic tests based on recombinant protein are more specific than crude soluble
antigens 27,28,29,30. In 2015, a metanalysis with 15 studies reported 89% (95%CI: 87-91) sensitivity and
87% (95%CI: 86-88) specificity, considering different ELISA with soluble antigens to diagnose CVL 31.
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Table 1
Accuracy performance of the Vetlisa/BIOCLIN prototype for canine visceral leishmaniasis.
Clinical status

Sensitivity

Specificity

Accuracy

% (95%CI)

% (95%CI)

% (95%CI)

All valid samples (n = 199)

99.0 (94.5-100.0)

100.0 (96.4-100.0)

99.5 (97.2-100.0)

Only infected asymptomatic (n = 17)

100.0 (80.5-100.0)

NA

NA

Only infected oligosymptomatic (n = 23)

100.0 (85.2-100.0)

NA

NA

Only infected symptomatic (n = 60)

98.3 (90.9-100.0)

NA

NA

95%CI: 95% confidence interval; NA: not applicable.

Figure 2
ELISA results (absorbance/cut-off 450nm) in negative and positive canine sera with different clinical status.

Conversely, studies with rK39 antigens of L. infantum demonstrated performance results with sensitivity ranging from 59% to 100% (depending on the disease stage) and specificity from 85% to 98% 9,32.
Venturin et al. 33 found 97% sensibility and 95% specificity for in-house rK39 antigen-based ELISA
using a panel of dogs characterized with a direct examination in lymph node aspirate. Nevertheless,
we should consider that the specificity might be underestimated in panels characterized with only
lymph node aspirate because of the low sensitivity of the direct examination in this type of sample.
Other authors observed contradictory values of sensibility and specificity when using ELISA rK39.
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Santarém et al. 34 found values of sensitivity of 88% in symptomatic and 56% in asymptomatic animals
when using ELISA rK39. Teixeira et al. 35 observed sensitivity and specificity of 37% (95%CI: 27-49)
and 83% (95%CI: 71-91) respectively. The choice of the reference standard, which included both conventional parasitological techniques and a combination of molecular tests in blood and bone marrow
samples, might have influenced the results in the previous study. Variations in the results may also be
a consequence of the quality of the diagnostic kit. For this study, we developed the diagnostic kit in
an industrial setting. We used panels with different parasitological tests that guarantee the designated
values of the samples and represent different transmission contexts of Brazil. However, we previously
tested panel B using conventional serological tests, which may have contributed to overestimating the
test performance. Additionally, the lack of the simultaneous application of the prototype evaluation
and the standard reference tests may have also influenced the result.
In a preliminary test performed by the Vetlisa/BIOCLIN, the prototype showed promising sensitivity and specificity values of 96.8% and 98.9%, respectively, similar to those obtained in this study, a
99% sensitivity (95%CI: 94.5-100.0) and a 100% specificity (95%CI: 96.4-100.0) (Quibasa-BIOCLIN.
https://quibasa.bioclin.com.br/anexos/INSTRUCOES_VETLISA%20LEISHMANIOSE%20IgG_
TRILINGUE.pdf, accessed on 18/Dec/2019).
Dogs that develop signs of CVL have typically high serum antibody titers and, consequently,
sensitivity antibody-based tests are unlikely to be similar for asymptomatic and symptomatic infections 36,37. However, due to the progression of VL itself, it may cause immunosuppression and
decrease antibody titers in individuals at advanced stages of the disease 38. Thus, positive rK39
rapid diagnostic test results are strongly associated with high infection levels and disease progression
39,40,41. On the other hand, other authors demonstrate that asymptomatic dogs can also present high
parasitism 42,43, not necessarily related to a lower immune response 44. Concerning the sensitivity and
specificity results, we found no statistical difference between the clinical groups. Despite the small
sample of asymptomatic dogs, the results are promising.
The epidemiological role of asymptomatic dogs in the maintenance of the disease is still a matter
of discussion, and many authors believe that the success of VL control measures relates to the effective diagnosis of asymptomatic dogs 34,35,39,45. In this sense, it is auspicious to have a test such as the
one evaluated in this study, in which the results are not substantially affected by the clinical status of
infected dogs.
In Brazil, specificity is a crucial characteristic for ELISA because it is a confirmatory test. Considering the standardized antigens to improve the reproducibility of results in different Brazil regions, it
is critical to implement and analyze validation studies on diagnostic tests for CVL.

Conclusions
Our study shows that Vetlisa/BIOCLIN prototype might be a promising option in association with
other methods for diagnosing CVL. Nevertheless, a prospective phase III study is still required, using
simultaneous assessments between standard reference tests and the rK39 ELISA in dogs from endemic areas. A more comprehensive range of diagnostic test options is essential for private laboratories
and veterinary services in Brazil, given the increasing demand and public health impact.
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PHASE II VALIDATION STUDY OF THE rK39 ELISA PROTOTYPE

Resumo

Resumen

Os cães são os principais reservatórios do ciclo de
transmissão domiciliar da leishmaniose visceral,
e o diagnóstico é essencial para a efetividade das
medidas de controle recomendadas pelo Ministério
da Saúde. Os autores avaliam o desempenho diagnóstico do protótipo da ELISA-Vetlisa/BIOCLIN
em amostras sorológicas de 200 cães, em triplicata,
incluindo cães sintomáticos, oligossintomáticos e
saudáveis, com dois painéis distintos (A e B) caracterizados por testes parasitológicos enquanto referência. No estudo, o kit-protótipo mostrou sensibilidade de 99% (IC95%: 94,5-100,0) e especificidade
de 100% (IC95%: 96,4-100,0). A sensibilidade do
kit-protótipo não variou de maneira significativa
de acordo com o estado clínico dos cães. Considerando a classificação final dos resultados (positivo
ou negativo), a concordância entre os resultados
dos testes em triplicata foi quase perfeita (kappa =
0,99; IC95%: 0,98-1,00). O protótipo ELISA-Vetlisa/BIOCLIN tem o potencial de ser utilizada para
o diagnóstico sorológico da leishmaniose visceral
canina no Brasil.

Los perros son los principales reservorios en el ciclo de transmisión doméstica de la leishmaniasis
visceral, por ello el diagnóstico es esencial para la
efectividad de las medidas de control recomendadas por el Ministerio de Salud de Brasil. Evaluamos el desempeño diagnóstico de ELISA-Vetlisa/
BIOCLIN prototipo con muestras de sérum de
200 perros, en triplicado, incluyendo sintomático,
oligosintomático, asintomático y perros sanos, originadas por dos paneles distintos (A y B), caracterizados por test parasitológicos como referencia
estándar. En este estudio, el kit prototipo mostró
un 99% de sensibilidad (IC95%: 94,5-100,0) y un
100% de especificidad (IC95%: 96,4-100,0). La
sensibilidad del kit prototipo no varió significativamente con el estatus clínico de los perros. Considerando la clasificación final del resultado (positiva o negativa), el acuerdo entre los resultados de
los tests repetidos fue casi perfecto (kappa = 0,99;
IC95%: 0,98-1,00). ELISA-Vetlisa/BIOCLIN
tiene potencial para ser usado para el diagnóstico serológico de la leishmaniasis visceral canina
en Brasil.
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