W) Check for updates

DOI: 10.1002/vms3.587

ORIGINAL ARTICLE

WILEY

Equine infection with Leishmania spp. in Costa Rica:

Study of five cases

Maria Victoria Ortega-Garcia®
Inmaculada Moreno* |

Mercedes Dominguez* |

1 Subdireccion de Sistemas Terrestres,
Instituto Nacional de Técnica Aeroespacial
(INTA)-Campus La Marafiosa, Madrid, Spain

2 Department of Pathology and infectious
Diseases, University of Surrey, Guildford, UK

3 Centro de Vigilancia Sanitaria Veterinaria
(VISAVET), Universidad Complutense de
Madrid, Madrid, Spain

4 Unidad de Inmunologia Microbiana, Area de
Inmunologia, Instituto de Salud Carlos Ill,
Majadahonda, Madrid, Spain

5 Histopatovet, Heredia, Costa Rica

Correspondence

Francisco Javier Salguero, Department of
Pathology and infectious Diseases. University
of Surrey. Guildford GU2 7AL, UK.

Email: javier.salguero@phe.gov.uk

Current address: National Infection Service,
Public Health England, Porton Down, Salisbury,
SP40JG, UK.

Funding information

Comunidad de Madrid, Grant/Award Numbers:
S$2013/ABI-2747 (TAVS-CM), Structural Funds
of the European Union

| Francisco Javier Salguero? ® | Nerea Garcia® |

Alexis Berrocal®

Abstract

Background: Cutaneous forms of leishmaniosis due to Leishmania braziliensis have been
reported in horses in the New World. Domestic animals play a role in the transmission
of the disease. In Costa Rica, human cases of L. braziliensis, L. panamensis and L. infantum
have been reported.

Objectives: The present report describes five cases of equine cutaneous leishmanio-
sis in Costa Rica. The aetiological diagnosis was based on the presence of the parasite
within the lesions.

Methods: Skin biopsies were used to perform histopathological analyses of the lesions.
Immunohistochemistry was used to detect the presence of the Leishmania spp. anti-
gens in tissue sections. Laser-capture micro-dissection and quantitative real-time PCR
techniques were carried out to detect the pathogen nucleic acid within the microscopic
lesions.

Results: Histopathological analyses showed a granulomatous inflammation within the
dermis, with multi-nucleated giant cells, macrophages, lymphocytes and few neu-
trophils and eosinophils. We detected the parasite by immunohistochemistry, using a
rabbit polyclonal antibody raised against Leishmania spp. However, we could not iden-
tify Leishmania spp. by quantitative real-time PCR in formalin-fixed paraffin-embedded
tissues, using specific primers for the conserved region in the minicircle of the Leishma-
nia DNA kinetoplast.

Conclusions: Our results emphasise the importance of Leishmania spp. not only as a
causative agent of equine cutaneous disease in the New World, but also as a possible
emerging pathogen. Leishmaniosis is one of the most prevalent parasitic public health

problems worldwide, and equines may have a role in the epidemiology of the disease.
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1 | INTRODUCTION

In the New World, cutaneous forms of leishmaniosis are caused by
Leishmania braziliensis, L. guyanensis, L. panamensis, L. shawi, L. naiffi, L.
lainsoni, L. lindenbergi, L. peruviana, L. mexicana, L. venezuelensis and L.
amazonensis. In Europe, however, L. infantum causes the visceral forms
and, more rarely, the cutaneous forms (OIE, 2012). Domestic animals
play a role in the transmission since they are in close contact with
humans and are also present in agricultural and pastoral areas that are
generated by deforestation. Leishmania spp. infection in horses in the
New World has been reported in Brazil, Venezuela, Puerto Rico and
the United States. In all these cases, L. braziliensis was isolated (Truppel
et al., 2014). Equus caballus has been reported to be naturally infected
by L. infantum in the Old World since 2002 (Koehler et al., 2002) and in
the New World since 2013 (Soares et al., 2013).

In Costa Rica, only human cases of infection have been reported.
The most frequent aetiologic agent reported in these human cutaneous
leishmaniosis cases has been L. panamensis, although some cases of L.
braziliensis have also been described (Jaramillo-Antillén et al., 2009;
Jaramillo-Antillon et al., 2018). Additionally, some cases of atypical
cutaneous leishmaniosis caused by L. infantum have also been reported
(Jaramillo-Antillén et al., 2009).

In the present study, five endemic cases of equine cutaneous leish-

maniosis due to Leishmania spp. in Costa Rica are described.
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Gross pathology
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2 | MATERIALS AND METHODS

Five horses (#1-#5) were taken to local veterinary practitioners in
Costa Rica due to the presence of stubborn ulcerated or nodular cuta-
neous lesions affecting different parts of the body. Most lesions were
located in the pinna and neck areas (Figure 1).

Skin biopsy samples ranging from 0.40 to 1.50 cm in diameter were
surgically excised. Samples were fixed in 10% neutral-buffered forma-
lin and embedded into paraffin wax. Sections (4 um thick) were cut
and processed for histopathological examination using haematoxylin
and eosin staining, as well as immunohistochemical detection of Leish-
mania spp. antigens. Briefly, tissue sections were dewaxed and rehy-
drated at 19°C and then placed in a fresh solution of 3% hydrogen
peroxide in methanol for 15 min in order to block endogenous perox-
idase activity. Samples were then washed with tap water, antigen was
retrieved by enzymatic digestion using a solution of 2% proteinase K
(Dako, Glostrup, Denmark) in tris-buffered saline (TBS; 0.05 M Tris-
HCI pH 7.5). Slides containing the tissue sections were then washed
with TBS. To prevent nonspecific binding of antibodies, slides were
blocked for 20 min with 190 ul of Universal Blocker™ Blocking Buffer in
TBS (Thermo Fisher Scientific). Then, slides were incubated with 190 ul
of a rabbit polyclonal antibody (diluted 1:10 in TBS) to detect Leish-
mania spp., counterstained with haematoxylin and mounted for light

microscopy examination as previously described (Salguero et al., 2018).

FIGURE 1 Gross pathology, histopathology and immunohistochemical detection of Leishmania spp. antigen in horses #1, #2, #3 and #4. Gross
pathology (a, b, c, d), histopathology (e, f, g, h) and immunohistochemical detection of Leishmania spp. antigens (IHC; i, j, k, ) in horses #1, #2, #3 and
#4. Gross lesions were non-healing skin wounds in the neck (a) neck skin or pinna (b, ¢, d). At histopathology, various stages of necrosis (*) and
infiltration of dermis by mixed inflammatory cells, including multi-nucleated giant cells (arrowheads) are observed. Multiple ovoid amastigotes
within histiocytes and in between collagen fibres can be identified (arrows), ranging from 2 to 4 um in diameter. Amastigotes show a small round

nucleus surrounded by a clear halo.

Immunoreactivity (IHC) to Leishmania spp. amastigotes within the inflammatory cell infiltrates, including macrophages and multi-nucleated giant
cells within granulomas as well as of extracellular stages (arrowheads). The distribution of immunostaining is variable and is correlated with the

degree of inflammatory response.
Magnification: 200x (f, g); 400x (e, h, i, ], 1) and 600 (k)
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Appropriate positive and negative controls were used in each immuno-
histochemistry run.

Laser capture microdissection using polymer membrane slides
(PEN-Membrane 2.0 Im Leica Microsystems, Wetzlar, Germany) was
performed on skin sections (10 um thick) from two horses (#2 and #3)
that immunostained strongly against Leishmania spp. The sections were
stained with haematoxylin and eosin, and tissues were microscopically
identified, then dissected using a laser capture micro-dissection micro-
scope (Leica LMD6500) and collected in RNase-free and DNAse-free
PCR tubes (Greiner bio-one, Stroudwater, UK). Tissues showing no
anti-Leishmania spp. immunostain were also dissected and analysed as
control tissue.

Total genomic DNA was extracted from the laser-micro-dissected
tissue sections using the QlAamp DNA FFPE Tissue kit (QIAGEN,
Hilden, Germany), according to the manufacturert’s instructions with
some modifications. These modifications were the following: the
xylene was preheated at 60°C for 10 min in advance, samples were
heated at 37°C for 30 min to eliminate residual ethanol, samples were
kept at 56°C overnight after the addition of the ATL buffer and the
proteinase K, and samples were maintained at —20°C overnight after
the addition of the AL buffer and ethanol. DNA obtained from biopsy
specimens obtained by laser micro-dissection was suspended in 60 ul
of elution buffer and frozen at —40°C until use. The concentration
and quality of DNA obtained from tissues was determined using a
spectrophotometer (Nanodrop 2000; Thermo Scientific). Good labo-
ratory practices were used to avoid DNA cross-contamination. During
all DNA extraction procedures, positive controls were processed
using DNA from promastigotes of L. infantum [MCAN/ES/97/10,445]
zymodema MON-1, L. chagasi, L. amazonensis and L. braziliensis, as were
negative controls including only kit reagents without DNA.

Extracted total genomic DNA was analysed using SYBR
Green-based real-time PCR and high-resolution melting as
described Ceccarelli et al. (2014), with slight modifications. The
primers MLF (5'-CGTTCTGCGAAAACCGAAA-3’) and MLR (5'-
CGGCCCTATTTTACACCAACC-3’) were used to amplify a fragment
of 111 base pairs from the conserved region in the minicircle of the
Leishmania DNA kinetoplast. All reactions were performed using 4 ul
of the PyroTag master mix solution EvaGreen qPCR Mix Plus (Cultek
Molecular Bioline, Madrid, Spain), 0.5 ul of each primer (20 uM), and
5 ul of DNA in a total reaction volume of 20 ul. The following thermal
protocol was used: one cycle at 95°C for 15 min, followed by 40 cycles
at 95°C for 15 s, 60-65°C for 20 s and 72°C for 20 s. All reactions
were carried out in a LightCycler 480 thermal cycler (Roche, Basel,
Switzerland). After PCR amplification, high-resolution melting curves
were acquired from 75°C to 92°C, with a slope of 0.1°C/s and 2 s
for each temperature. The curves were analysed using the Roche
LightCycler 480 Basic v1.2 software.

3 | RESULTS

This retrospective study covers five horses that were brought to local

veterinarians in Costa Rica between April 2009 and April 2016. Horse

#1, a 4-year-old Pinto Americano male, had an alopecic ulcerative
lesion of 2.0 cm of diameter on the right side of the neck. Horse #2, an
adult Andalusian female, had several cutaneous masses in the external
left pinna, some of them ulcerated. Horse #3, a 2.5-year-old Andalu-
sian female, also showed cutaneous nodular, crusting and ulcerated
lesions. Horse #4, a 2.5-year-old Andalusian female, displayed an ulcer-
ated cutaneous lesion in the internal right pinna. Horse #5, another 2-
year-old Andalusian female, exhibited some cutaneous ulcerated and
crusting masses in the neck and inner left pinna.

In all horses, histopathological evaluation based on tissue sections
stained with haematoxylin and eosin showed various stages of necrosis
inthe dermis, together with a diffuse infiltration of mixed inflammatory
cells, containing neutrophils, lymphocytes, plasma cells, macrophages
and multi-nucleated giant cells. Multiple ovoid amastigotes of 2-4 um
in diameter were observed within macrophages and among collagen
fibres. Amastigotes had a small round nucleus surrounded by a clear
halo. These morphological findings suggested the inclusion of cuta-
neous leishmaniosis in the differential diagnosis (Figure 1).

In all horses, positive immunostaining against Leishmania spp. was
observed in multiple macrophages within the inflammatory cell infil-
trates, in macrophages within granulomas, and in extracellular stages.
Immunostaining was less strong in horse #4 than in the other horses,
and its intensity correlated with the extent of inflammatory cell infil-
tration described before (Figure 1).

No positive reaction was observed after real-time PCR and
high-resolution melting of genomic DNA isolated from laser-micro-
dissected paraffin-embedded tissues. In contrast, the expected positive
reactions were observed in control samples of promastigote DNA from
L. infantum, L. chagasi, L. amazonensis and L. braziliensis (Table 1 and Fig-
ure 2).

4 | DISCUSSION

In Europe, equine leishmaniosis caused by L. infantum and L. siamen-
sis (the name siamensis is a nomen nudum as described by Espinosa
et al., 2018) has been described in Germany (Koehler et al., 2002;
Miuiller et al., 2009), Spain (Solano-Gallego et al., 2003), Portugal (Gama
et al, 2014; Rolédo et al., 2005), Switzerland and Germany (Mdiller
et al., 2009). Cutaneous leishmaniosis in Equidae has been diagnosed
in South America (Aguilar et al., 1986), North America (Reuss et al.,
2012) and the Caribbean (Ramos-Varaet al, 1996). In the Americas, the
first report of E. caballus naturally infected with an aetiological agent
of visceral leishmaniosis (L. donovani complex) occurred in Brazil, and
L. infantum was the infective species (Soares et al., 2013). So far, there
are no reported cases of cutaneous leishmaniosis in horses caused by
any species from the L. donovani complex in Costa Rica. The present
study describes for the first time, five cases of equine leishmaniosis that
occurred during a 7 years’ period.

In Costa Rica, cases of New World cutaneous leishmaniosis in
humans are commoninrural areas and can also occur in semi-urban and
urban areas, as well as rainforests and arid areas; cases have also been

reported in Texas and Oklahoma in the southern US, in Mexico, and in
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TABLE 1 High-resolution melting curve analysis
Sample Cq Tm peak 1 (°C) Tm peak 2 (°C)
L. infantum 10445 (positive control) 18.44 80.25-80.51 85.11-84.89
L. chagasi(positive control) 24.10 80.51-80.86 84.77-84.82
L. amazonensis(positive control) 35.00 NA 85.33-85.40
L. braziliensis(positive control) 20.66 NA 84.38-84.53
Animal #2 35.00 81.00
Animal #3 Negative
NTC Negative
Cq: cycle of quantification; Tm: temperature of melting; NTC: no template control; NA: not applicable.
11574 L. infantum
10,574
L. chagasi
95741
85741 L. amazonensis
2 7.574] A L. braziliensis
& 6574 /
g 74:
3 5.5 Equine samples
§ 4574 S
E s \
El Negative controls
E 2574 \ (NTC and extraction control)
05741 - ,/«*"”;f = E———— .
0428 7z —
1.426 ,»/
-2.426
75 76 77 78 79 g0 a1 ) a3 84 £ £ &7 a8 89 E g1

Temperature (*C)

FIGURE 2 High-resolution melting curve analysis of qPCR products. No positive results were obtained for horses #2 and #3 (equine samples)

after laser-capture micro-dissection and gPCR

Central and South America, mostly Brazil and Peru (iamat Costa Rica,
2016) . In the Costa Rica humans cases, the most frequently agent iso-
lated is L. (Viannia) panamensis, although some cases of L. (V.) brazilien-
sis have been reported. The known parasite wildlife reservoir hosts in
Costa Rica are the sloths (Bradypus griseus and Cholepus hoffmani). B.
griseus shows an infection rate of 3.5% and occupies low-lying, humid
areas, while C. hoffmani shows an infection rate of 3.1% and occupies
highlands. Neither species is found in northwestern Costa Rica, includ-
ing the Nicoya Peninsula. Other Leishmania species and hosts have also
been reported in Costa Rica: L. panamensis has been isolated from the
wild mouse Heteromys desmarestianus, and dogs and rodents as hosts of
atypical cutaneous leishmaniosis caused by L. infantum (L. chagasi) has
been described (Jaramillo-Antillon et al., 2009; Jaramillo-Antillon et al,
2018).

In the five cases described here, we were able to demonstrate that
the infectious agent belonged to Leishmania spp. by using immuno-
histochemistry with an in-house developed primary antibody, which
may become a useful reagent for the detection and characteriza-

tion of Leishmania spp. infections (Salguero et al, 2018). In con-

trast to the clear signals observed with immunohistochemistry, we
failed to detect Leishmania spp. DNA using qPCR after laser-capture
micro-dissection. We attribute this failure to the small amount and
poor quality of DNA extracted from formalin-fixed, paraffin-embedded
samples.

The five horses described here presented cutaneous lesions located
in at least one of the most frequent sites of presentation of the dis-
ease in horses, including the ears, the legs, the neck, and the axillary and
inguinal regions, in agreement with other studies (Aguilar et al., 1984;
Barbosa-Santos et al., 1991; Bonfante-Garrido et al., 1981; Falqueto
etal., 1987; Gama et al., 2014; Koehler et al., 2002; Mller et al., 2009;
Oliveira-Neto et al., 1988).

Since the horses described in this study were born in Costa Rica
(three of them are from the dry Pacific cost while the other two are
from the central valley) and never left the country, endemic infec-
tion cannot be excluded and suggests the adaptation of Leishmania
spp. to this new mammalian host, as already reported in Germany
(Koehler et al, 2002) and more recently in Brazil (Soares et al.,
2013).
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This appears to be the first report of cutaneous leishmaniosis by
Leishmania spp. in horses in Costa Rica. The disease was diagnosed
in the five horses in this study using anti-Leishmania spp. immunohis-
tochemical detection. Additional studies with fresh and snap-frozen
samples are needed to determine the Leishmania species involved.
Furthermore, the prevalence of cutaneous leishmaniosis in horses
from these areas of Costa Rica and their role in the parasite life cycle
should be analysed.

ACKNOWLEDGEMENTS
This study was supported by the Ayuntamiento de Madrid of the Comu-
nidad de Madrid S2013/ABI-2747 (TAVS-CM) and by the Structural

Funds of the European Union.

AUTHOR CONTRIBUTIONS

Conceptualization, data curation, formal analysis, writing-review and edit-
ing: Maria Victoria Ortega-Garcia, Francisco Javier Salguero and
Alexis Berrocal. Data curation, formal analysis, writing-review and editing:

Inmaculada Moreno, Mercedes Dominguez and Nerea Garcia.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

PEER REVIEW
The peer review history for this article is available at https://publons.
com/publon/10.1002/vms3.587.

ORCID
Maria Victoria Ortega-Garcia
9591

Francisco Javier Salguero

https://orcid.org/0000-0002-6948-

https://orcid.org/0000-0002-5315-3882

REFERENCES

Aguilar, C. M., Fernandez, E., Fernandez, R. D., & Deane, L. M. (1984). Study
of an outbreak of cutaneous leishmaniosis in Venezuela: the role of
domestic animals. Memdrias do Instituto Oswaldo Cruz, 79(2), 181-195.
https://doi.org/10.1590/50074-0276 1984000200005

Aguilar, C. M., Rangel, E. F,, & Deane, L. M. (1986). Cutaneous leishmaniosis
is frequent in equines from and endemic area in Rio de Janeiro, Brazil.
Memoérias do Instituto Oswaldo Cruz, 81(4), 471-472. https://doi.org/10.
1590/50074-02761986000400015

Barbosa-Santos, E. G., Marzochi, M. C., Urtado, W., Queiroz, F., & Chicarino,
J.(1991). Immunotherapy and chemotherapy of mucocutaneous and dis-
seminated cutaneous leishmaniosis in a horse in Brazil. American Journal
of Tropical Medicine and Hygiene, 45(ssuppl), 119.

Bonfante-Garrido, R., Melendez, E., Torres, R., Morillo, N., Arredondo,
C., & Urdaneta, I. (1981). Enzootic equine cutaneous leishmaniosis in
Venezuela. Transactions of the Royal Society of Tropical Medicine and
Hygiene, 75(3), 47 1. https://doi.org/10.1016/0035-9203(81)90123-1

Ceccarelli, M., Galluzzi, L., Migliazzo, A., & Magnani, M. (2014). Detection
and characterization of Leishmania (Leishmania) and Leishmania (Viannia)
by SYBR green-based real-time PCR and high resolution melt analysis

targeting kinetoplast minicircle DNA. PLoS One, 9(2),e88845. https://doi.
org/10.1371/journal.pone.0088845

Espinosa, O. A,, Serrano, M. G., Camargo, E. P, Teixeira, M. M. G. & Shaw, J.
J.(2018). An appraisal of the taxonomy and nomenclature of trypanoso-
matids presently classified as Leishmania and Endotrypanum. Parasitology,
1-13. https://doi.org/10.1017/50031182016002092

Falqueto, A, Varejao, J. B. M., Sessa, P. A. (1987). Cutaneous leishmaniosis in
a horse (Equus caballus) from endemic area in the state of Espirito Santo,
Brazil. Memodrias do Instituto Oswaldo Cruz, 82(3), 443. https://doi.org/10.
1590/50074-02761987000300020

Gama, A,, Elias, J., Ribeiro, A. J., Alegria, N., Schallig, H. D. F. H,, Silva, F., San-
taréme, N., Cardoso, L., & Cotovio, M. (2014). Cutaneous leishmaniosis
in a horse from northern Portugal. Veterinary Parasitology, 200(1-2), 189-
192. https://doi.org/10.1016/j.vetpar.2013.12.005

iamat.org. [Internet]. Toronto: International Association for Medical Assis-
tance to Travellers; c1960 [cited 2017 Jan 19]. Available from:
https://www.iamat.org/country/costa-rica/risk/leishmaniosis

Jaramillo-Antillon O., Espinoza-Aguirre A., & Lobo-Philp R. (2009). Estado
actual de la leishmaniosis en Costa Rica. Acta Médica Costarricense, 51(3),
158-164.

Jaramillo-Antillon, O., Espinoza-Aguirre, A. Calvo-Fonseca, N., Mata-
Somarribas, C., & Wasserman, H. (2018). La leishmaniosis cutdnea en
Costa Rica: prevencion, diagndstico y tratamiento. Acta Médica Costarri-
cense, 60(3), 103-114.

Koehler, K., Stechele, M., Hetzel, U., Domingo, M., Schénian, G., Zahner, H.,
& Burkhardt, E. (2002). Cutaneous leishmaniosis in a horse in southern
Germany caused by Leishmania infantum. Veterinary Parasitology, 109(1-
2),9-17. https://doi.org/10.1016/50304-4017(02)00246-7

Midiller, N., Welle, M., Lobsiger, L., Stoffel, M. H., Boghenbor, K. K., Hilbe,
M., Gottstein, B., Frey, C. F, Geyer, C., & von Bomhard, W. (2009).
Occurrence of Leishmania sp. in cutaneous lesions of horses in Central
Europe. Veterinary Parasitology, 166(3-4), 346-351. https://doi.org/10.
1016/j.vetpar.2009.09.001

Oliveira-Neto, M. P, Pirmez, C., Rangel, E., Schubach, A., & Grimaldi Jr, G.
(1988). An outbreak of American cutaneous leishmaniosis (Leishmania
braziliensis braziliensis) in a periurban area of Rio de Janeiro city, Brazil:
clinical and epidemiological studies. Memodrias do Instituto Oswaldo Cruz,
83(4),427-435. https://doi.org/10.1590/50074-0276 1988000400006

Ramos-Vara, J. A, Ortiz-Santiago, B., Segalés, J., & Dunstan, R. W. (1996).
Cutaneous leishmaniosis in two horses. Veterinary Pathology, 33(6), 731~
734. https://doi.org/10.1177/030098589603300619

Reuss, S. M., Dunbar, M. D., Mays, M. B. C., Owen, J. L., Mallicote, M. F,,
Archer, L. L., & Wellehan Jr, J. F. (2012). Autochthonous Leishmania sia-
mensis in horse, Florida, USA. Emerging Infectious Diseases, 18(9), 1545-
1546. https://doi.org/10.3201/eid1809.120184

Roldo, N., Martins, M. J,, Jodo, A., & Campino, L. (2005). Equine infection
with Leishmania in Portugal. Parasite, 1282), 183-186. https://doi.org/
10.1051/parasite/2005122183

Salguero, F. J., Garcia-Jiménez, W. L., Lima, |, & Seifert, K. (2018).
Histopathological and immunohistochemical characterisation of hepatic
granulomas in Leishmania donovani-infected BALB/c mice: a time-course
study. Parasites and Vectors, 11,73.

Soares, I. R, Silva, S. O., Moreira, F. M., Prado, L. G., Fantini, P, Maranhao,
R. D. P. A, da Silva Filho, J. M., Melo, M. N., & Palhares, M. S. (2013).
First evidence of autochthonous cases of Leishmania (Leishmania) infan-
tum in horse (Equus caballus) in the Americas and mixed infection of
Leishmania infantum and Leishmania (Viannia) braziliensis. Veterinary Par-
asitology, 197(3-4), 665-669. https://doi.org/10.1016/j.vetpar.2013.06.
014

Solano-Gallego, L., Fernandez-Bellon, H., Serra, P, Géallego, M., Ramis, A.,
Fondevila, D., & Ferrer, L. (2003). Cutaneous leishmaniosis in three
horses in Spain. Equine Veterinary Journal, 35(3), 320-323. https://doi.
org/10.2746/042516403776148336

Truppel, J. H., Otomura, F., Teodoro, U., Massafera, R., da Costa-Ribeiro,
M. C., Catarino, C. M. & Thomaz-Soccol, V. (2014). Can equids be a

85UB01 SUOWIWOD SAIER.D 3|1 dde U Aq peuAob a/e SepIe YO (88N JO S3|n Joj A%eIqIT BUIIUO AB]IM UO (SUO R IPUOD-PUR-SWLS} /WO AB| 1M AReiq 1[eu1 uO//SdRY) SUOIPUOD PUe S L 8U3 885 *[E20Z/2T/TT] uo Ariqiauliuo A1 ‘(PepIUes ap OLBISIUIA) UOSIAOIJ [EUOIEN URILI0D USILedS Aq 285 ESWA/ZO0T 0T/I0P/wod /B] 1M Azeiq1feutjuo;/Sduy Wwoiy pepeojumoa ‘9 ‘TZ0Z ‘S60TES0Z


https://publons.com/publon/10.1002/vms3.587
https://publons.com/publon/10.1002/vms3.587
https://orcid.org/0000-0002-6948-9591
https://orcid.org/0000-0002-6948-9591
https://orcid.org/0000-0002-6948-9591
https://orcid.org/0000-0002-5315-3882
https://orcid.org/0000-0002-5315-3882
https://doi.org/10.1590/S0074-02761984000200005
https://doi.org/10.1590/S0074-02761986000400015
https://doi.org/10.1590/S0074-02761986000400015
https://doi.org/10.1016/0035-9203(81)90123-1
https://doi.org/10.1371/journal.pone.0088845
https://doi.org/10.1371/journal.pone.0088845
https://doi.org/10.1017/S0031182016002092
https://doi.org/10.1590/S0074-02761987000300020
https://doi.org/10.1590/S0074-02761987000300020
https://doi.org/10.1016/j.vetpar.2013.12.005
https://www.iamat.org/country/costa-rica/risk/leishmaniosis
https://doi.org/10.1016/S0304-4017(02)00246-7
https://doi.org/10.1016/j.vetpar.2009.09.001
https://doi.org/10.1016/j.vetpar.2009.09.001
https://doi.org/10.1590/S0074-02761988000400006
https://doi.org/10.1177/030098589603300619
https://doi.org/10.3201/eid1809.120184
https://doi.org/10.1051/parasite/2005122183
https://doi.org/10.1051/parasite/2005122183
https://doi.org/10.1016/j.vetpar.2013.06.014
https://doi.org/10.1016/j.vetpar.2013.06.014
https://doi.org/10.2746/042516403776148336
https://doi.org/10.2746/042516403776148336

ORTEGA-GARCIAET AL.

reservoir of Leishmania braziliensis in endemic areas? PLoS One, 9(4),
€93731. https://doi.org/10.1371/journal.pone.0093731

World Organization for Animal Health (OIE) (2012). Manual of Diagnos-
tic Tests and Vaccines for Terrestrial Animals (7th ed.). [Internet]. Paris:
OIE.[accessed on 19 January 2017]. Available at: http://www.oie.int/en/
international-standard-setting/terrestrial-manual/

WILEY 122

How to cite this article: Ortega-Garcia, M. V., Salguero, F. J.,
Garcia, N., Dominguez, M., Moreno, |., & Berrocal, A. (2021).
Equine infection with Leishmania spp. in Costa Rica: Study of
five cases. Veterinary Medicine and Science, 7, 2234-2239.
https://doi.org/10.1002/vms3.587

85UB01 SUOWIWOD SAIER.D 3|1 dde U Aq peuAob a/e SepIe YO (88N JO S3|n Joj A%eIqIT BUIIUO AB]IM UO (SUO R IPUOD-PUR-SWLS} /WO AB| 1M AReiq 1[eu1 uO//SdRY) SUOIPUOD PUe S L 8U3 885 *[E20Z/2T/TT] uo Ariqiauliuo A1 ‘(PepIUes ap OLBISIUIA) UOSIAOIJ [EUOIEN URILI0D USILedS Aq 285 ESWA/ZO0T 0T/I0P/wod /B] 1M Azeiq1feutjuo;/Sduy Wwoiy pepeojumoa ‘9 ‘TZ0Z ‘S60TES0Z


https://doi.org/10.1371/journal.pone.0093731
http://www.oie.int/en/international-standard-setting/terrestrial-manual/
http://www.oie.int/en/international-standard-setting/terrestrial-manual/
https://doi.org/10.1002/vms3.587

	Equine infection with Leishmania spp. in Costa Rica: Study of five cases
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	3 | RESULTS
	4 | DISCUSSION
	ACKNOWLEDGEMENTS
	AUTHOR CONTRIBUTIONS
	CONFLICTS OF INTEREST
	DATA AVAILABILITY STATEMENT
	PEER REVIEW

	ORCID
	REFERENCES


