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ABSTRACT

Control of canine visceral leishmaniasis (CVL), a major zoonotic disease in Brazil and many other
tropical and subtropical countries, remains difficult as an accurate and reliable diagnosis is still missing.
In endemic regions, infected dogs are the main parasitic reservoir host of human Visceral leishmaniasis
(VL) infection. Vaccination of dogs against Leishmania infection constitutes an important strategy to
prevent or to better control CVL, thus, a serological test that can discriminate between antibodies
induced by immunization versus infection is highly desirable in order to improve and simplify diag-
nosis. Here, four recombinant proteins were evaluated for their ability to detect and differentiate be-
tween dogs that are infected with Leishmania or have been immunized with the anti-Leishmania
vaccine Leish-Tec®. Receiver operating characteristic (ROC) curve analysis of the four Leishmania-
specific IgG ELISA revealed superior performance of rK28, followed by rKLO8, rK39 and rLb6H. The
rK28-based ELISA revealed not only the best accuracy against CVL, but also the lowest cross-reactivity
with sera from Leish-Tec® immunized dogs. Our data show that the rK28-based ELISA is highly
suitable for CVL screening as it shows high sensitivity with simultaneous low cross-reactivity. Further,
the high specificity of the rKLO8 indicates its suitability for the confirmation of CVL diagnosis.
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INTRODUCTION

Visceral leishmaniasis (VL) is a neglected disease that represents a serious public health
problem in the more than 70 countries considered endemic [1]. In Brazil, the disease is
caused by the protozoan Leishmania infantum, which can be transmitted to man through the
bite of the sandfly Lutzomyia longipalpis [2]. Visceral leishmaniasis is a zoonotic disease and
among several mammalian hosts, domestic dogs (Canis familiaris) represent the main rural
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and urban reservoir of L. infantum. The danger of trans-
mission of VL from dogs to men is high due to their
proximity, the susceptibility of dogs to VL infection and the
high prevalence of asymptomatic dogs [3]. Canine visceral
leishmaniasis (CVL) is a systemic disease which often shows
nonspecific clinical signs that are related to the heterogeneity
of immune responses induced by Leishmania [4]. Further,
CVL may cause severe disease, with high antibody titers and
suppression of the cellular immune response or remain
asymptomatic through mounting a protective immune
response with positive or negative serology for L. infantum
[5]. Infected dogs, especially symptomatic animals, are a
potential source of L. infantum for the vector and thus
represent a risk factor for the ongoing transmission to
humans [6].

The current gold standard for diagnosing CVL is the
positive parasitological examination of aspirates and smears
of bone marrow, spleen, liver, lymph node and microscopic
analyses of biopsy material from intact or injured skin [7, 8].
Despite the high specificity, the diagnostic outcome depends
on the training and ability of the observer, the parasite load
on the infected animal but also the type of immune response
developed by the host [9]. While serological tests have been
widely used for epidemiological surveys and diagnosis of
leishmaniasis [10] one potential disadvantage, especially of
those that use crude parasite antigens, is a potential of cross-
reactivity with other Leishmania species but also trypano-
somatids and even phylogenetically distant species that are
co-endemic [7].

Several recombinant proteins have been evaluated for
their diagnostic potential of human leishmaniasis. For
example, the rLb6H protein, identified through screening of
a genomic expression library of Leishmania braziliensis,
showed good performance in the diagnosis of VL caused by
L. infantum and American tegumentary leishmaniasis trig-
gered by the infection of various Leishmania species
(L. amazonensis, L. braziliensis, L. guyanensis and L. shawi),
while having negligible reactivity to sera from patients with
Chagas disease, histoplasmosis, toxoplasmosis, malaria,
tuberculosis and paracoccidioidomycosis [11]. Further, the
kinesin protein rKLO8, obtained from Leishmania donovani
from Sudan, revealed improved sensitivity and specificity
especially for detection of specific antibodies in VL patients
from East-Africa but also India [12]. Recombinant proteins
have also shown promise in the diagnosis of CVL [13], and
our recent study showed that the combination of rKLO8 and
rK26 proteins increased the sensitivity and specificity of
CVL serodiagnosis as compared to monospecific ELISA
[14]. Till now, the rK39 and rK28 fusion proteins are
routinely used for CVL diagnosis. rK39 has a similar
sequence in L. donovani and L. infantum [15] and provides
good sensitivity for the diagnosis of symptomatic CVL cases
[16]. rK28, a recombinant chimeric protein generated by the
fusion of rK39, rK9 and rK26 from L. donovani, is the
antigen of choice in an immunochromatographic rapid test
that the Brazilian Ministry of Health has recommended
for the diagnosis of CVL since 2011. Indeed, the

recommendation is that the Dual-Path Platform (DPP; Bio-
Manguinhos/Fiocruz, Rio de Janeiro, Brazil) is used in pri-
mary screening that is subsequently followed by the ELISA-
BioManguinhos EIE, which uses Leishmania major antigen,
as confirmatory test [17].

As vaccination of dogs against Leishmaniasis is an
important tool in the fight against Leishmaniasis in Brazil,
the differentiation between vaccinated and Leishmania-
infected dogs is crucial for the control of this disease [18].
We thus analyzed the capacity of different recombinant
proteins for their diagnostic value to discriminate between
dogs that had been tested either positive or negative for CVL
or were immunized with the anti-Leishmania amastigote-
specific rA2 protein-saponin vaccine Leish-Tec®, the only
commercially available anti-CVL vaccine in Brazil. Each
serum was evaluated using ELISA to assess the reactivity of
IgG antibodies against recombinant antigens (rK28, rKLO8,
rK39 and rLb6H). Receiver operating characteristic (ROC)
curves were then used to evaluate the accuracy of each an-
tigen-specific ELISA, and association between assays were
tested by Spearman coefficient correlation.

MATERIAL AND METHODS

Serum samples

A total of 88 dog serum samples were obtained from the
Zoonosis Control Center serum repository, Governador
Valadares, Minas Gerais, Brazil, an area that is endemic for
both visceral and tegumentary leishmaniasis. The samples
were first screened by the rapid immunochromatographic
test TR-DPP® BioManguinhos (DPP) and results were
confirmed by the EIE-BioManguinhos (FIOCRUZ, ELISA
Kit) as recommended by the Brazilian Ministry of Healthy.
The samples were grouped as follows: (i) dogs tested nega-
tive for DPP and EIE were considered as endemic control
group, EC (n 5 44). (ii), dogs tested positive for DPP and
EIE were grouped as L. infantum seropositive animals, CVL
group (n 5 44) and (iii), sera from dogs annually vaccinated
with the Leish-Tec® vaccine (Ceva Hertape AS, Juatuba,
Brazil) but tested negative for leishmaniasis, ehrlichiosis and
anaplasmosis were considered as healthy, vaccinated dogs,
VAC (n 5 44). Sera from vaccinated dogs were received
from the blood bank of the Santo Agostinho Veterinary
Hospital, Belo Horizonte, Minas Gerais. All sera were stored
at �20 8C until further evaluation.

Recombinant antigens

The recombinant protein rKLO8, was cloned and expressed
from a Sudanese L. donovani isolate. Briefly, genes were
amplified by polymerase chain reaction (PCR) and cloned
into the bacterial expression Vector pQ41 (Qiagen GmbH,
Germany), containing an N-terminal histidine tag. The
protein was over-expressed in Escherichia coli M15 (Qiagen
GmbH, Germany) and purified as described previously [12].
Purity and size were checked by gel electrophoresis and
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western blotting with anti-His antibodies and sera from VL
patients. The recombinant proteins of L. donovani, rK28 and
rK39 and rLb6H from L. braziliensis, were produced at the
Infectious Disease Research Institute (IDRI), Seattle, WA,
USA. Recombinant antigens were freeze dried and stored at
�80 8C until evaluation.

Antigen-specific enzyme-linked immunosorbent assay
(ELISA)

Flat-bottom 96-well micro titer plates were coated with 25
ng/well (500 ng/mL) of either rK28, rKLO8, rK39 or rLb6H
diluted in 0.1 M NaCO3 buffer (pH 9.6) solution and
incubated overnight at 4 8C. Plates were than washed with
phosphate buffered saline (PBS) containing 0.05% Tween-20
(PBS-T) and blocked with blocking solution (2% BSA in
PBS-T) for 1 h at room temperature. After washing with
PBS-T, plates were loaded with serum samples diluted
1:2,000 and incubated at room temperature for 1 h. After
washing with PBS-T, 50 mL of peroxidase-conjugated rabbit
anti-dog IgG (1:5,000 dilution) (Sigma, cod. A6792, St.
Louis, MO, USA) were added and incubated at room tem-
perature for 1 h. The plates were then washed again and a
substrate solution containing o-phenylenediamine dihydro-
chloride (OPD) and hydrogen peroxide (H2O2) was used.
After color development, the reaction was stopped by the
addition of 2N H2SO4 and the color-reaction was read at 492
nm with a Spectramax-190 ELISA reader (Molecular

Devices, Sunnyvale, CA, USA). The results were expressed as
absorbance, which corresponds to the mean values of the
optical density (OD) of each sample.

Statistical analysis

Statistical analysis of mean optical densities (ODs) from
CVL and EC groups was performed by Mann–Whitney U
test. Comparisons of the mean ODs from CVL, EC and VAC
groups were performed using Kruskal–Wallis test, followed
by Dunn’s Multiple Comparison Test (GraphPad Software,
San Diego, CA, USA). ROC areas of the tested recombinant
proteins were evaluated by the nonparametric Wilcoxon
Test, using MEDCALC 14.8.1 (MedCalc Software, Oostende,
Belgium). The values of sensitivity and specificity were
extracted at the best cutoff point given by each curve. Cor-
relation of the four antigen-specific ELISAs were tested us-
ing the Spearman nonparametric method. P values of <0.05
was considered statistically significant.

Ethics

The Ethics Committee on Animal Experimentation of the
Federal University of Juiz de Fora approved the study pro-
tocol (No. 009/2017).

RESULTS

Detection of IgG antibodies against recombinant
Leishmania antigens

First, we analyzed sera from dogs with CVL and comparable
controls from the same endemic area (EC group) by testing
each sample for the presence of IgG antibodies reacting with
the recombinant antigens (rKLO8, rK28, rK39 and rLb6H)
in ELISA. Cut-off values for positive responders were
determined by receiver operating characteristic (ROC)
analysis. Fig. 1 shows that IgG levels against each of the
antigens tested were significantly increased in the CVL
group as compared to the EC group. While the magnitude of
the antigen-specific reactivity was quite variable, particularly
when sera were tested against the rLb6H protein (Fig. 1D),
the mean ODs were similar for rKLO8 (0.97 ± 0.52), rK28
(0.97 ± 0.52) and rK39 (0.93 ± 0.67), with a lower value
when rLb6H antigen was used (0.75 ± 0.31).

Comparative evaluation of four recombinant proteins
for diagnosis of CVL

ROC curve analysis was performed to evaluate the accuracy
of each antigen-specific ELISA for the diagnosis of CVL
(Fig. 2). Represented by the values of the area under the
curve (AUC), we observed a similar performance of rK28
(0.944; 95% CI 5 0.874–0.982) and rKLO8 (0.926;95%
CI 5 0.850–0.971). Although the AUC value of rK39 (0.890;
95% CI 5 0.806–0.947) was statistically not different from
rKLO8, it was lower than that of rK28 (P < 0.05). The AUC
value for rLb6H was 0.813 (95% CI5 0.716–0.888) and thus
significantly lower than those observed for rKLO8 and rK28

Fig. 1. Antigen-specific antibody responses of dogs with CVL.
Levels of IgG antibodies against rK28 (A), rKLO8 (B), rK39 (C) and
rLb6H (D) in serum from endemic control dogs (EC; n 5 44) and
dogs with confirmed CVL (CVL; n 5 44) were measured by ELISA.
The cutoff points (dashed bars) were established by the ROC curve.
Horizontal bars represent median optical densities determined by

ELISA. Statistical analyses were conducted using the Mann–
Whitney test. *5P < 0.05
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(both P < 0.05; Fig. 2). Spearman rank order correlations
revealed a strong linear correlation between the ELISA re-
sults with rK28, rKLO8 and rK39, while all of them revealed
poor correlation with the rLb6H (Supporting information –
Fig.).

We further determined the sensitivity and specificity for
each recombinant protein by ROC curve analysis. Experi-
ments were performed on separate occasions to demonstrate
assay robustness (Table 1). In particular, rK28 and rKLO8
demonstrated high specificity, indicating their usefulness in
the exclusion of truly negative dogs from false positive CVL
diagnosis. In terms of sensitivity, rK28 and rK39 antigens
were the most sensitive with 84% and 82%, respectively,

indicating their suitability for diagnosis of CVL. This was
followed by rKLO8 (75–77%), while rLb6H antigen showed
a marked lower sensitivity (52 and 57%). The highest
sensitivity and specificity were given by the rK28-based
ELISA. Thus, our data support the superior role of rK28 in
screening for and detection of CVL.

Ability of recombinant proteins to discriminate
between infection and vaccination

Vaccination of dogs is an important control measure against
CVL infection. However, serological tests can be problematic
as vaccinated animals may be mistaken for infection. We thus
tested our recombinant antigens on reacting with antibodies
that have been generated after immunization with Leish-Tec®

vaccine. While sera obtained from dogs vaccinated with
Leish-Tec® were similar to EC in their response to rK28, rK39
or rKLO8, the rLb6H antigen showed significantly increased
reactivity with sera from vaccinated animals as compared to
the EC group (Fig. 3). Although responses were lower relative
to CVL samples, 25% of the sera from vaccinated dogs
(11/44) had detectable antibodies against the rLb6H antigen.
In contrast, the proportion of reactive sera in the VAC group
was lower for rKLO8 and rK39 (both 13%), and was lowest
for rK28 (4.5%). Together, these data indicate that among the
recombinant proteins, rK28-based ELISA had the best ability
to discriminate diseased dogs (CVL) from both EC and Leish-
Tec® immunized dogs.

Fig. 2. Diagnostic performance of antigen-specific ELISA. ROC
curve analysis of ELISA data were performed, comparing the areas
under the curve (AUC) for the rKLO8 3 rK28 (P 5 0.4287),

rKLO8 3 rK39 (P 5 0.1246), rK28 3 rK39 (P 5 0.0258), rKLO8 3
rLb6H (P 5 0.0011), rK28 3 rLb6H (P 5 0.0013) and rK39 3

rLb6H (P 5 0.0589)

Table 1. Performance characteristics of each antigen-specific ELISA

ELISA Exp.
Cut-off
(A450)

Sensitivity %
[95% CI]

Specificity %
[95% CI]

rK28 1 0.30 84 [69.9–93.4] 100 [92–100]
2 0.23 84 [69.9–93.4] 95 [84.5–99.4]

rKLO8 1 0.45 77 [62.2–88.5] 100 [92–100]
2 0.41 75 [59.7–86.8] 93 [81.3–98.6]

rK39 1 0.30 82 [67.3–91.8] 95 [84.5–99.4]
2 0.20 82 [67.3–91.8] 86 [72.6–94.8]

rLb6H 1 0.66 52 [36.7–67.5] 95 [84.5–99.4]
2 0.35 57 [41.0–71.7] 95 [84.5–99.4]

The cut-off, sensitivity and specificity were determined by receiver
operating characteristic (ROC) curve. Data represent values
obtained in two independent experiments with sera from negative
controls (DPP�/EIE�; n 5 44) and from CVL affected dogs
(DPPþ/EIEþ; n 5 44).

Fig. 3. Antigen-specific antibody responses in vaccinated and un-
vaccinated dogs. Levels of IgG antibodies against rK28 (A), rKLO8
(B), rK39 (C) and rLb6H (D) in serum from endemic control dogs
(EC; n 5 44), dogs immunized with Leish-Tec® (VAC; n 5 44),
and dogs with confirmed CVL (CVL; n 5 44) were measured by
ELISA. The cut-off point (dashed line) was established by the ROC
curve while the horizontal bars represent median OD determined

by ELISA. *5 P < 0.05
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DISCUSSION

Efficient screening and diagnosis of CVL infection is
important as dogs are a reservoir of infection also for
human visceral leishmaniasis [3]. To explore the perfor-
mance of various recombinant antigens in CVL diagnosis,
we tested and compared four recombinant proteins for
their ability to detect and differentiate CVL from endemic
negative controls and Leish-Tec® vaccinated animals. Our
data revealed that sera from dogs with CVL show elevated
levels of IgG against all recombinant proteins tested, i.e.
rK28, rKLO8, rK39 and rLb6H. While rK28, rKLO8 and
rK39 showed a similar reactivity in ELISA, we further
distinguished the performance of each protein by ROC
curve analysis which revealed superior performance of
rK28 ELISA, followed in order by rKLO8, rK39 and,
finally, rLb6H. In addition, rK28 stood out, as it not only
differentiates between infected and vaccinated dogs but
also revealed best diagnostic accuracy.

Although each CVL case in our study was screened
before by their positive responses in both DPP and EIE-
BioManguinhos tests as recommended by the Brazilian
Ministry of Health, we observed in our ELISA based test
format a broad range of reactivity for each antigen tested.
This variability might be due to individual immune re-
sponses of the animals, differences in parasite load or the
phase of disease, each of which is known to influence the
diagnosis of CVL [19]. In addition, the type of test (e.g., DPP
and ELISA) and the antigen(s) used for the test have been
shown to influence the outcome [5, 20].

In particular, the high incidence of false negative but also
false positive responses in CVL have been attributed to the
use of crude, unfractionated parasite antigens. False positive
results can lead to the unnecessary euthanasia of dogs while
false negative results bear the risk for continued trans-
mission of infection and persistence of disease [21]. In
contrast, using recombinant proteins for diagnosis offers the
opportunity to rationally select specific or even autochtho-
nous antigen of a distinct parasite strain with the goal to
enhance the specificity and sensitivity with equally increased
reproducibility and reduced production costs [10, 22]. With
regard to the rK39 antigen, it shares identical amino acid
sequences between L. donovani and L. infantum similar to
the fusion antigen rK28 (K39, K26 and K9) [23, 24]. In
contrast, rKLO8 is based on a kinesin sequence of a L.
donovani isolate from Sudan that exhibits 93% identity with
the kinesin protein of L. infantum [12]. The combination of
the rKLO8 and rK26 antigens resulted in enhanced sensi-
tivity and specificity for CVL [14].

The present study demonstrated that rK28 gives the
strongest IgG response in dogs that have been positively
tested for CVL, with a sensitivity of 84%, followed by rK39
and rKLO8 proteins. The high sensitivity and specificity of
the ELISA employing rK28, rKLO8 and rK39 are consistent
with other studies using the same antigen [14, 24–26].
Overall, our analyses revealed that the positive and negative
predictive values (PPV and NPV, respectively) of rK28 and

rKLO8 were higher than those observed with the rK39-based
ELISA (data not shown). The superiority of the rK28 antigen
that provides high sensitivity and specificity especially in the
diagnosis of CVL symptomatic dogs agrees with previous
findings by Grimaldi et al. [5].

While vaccination of dogs represents an important
medical intervention to break the chain of transmission
between dogs and from dogs to men, a quick and reliable
distinction between vaccinated and infected animals still
remains an important issue. Although vaccination with
Leish-Tec® does not prevent infection, it reduces the para-
site load and thus limits the transmission potential of
infected dogs [17]. Our present study further shows that few
sera from vaccinated, but healthy dogs, exhibited substantial
cross-reactivity with rLb6H-antigen, indicating the necessity
to carefully evaluate every test-antigen for crossreactivities
and false positive results. A study by Fernandes et al. [21]
suggests that this is even worse if a crude antigen prepara-
tion of L. infantum are used for diagnostic purposes.
Nevertheless, our data are consistent with studies in which
humoral responses induced by Leish-Tec® vaccination can
be detected by rA2-ELISA, but do not interfere with the
DPP-determined K28-specific antibody reactivity [27, 28].

Another important issue for accurate diagnosis of CVL is
the potential cross-reactivity with coinfections of related
Leishmania species or even different pathogens. While VL in
America is typically caused by L. infantum, the tegumentary
form is caused mainly by L. braziliensis and L. amazonensis.
Given the high genetic homology between these species (69–
90%) there is a high potential of cross-reactivity for sero-
diagnosis of CVL which was previously shown in dogs
infected with L. braziliensis and L. amazonensis [5, 29–31].
However, the high sensitivity and specificity of the recom-
binant antigens used in our study implies that co-infection
with other Leishmania species or pathogens phylogenetically
close to Leishmania, i.e. Trypanosoma cruzi or Ehrlichia
canis may not be a major concern.

Taken together, our data demonstrate that rK28, rKLO8
and rK39 antigen-based ELISA provide good accuracy for
the diagnosis of CVL and to differentiate between vaccinated
and infected dogs. The high sensitivity of rK28 supports its
use for CVL screening. The high specificity of rKLO8 makes
this antigen suitable to confirm CVL diagnosis. Further
studies with a new fusion protein that includes various
dominant kinesin epitopes from several Leishmania strains
will be used to accelerate and increase the serodiagnosis of
CVL and human VL.
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