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Abstract

Background: Visceral leishmaniasis (VL) is a zoonotic disease caused by Leishmania infantum, for which dogs consti-
tute the main urban parasite reservoir. Control measures and the treatment of canine visceral leishmaniasis (CVL) are
essential to reduce VL cases. Early and accurate detection of L. infantum-infected dogs is crucial to the success of VL
control. To improve the serological detection of L. infantum-exposed dogs, we evaluated the early diagnosis capacity
of a recombinant protein (rLci5) in an immunosorbent assay (ELISA) to detect naturally infected dogs. Additionally, we
evaluated the persistence of the positive results obtained by rLci5 ELISA in comparison to other conventional diag-
nostic test methods.

Methods: Serum samples obtained from 48 L. infantum-infected dogs involved in a cohort study were evaluated
using different diagnostic methods (qPCR, EIE-LVC, DPP-LVC and splenic culture). The results were compared to rL.ci5
ELISA to determine its capacity to diagnose L. infantum infection at earlier infection time points. The persistence of
positive diagnostic test results was also compared for each dog evaluated.

Results: rlci5 ELISA presented higher rates of positive results at early time points compared to the other diagnostic
tests employed in the cohort study, as early as 24 months prior to detection by other tests. rLci5 ELISA positivity was
52.1% (25/48) at baseline, while gPCR was 35.4% (17/48), DPP-LVC 27.1% (13/48), EIE-LVC 22.9% (11/48) and culture
only 4.2% (2/48). In at least one of the time points of the 24-month cohort study, rL.ci5 ELISA was positive in 100%
(48/48) of the dogs, versus 83% (40/48) for gPCR, 75% (36/48) for DPP-LVC, 65% (31/48) for EIE-LVC and 31% (15/48) for
culture. Investigating clinical signs in association with diagnostic test positivity, rLci5 ELISA successfully detected CVL
in 62.9% (95/151) of the clinical evaluations with a score of 0-3, 64.3% (45/70) with scores between 4 and 7, and 73.7%
(14/19) with scores > 7, providing higher rates of positivity than all other methods evaluated. Moreover, rLci5 ELISA
presented the greatest persistence with respect to test positivity: 45.8% of the dogs evaluated.

Conclusion: Four diagnostic tests were compared to rLci5 ELISA, which presented earlier infection diagnosis and
a greater persistence of positive test results. Accordingly, the use of the rLci5 ELISA can improve CVL diagnostic
-
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performance by detecting infected dogs sooner than other testing methods, with enhanced persistence of positive

results over the course of the infection.
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Background

The protozoan parasite Leishmania infantum is the main
etiological agent of human visceral leishmaniasis (VL) in
Brazil, an endemic zoonosis commonly found in tropi-
cal countries [1]. According to the Brazilian Ministry of
Health, ~ 3500 cases are registered annually throughout
the country [2]. In Brazil, the sand fly Lutzomyia longi-
palpis is the main vector of L. infantum [3]. Patients with
VL may develop clinical signs including prolonged fever,
anemia, weight loss, weakness, hepatomegaly and sple-
nomegaly [4].

Dogs are the main urban reservoirs of L. infantum,
which may play an important role in the transmission and
maintenance of VL, resulting in the accidental infection
of humans [4, 5]. Early and effective diagnosis is essential
to establishing efficient control measures [6, 7]. Among
the available diagnostic methods, serological assays offer
several advantages including low cost, feasibility in field
settings and rapid test results, as well as adequate param-
eters of sensitivity and specificity when appropriate anti-
gens are employed [8].

Recombinant proteins, which have been used as anti-
gens to improve immunodiagnostic performance, can
be identified using proteomics and bioinformatics tech-
nology [7]. Machado et al. [9] demonstrated significant
diagnostic results using recombinant proteins and syn-
thetic peptides, with very high sensitivity and specific-
ity for diagnosing VL in humans and dogs. In addition,
Santos et al. [10] found that L. infantum elongation fac-
tor-1 beta protein and its recombinant version both
offered high sensitivity and specificity for the detection of
anti-Leishmania antibodies in asymptomatic and symp-
tomatic dogs. These same proteins may also be useful as
prognostic markers in human sera, since they are able to
detect reductions in antibody levels following treatment
in humans [10].

Our group previously identified recombinant antigens
for use in canine visceral leishmaniasis (CVL) serodiag-
nosis [11, 12]. Among these antigens, the recombinant
protein rLci5 demonstrated promising results when used
in an enzyme-linked immunosorbent assay (ELISA),
offering 87% sensitivity and 94% specificity, as well as 90%
diagnostic accuracy [13]. However, in addition to accu-
racy, it is also important to assess the ability of diagnos-
tic assays to detect antibodies at early times of infection,
as well as to evaluate the persistence of these antibod-
ies in infected dogs, which allows clinicians to perform

diagnosis in different phases of infection or stages of
disease.

Thus, the present study aimed to evaluate the diag-
nostic capability of rLci5 ELISA at early stages of natu-
ral infection by L. infantum in dogs, as well as investigate
this protein’s ability to detect persistent infection over
a 24-month follow-up period, and then compare the
obtained results to those produced by other available
diagnostic tests. Canine samples from a cohort study in
which natural infection was monitored for 2 years in an
endemic area [14] were used for evaluation purposes.

Methods

Serum samples and CVL diagnosis

Serum samples were obtained from 48 dogs involved in a
prospective 2-year cohort study conducted in Camacgari,
Bahia, an area where VL and CVL are endemic [14]. This
cohort was followed between February 2014 and Novem-
ber 2017. Dogs were visited at baseline and then revisited
at 6-month intervals for testing and evaluation of clini-
cal signs associated with CVL, resulting in a total of five
assessments during follow-up. During the cohort study,
dogs were tested by an ELISA (EIE-LVC, Bio-Manguin-
hos, Fiocruz, Brazil), an immunochromatographic assay
(DPP-LVC, Bio-Manguinhos, Fiocruz, Brazil), qPCR and
cultures of splenic aspirate samples were performed.
The following clinical parameters related to CVL were
assessed at each time point: nutritional status; mucosa
color; periocular dermatitis; ear crusting; ear ulceration;
muzzle depigmentation; muzzle hyperkeratosis; muzzle
lesions; spleen size; onychogryphosis; alopecia; sebor-
rheic dermatitis; lymphadenomegaly [15]. Scores were
assigned in accordance with the presence and intensity of
each parameter. A total clinical score was then calculated
for each dog at each time point by summing the scores
of all parameters. This composite score ranged from 0 to
24 points [15]. All 48 dogs studied herein presented posi-
tivity to at least one of the four diagnostic methods pre-
viously employed at all evaluated time points during the
cohort study.

rLci5 ELISA and other diagnostic tests

All serum samples previously obtained from the origi-
nal cohort study were subsequently assessed using rLci5
ELISA as previously described by Borja et al. [13]. Other
diagnostic tests were originally employed during the
cohort study, including EIE-LVC and DPP-LVC, which



de Jesus et al. Parasites Vectors (2021) 14:398

were performed in accordance with manufacturer’s spec-
ifications. qPCR and cultures of splenic aspirate samples
were assessed as described by Rampazzo et al. [16] and
Barrouin-Melo et al. [17], respectively. All diagnostic
assays were carried out under blinded conditions, that
is, investigators interpreted the diagnostic test results
obtained from each technique without knowing the other
test results for each sample under consideration.

Evaluation of rLci5 ELISA test performance

Comparisons among diagnostic tests and association

with clinical score

The results from parasitological, molecular and serologi-
cal diagnostic testing performed at each time point, for
all 48 dogs, were entered in a database created in Excel
(Additional file 1: Table S1) and compared statistically
(see below).

Clinical scores were assessed for all 48 dogs during
the cohort study at each of the five time points. These
observations were stratified into three categories: clinical
scores in the ranges of 0-3, 4-7, and > 7 (Additional file 1:
Table S1). Each of these clinical score categories were
evaluated with regard to positivity on each of the five dif-
ferent diagnostic methods.

Early positivity

Positivity was initially assigned in each dog by detec-
tion of positive results on one or more of four previously
employed diagnostic methods (DPP-LVC, EIE-LVC,
culture or qPCR). At five time points throughout the
follow-up period, dogs were evaluated at no longer than
6-month intervals. The frequencies of the first positive
detection were calculated for each diagnostic method at
each follow-up period. To assess whether rLci5 ELISA
was capable of detecting positivity prior to the other
four diagnostic methods, each dog’s previous diagnostic
test results were compared to those obtained from the
in-house antigen ELISA. Early detection was consid-
ered when rLci5 ELISA demonstrated positivity at least
6 months before positivity was detected using another
method. Positivity frequencies were calculated for a given
animal using positive and negative results obtained using
each test method.

Persistence of positivity on diagnostic tests

The persistence of diagnostic test positivity was evaluated
when a given diagnostic test returned positive results for
at least two consecutive time points following the initial
diagnosis (i.e., over a consecutive 18-month follow-up
period consisting of three evaluation time points). Con-
sidering the entire 24-month cohort study follow-up
period, 18 months corresponded to 75% of the evaluation
period.
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Statistical analyses

Frequencies of diagnostic results were calculated using
the STATA 12.0 (StataCorp LP, Texas, USA) software
program. The unpaired ¢-test was used to compare the
average diagnostic test positivity versus the average rLci5
ELISA positivity. The chi-square test was used to com-
pare numbers of positive dogs detected by rLci5 ELISA
with those detected by the other diagnostic tests evalu-
ated during the follow-up period.

Positivity on rLci5 ELISA was compared to the other
four diagnostic methods using McNemar’s test in accord-
ance with the three different clinical score categories.
The persistence of each diagnostic test was calculated,
expressed as frequency and then compared to the other
methods using McNemar’s test.

All statistical analyses were performed using GraphPad
software, and results were considered significant when
P<0.05.

Results

Frequency of diagnostic test positivity

All 48 dogs included were classified as positive by one
of the four diagnostic methods originally employed at
the final time point of the cohort study. Of these, 100%
tested positive on rLci5 ELISA at least one time point,
while 83% (40/48) were positive by qPCR, 75% (36/48) on
DPP-LVC, 65% (31/48) on EIE-LVC and 31% (15/48) by
culture.

Variable positivity was observed in accordance with
each diagnostic test evaluated (Table 1). Parasite cul-
tures presented the lowest rate of positivity, resulting in
an average 10% detection rate over the five time points
evaluated in the cohort study. qPCR detected an aver-
age of 30% of dogs as positive, while DPP-LVC and EIE-
LVC averaged 34% and 38%, respectively. rLci5 ELISA
detected significantly higher numbers of positive dogs
throughout the study, ranging from 46 to 81%, with an
average 64% positive detection rate over five evaluation
time points (Table 1).

Early positivity using rLci5 ELISA compared to other
diagnostic tests

rLci5 ELISA presented higher rates of positivity at early
time points compared to the other diagnostic tests
employed in the cohort study, as early as 24 months
prior to detection by other tests. Our analysis of positive
detection revealed first positivity by rLci5 ELISA in most
dogs at earlier time points compared to other diagnostic
methods (Fig. 1). rLci5 ELISA was positive in 52.1% of
the dogs (25/48) at baseline, while qPCR detected 35.4%
(17/48), DPP_LVC 27.1% (13/48), EIE-LVC 22.9% (11/48)
and culture showed just 4.2% (2/48) positivity (Fig. 1).
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Table 1 Frequency of positivity on different diagnostic tests during the 24-month cohort study

Test Positive result frequency Average positivity Average positivity versus average
over 24 months (%)  rL.ci5 ELISA positivity (P value)**
Baseline 6 months 12 months 18 months 24 months
Culture 2/48 (4%) 3/48 (6%) 2/48 (4%) 9/48 (19%) 7/46% (15%) 10 <0.0001
gPCR 17/48 (35%) 9/48 (19%)  17/48 (35%)  20/48 (42%) 9/48 (19%) 30 0.0034
DPP-LVC 13/48 27%)  16/48 (33%)  14/48 (29%)  23/48 (48%)  15/48(31%) 34 0.0045
EIE-LVC 11/48 (23%) 19/48 (40%) 19/48 (40%) 20/48 (42%) 22/48 (46%) 38 0.0105
rlci5 ELISA  25/48 (52%)  39/48 (81%)  31/48 (65%)  22/48 (46%)  37/48(77%) 64 -
2Two samples were discarded due to contamination at 24 months
" Unpaired t-test
rLci5 |
ELISA
Any test-
2
4
+  gPCR-
£ 1 Baseline
g [ 6 months
gﬁ DPP-LVC- B 12 months
g Il 18 month
Bl 24 months
EIE-LVCH Hl Never detected (negative)
Splenic |
culture
0
First positive detection by each diagnostic test (%)
Fig. 1 Early positivity to rLci5 ELISA compared to other diagnostic tests during the 24-month cohort study. CVL was initially diagnosed in each
dog by positivity on one or more of four previously employed diagnostic methods (DPP-LVC, EIE-LVC, culture or gPCR) and then by rLci5 ELISA.
Forty-eight dogs were evaluated at five time points (represented by different shades of green) throughout the follow-up period with 6-month
intervals. The frequencies of the first positive detection were calculated for each diagnostic method at each follow-up period

With respect to positivity in each of the 48 dogs with
CVL, rLci5 ELISA demonstrated positivity in 100%
(48/48) of the dogs in at least one of the time points of
the cohort study, while qPCR detected 83% (40/48), DPP-
LVC 75% (36/48) and EIE LVC 65% (31/48), and culture
presented an overall positivity in 31% (15/48) of the ani-
mals (Fig. 2a). Moreover, rLci5 ELISA detected positive
results earlier than the other diagnostic tests, in 86%
(13/15) of the dogs detected by culture, and in almost
50% of the dogs detected by EIE-LVC, DPP-LVC or qPCR
(Fig. 2b).

Associations between clinical scores and diagnostic
methods results

With respect to all evaluations (n=240) conducted in
the 48 animals during the 24-month cohort study, 62.9%
(151/240) were classified as clinical score 0-3, 29.1%

(70/240) as clinical score 4—7, and 7.9% (19/240) as clini-
cal score>7.

rLci5 ELISA successfully detected positivity in 62.9%
(95/151) of the evaluations classified as clinical score 0-3,
64.3% (45/70) as clinical score 4-7, and 73.7% (14/19)
as clinical score>7. Correspondingly, EIE-LVC detected
28.5% (43/151) of the evaluations classified as clini-
cal score 0-3, 51.4% (36/70) as clinical score 4-7, and
63.2% (12/19) as clinical score>7. DPP-LVC detected
25.2% (38/151) of the evaluations classified as clinical
score 0—3, 47.1% (33/70) as clinical score 4—7, and 52.6%
(10/19) as clinical score>7 (Fig. 3). qPCR detected in
25.8% (39/151) of the evaluations classified as clinical
score 0—3; 37.1% (26/70) as clinical score 4—7, and 36.8%
(7/19) as clinical score>7. Lastly, parasitological culture
detected 4% (6/149) of the evaluations classified as clini-
cal score 0-3, 17.1% (12/70) as clinical score 4-7, and
26.3% (5/19) as clinical score>7 (Fig. 3). Overall, rLci5
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Fig. 2 Frequency of diagnostic test positivity by rLci5 ELISA in comparison to other diagnostic methods. a Overall positivity rates of each diagnostic
test evaluated. The chi-square test was used to compare numbers of positive dogs detected by rLci5 ELISA with those detected by the other
diagnostic tests evaluated during the follow-up period. Results were considered significant when P< 0.05. b Percentage of early (at least 6 months
earlier), simultaneous and later (6 months later or more) detection by rlL.ci5 compared to other diagnostic methods evaluated

% of Positive results detected by rLci5 ELISA
in comparison to the other diagnostic tests
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Fig. 3 Frequency of diagnostic test positivity in association with overall clinical score. Clinical scores were assessed for all 48 dogs during the cohort
study at each of the five time points. These observations were stratified into three categories: clinical scores in the range of 0-3,4-7, and > 7. Each
of these clinical score categories were evaluated with regard to positivity on each of the five different diagnostic methods (different shades of blue).
Positivity on rLci5 ELISA was compared to the other four diagnostic methods using McNemar’s test in accordance with the three different clinical
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ELISA presented significantly higher detection rates in
animals classified with a clinical score of 0-3 compared
to the other diagnostic tests evaluated (***P<0.001). For
the dogs with clinical scores ranging from 4 to 7, rLci5
ELISA presented significantly higher detection rates
than culture (***P<0.001) or qPCR (**P<0.01). Finally,
in dogs with clinical scores>7, rLci5 ELISA only demon-
strated significantly higher rates of detection than culture
(*P<0.01).

Persistence of positivity on different diagnostic tests

rLci5 ELISA was found to consistently present signifi-
cantly greater persistent positivity compared to the other
diagnostic tests evaluated (P<0.01), with the exception
of EIE-LVC. The highest rate of persistence with respect
to positivity was identified for rLci5 ELISA (45.8% of the
dogs followed up), while EIE-LVC presented a 35.4% rate
of persistence compared to DPP-LVC, with 12.5% per-
sistence. Parasitological and molecular methods demon-
strated the lowest rates of persistence: 8.3% for qPCR and
2.1% for culture (Fig. 4).

Discussion

Many factors can influence the accuracy of disease diag-
nosis. The evolution of a given disease may vary, and it
is expected that after infection, biochemical and physi-
ological reactions take place, yet often without evident
symptoms. Each disease presents a different course of
evolution over time, with variability in signs, symptoms
and outcomes [18].

Veterinarians experience difficulty in the assessment of
CVL diagnosis due to the non-specificity of clinical signs,
which can be confounded with other diseases, such as
ehrlichiosis and babesiosis [10]. Moreover, animals con-
sidered resistant to CVL may never present any signs

anl

p
culture

qPCR

DPP
LvC

EIE
LvC

rLci5

FHK

XK

1|0 i Zb I I I I 50
Persistence of positive results (%)
Fig. 4 Persistence of positivity to rL.ci5 ELISA compared to other
diagnostic tests during the 24-month cohort study. The persistence
of diagnostic test positivity was evaluated when a given diagnostic
test returned positive results for at least two consecutive time points
following the initial diagnosis. The persistence of each diagnostic test
was calculated, expressed as frequency and then compared to the
other methods using McNemar’s test (**P<0.01; ***P <0.001)

characteristic of disease, even over prolonged periods of
monitoring [19].

The obtainment of early, rapid and efficient diagno-
ses is essential to proper clinical treatment and effective
control of Leishmania transmission, as control is highly
dependent on the accurate diagnosis of infected reser-
voirs [20]. While qPCR could be considered the most effi-
cient method of CVL diagnosis, since it presents elevated
sensitivity and specificity, this method can be expensive,
and accuracy is highly dependent on sample source [18,
21, 22]. Different samples from bone marrow and lymph
node have been used extensively, but spleen aspirate col-
lection, although an invasive method, provides the most
accurate detection of infection using qPCR [23]. Culture,
considered the gold standard for CVL diagnosis, lacks
sensitivity, and is very time-consuming [23]. Alterna-
tively, serological methods are less expensive and more
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time-efficient. Although the Brazilian Ministry of Health
recommends both DPP-LVC and EIE-LVC to assess L.
infantum infection in dogs, such tests have demonstrated
poor results compared to other methods. In a study per-
formed by Laurenti et al. [24], DPP-LVC showed a sen-
sitivity of 90.6% and specificity of 95.1% and presented
44% cross-reactivity with the sera of dogs with babesio-
sis. EIE-LVC showed a good sensitivity (90.6%), but very
low specificity (77.8%) due to the high cross-reactivity
with the sera from the animals harboring other patho-
gens [24]. More recently, Teixeira et al. [25] evaluated
both DPP-LVC and EIE-LVC based on the use of asymp-
tomatic reference standard samples previously confirmed
by parasitological and molecular techniques. Their study
detected sensitivity and specificity for DPP-LVC and EIE-
LVC of 21.7% and 92.6%, and 11.6% and 90.7%, respec-
tively [25]. Thus, in an effort to improve the accuracy of
CVL diagnosis in Brazil, the implementation of more
reliable test methods is recommended [26, 27].

Recombinant protein rLci5 previously demonstrated
promise in CVL serodiagnosis, showing high sensitiv-
ity and specificity [13]. The present study confirmed
the accuracy of rLci5 ELISA in CVL serodiagnosis, as
this test presented the highest detection rate among the
diagnostic tests evaluated. Moreover, rLci5 ELISA was
observed to detect positive results earlier when compared
to the methods currently recommended by the Brazilian
Ministry of Health (DPP-LVC, EIE-LVC), as well as qPCR
and culture. The early detection capability of rLci5 ELISA
represents a promising finding, as the adoption of diag-
nostic methods capable of detecting the presence of anti-
Leishmania antibodies shortly after the onset of infection
are well-suited to control transmission [28]. Accordingly,
rLci5 ELISA warrants consideration by health authorities
to improve the control of CVL transmission, and could
make a valuable contribution together with other control
measures to preclude the spread of this disease.

qPCR demonstrated the highest positive rate among
the tests evaluated (except for rLci5). However, its perfor-
mance was highly variable among the time points evalu-
ated (Fig. 4). qPCR is a very sensitive technique, but its
results strongly depend on the samples and tissues used.
Even using splenic tissue samples, which was shown
to be one of the best tissues to measure parasite load in
dogs [16, 23], it has already been demonstrated that the
region of the spleen where the samples were obtained can
influence the positivity of qPCR [29]. Recently our group
showed that in the same dog followed in a cohort study,
there was significant variation in positivity and parasite
load measured by qPCR at different points evaluated
[14].

As expected, the positivity rates of all five diagnostic
tests evaluated in this study increased in accordance with
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the severity of clinical manifestations. However, rLci5
ELISA offered favorable detection rates among even
those dogs with lower clinical scores (Fig. 3), as demon-
strated previously [13], which reinforces the superiority
of rLci5 ELISA alone in comparison to other test meth-
ods. The ability of rLci5 ELISA to test positive earlier
than other methods could be explained by reactivity to
the humoral response in dogs, even when clinical signs
are not readily apparent. It is therefore possible that while
parasite load may not be high enough to be detected
by qPCR or culture, it could be sufficient to stimulate a
humoral response that is detectable by rLci5 ELISA.

The obtainment of persistent results throughout the
course of infection confers robustness to diagnosis and
reduces the risk of false-positive and false-negative
results depending on the time of analysis. rLci5 ELISA
showed a significantly higher persistence of positivity
during the follow-up period compared to other diag-
nostic tests evaluated. While the literature contains lon-
gitudinal studies evaluating CVL diagnostic methods,
none have attempted to assess the persistence of positive
results in a longitudinal manner [30-32]. Importantly,
other studies have evaluated the persistence of diagnos-
tic test results in diseases other than leishmaniasis, such
as allergic contact dermatitis, asthma and rheumatoid
arthritis [33-35].

Diagnostic test results can vary over time, likely due to
a range of physiological processes associated with disease
that affect the host [36]. Titers of antibodies can be low
or high at different stages of disease [36], and parasites
may not be detectable in culture due to low parasite bur-
den [37]; moreover, the detection of parasite DNA can
vary among tissue types under PCR testing [23, 29]. Our
findings demonstrate considerable variation in the diag-
nostic results produced by culture and qPCR over time
compared to serological testing. Studies have shown that
the persistence of antibodies for a considerable period of
time may favor CVL diagnosis using serological methods
[31]. On the other hand, parasite load is highly depend-
ent on the type of sample used, the presence of PCR
inhibitors and natural variations throughout the course
of infection that are dependent on an animal’s individual
immune response. Further studies may serve to clarify
the relationship between the persistence of diagnostic
test results and specific pathological processes occurring
within the host.

Conclusion

rLci5 ELISA demonstrated a capability to achieve earlier
positivity, with higher persistence of positive results than
DPP-LVC, qPCR or culture. The persistence of positivity
in the same animals throughout the study period revealed
this diagnostic test’s consistency and reliability. In sum,
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rLci5 ELISA was shown to be an important tool for CVL
diagnosis, providing stable results over time and fewer
false-negative results along the course of natural infec-
tion. We recommend that health authorities consider
the use of rLci5 in ELISA to improve the performance of
CVL diagnosis.

Abbreviations

DNA: Deoxyribonucleic acid; DPP: Dual Path Platform; EIE: Immunoenzymatic
assay; ELISA: Enzyme linked immunosorbent assay; IGM: Gongalo Moniz
Institute; VL: Visceral leishmaniasis; CVL: Canine visceral leishmaniasis; PCR:
Polymerase chain reaction; gPCR: Real-time or quantitative PCR; WHO: World
Health Organization.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513071-021-04895-z.

Additional file 1: Table S1. Diagnostic results and clinical classification for
48 dogs at each time point of the study.

Acknowledgements

We thank the Foundation for Research Support of the State of Bahia (FAPESB)
for the scholarship provided to MSJ, the National Council for Scientific and
Technological Development (CNPq) for the scholarship offered to JVAC,

and the Postgraduate Program in Biotechnology in Health and Investigative
Medicine for support. We thank Amaro Silva for assistance with fieldwork and
Isabele Nascimento Chagas Coelho for technical and logistical support. We are
grateful to Andris K. Walter for critical analysis, English language revision and
manuscript copyediting assistance.

Authors’ contributions

Conceived and designed the experiments: MSJ, DBMF and CIB. Performed
the experiments: MSJ, JVAC, LBC, LSB and MSS. Analyzed the data: MSJ, JVAC,
MSS and DBMF. Contributed reagents/materials/analysis tools: DBMF, CIB and
EDS. Wrote the paper: MSJ, JVAC, MSS, CIB and DBMF. All authors read and
approved the final manuscript.

Funding

This work was funded by the Foundation for Research Support of the State

of Bahia (Grants JCB0010/2013, SUS0036/2013 and PET0024/2013) and the
Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior—Brasil
(CAPES)—Finance Code 001. The funders had no role in the study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article and its supplementary information file (Additional file 1: Table S1).

Declarations

Ethics approval and consent to participate
The local institutional review board approved this study for animal experimen-
tation (IGM-FIOCRUZ, protocol no. 007/2013).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
'Instituto Gongalo Moniz-Fundagao Oswaldo Cruz, Rua Waldemar Falcio
121, Bahia, Salvador, Brazil. 2Instituto de Tecnologia em Imunobiolégicos,

Page 8 of 9

Bio-Manguinhos, Rio de Janeiro, RJ, Brasil. *Escola de Medicina Veterinria e
Zootecnia-Universidade Federal da Bahia, Av. Adhemar de Barros 500, Bahia,
Salvador, Brazil. 4Instituto Nacional de Ciéncia e Tecnologia-Investigacdo em
Imunologia/INCT-IIl, So Paulo, Sao Paulo, Brazil. °Instituto Nacional de Ciéncia
e Tecnologia de Doencas Tropicais/INCT-DT, Bahia, Salvador, Brazil.

Received: 25 January 2021 Accepted: 24 July 2021
Published online: 12 August 2021

References

1. AlvarJ,Vélez ID, Bern C, Herrero M, Desjeux P, Cano J, et al. Leishma-
niasis worldwide and global estimates of its incidence. PLoS ONE.
2012;7:e35671.

2. Danilo CM, Danilo CG. Canine and human leishmaniasis: disease progres-
sion to Brazilian urbanized areas. Int J Trop Dis. 2019;2:023.

3. World Health Organization (WHO). Leishmaniasis situation and trends.
https://www.who.int/gho/neglected_diseases/leishmaniasis/en/.
Accessed 30 Jun 2021.

4. Brasil. Ministério da Saude. Secretaria de Vigiladncia em Saude. Departa-
mento de Vigilancia das Doencas Transmissiveis. Manual de vigilancia,
prevencdo e controle de zoonoses: normas técnicas e operacionais.
Brasilia: Ministério da Saude; 2016. https://pesquisa.bvsalud.org/bvsms/
resource/pt/mis-38935. Accessed 30 Jun 2021.

5. Dantas-Torres F, de Brito MEF, Brandao-Filho SP. Seroepidemiological
survey on canine leishmaniasis among dogs from an urban area of Brazil.
Vet Parasitol. 2006;140:54-60.

6. Marlais T, Bhattacharyya T, Singh OP, Mertens P, Gilleman Q, Thunissen C,
et al. Visceral leishmaniasis IgG1 rapid monitoring of cure vs. relapse, and
potential for diagnosis of post kala-azar dermal leishmaniasis. Front Cell
Infect Microbiol. 2018;8:427.

7. Rodrigues MR, Santos LMO, Miyazaki CK, Martins VT, Ludolf FR, Kursancew
AC, et al. Immunodiagnosis of human and canine visceral leishmaniasis
using recombinant Leishmania infantum prohibitin protein and a syn-
thetic peptide containing its conformational B-cell epitope. J Immunol
Methods. 2019;474:112641.

8. Georgiadou SP, Makaritsis KP, Dalekos GN. Leishmaniasis revisited: current
aspects on epidemiology, diagnosis and treatment. J Trans| Int Med.
2015;3:43-50.

9. Machado AS, Ramos FF, Santos TTO, Costa LE, Ludolf F, Lage DP, et al. A
new Leishmania hypothetical protein can be used for accurate serodi-
agnosis of canine and human visceral leishmaniasis and as a potential
prognostic marker for human disease. Exp Parasitol. 2020,216:107941.

10. Santos TTO, Cardoso MS, Machado AS, Siqueira WF, Ramos FF, Oliveira-
da-Silva JA, et al. Recombinant Leishmania eukaryotic elongation factor-1
beta protein: a potential diagnostic antigen to detect tequmentary
and visceral leishmaniasis in dogs and humans. Microb Pathog.
2019;137:103783.

11. Oliveira GG, Magalhaes FB, Teixeira MC, Pereira AM, Pinheiro CG, Santos
LR, et al. Characterization of novel Leishmania infantum recombinant
proteins encoded by genes from five families with distinct capacities for
serodiagnosis of canine and human visceral leishmaniasis. Am J Trop Med
Hyg. 2011;85:1025-34.

12. de Oliveira IQ, Silva RA, Sucupira MV, da Silva ED, Reis AB, Grimaldi G Jr,
et al. Multi-antigen print immunoassay (MAPIA)-based evaluation of
novel recombinant Leishmania infantum antigens for the serodiagnosis of
canine visceral leishmaniasis. Parasit Vectors. 2015;8:45.

13. Borja LS, Coelho LB, de Jesus MS, de Queiroz ATL, Celedon PAF, Zachin
NIT, et al. High accuracy of an ELISA test based in a flagella antigen of
Leishmania in serodiagnosis of canine visceral leishmaniasis with poten-
tial to improve the control measures in Brazil—a Phase Il study. PLoS Neg|
Trop Dis. 2018;12:e0006871.

14. Solca da MS, Arruda MR, Leite BMM, Mota TF, Reboucas MF, Jesus de MS,
et al. Immune response dynamics and Lutzomyia longipalpis exposure
characterize a biosignature of visceral leishmaniasis susceptibility in a
canine cohort. PLoS Negl Trop Dis. 2021;15:0009137.

15. Solca MS, Andrade BB, Abbehusen MMC, Teixeira CR, Khouri R, Valenzuela
JG, et al. Circulating biomarkers of immune activation, oxidative stress
and inflammation characterize severe canine visceral leishmaniasis. Sci
Rep. 2016;6:32619.


https://doi.org/10.1186/s13071-021-04895-z
https://doi.org/10.1186/s13071-021-04895-z
https://www.who.int/gho/neglected_diseases/leishmaniasis/en/
https://pesquisa.bvsalud.org/bvsms/resource/pt/mis-38935
https://pesquisa.bvsalud.org/bvsms/resource/pt/mis-38935

de Jesus et al. Parasites Vectors (2021) 14:398

20.

21.

22.

23.

24.

25.

26.

Rampazzo RDCP, Solca MDS, Santos LCS, Pereira LDN, Guedes JCO, Veras
PST, et al. A ready-to-use duplex gPCR to detect Leishmania infantum
DNA in naturally infected dogs. Vet Parasitol. 2017;246:100-7.
Barrouin-Melo SM, Larangeira DF, de Andrade Filho FA, Trigo J, Juliao FS,
Franke CR, et al. Can spleen aspirations be safely used for the parasitologi-
cal diagnosis of canine visceral leishmaniosis? A study on assymptomatic
and polysymptomatic animals. Vet J. 2006;171:331-9.

Travi BL, Tabares CJ, Cadena H, Ferro C, Osorio Y. Canine visceral leishma-
niasis in Colombia: relationship between clinical and parasitologic status
and infectivity for sand flies. Am J Trop Med Hyg. 2001,64:119-24.

Reis AB, Martins-Filho OA, Teixeira-Carvalho A, Giunchetti RC, Carneiro
CM, Mayrink W, et al. Systemic and compartmentalized immune
response in canine visceral leishmaniasis. Vet Immunol Immunopathol.
2009;128:87-95.

Kumar A, Pandey SC, Samant M. A spotlight on the diagnostic methods
of a fatal disease visceral leishmaniasis. Parasite Immunol. 2020,42:e12727.
da Solca MS, Guedes CES, Nascimento EG, de Oliveira GGS, dos Santos
WLC, Fraga DBM, et al. Qualitative and quantitative polymerase chain
reaction (PCR) for detection of Leishmania in spleen samples from natu-
rally infected dogs. Vet Parasitol. 2012;184:133-40.

Maia C, Ramada J, Cristévéo JM, Gongalves L, Campino L. Diagnosis of
canine leishmaniasis: conventional and molecular techniques using dif-
ferent tissues. Vet J. 2009;179:142-4.

Solca MS, Bastos LA, Guedes CES, Bordoni M, Borja LS, Larangeira DF, et al.
Evaluating the accuracy of molecular diagnostic testing for canine vis-
ceral leishmaniasis using latent class analysis. PLoS ONE. 2014,9:e103635.
Laurenti MD, de Santana LMV, Tomokane TY, De Lucca HRL, Aschar M,
Souza CSF, et al. Comparative evaluation of the DPP® CVL rapid test

for canine serodiagnosis in area of visceral leishmaniasis. Vet Parasitol.
2014;205:444-540.

Teixeira AIP, Silva DM, Vital T, Nitz N, DeCarvalho BC, Hecht M, et al.
Improving the reference standard for the diagnosis of canine visceral
leishmaniasis: a challenge for current and future tests. Mem Inst Oswaldo
Cruz. 2019;114:180452.

Faria AR, de Castro VL, Coura-Vital W, Reis AB, Damasceno LM, Gazzinelli
RT, et al. Novel recombinant multiepitope proteins for the diagnosis of
asymptomatic Leishmania infantum-infected dogs. PLoS Negl Trop Dis.
2015;9:e3429.

Page 9 of 9

27. Fraga DBM, Pacheco LV, Borja LS, Tuy da PGSE, Bastos LA, Solca da MS,
et al. The rapid test based on Leishmania infantum chimeric rk28 protein
improves the diagnosis of canine visceral leishmaniasis by reducing the
detection of false-positive dogs. PLoS Negl Trop Dis. 2016;10:2¢0004333.

28. Maia C, Campino L. Biomarkers associated with Leishmania infantum
exposure, infection, and disease in dogs. Front Cell Infect Microbiol.
2018;8:302.

29. Bagues NCT, de Pinheiro CGM, Bastos LA, Fraga DBM, Veras PST, Pontes-
de-Carvalho LG, et al. Parasitic load and histological aspects in different
regions of the spleen of dogs with visceral leishmaniasis. Comp Immunol
Microbiol Infect Dis. 2018;56:14-9.

30. Quinnell RJ, Carson C, Reithinger R, Garcez LM, Courtenay O. Evaluation of
rK39 rapid diagnostic tests for canine visceral leishmaniasis: longitudinal
study and meta-analysis. PLoS Negl Trop Dis. 2013;7:1992.

31. Quinnell RJ, Courtenay O, Garcez LM, Kaye PM, Shaw MA, Dye C, et al. IgG
subclass responses in a longitudinal study of canine visceral leishmania-
sis. Vet Immunol Immunopathol. 2003;91:161-8.

32. Nunes CM, de Lima VMF, de Melo GD, de Paula HB, Pereira MEG, Tronco
CMT, et al. Testes soroldgicos, parasitoldgicos e moleculares para o diag-
nostico da leishmaniose visceral canina em estudo longitudinal. Rev Bras
Parasitol Vet. 2015;24:402-9.

33. Duarte |, de Silva MF, Malvestiti AA, de Machado BAR, Lazzarini R. Evalua-
tion of the permanence of skin sensitization to allergens in patients with
allergic contact dermatitis. An Bras Dermatol. 2012;87:831-7.

34. Aaron SD, Vandemheen KL, FitzGerald JM, Ainslie M, Gupta S, Lemiere
C, et al. Reevaluation of diagnosis in adults with physician-diagnosed
asthma. JAMA J Am Med Assoc. 2017;317:269-79.

35. Mcdonagh JE, Walker DJ. Incidence of rheumatoid arthritis in a 10-year
follow-up study of extended pedigree multicase families. Rheumatology.
1994,33:826-31.

36. Zwaan L, Singh H.The challenges in defining and measuring diagnostic
error. Diagnosis. 2015;2:97-103.

37. Manna L, Reale S, Vitale F, Gravino AE. Evidence for a relationship between
Leishmania load and clinical manifestations. Res Vet Sci. 2009;87:76-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Early detection and persistent positivity of anti-Leishmania antibodies using a recombinant protein-based ELISA in naturally infected dogs in Brazil
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Serum samples and CVL diagnosis
	rLci5 ELISA and other diagnostic tests
	Evaluation of rLci5 ELISA test performance
	Comparisons among diagnostic tests and association with clinical score
	Early positivity
	Persistence of positivity on diagnostic tests

	Statistical analyses

	Results
	Frequency of diagnostic test positivity
	Early positivity using rLci5 ELISA compared to other diagnostic tests
	Associations between clinical scores and diagnostic methods results
	Persistence of positivity on different diagnostic tests

	Discussion
	Conclusion
	Acknowledgements
	References




