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Lipophosphoglycan (LPG), when used as an ELISA target, confers high specificity
and sensitivity to the detection of Leishmania infantum antibodies in dogs.
Glycoconjugates are economically viable because the vyield is very high after
extraction/purification. In addition, they are very stable, which allows their use in
point-of-care testing without special storage conditions. During the glycoconjugate
extraction, a glycoinositolphospholipid (GIPL)-enriched fraction is obtained in similar
quantities as LPG. Since GIPLs can be extracted from the same parasite pellet as
LPGs, this work aimed to evaluate the immune recognition of GIPLs by Leishmania
infantum-infected dogs and its use for canine leishmaniasis (CanlL) immunodiagnosis.
Like LPG, GIPLs were recognized by sera from L. infantum-infected dogs, but
with less sensitivity (83.8%). However, 80% (16/20) of subclinically infected dogs
were detected as positive in the assay. Different from LPG, the GIPL-based assay
achieved a lower specificity (73.7%) and cross-reactions occurred with T. cruzi and
L. braziliensis-infected dogs. Although GIPLs exhibited a similar performance to LPG for
subclinically L. infantum-infected dogs, the occurrence of cross-reactivities with other
protozoa and a lower sensitivity hinders its use for an immunodiagnostic test. In places
where those diseases do not co-exist such as in the Mediterranean region, its use for
subclinically dogs could be an alternative.
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INTRODUCTION

Canine leishmaniasis (CanL) is a chronic zoonosis caused by Leishmania infantum (1). Domestic
dogs (Canis familiaris) are the main sources of infection for vectors in urban areas representing
a key element in the infection’s epidemiology (2). Leishmaniasis is a spectrum of diseases and in
the case of CanL caused by L. infantum, the clinical symptoms are variable, making it difficult to
diagnose the infection (3). Dogs with high parasitic loads typically have more symptomatic and
severe disease and are known to be more infectious to the sand fly vectors than resistant dogs (4).
However, some susceptible dogs can have high parasitic loads without symptoms at the beginning
of an active infection (3). Therefore, early diagnostic of CanL increases the chances for controlling
the disease.
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According to (5), an ideal diagnostic test includes an antigen
that is able to confer high sensitivity, specificity and accuracy
values, as well as having a high sensitivity in identifying
subclinically infected dogs. This situation leads to the need for
better diagnostic tests, mainly for subclinically infected dogs
(6). Most studies on the search for better antigens focus on
proteins/peptides identified by bioinformatics analyses (7-10).
However, purifying those antigens can be expensive and involve
complex methods. In this context, the search for non-protein
antigens is an alternative to improve immunodiagnostics.

It was recently demonstrated that lipophosphoglycan
(LPG) from L. infantum is an effective antigen to detect
specific antibodies, especially in the initial stages of infection
(11). Compared to proteins, glycoconjugates are very stable
molecules. They can only be depolymerized by boiling at 100°C
for 5min in the presence of 0.02N hydrochloric acid (12).
This characteristic is excellent for point-of-care diagnostic
antigens. Both glycoinositolphospholipids (GIPLs) and LPGs
are major Leishmania surface glycoconjugates. Both are
immunomodulatory molecules and TLR2/4 agonists, being
important in the parasite-host interaction (13, 14). One of the
advantages of using L. infantum glycoconjugates (LPG and GIPL)
is that the biochemical structures are known. Most (90%) of the
L. infantum strains reported LPGs belonging to the type I family,
whose repeat units are devoid of sidechains (15). Leishmania
infantum GIPLs are also type I (mannosylated) with high
similarity to those from L. donovani (13). LPGs are only present
in the promastigote forms, while GIPLs are expressed at this
stage and in the amastigote form in the vertebrate hosts. For this
reason, this should increase the chances for glycoconjugates to
induce a humoral immune response. A previous study reported
the use of GIPLs for the diagnosis of ocular toxoplasmosis (16).
However, no reports have evaluated the potential of GIPLs as
antigens for CanL immunodiagnosis.

A distinguishing feature during the glycoconjugate
purification protocol is the advantage of extracting two
independent fractions containing similar amounts of LPG and
GIPLs from the same parasite pellet. In this way, as part of
a wider project on Leishmania glycoconjugates, we evaluated
herein the role of GIPLs for CanL immunodiagnosis. This
potentially increases the yield of antigen production from
the same batch, providing a better economic viability for
immunodiagnostics development.

MATERIALS AND METHODS

Ethical Aspects

This study was approved by the Committee on Ethical Use of
Experimental Animals of the Veterinary Medicine School of the
Federal University of Bahia under the protocol number 023/2013.

Sample Collection

Eighty L. infantum-infected dogs, as confirmed by PCR made
with DNA purified from splenic aspirate samples (11), were
clinically evaluated according to the classification system of (3,
17): Gl—subclinically infected dogs (n = 20); G2—dogs with
mild clinical disease (n = 24); G3—dogs with moderate clinical

disease (n = 29); and G4—dogs presenting severe clinical disease
(n = 7). Fifty-seven dogs from CanL non-endemic areas were
used as negative controls. The use of reliable positive and negative
samples is fundamental for the study of the recognition or not
of the molecule by infected animals. For the cross reactivity
tests, sera from dogs experimentally infected with T. cruzi in
the acute (n = 10) and in the chronic phases (n = 10), and
sera from dogs naturally infected with L. braziliensis (n = 11)
were used. Results obtained herein were compared to the ones
obtained at a previous study that developed an ELISA based on
LPG to detect L. infantum-specific antibodies, which used the
same serum samples that were tested herein; however, it was not
possible to use all the serum samples from this previous study due
to unavailability of some of them.

Extraction and Purification of GIPLs

A L. infantum WHO reference strain Ba262 (MCAN/BR/89/Ba-
262) isolated from a dog in Jacobina, Bahia state, Brazil
was cultured for glycoconjugate extraction. GIPLs from
stationary-phase = promastigotes =~ were  extracted  using
chloroform:methanol:water (10:10:3) as previously reported
(12). The solvent extract was dried by N; evaporation and
resuspended in 0.1 N acetic acid/0.1M NaCl. The suspension was
applied to a column of phenyl-Sepharose (2mL bed volume),
equilibrated in the same buffer. GIPLs were eluted using solvent
E (H,O/ethanol/diethyl ether/pyridine/NH4OH 15:15:5:1:0.017)
and the concentration was measured by the phenol:sulphuric
acid method (18).

Standardization of GIPL-ELISA

The test was performed on 96-well flat adsorption polystyrene
microplates (Perkin Elmer, Waltham, MA, USA), which were
sensitized with GIPL antigens diluted in carbonate / bicarbonate
buffer pH 9.6 at 100 wL / well and incubated at 4°C for 14 h. The
plates were washed three times with PBS with 0.05% Tween 20
(PBST), blocked with PBST supplemented with 10% casein and
incubated at 37°C for 2 h. After three washes with PBST, 100 wL
of serum pool samples diluted in PBST 5% casein were added
and incubated at 37°C for 1 h. Each serum sample was tested in
duplicate. The plates were then washed with PBST four times and
the anti-dog IgG peroxidase conjugated (Bethyl, Montgomery,
TX, USA) diluted in PBST 5% casein was added to the plate,
100 wL per well, and incubated at 37°C for 1 h. After incubation,
the plates were washed six times with PBST and 100 pL of a
citrate buffer pH 5.3 added with 12 pL of H,O, and 5mg of
orthophenylenediamine (OPD) (Sigma Aldrich, Saint Louis, MI,
USA) was applied to each well. The reaction was stopped by
adding 50pLL of 4N H,SOy in each well.

ELISAs were performed based on a checkerboard titration
method following the one described by (11). First, different
antigen concentrations (ranging from 0.125 to 2 pug/mL) and
positive and negative sera pools dilutions (1:50, 1:100, 1:200,
and 1:400) were used, with a fixed anti-canine IgG horseradish
peroxidase antibody dilution (1:10,000). After the definition
of the combined antigen concentration and the serum pool
dilution that presented the higher positive pool optical density
(OD)/negative pool OD ratio, a second checkerboard titration
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FIGURE 1 | Distribution of the individual results of the positive and negative sera tested by GIPL-ELISA, and evaluation of cross reactivity in the GIPL-ELISA of serum
from animals infected with other trypanosomatids. Regarding L. infantum, eighty positive and 57 negative serum samples were included in the study. Serum samples
from dogs infected with L. braziliensis and T. cruzi (acute and chronic phases of the infection) were also tested. The line within the graphic represents the cut-off
calculated from the ROC curve.

was performed, where these antigen concentrations and serum
pool dilutions were tested with different secondary antibody
dilutions (1:5,000, 1:10,000, 1:20,000, and 1:40,000). The positive
and negative serum pools consisted of an equal quantity of ten
negative or ten positive control serum samples. The combination
of these different dilutions and concentrations that presented the
higher positive/negative OD ratio was then chosen to individually
test all the serum samples studied herein.

Statistical Analysis

The results were interpreted as follows: truly positive samples
were those presenting positive results by GIPL-ELISA and PCR,
and the truly negative ones those with negative results at both
assays. False positive samples were those from dogs living in
CanL non-endemic areas scored positive by GIPL-ELISA and
negative by PCR, while the false negative ones those scored
negative by GIPL-ELISA but positive by PCR. The samples were
considered as positive or negative at the GIPL-ELISA based on
a cut-off calculated using the Receiver Operating Characteristic
curve (ROC CURVE), obtained using a statistical software (SPSS
v.12.0 software, IBM, USA), and the selection of the cut-off was
based on the ROC curve point that presented the highest sum
of sensitivity and specificity values. Thus, the sensitivity and
specificity parameters were chosen based on the ROC curve, as
previously described (11). The area under the curve was used to
define the accuracy of the assay, and the negative and predictive
values were calculated as previously described (19). The graphics
were generated on the software GraphPad Prism 6.0 (Graph
Prism Inc., San Diego, CA).

RESULTS

After the standardization of the indirect ELISA, we determined
the best GIPL concentration, sera and conjugated antibody

dilutions: 0.25pg/mL, 1:200 and 1:10,000, respectively. OD
results for each sample and control are shown in Figure 1.

The cut-off value, as calculated using the ROC Curve, was
0.064 for the GIPL-ELISA. Using this cut-off value, 67 of the
80 positive controls (83.75%) presented a positive result at the
GIPL-ELISA, and 43 of the 57 negative controls (74%) presented
a negative result. 16.25% (13/80) of the positive controls tested
negative to L. infantum antibodies, and 24.6% (14/57) of the
negative controls tested positive. The GIPL-ELISA, as performed,
has 83.8% sensitivity and 73.7% specificity. Overall, the GIPL-
ELISA presented 81 positive results and 56 negative results,
leading to 82.7% of positive predictive value (PPV) and 76.8%
of negative predictive value (NPV) (Table 1). This data was
compared with LPG-ELISA data (right column of Table 1) (11).
The accuracy (88.9%) was obtained using the area under the ROC
curve (Supplementary Figure 1).

Serum samples from dogs naturally L. braziliensis-infected
showed positive reactions in 6/11 serum samples (54.5%)
(Figure 1). Sera from T. cruzi-infected dogs showed positive
reactions in 3/10 dogs in the acute phase of the infection (30%)
and 3/10 in the chronic phase (30%) (Figure 1).

Of the dogs from the subclinically infected group (G1), 80%
showed positive results in the assay with OD values above the
cut-off. For the G2, G3 and G4 groups, it was found 79.2% (5/24),
86.2% (4/29), and 100% (7/7) of positive results, respectively
(Figure 2).

DISCUSSION

In American and Mediterranean regions, dogs are the most
important urban reservoirs of the L. infantum parasite (20). CanL
immunodiagnosis is important because subclinically infected
dogs, which appear healthy by physical examination and clinical
pathology tests (3) may transmit the parasite before clinical
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manifestations appear. Due to subclinical cases, more advanced
and sensitive techniques are required for early detection in order
to control spread of the disease (1).

Our group previously reported that LPG is a promising
antigen for CanL ELISA immunodiagnosis, detected 90% of
subclinically infected dogs (11). Toxoplasma gondii GIPLs
were previously reported to be excellent antigens for the
diagnosis of human toxoplasmosis (16), and this fact made
us investigate L. infantum-derived GIPLs as a candidate for
CanL immunodiagnosis. This would made antigen obtention

TABLE 1 | GIPL-ELISA validation parameters.

Parameters GIPL-ELISA LPG-ELISA (11)
Number of samples tested 137 165
Number of positive sera 80 97
Number of negative sera 57 68
True positives 67 88
True negatives 43 67
False negatives 13 09
False positives 14 01
Cut-off 0.064 0.251
Sensitivity (%) 83.8 91.5
Specificity (%) 73.7 98.5
Accuracy (%) 88.9 99.7
Positive predictive value (PPV) (%) 82.7 98.9
Negative predictive value (NPV) (%) 76.8 89.3
Positive likelihood ratio 3.18 61

CanL 80 positive and 57 negative control serum samples were tested. The parameters
were calculated as previously defined (19).

more economically viable, which is an important requirement
during the development of a given immunodiagnostic test. It
is important to point out that the LPGs and GIPLs used in
our study were from a L. infantum dog-derived strain. GIPL-
ELISA was able to detect 80% of the subclinically infected dogs.
This significant sensitivity result for asymptomatic dogs was
higher than those previously reported for immunoassays using L.
infantum total lysate antigens and recombinant proteins (11, 21-
23). Like LPGs, GIPLs exhibited false negative results in the G2
and G3 groups (11). However, unlike LPGs, GIPLs showed cross
reaction with sera from T. cruzi- and L. braziliensis-infected dogs.

Although sera from L. infantum-infected dogs react to GIPLs,
the optical densities measured were low, even when using higher
amounts of antigen and lower dilution of samples, suggesting
that there is a lower antigenic recognition of these molecules
by canine IgGs. One possible explanation for the fact that LPG
presented a better immune recognition than GIPL is the size of
the molecules, since LPGs are bigger than GIPLs (24), and in this
way can be more exposed in the parasite’s surface.

GIPLs exhibited lower specificity and sensitivity values of
73.7 and 83.8% compared to 91.5 and 98.5% for LPGs. The
GIPLs specificity results were probably lower due to cross-
reactions in the serum samples of dogs infected by other
protozoans. Cross reactivity is very common in diagnostic tests
for CanL (25). Previous reports using an ELISA-based on the L.
infantum LiHypA recombinant antigen that, despite obtaining
high predictive values, showed cross reactivity with Babesia canis
(26). In this study, the sensitivity values of the GIPL-ELISA
when compared to the LPG ELISA was good (80% for GIPL
and 90% for LPG), but its cross-reactivity hinders its use as
an immunodiagnostic candidate especially in Latin American
countries where CanL overlaps with Chagas disease. However, in
Mediterranean countries where T. cruzi infection in dogs is rare

0.30
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FIGURE 2 | Recognition of GIPLs by sera from dogs at different Canine Visceral Leishmaniasis stages. The positive animals were classified according to the severity
of Leishmania infection as previously described (11). The line within the graphic show the cut-off calculated from the ROC curve.
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or absent, GIPLs could be a promising alternative. Sera of dogs
infected with other pathogens, including Babesia sp., Ehrlichia sp.
and Hepatozoon sp., do not show cross reactivity with L. infantum
LPG (11).

In this study, GIPLs were recognized by sera from 80% (16/20)
of subclinically infected dogs. Previous studies using protein
antigens reported subclinically infected dogs tested negative, but
their assays had good sensitivity for dogs with clinically manifest
CanL (21, 27). In addition, sera from subclinically infected
dogs tested by an immunochromatographic assay (DPP-LVC
rapid test, Bio-Manguinhos, Rio de Janeiro, Brazil) incorrectly
tested as negative for infection (28). GIPLs are poor antigens
to use for CanL immunodiagnosis, and the cross reactivity
of sera from dogs infected by other parasites is a major
obstacle to their use. However, the significant recognition of
this molecule by subclinically infected dogs is an interesting
result that may base further studies on the role of GIPLs in the
host-parasite interaction in these animals, its use as a possible
vaccine adjuvant and can be a choice of antigen to be used
in T. cruzi-non endemic areas with the objective to detect
asymptomatic dogs.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The animal study was reviewed and approved by Committee on
Ethical Use of Experimental Animals of the Veterinary Medicine
School of the Federal University of Bahia.

REFERENCES

1. Alvar ], Vélez ID, Bern C, Herrero M, Desjeux P, Cano J, et al. Leishmaniasis
worldwide and global estimates of its incidence. PLoS ONE. (2012) 7:¢35671.
doi: 10.1371/journal.pone.0035671

2. Ribeiro RR, Suzan M, Michalick M, Eduardo M, Cheim C, Jean F, et al. Canine
Leishmaniasis: an overview of the current status and strategies for control.
Biomed Res Int. (2018) 2018:1-12. doi: 10.1155/2018/3296893

3. Solano-Gallego L, Koutinas A, Miré G, Cardoso L, Pennisi MG, Ferrer
L, et al. Directions for the diagnosis, clinical staging, treatment and
prevention of canine leishmaniosis. Vet Parasitol. (2009) 165:1-18.
doi: 10.1016/].VETPAR.2009.05.022

4. Magalhaes-Junior JT, Mota TF, Porfirio-Passos G, Larangeira DF, Franke
CR, Barrouin-Melo SM. Xenodiagnosis on dogs with visceral leishmaniasis:
Canine and sand fly aspects related to the parasite transmission. Vet Parasitol.
(2016) 223:120-6. doi: 10.1016/j.vetpar.2016.04.031

5. Alvar J, Canavate C, Molina R, Moreno J, Nieto J. Canine leishmaniasis. Adv
Parasitol. (2004) 57:1-88. doi: 10.1016/S0065-308X(04)57001-X

6. Peixoto HM, de Oliveira MRE, Romero GAS. Serological diagnosis of canine
visceral leishmaniasis in Brazil: Systematic review and meta-analysis. Trop
Med Int Heal. (2015) 20:334-52. doi: 10.1111/tmi.12429

7. Faria AR, de Castro Veloso L, 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:€0003429. doi: 10.1371/journal.pntd.0003429

AUTHOR CONTRIBUTIONS

All authors read and approved the final manuscript. JS, GP,
TB, and MF: performed the experiments, interpretation of the
data, and preparation of this manuscript. SB-M, RS, RM, and
RP: funding obtaining, study design, technical review, and
interpretation of the data.

FUNDING

This work was supported by Bahia State Research Foundation—
FAPESB (Grant  number =~ PRONEM-—498/2011—PNE
0002/2011), by the Brazilian Coordination for Improvement
of Higher Education Personnel—CAPES (Ph.D. fellowship
for GPP and MSc fellowship for JS), by Minas Gerais State
Research Foundation—FAPEMIG (PPM-00102-16) and National
Council on Scientific and Technological Development—CNPq
(305065/2016). RS (302972/2019-6) and SB-M (307813/2018-5)
are research fellows from CNPq, and RP is a Technological
Development fellow from CNPq (313350 / 2019-1). The funders
had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

ACKNOWLEDGMENTS

We thank Francisca Soares

technical assistance.

(LABIMUNO-UFBA) for

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.
2021.581148/full#supplementary-material

8. Lauricella MA, Maidana CG, Frias VF, Romagosa CM, Negri V, Benedetti
R, et al. An rK28-based immunoenzymatic assay for the diagnosis of canine
visceral leishmaniasis in Latin America. Am J Trop Med Hyg. (2016) 95:92-8.
doi: 10.4269/ajtmh.13-0768

9. de Souza Filho JA, Barbosa JR, Figueiredo FB, Mendes AAV, da Silva SR,
Coelho GLLM, et al. Performance of AlereTM immunochromathographic
test for the diagnosis of canine visceral leishmaniasis. Vet Parasitol. (2016)
225:114-6. doi: 10.1016/j.vetpar.2016.06.011

10. Abad LPM, Almeida CS, Mattos AMM, Mendonga ACP, Alves MJM,
Pinheiro AC, et al. Diagnostic accuracy of rKLO8 versus rK26 ELISAs
for screening of canine visceral leishmaniasis. Acta Trop. (2017) 166:21.
doi: 10.1016/j.actatropica.2016.11.021

11. Portela RD, Soares RP, Passos GP, Larangeira D., Barral TD, Sampaio JR,
et al. Leishmania infantum-derived lipophosphoglycan as an antigen in the
accurate serodiagnosis of canine leishmaniasis. PLoS Negl Trop Dis. (2019)
13:e0007720. doi: 10.1371/journal.pntd.0007720

12. Soares RP., Macedo ME, Ropert C, Gontijo NF, Almeida IC, Gazzinelli RT,
et al. Leishmania chagasi: Lipophosphoglycan characterization and binding
to the midgut of the sand fly vector Lutzomyia longipalpis. Mol Biochem
Parasitol. (2002) 121:213-24. doi: 10.1016/S0166-6851(02)00033-6

13. Assis RR, Ibraim IC, Noronha FS, Turco §J, Soares RP.
Glycoinositolphospholipids ~ from  Leishmania  braziliensis and L.
infantum: Modulation of innate immune system and variations in
carbohydrate structure. PLoS Negl Trop Dis. (2012) 6:e0001543.
doi: 10.1371/journal.pntd.0001543

Frontiers in Veterinary Science | www.frontiersin.org

March 2021 | Volume 8 | Article 581148


https://www.frontiersin.org/articles/10.3389/fvets.2021.581148/full#supplementary-material
https://doi.org/10.1371/journal.pone.0035671
https://doi.org/10.1155/2018/3296893
https://doi.org/10.1016/J.VETPAR.2009.05.022
https://doi.org/10.1016/j.vetpar.2016.04.031
https://doi.org/10.1016/S0065-308X(04)57001-X
https://doi.org/10.1111/tmi.12429
https://doi.org/10.1371/journal.pntd.0003429
https://doi.org/10.4269/ajtmh.13-0768
https://doi.org/10.1016/j.vetpar.2016.06.011
https://doi.org/10.1016/j.actatropica.2016.11.021
https://doi.org/10.1371/journal.pntd.0007720
https://doi.org/10.1016/S0166-6851(02)00033-6
https://doi.org/10.1371/journal.pntd.0001543
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Sampaio et al.

GIPLs and Canine Leishmaniasis Immunodiagnosis

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ibraim IC, de Assis RR, Pessoa NL, Campos MA, Melo MN, Turco SJ,
et al. Two biochemically distinct lipophosphoglycans from Leishmania
braziliensis and Leishmania infantum trigger different innate immune
responses in murine macrophages. Parasit (2013) 6:1-11.
doi: 10.1186/1756-3305-6-54

Coelho-Finamore JM, Freitas VC, Assis RR, Melo MN, Novozhilova N,
Secundino NE et al. Leishmania infantum: Lipophosphoglycan intraspecific
variation and interaction with vertebrate and invertebrate hosts. Int ] Parasitol.
(2011) 41:333-42. doi: 10.1016/].IJPARA.2010.10.004

Portela RWD, Bethony J, Costa MI, Gazzinelli A, Vitor RWA,
Hermeto FM, A multihousehold study reveals a positive
correlation between age, severity of ocular toxoplasmosis, and levels of
glycoinositolphospholipid-specific immunoglobulin A. J Infect Dis. (2004)
190:175-83. doi: 10.1086/421505

Solano-Gallego L, di Filippo L, Ordeix L, Planellas M, Roura X, Altet L,
et al. Early reduction of Leishmania infantum-specific antibodies and blood
parasitemia during treatment in dogs with moderate or severe disease. Parasit
Vectors. (2016) 9:1-9. doi: 10.1186/s13071-016-1519-0

DuBois M, Gilles K, Hamilton JK, Rebers PA, Smith F. Colorimetric method
for determination of sugars and related substances. Anal Chem. (1956)
28:350-6. doi: 10.1021/ac60111a017

Seyffert N, Guimaraes AS, Pacheco LGC, Portela RW, Bastos BL, Dorella
FA, et al. High seroprevalence of caseous lymphadenitis in Brazilian goat
herds revealed by Corynebacterium pseudotuberculosis secreted proteins-
based ELISA. Res Vet Sci. (2010) 88:50-5. doi: 10.1016/j.rvsc.2009.07.002

Pan American Health Organization. Epidemiological Report of the Americas.
Leishmanisis. (2019). Available online at: http://iris.paho.org/xmlui/bitstream/
handle/123456789/50505/Leishreport2019_eng.pdf?sequence=9&isAllowed=
y [Accessed September 20, 2019].

de Lima VME Fattori KR, Michelin AF, Neto LS, Vasconcelos RO.
Comparison between ELISA using total antigen and immunochromatography
with antigen rK39 in the diagnosis of canine visceral leishmaniasis. Vet
Parasitol. (2010) 173:330-3. doi: 10.1016/j.vetpar.2010.07.012

Figueiredo FB, Vasconcelos TCBD, Madeira MDF, Menezes RC, Maia-
Elkhoury ANS, Marcelino AP, et al. Validation of the Dual-path Platform
chromatographic immunoassay (DPP CVL rapid test) for the serodiagnosis
of canine visceral leishmaniasis. Mem Inst Oswaldo Cruz. (2018) 113:11.
doi: 10.1590/0074-02760180206

Borja LS, Coelho LB, Jesus MSd, de Queiroz ATL, Celedon PAE, Zachin
NIT, et al. High accuracy of an ELISA test based in a flagella antigen

Vectors.

et al

24.

25.

26.

27.

28.

of Leishmania in serodiagnosis of canine visceral leishmaniasis with
potential to improve the control measures in Brazil - A Phase II study.
PLoS Negl Trop Dis. (2018) 12:e0006871. doi: 10.1371/journal.pntd.00
06871

Assis RR, Ibraim IC, Nogueira PM, Soares RP, Turco SJ. Glycoconjugates in
New World species of Leishmania: Polymorphisms in lipophosphoglycan and
glycoinositolphospholipids and interaction with hosts. Biochim Biophys
Acta - Gen Subj. (2012) 1820:1354-65. doi: 10.1016/j.bbagen.2011.
11.001

Zanette MFE, de Lima VME Laurenti MD, Rossi CN, Vides JP, Vieira RFC,
et al. Serological cross-reactivity of Trypanosoma cruzi, Ehrlichia canis,
Toxoplasma gondii, Neospora caninum and Babesia canis to Leishmania
infantum chagasi tests in dogs. Rev Soc Bras Med Trop. (2014) 47:105.
doi: 10.1590/0037-8682-1723-2013

Carvalho AMRS, Costa LE, Salles BCS, Santos TTO, Ramos FF, Lima
MP, et al. An ELISA immunoassay employing a conserved Leishmania
hypothetical protein for the serodiagnosis of visceral and tegumentary
leishmaniasis in dogs and humans. Cell Immunol. (2017) 318:42-8.
doi: 10.1016/j.cellimm.2017.06.001

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.
doi: 10.1371/journal.pntd.0001992

Grimaldi G, Teva A, Ferreira AL, dos Santos CB, Pinto IS, de-Azevedo CT,
et al. Evaluation of a novel chromatographic immunoassay based on Dual-
Path Platform technology (DPP ® CVL rapid test) for the serodiagnosis of
canine visceral leishmaniasis. Trans R Soc Trop Med Hyg. (2012) 106:54-9.
doi: 10.1016/j.trstmh.2011.10.001

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Sampaio, Soares, Barral, Passos, Fonseca, Meyet, Barrouin-Melo
and Portela. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

March 2021 | Volume 8 | Article 581148


https://doi.org/10.1186/1756-3305-6-54
https://doi.org/10.1016/J.IJPARA.2010.10.004
https://doi.org/10.1086/421505
https://doi.org/10.1186/s13071-016-1519-0
https://doi.org/10.1021/ac60111a017
https://doi.org/10.1016/j.rvsc.2009.07.002
http://iris.paho.org/xmlui/bitstream/handle/123456789/50505/Leishreport2019_eng.pdf?sequence=9&isAllowed=y
http://iris.paho.org/xmlui/bitstream/handle/123456789/50505/Leishreport2019_eng.pdf?sequence=9&isAllowed=y
http://iris.paho.org/xmlui/bitstream/handle/123456789/50505/Leishreport2019_eng.pdf?sequence=9&isAllowed=y
https://doi.org/10.1016/j.vetpar.2010.07.012
https://doi.org/10.1590/0074-02760180206
https://doi.org/10.1371/journal.pntd.0006871
https://doi.org/10.1016/j.bbagen.2011.11.001
https://doi.org/10.1590/0037-8682-1723-2013
https://doi.org/10.1016/j.cellimm.2017.06.001
https://doi.org/10.1371/journal.pntd.0001992
https://doi.org/10.1016/j.trstmh.2011.10.001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Leishmania infantum-Derived Glycoinositolphospholipids in the Immunodiagnosis of Subclinically Infected Dogs
	Introduction
	Materials and Methods
	Ethical Aspects
	Sample Collection
	Extraction and Purification of GIPLs
	Standardization of GIPL-ELISA
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


