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A B S T R A C T   

Visceral leishmaniasis (VL) is a fatal manifestation of an infection caused by intracellular protozoa of the 
Leishmania genus. In New World countries, VL is classified as a zoonotic disease with domestic dogs acting as its 
main reservoir. Asymptomatic dogs are as competent to transmit Leishmania to the vectors as symptomatic dogs, 
however current diagnostic tests are limited and present low sensitivity for this important group. The devel
opment of accurate tests is fundamental to the early diagnosis, treatment, and control of canine leishmaniasis. In 
this study, we investigated the use of a recombinant protein (dynamin-1-like protein, Dyn-1) from L. infantum, as 
a potential target antigen for leishmaniasis serodiagnosis in both symptomatic and asymptomatic dogs. The 
antigenic performance of the protein was evaluated by means of ELISA assays using sera from symptomatic (n =
25), asymptomatic (n = 34) and non-infected dogs (n = 36) using ELISA. In addition, sera from dogs experi
mentally infected with Trypanosoma cruzi (n = 49) and naturally infected with Babesia sp. (n = 8) were tested to 
evaluate possible cross-reactivity. A crude soluble antigen (CSA) of Leishmania was used as an antigen control and 
K39 and K26 were used as reference antigens because they are already widely used in commercial tests. rDyn-1- 
based assay showed the highest sensitivity (97%) compared to the antigens K39 (88%), K26 (86%) and crude 
extract (95%). The highest specificity among the tests was also obtained with the protein rDyn-1 (94%), 
compared with the other antigens K39 (81%), K26 (87%), and crude extract (77%). This study showed that the 
rDyn-1 ELISA assay was able to identify 100% of asymptomatic dogs, establishing its potential as a target for the 
diagnosis of canine leishmaniasis.   

1. Introduction 

Visceral leishmaniasis (VL) still holds an endemic status in approx
imately 80 countries worldwide, remaining one of the highest mortality 
rate parasitic diseases (IHME, 2020). Transmission occurs almost 
exclusively by sandfly bite, particularly in areas where the precarious
ness of housing and basic sanitation favors vector reproduction and the 

maintenance of the infection cycle (Luigi, 2018). This complex cycle can 
vary according to the geographic region, species of Leishmania, and 
vertebrate and invertebrate hosts involved (Anversa et al., 2018). In Old 
World countries where VL is caused by Leishmania donovani, the disease 
is classified as an anthroponosis since it occurs mostly in the absence of 
reservoirs. On the other hand, in the New World, leishmaniasis is 
considered a zoonosis caused by L. infantum species, which inherently 
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establishes the importance of reservoirs in the maintenance and trans
mission of the disease (Ready, 2014). 

Among wild and urban animals, dogs (Canis familiaris) are consid
ered the main reservoir of leishmaniasis due to their close relationship 
with humans (Soares et al., 2022) combined with the fact that most 
infections remain asymptomatic and therefore are not timely treated 
(Roque and Jansen, 2014). Similar to it occurs with humans, clinical 
diagnosis of canine leishmaniasis is very difficult as there is often a lack 
of pathognomonic clinical signs (Ciaramella et al., 1997; Molina et al., 
2020; Pinelli et al., 1994). In addition, not every infected animal de
velops clinical manifestations (Maia and Campino, 2008). In this 
context, stand out mainly dogs residing or staying for a long time in 
areas considered endemic for leishmaniasis, without clinical signs 
compatible with the disease and that present positive diagnostic in a 
combination of tests (serological, molecular, and/or parasitological) 
characterized as asymptomatics (Ibarra-Meneses et al., 2022). Dogs with 
asymptomatic infections are just as important as dogs with overt clinical 
manifestations for many reasons. Despite low levels of circulating par
asites often observed in asymptomatic dogs they are as capable of 
transmitting the parasite to the vector with a high rate of parasitic 
infection as well as symptomatic dogs (Laurenti et al., 2013). Thus, these 
animals play an important role in maintaining the cycle and dissemi
nation of the disease, mainly in endemic areas, presenting a risk to 
public health (Moshfe et al., 2009). Concerning the diagnosis, even 
though asymptomatic dogs are positive for Leishmania, current soro
logical tests present limitations to identify these animals (Medeiros 
et al., 2017; Moreno et al., 2009). Therefore, a sensitive and specific test 
that successfully detects both symptomatic and asymptomatic infections 
is highly desirable. 

Several serological tests are commonly used for the diagnosis of 
leishmaniasis and also are valuable tools in epidemiological studies, 
disease control programs, field studies, and laboratories (Zijlstra, 2021). 
The enzyme-linked immunosorbent assay (ELISA) (Badaro et al., 1993), 
the latex agglutination test (LAT), the direct agglutination test (DAT) 
(Harith et al., 1986), and Immunochromatographic tests (ICT) (da Costa 
et al., 2003) are some tools currently used for this purpose. DAT has been 
used extensively over the last decade for the serological diagnosis of 
leishmaniasis as well as in seroepidemiological studies particularly in 
Iran and some African countries (Mohebali, 2013; Mohebali et al., 
2006). Attributes such as simplicity and safety, good specificity and 
sensitivity, economy, and field applicability have led to extensive 
application of DAT in leishmaniasis endemic regions of Iran (Mohebali 
et al., 2020, 2018). DAT is a semi-quantitative assay based on the 
agglutination of biological material when in contact with the dead 
Leishmania sp parasite stained (Kühne and Büscher, 2019). However, as 
with other serological tests, the DAT has limitations that must be 
considered (Molaie et al., 2017). Unlike DAT, ELISA has as its principle 
the coating of plates with antigens of interest that, when in contact with 
positive samples, are quantified using immunoglobulins labeled with 
enzymes (Kühne and Büscher, 2019). ELISA and ICT that use crude 
soluble antigens (CSA) (Reithinger et al., 2002; Rosário et al., 2005) or 
recombinant proteins from Leishmania (Farahmand and Nahrevanian, 
2016; Siripattanapipong et al., 2017) are commonly employed for 
leishmaniasis diagnosis (Ibiapina et al., 2022; Lévêque et al., 2020). 
Among the antigens explored, kinesin-derived proteins such as rK39 
(Burns et al., 1993), rKDDR (Dhom-Lemos et al., 2019) and rKDDR-plus 
(Siqueira et al., 2021), are excellent targets with the ability to discrim
inate both human and canine VL from healthy individuals (Burns et al., 
1993; Dhom-Lemos et al., 2019; Siqueira et al., 2021). However, the 
diagnostic performance of assays targeting kinesin-derived proteins may 
vary according to the geographical region surveyed and, for canine 
leishmaniasis, according to the clinical sings (Zijlstra et al., 1992, 2001). 

In the search for new recombinant molecules capable of improving 
the accuracy of serological tests, previous studies performed in our 
laboratory have demonstrated that housekeeping genes of Leishmania 
have a high potential for the serodiagnosis of leishmaniasis 

(Menezes-Souza et al., 2015, 2014). In this study, we evaluate the per
formance of a new antigen - rDyn-1 and compare it with crude soluble 
antigens (CSA) from the culture of L. infantum promastigotes, rK39 and 
rK26 proteins, which are widely used in diagnostic kits. The results 
obtained in this study demonstrate that ELISA test based on rDyn-1 
identified all serum samples from asymptomatic dogs identifying ani
mals in early stages with high sensitivity rates. Additionally, when 
compared to the other antigens evaluated, rDyn-1 showed less 
cross-reactivity in ELISA using sera from animals infected with other 
relevant parasites, such as T. cruzi and Babesia sp. Taken together, our 
results demonstrate that rDyn-1 is a highly interesting antigen for CanL 
immunodiagnostic, especially in asymptomatic dogs. 

2. Material and methods 

2.1. Ethics statement and study design and population 

The use of the samples in this study was approved by the Institutional 
Animal Care and Ethics Committee on Animal Use (CEUA) from the 
Federal University of Minas Gerais (protocol number 44/2012). 

The sera panel consisted of 59 samples from dogs naturally infected 
with L. infantum (25 symptomatic and 34 asymptomatic) obtained from 
the endemic area for CanL in Montes Claros, Minas Gerais State, Brazil. 
To confirm the positivity of the animals, samples of bone marrow (BM) 
and whole blood from all animals were collected. Part of the bone 
marrow material collected was were cultivated in Novy-Mac Neal-Nic
olle (NNN) medium supplemented with 20% FBS (Fetal Bovine Serum, 
Gibco BRL, New York, USA) and 100 μg/mL of gentamicin. The cultures 
were maintained at 24 ◦C for four weeks and examined weekly for the 
presence of parasites (Barrouin-Melo et al., 2004). The remainder of the 
BM together with the whole blood samples were subjected to DNA 
extraction techniques followed by specific qPCR assays for Leishmania 
kDNA. The qPCR method for evaluating the parasitic load (DNA 
copies/μL) in the samples was performed using the qPCR method 
(Real-Time PCR with TaqMan Probe) based on a probe with a standard 
curve and direction of the genome kDNA minicircle sequence from 
L. infantum (TECSA Laboratories®, Belo Horizonte, Minas Gerais, 
Brazil). The absence of clinical signs suggestive of Leishmania infection 
was used to define dogs with asymptomatic clinical status. On the other 
hand, dogs that presented some of the most common signs of the disease 
such as skin changes (alopecia, furfuraceous eczema, ulcers, hyperker
atosis), onychogryphosis, weight loss, keratoconjunctivitis and hindlimb 
paresis were characterized as symptomatic. It used 36 sera from 
non-infected dogs (negative samples) from non-endemic areas for the 
disease confirmed by qPCR assays, specific for Leishmania kDNA, from 
peripheral blood and serological tests (ELISA and ICT) from serum. To 
evaluate possible cross-reactivity and coinfection cases 49 samples from 
dogs experimentally infected with T. cruzi and 8 from dogs naturally 
infected with Babesia sp. were tested. Serum samples infected with T. 
cruzi were kindly provided from the Department of Clinical Analysis of 
the School of Pharmacy/UFOP. The dogs were inoculated with 2.0 × 103 

bloodstream trypomastigotes per kg of body weight belonging to two 
strains. The Y strain (DTU TcII), isolated from an acute human case of 
Chagas’ disease and the Berenice-78 (Be-78) strain (DTU TcII) isolated 
by xenodiagnosis of a patient with an indeterminate form of the disease. 
The positivity to T. cruzi was confirmed by hemoculture or by combined 
positivity indicated by Chagatest-ELISA Recombinante version 3.0 kit 
(Wiener Laboratorios, Santa Fé, Argentina) and Chagatest Indirect 
Hemagglutination Assay (IHA; Wiener Laboratorios). 

Samples from dogs naturally infected with Babesia sp. were kindly 
provided from a private veterinary laboratory (Contagem/Minas Gerais 
State, Brazil). The infection with Babesia sp. was confirmed by real-time 
PCR performed after DNA extraction from EDTA-anti-coagulated blood 
samples in the commercial laboratory. Approximately 6 ml of blood per 
animal were collected from the saphenous vein of the hind limb or the 
cephalic vein of the forelimb. The collected blood was distributed into 
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two collection tubes (3.0 ml in each tube), one containing EDTA anti
coagulant and the other without anticoagulant for serum separation. 
Blood stored in EDTA tubes was pipetted and aliquoted into microtubes. 
The blood contained in the tubes without anticoagulant was centrifuged 
at 2500 rpm for 10 min and the serum resulting from the centrifugation 
was pipetted and aliquoted into new tubes. Subsequently, all samples 
were stored at − 80 ◦C. 

2.2. Selection of the protein and analysis and linear B-cell epitope 
prediction 

Dynamins are guanosine triphosphatases (GTPase) that are related to 
several processes linked to membrane dynamics and functioning, having 
an especially important role in endocytosis (Daumke and Praefcke, 
2016). The dynamin superfamily in eukaryotic cells includes several 
molecules involved in numerous intracellular membrane trafficking 
events, including the Dyn-1 (dynamin-like proteins) (Kar et al., 2017). 
The sequence of the dynamin-1-like protein, from L. infantum (ID: 
LINF_290,029,700), starin JPCM5, used in this work were obtained from 
the predicted proteomes available in the TriTrypDB database (http://trit 
rypdb.org), from which a sub-bank was generated after the exclusion of 
pseudogenes and partial genes. For the selection of possible targets for 
the serodiagnosis of leishmaniasis, L. infantum proteins were chosen 
based on their similarity with protein sequences related to the host’s 
immune system and/or pathogen defense, deposited on the Immuno
neBase database (Dantas-Torres et al., 2019). Similarity analysis was 
performed using the BLASTp algorithm (Altschul et al., 1990, 1997), 
with an e-value cutoff of less than 1e− 50 was employed for the NCBI 
Reference Sequence (RefSeq) database. Linear B-cell epitopes were 
predicted using the BepiPred 1.0 program (http://www.cbs.dtu.dk/ser 
vices/BepiPred-1.0/) (Larsen et al., 2006), with a cutoff of 0.8. Intrin
sically unstructured/disordered regions were predicted by IUPred pro
gram (http://iupred.elte.hu/) (Dosztányi et al., 2005) with a cut-off of 
0.5. 

2.3. Total extract of L. infantum 

A total extract of the parasite was prepared from L. infantum 
(MHOM/BR/1974/PP75) promastigotes maintained at 24 ◦C in 
Schneider’s Insect Medium (Sigma-Aldrich, USA), supplemented with 
10% inactivated fetal bovine serum, 100 U/mL penicillin and 100 µg/mL 
streptomycin (Gibco/Thermo Fisher Scientific, USA). Approximately 5 
× 108 parasites were washed and resuspended in 1 mL PBS, followed by 
lysis through 15 cycles of freezing in liquid nitrogen and thawing at 
37 ◦C. The concentration of the total proteins of the parasite was 
quantified using the Pierce BCA Protein Assay (Thermo Fisher Scientific, 
USA). 

2.4. Cloning, protein expression and purification 

The primers used to amplify the entire coding region of the dynamin- 
1-like protein from L. infantum (rDyn-1) were Forward, 5′ ACTCA
TATGGACCAGTTGATCAGCGTGATC 3′ and Reverse, 5′

GTTGTCGACTTAGGCGCCGGCTTGCATGGAC 3′. Restriction enzyme 
(NdeI and SalI, respectively) sites that were added to the sequence to 
facilitate cloning are shown in bold. The resulting 2.1 kb DNA fragment 
was excised from an agarose gel, purified, and linked into the pGEM-T 
Easy vector (Promega, USA). Recombinant plasmid pGEM-rDyn-1 was 
used to transform Escherichia coli XL1-Blue competent cells (Phoneutria, 
Brazil). Positive clones were confirmed by colony PCR using M13 uni
versal primers, and later for constructing the expression vector. The 
DNA fragment obtained from the digestion of pGEM-rDyn-1 with NdeI 
and SalI was ligated into pET28a-TEV, previously digested with the 
same enzymes. The pET28a-TEV expression vector contains a sequence 
encoding a histidine tag, in their N-terminal region, to facilitate the 
protein purification process. Electrocompetent E. coli ArcticExpress 

(DE3) cells (Agilent Technologies, USA) were transformed by electro
poration using a MicroPulser Electroporation Apparatus (Bio-Rad Lab
oratories, USA) with the recombinant plasmid pET28a-TEV-rDyn-1. 
Gene insertion was confirmed by colony PCR and sequencing, using T7 
universal primers (Macrogen, South Korea). 

Expression of the recombinant rDyn-1 protein was induced in the 
positive clones by the addition of 1.0 mM isopropyl-β-D-thio
galactopyranoside (IPTG, Promega, USA), for 24 h at 200 rpm and 12 ◦C. 
Cells were ruptured by sonication and centrifuged at 6000 × g for 30 
min at 4◦C. The recombinant protein was purified using a HisTrap HP 
affinity column connected to the ÄKTAprime chromatography system 
(GE Healthcare, USA). 

2.5. ELISA serological assay 

Through tests, ELISA evaluated the performance of Dyn-1 protein 
and the other antigens. The rK39 and rK26 antigens were kindly pro
vided by Steven G. Reed (Infectious Disease Research Institute-IDRI, 
Seattle, Washington). The rDyn-1 recombinant protein, as well as total 
L. infantum extract and the kinesin-derived proteins rK26 and rK39, 
widely used in commercial diagnostic kits, were coated onto 96-well 
microplates (Nalge Nunc Intl., USA) overnight at 2–8 ◦C, with an 
amount of 50 ng/well for rDyn-1, 1000 ng/well for total extract, and 
100 ng/well for rK39 and rK26. The plates were blocked with 200 µL of 
2% PBS-BSA for 1 h at 37 ◦C and treated successively with 1:100 di
lutions of the canine serum samples for 1 h at 37 ◦C. Peroxidase-labeled 
antibodies specific to dog IgG (Sigma-Aldrich, USA) were diluted at 
1:5000 and added for 1 h at 37 ◦C. The wells were washed, and o-phe
nylenediamine dihydrochloride (OPD) substrate (Sigma-Aldrich, USA) 
in citrate buffer containing hydrogen peroxide (Sigma-Aldrich, USA) 
was added. The plates were incubated for 20 min in the dark and re
actions were stopped by the addition of 4 N H2SO4. The absorbance at 
492 nm was determined on an automatic microplate reader (Versamax, 
Molecular Devices, USA). Each sera sample was assayed in duplicate. 
The results of the ELISA using rDyn-1 as antigens were compared with 
total L. infantum extract, rK26 and rK39. 

2.6. Statistical analysis 

Results were entered into Microsoft Excel (version 10.0) spread
sheets and analyzed with GraphPad Prism™ software (version 6.0 for 
Windows). The cut-off values were calculated by constructing Receiver 
Operating Characteristic (ROC) curves, which were plotted with the 
individual OD values of CanL (symptomatic and asymptomatic) dogs 
group versus those from the other (healthy dogs, with T. cruzi and 
Babesia sp.) groups. ROC curves were used to calculate: sensitivity, 
specificity, area under the curve (AUC), 95% confidence interval (95% 
CI), positive predictive value (PPV), and negative predictive value 
(NPV). Through the ROC curve was possible to evaluate all the combi
nations of sensibility and specificity and determine the best cut-off value 
based on the most appropriate sensitivity and specificity ratio for each 
antigen tested. Agreement beyond chance was assessed using the kappa 
coefficient (95% CI) and interpreted according to the following scale: 
0.00 to 0.20 (negligible), 0.21 to 0.40 (weak), 0.41 to 0.60 (moderate), 
0.61 to 0.80 (good), and 0.81 to 1.00 (Very good). 

3. Results 

3.1. Selection of the L. infantum dynamin-1-like protein 

For the selection of a potential target of L. infantum for use in the 
serological diagnosis of CanL, proteins of the parasite with protein se
quences related to the host’s immune system, deposited in the Immu
noneBase database, were analyzed. The dynamin-1-like protein from 
L. infantum (rDyn-1) was selected for presenting similarities with pro
teins associated with the host defense processes. 
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3.2. Prediction of linear B-cell epitopes and structural disorder of the 
rDyn-1 

To assess in silico the antigenic potential of the rDyn-1 protein, the 
complete amino acid sequence was inserted in the BepiPred and IUPred 
programs, to predict linear B cell epitopes and structural disorder 
respectively. The protein showed nine linear B cell epitopes, as well as 
disordered regions (Fig. 1). Since the prediction of B cell epitopes is 
based on the linear sequence of the protein (primary sequence), the 
overlap of regions of structural disorder with predicted B cell epitopes 
increases the possibility that this region of the protein will be recognized 
by lymphocytes from the immune system of the host. 

3.3. Expression and purification of the rDyn-1 protein 

The full-length coding region of the L. infantum rDyn-1 protein was 
amplified by PCR, cloned into the vector pGEM, and confirmed by 
sequencing. The gene was then transferred to the pET28a-TEV expres
sion vector, and the rDyn-1 was expressed in E. coli BL21 and purified by 
affinity chromatography. A 78 kDa band referring to the rDyn-1 protein 
can be observed by polyacrylamide gel electrophoresis (SDS-PAGE) of 
the expression in bacteria and the purified fraction (Supplementary 
Fig. 1). 

3.4. Serological recognition of rDyn-1 by ELISA for the diagnosis of 
canine leishmaniasis 

After purification by affinity chromatography, the recombinant 
rDyn-1 protein (LINF_290,029,700) was used as an antigen in an ELISA 
experiment to assess its reactivity against canine sera. The rDyn-1 pro
tein showed an improved performance against canine sera in the ELISA 
experiment, when compared to the antigens K26 and K39 and the crude 
extract of L. infantum (Fig. 2). The assay using rDyn-1 as an antigen 
proved to be the only one capable of detecting 100% of asymptomatic 
infected dogs for CanL and also showed the lowest percentage of cross- 
reactivity with dogs infected with T. cruzi and Babesia sp. The K39, K26 
and crude extract antigens identified only 79%, 76% and 94% of 
asymptomatic dogs, respectively, and showed greater cross-reactivity 
mainly with dogs infected with T. cruzi. The antigens K39 and K26 
were also recognized 6% of healthy dogs (negative control). The ROC 
curve was used to determine the cut-off for each antigen and the area 
under the curve (AUC) was obtained (Fig. 3). The rDyn-1 protein assay 
showed the highest AUC value (0.9858), followed by K26, rK39 and the 
crude extract of L. infantum, which presented the values 0.9405, 0.9196, 
and 0.8917, respectively. 

When examining the diagnostic performance of the assays, the rDyn- 
1-based assay showed the highest sensitivity and specificity (97% [IC 
95%; 88.29%− 99.59%] and 94% [IC 95%; 86.48–97.60%], respec
tively) compared to the essays using antigens K39 (88% [IC 95%; 
77.07–95.09%] and 81% [IC 95%; 71.15–88.11%], respectively), K26 
(86% [IC 95%; 75.02–93.96%] and 87% [IC 95%;78.55–93,15%], 
respectively) and crude extract (95% [IC 95%; 85.85–98.94%] and 77% 

[IC 95%; 67.58–85.45%], respectively) (Table 1). In addition, accuracy, 
PPV and NPV values the rDyn-1 antigen were also bigger 95%, 90% and 
98%, respectively compared to the other antigens. The highest kappa 
agreement index was also obtained by the rDyn-1 protein (0.891) 
(Table 2), showing an almost very good degree of agreement, suggesting 
its potential use for canine serodiagnosis. 

4. Discussion 

Dogs with asymptomatic Leishmania infections are more present than 
symptomatic dogs in the population of endemic areas. However, 
research has shown there is no statistically significant difference in the 
rate of vector infectivity between symptomatic and asymptomatic dogs 
(Alvar et al., 2004; Molina et al., 1994). In those regions, infected but 
asymptomatic dogs may not be adequately diagnosed by current sero
logical tests, due to the low number of antibodies produced by the host’s 
immune system or because it is the initial stage of the disease (Gar
cía-Castro et al., 2022). In Brazil, the governmental policy to control 
human infection based on the identification of seropositive dogs (Dan
tas-Torres et al., 2019; Nunes et al., 2010). The Brazilian Ministry of 
Health officially established a rapid chromatographic immunoassay for 
canine survey based on dual path platform (DPP®) for screening of the 
disease and ELISA as a confirmatory test (Fraga et al., 2016). Serologic 
tests, currently, are methods of choice in population studies because it is 
a relatively simple and fast tool that can be performed manually or 
automated (Lévêque et al., 2020; Singh, 2006), and it allows a large 
number of samples to be analyzed simultaneously in a short period. The 
key to controlling Leishmania infection and associated diseases in the 
human population, therefore, it’s in the development of new, improved 
serological tests that are able to detect Leishmania infection in one of 
their main reservoirs, dogs that do not display any clear symptoms of 
infection (Travi et al., 2018). 

The prevalence of CanL is often underestimated, mainly due to the 
fact that the detection of antibodies in dogs considered asymptomatic or 
with recent infections is generally lower in serological tests (Dye et al., 
1993). For years, crude extracts have been used in the serological 
diagnosis of leishmaniasis mainly in ELISA-based assays. Despite the 
relatively low cost of production, our results indicate that although 
ELISA assays using crude soluble antigens demonstrated a relatively 
high degree of sensitivity when used to identify both asymptomatic and 
symptomatic dogs (95% and 94%, respectively) their major limitation 
was the high rate of cross-reaction of dog sera with T. cruzi. Resulting in 
sub-optimally low specificity levels (77%). The use of recombinant an
tigens, such as kinesin-derived proteins in the serological diagnosis of 
CanL allowed a better standardization of the assays and therefore more 
robust results. Among them, the rK39 (Burns et al., 1993) is the most 
widely used protein from CanL testing. However, literature data indicate 
that the protein rK39 is more sensitive for the diagnosis of symptomatic 
cases (100%) compared to asymptomatic (66%) (Porrozzi et al., 2007). 
The results obtained in the work confirm that rK39 antigen-based assays 
have a good capacity to identify dogs with active disease (100%), but 
their performance drops considerably when detecting asymptomatic 

Fig. 1. Predictions of linear B-cell epitopes and structural disorder regions of the dynamin-1-like protein (rDyn-1) from L. infantum. The dashed arrow 
represents the complete amino acid sequence of the rDyn-1 protein (LINF_290,029,700). The linear epitopes of B cells, predicted by the BepiPred program, are 
represented by orange boxes. The regions of structural protein disorder, predicted by the IUPred program, are represented by gray boxes. The value below each box 
corresponds to the score of each prediction. 
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infections (79%). In addition, a high rate of cross-reactions with sera 
from dogs with T. cruzi (29%) and Babesia sp. (25%) is observed yet. The 
rDyn-1 antigen-based assay developed in this study has been demon
strated to overcome most of these problems, as its sensitivity and spec
ificity are superior to those obtained with assays based on the rK39 
antigen. Furthermore, the recombinant K26/HASPb1 protein, also 
included in this work as a reference technique, is considered an antigen 
capable of increasing the diagnostic accuracy of leishmaniasis (Martínez 
Abad et al., 2017). A study conducted in Iran indicated a sensitivity of 
96.8% and a specificity of 100% for this antigen (Farajnia et al., 2008). 
Another study conducted in an endemic area in northwestern Brazil 
showed that the rK26 antigen has high sensitivity in dogs with symp
toms, but low sensitivity in asymptomatic dogs, (94% and 64%, 
respectively) (Porrozzi et al., 2007). Following the literature data, the 
rK26 protein in this study showed high sensitivity (100%) in symp
tomatic dogs and low sensitivity (76%) in dogs without symptoms. 
Following the low values of sensitivity and specificity recorded in the 
literature, in this study, we found an overall sensitivity and specificity of 
87% and 87.1%, respectively. 

In this study, we compared the efficacy of assays based on the 
different recombinant antigens already tested in the literature, K26 and 
K39 (Farahmand and Nahrevanian, 2016; Farajnia et al., 2008; Kumar 
et al., 2001; Porrozzi et al., 2007), the total extract of the parasite of 
L. infantum promastigotes, and the antigen produced by our rDyn-1 
group. Although a bank of sera with a limited number of samples 

previously characterized from a single area considered endemic for CanL 
in Brazil was used, not being representative of the universal population 
the rDyn-1 protein, a new antigenic protein derived from L. infantum, 
was studied here for first time in terms of application in ELISA-based 
CanL diagnosis. The assay based on the new antigen showed excellent 
performance, given its high ability to identify asymptomatic dogs 
(100%), without losing the ability to detect symptomatic dogs (92%). 
Overall, the ability of this protein to identify dogs with CanL was 97% 
[IC95%; 88.29–99.59%] (sensitivity). 

In addition to the problematic diagnosis of asymptomatic dogs 
(leading to a limited sensitivity), current diagnostic tests also suffer from 
cross-reactivity. Antibodies against T. cruzi have been recognized using 
conventional serological methods as the main cause of cross-reactivity 
with Leishmania due to the phylogenetic similarity between Leishmania 
sp. and T. cruzi, which poses a problem for overlapping endemic areas 
(Paltrinieri et al., 2010; Umezawa et al., 2009). Researchers have often 
inferred the existence of cross-reaction in serological assays for detecting 
canine leishmaniasis in dogs co-infected with E. canis or B. canis vogel 
(Silva et al., 2015). In fact, Mancianti et al. (Mancianti and Meciani, 
1988) demonstrated cross-reactivity of B. canis vogeli with anti-
Leishmania antibodies using dot-ELISA. Although rDyn-1 showed 
cross-reactivity with other diseases, the specificity (94% [IC95%; 
86.48–97.60%]) of this protein remained good and higher than the other 
antigens compared (CSA, rK39 and rK26). 

The results in this study show that rDyn-1-based ELISA assays could 

Fig. 2. Evaluation of the recombinant rDyn-1, K39 and K26 antigens, and L. infantum crude extract for the serodiagnosis of CanL. Comparison of the 
performance of ELISA was performed using canine sera from the following groups: dogs infected with Leishmania, 25 symptomatic (Sym) and 34 asymptomatic 
(Asym); 36 non-infected healthy dogs (NC); 49 experimentally infected dogs with T. cruzi (Tc); and 8 naturally infected dogs with Babesia sp. (Bab, n = 27), to 
evaluate possible cross-reactivity. The dashed red line represents the cut-off determined by the ROC curve of each test. The index above each column in the plot 
indicates the percentage of samples that are above the cut-off. 
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be advantageous over the classic diagnostic test that lacks the sensitivity 
to properly diagnose asymptomatic carriers, which is a major limitation 
to epidemiology studies and hence for control programs (da Costa et al., 
1991; Singh et al., 1995). Thus, a rapid, sensitive, and specific tool for 
the detection of L. infantum infection in dogs would be highly desirable 
because it would allow for effective control interventions in areas where 
zoonotic VL is endemic. The data presented here suggest that further 
studying the antigenic properties of each protein by carefully analyzing 
the portions/fragments responsible for its strength and subsequently 
combining the supremum of each protein in a multiple fragment model 
may be the way to a 100% accurate diagnosis capable of recognizing all 
Leishmania infections (symptomatic and asymptomatic), without 
cross-reactions with other diseases. Furthermore, the use of rDyn-1 
might be considered in combination with other recombinant antigens 

(e.g. rK26, rK39, rKDDR, among others) that are remarkable to detect 
the parasitism in symptomatic animals, which might provide an 
improvement of overall sensitivity that is often impaired when detecting 
infection in asymptomatic dogs. 

Funding 

This study was supported by the following grants: RTF received 
financial support from Fundação de Amparo a Pesquisa do Estado de 
Minas Gerais/FAPEMIG, Brazil (http://www.fapemig.br) (Grant# APQ- 
04035-17 and APQ-02592-17); Conselho Nacional de Desenvolvimento 
Científico e Tecnológico/CNPq, Brazil (http://www.cnpq.br) (Grant# 
303345/2018-7 and 421424/ 2018-4). 

Fig. 3. Comparison of ROC curve of each canine serological test obtained for ELISA using recombinant rDyn-1, K39 and K26 antigens, and L. infantum 
crude. The sensitivity, specificity and area under the curve (AUC) were determined by ROC curve. 

Table 1 
Diagnostic performance of ELISA tests, using recombinant rDyn-1, K39 and K26 antigens, and L. infantum crude, to detect antibodies against CanL.  

ELISA Test Cut-off Sensitivity (%) 
[CI 95%; n = 59] 

Specificity (%) 
[CI 95%; n = 93] 

PPV (%) NPV (%) AC (%) 

rDyn-1 0.3228 97 
[88.29% - 99.59%] 

94 
[86.48% - 97.60%] 

90 98 95 

K39 0.3964 88 
77.07% - 95.09% 

81 
71.15% - 88.11% 

74 91 84 

K26 0.3142 86 
75.02% - 93.96% 

87 
78.55% - 93.15% 

81 91 87 

Crude extract 0.8208 95 
85.85% - 98.94% 

77 
67.58% - 85.45% 

73 96 84 

Abbreviations: (CI) confidence interval; (PPV) positive predictive value; (NPV) negative predictive value; (AC) accuracy. 

W.F. Siqueira et al.                                                                                                                                                                                                                             

http://www.fapemig.br
http://www.cnpq.br


Acta Tropica 239 (2023) 106827

7

CRediT authorship contribution statement 

Williane Fernanda Siqueira: Conceptualization, Methodology, 
Validation, Formal analysis, Investigation, Data curation, Writing – 
original draft, Visualization. Mariana Santos Cardoso: Conceptualiza
tion, Methodology, Validation, Formal analysis, Visualization, Investi
gation, Data curation, Writing – original draft. Marianna de Carvalho 
Clímaco: Writing – review & editing. Ana Luiza Teixeira Silva: Vali
dation, Writing – original draft. Benjamin Heidt: Writing – review & 
editing. Kasper Eersels: Writing – review & editing. Bart van 
Grinsven: Writing – review & editing. Daniella Castanheira Bartho
lomeu: Resources, Writing – review & editing, Supervision, Project 
administration, Funding acquisition. Lilian Lacerda Bueno: Concep
tualization, Methodology, Resources, Writing – original draft, Writing – 
review & editing, Supervision, Project administration, Funding acqui
sition. Thomas Cleij: Writing – review & editing, Supervision, Project 
administration, Funding acquisition. Ricardo Toshio Fujiwara: 
Conceptualization, Methodology, Resources, Writing – review & editing, 
Visualization, Supervision, Project administration, Funding acquisition. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

Data will be made available on request. 

Acknowledgement 

We are grateful to Michele Silva de Matos for performing serological 
tests and technical support. 

Supplementary materials 

Supplementary Fig. 1. Analysis in polyacrylamide gel electro
phoresis (SDS-PAGE) of the expression in bacteria and purification 
of rDyn-1 protein. (A) Extracts of E. coli BL21 Star containing the 
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