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Introduccién general y justificacion de la unidad tematica

La leishmaniosis, una enfermedad causada por el parasito Leishmania infantum
y transmitida por la picadura de flebotomos infectados, representa una de las principales
amenazas en el ambito de las enfermedades parasitarias a nivel mundial, situandose
como la segunda protozoosis mas letal después de la malaria. Su impacto es
especialmente relevante debido a la elevada morbilidad y mortalidad que ocasiona tanto
en humanos como en animales, convirtiéndose en una problematica de interés
compartido entre la medicina humana y veterinaria.

Desde la perspectiva veterinaria, la leishmaniosis afecta principalmente a perros
y gatos, aunque estudios recientes alertan sobre la aparicion de casos en especies no
convencionales, como los mustélidos. Esta expansion de hospedadores refuerza la
necesidad de un enfoque One Health, donde la salud animal, humana y ambiental se
consideran interdependientes. Asi, el estudio de esta enfermedad no solo reviste
importancia clinica y epidemioldgica, sino que también proporciona un modelo ideal para
comprender las interacciones entre agentes infecciosos, vectores y hospedadores en
un contexto de cambio climatico y globalizacion.

La falta de una prueba diagnéstica universalmente aceptada como “estandar de
oro” constituye uno de los principales desafios para el control de la leishmaniosis. La
identificacién precisa de casos, en especial aquellos subclinicos o en especies
emergentes, requiere la combinacion de multiples técnicas parasitologicas, serolégicas
y moleculares. Evaluar su eficacia y establecer estrategias diagnésticas integradas
resulta esencial para mejorar la sensibilidad, especificidad y capacidad predictiva de los
métodos empleados.

Este trabajo de tesis propone una revision exhaustiva de los aspectos
diagnésticos de la leishmaniosis en diversas especies animales, poniendo énfasis en la
necesidad de adaptar las herramientas disponibles a nuevos escenarios clinicos vy
epidemiolégicos. Asimismo, se abordara la relevancia de métodos estadisticos
avanzados, como los modelos bayesianos y de clases latentes, para estimar parametros
diagnésticos en ausencia de un estandar de referencia, fortaleciendo asi la robustez de
los estudios comparativos.

En este sentido, la leishmaniosis no solo constituye una enfermedad de interés
veterinario y humano, sino también un marco para el estudio de enfermedades
infecciosas vectoriales a nivel global. Este trabajo de tesis, por tanto, busca integrar los
conocimientos mas actuales sobre diagnéstico, epidemiologia y salud publica,
fomentando una visidon critica y multidisciplinaria que permita desarrollar estrategias
efectivas de prevencion, control y vigilancia en distintos contextos bioldgicos y
geograficos.






Resumen

La leishmaniosis, enfermedad zoonética causada por el protozoo Leishmania
infantum, supone un desafio importante tanto para la salud humana como animal. La
presente tesis, compuesta por cuatro publicaciones, aborda diversos aspectos
relacionados con la infeccion, poniendo especial énfasis en las especies canina y felina,
y ademas presenta el primer diagndstico y la posible implicacién de especies
emergentes —como el huréon doméstico (Mustela putorius furo)— en el ciclo
epidemiolégico de la enfermedad.

La primera publicacion evalué la eficacia de un ensayo rapido basado en
inmunocromatografia, el FASTest LEISH®, en comparacién con dos métodos
serolégicos cuantitativos: el ensayo de deteccibn de anticuerpos mediante
inmunofluorescencia indirecta (IFI) y un ensayo ELISA desarrollado internamente. La
investigacion tuvo como objetivo determinar la capacidad del ensayo rapido para
detectar anticuerpos contra L. infantum en perros expuestos de manera natural al
parasito vectorial.

Se analizaron 244 muestras de suero procedentes de perros de diversas edades, razas
y sexos, obtenidas en distintas circunstancias diagnésticas (cribado anual, donacién de
sangre, sospecha clinica de leishmaniosis). Las muestras se clasificaron como
seropositivas o seronegativas en funcién de los resultados combinados de los ensayos
de referencia. De las 232 muestras con resultados concordantes, 121 se clasificaron
como seropositivas y 111 como seronegativas.

El ensayo rapido demostré una alta sensibilidad (100%) y especificidad (99,1%) en
comparacion con los métodos de referencia. Asimismo, mostré una precision del 99,6%,
presentando un coeficiente kappa de 0,99 y un area bajo la curva ROC (AUC-ROC) de
0,995, lo que refleja su elevada fiabilidad diagndstica. Estos resultados indican que el
ensayo es particularmente uGtil para la identificacion de perros seropositivos
asintomaticos en entornos clinicos.

Los hallazgos subrayan la importancia de emplear multiples métodos diagndsticos ante
la ausencia de un estandar de oro, y resaltan la necesidad de contar con pruebas
rapidas y precisas en la practica clinica veterinaria. A pesar de las limitaciones
inherentes—como la falta de muestras reactivas a otros patégenos—, los resultados
consolidan la utilidad del FASTest LEISH® como herramienta diagndstica eficiente en
la leishmaniosis canina.

El segundo estudio investiga la eficacia de tres pruebas serolégicas comerciales
(FASTest LEISH®, MegaFLUO LEISH® y MegaELISA LEISH®) y de una técnica ELISA
desarrollada internamente (ELISA UNIZAR) para el diagndstico de la infeccion por L.
infantum en perros, mediante un analisis de clases latentes bajo un enfoque bayesiano.
Este método permite evaluar la sensibilidad y especificidad de las pruebas sin requerir
un estandar de referencia perfecto, eliminando asi los sesgos inherentes a pruebas
diagnésticas imperfectas.

El analisis incluy6 215 muestras de suero de perros, tanto de zonas endémicas como
no endémicas. Los resultados evidenciaron una alta sensibilidad en todas las pruebas,
destacandose FASTest LEISH® y ELISA UNIZAR, con valores superiores al 99%,



mientras que MegaELISA LEISH® presentd la menor sensibilidad, cercana al 98,49%.
En términos de especificidad, FASTest LEISH® obtuvo la mayor puntuacion (98,43%),
seguida de ELISA UNIZAR (97,50%), mientras que MegaFLUO LEISH® y MegaELISA
LEISH® arrojaron valores alrededor del 91,9%. Ademas, se observé una concordancia
casi perfecta entre las técnicas analizadas (valores de kappa superiores a 0,80), siendo
FASTest LEISH® y ELISA UNIZAR los métodos que mostraron mayor acuerdo. El
estudio también examin¢ las diferencias en el rendimiento de las pruebas en perros de
zonas endémicas, considerando aquellos con infecciones subclinicas o asintomaticas,
lo que subraya la utilidad de las pruebas rapidas en la practica clinica veterinaria y
sugiere que pueden representar alternativas validas en ausencia de pruebas
cuantitativas. Por ultimo, se destaca la importancia de utilizar multiples enfoques
diagnésticos para optimizar la deteccion de infecciones por L. infantum en diversos
contextos epidemiolégicos.

El tercer estudio describe el primer caso documentado en Espafia de infeccion natural
por L. infantum en un hurén doméstico (Mustela putorius furo), identificando a esta
especie como un potencial reservorio del parasito en areas endémicas. El caso, ocurrido
en Valencia, describe la presencia de una lesion papular en el pabellon auricular
derecho, diagnosticada mediante histopatologia como dermatitis pidgranulomatosa
cronica. La infeccidon se confirmd mediante técnicas avanzadas, tales como la reaccion
en cadena de la polimerasa (PCR), el aislamiento del parasito en medios de cultivo
especificos y diversas pruebas serolégicas (incluyendo ELISA, inmunofluorescencia
indirecta y Western Blot). Ademas, el diagndstico se complementd con
inmunohistoquimica, la cual evidencié la presencia de amastigotes de L. infantum en
células inflamatorias del tejido afectado.

El analisis clinico revelé anormalidades como hiperfosfatasemia, elevacion de la alanina
aminotransferasa y de la gammaglutamiltransferasa, asi como hipergammaglobulinemia
policlonal, hallazgos compatibles con desérdenes hepaticos e inflamatorios. Asimismo,
se asocio la posible contribucién de una terapia inmunomoduladora previa (basada en
prednisolona y ciclosporina A) como factor desencadenante de la manifestacion clinica
de la leishmaniosis. Estos hallazgos resaltan la necesidad de realizar estudios
epidemiolégicos mas amplios para determinar el papel de los hurones como reservorios
de L. infantum y evaluar su impacto potencial en la transmisién del parasito a humanos
y otras especies. En consecuencia, se enfatiza la relevancia de incluir a los hurones en
el disefio de programas epidemioldgicos, asi como la importancia de adaptar métodos
diagnésticos y terapéuticos a esta especie.

El cuarto estudio consiste en un analisis transversal de la infeccién por L. infantum en
gatos callejeros aparentemente sanos en Zaragoza (Espafia), una regioén endémica de
la enfermedad. Mediante la aplicacion de métodos seroldgicos y moleculares, se
evaluaron tanto la prevalencia de la infeccion como la concordancia entre las distintas
técnicas diagnésticas. Se analizaron 179 gatos, obteniéndose una prevalencia global
del 15,6% al considerar los resultados de la serologia y de la qPCR. Entre los métodos
serolégicos, el Western Blot (WB) presentd la mayor sensibilidad (14,5% de positividad),
seguido del ELISA (2,8%) y del IFAT (2,2%). Ademas, la gPCR permitié detectar ADN
del parasito en el 5,6% de los gatos. Se observé un bajo grado de concordancia entre
los métodos moleculares y seroldgicos, siendo la mayor entre IFAT y ELISA (k = 0,89)
y la menor entre gPCR y WB (k = 0,19).



El estudio identificd asociaciones significativas entre el género masculino y la positividad
en la gPCR, lo que sugiere un posible factor de riesgo, sin encontrar correlacion con el
entorno (urbano o periurbano). En lo referente a coinfecciones, se detectaron vinculos
entre L. infantum y el virus de inmunodeficiencia felina (FIV) en los ensayos IFAT y
ELISA, sin observarse asociaciéon con el virus de leucemia felina (FelLV). Estos
resultados enfatizan la importancia de combinar distintas herramientas diagndsticas
para mejorar la deteccion de infecciones subclinicas en gatos y considerar a estos
animales como posibles reservorios en la transmisién de L. infantum. Asimismo, se
refuerza la necesidad de implementar programas de vigilancia epidemioldgica en
regiones endémicas y se plantean interrogantes acerca del rol epidemiolégico de los
gatos callejeros.

Las conclusiones del trabajo proponen la implementacion de metodologias
diagnésticas mas fiables y adaptadas, que respalden la labor del médico veterinario en
la practica clinica, asi como el desarrollo de estrategias orientadas a identificar
reservorios emergentes que faciliten el control epidemiolégico de esta zoonosis.






Summary

Leishmaniosis, a zoonotic disease caused by the protozoan Leishmania infantum,
presents a major challenge for both human and animal health. This thesis, composed of
four publications, addresses various aspects related to the infection, with a special focus
on canine and feline species. It also presents the first diagnosis and potential
involvement of emerging species—such as the domestic ferret (Mustela putorius furo)—
in the epidemiological cycle of the disease.

The first manuscript evaluated the effectiveness of a rapid immunochromatographic
test, FASTest LEISH®, in comparison with two quantitative serological methods: an
indirect immunofluorescence antibody test (IFAT) and an in-house developed ELISA.
The study aimed to determine the rapid test’s ability to detect antibodies against L.
infantum in dogs naturally exposed to the vector-borne parasite.

A total of 244 serum samples were analyzed from dogs of various ages, breeds, and
sexes, obtained under different diagnostic circumstances (annual screening, blood
donation, clinical suspicion of leishmaniasis). Samples were classified as seropositive or
seronegative based on combined results from reference assays. Of the 232 samples
with concordant results, 121 were classified as seropositive and 111 as seronegative.

The rapid test demonstrated high sensitivity (100%) and specificity (99.1%) compared to
the reference methods. It also showed an accuracy of 99.6%, with a kappa coefficient of
0.99 and an area under the ROC curve (AUC-ROC) of 0.995, indicating its high
diagnostic reliability. These findings suggest that the test is particularly useful for
identifying asymptomatic seropositive dogs in clinical settings.

The results highlight the importance of using multiple diagnostic methods in the absence
of a gold standard, and underscore the need for rapid and accurate tests in veterinary
practice. Despite inherent limitations—such as the lack of samples reactive to other
pathogens—the findings support the utility of FASTest LEISH® as an efficient diagnostic
tool for canine leishmaniasis.

The second manuscript investigates the effectiveness of three commercial serological
tests (FASTest LEISH®, MegaFLUO LEISH®, and MegaELISA LEISH®) and one in-
house ELISA (ELISA UNIZAR) for diagnosing L. infantum infection in dogs, using a
Bayesian latent class analysis approach. This method allows for estimating the
sensitivity and specificity of tests without requiring a perfect reference standard, thus
eliminating biases inherent to imperfect diagnostics.

The analysis included 215 serum samples from dogs in both endemic and non-endemic
areas. Results showed high sensitivity for all tests, with FASTest LEISH® and ELISA
UNIZAR exceeding 99%, while MegaELISA LEISH® had the lowest sensitivity at
approximately 98.49%. In terms of specificity, FASTest LEISH® scored highest
(98.43%), followed by ELISA UNIZAR (97.50%), while MegaFLUO LEISH® and
MegaELISA LEISH® showed values around 91.9%. There was an almost perfect
agreement between the tests (kappa values above 0.80), with FASTest LEISH® and
ELISA UNIZAR showing the greatest concordance. The study also examined differences
in test performance in dogs from endemic areas, particularly those with subclinical or
asymptomatic infections, emphasizing the utility of rapid tests in veterinary clinical



practice and suggesting they may be valid alternatives in the absence of quantitative
tests. Finally, the importance of using multiple diagnostic approaches to optimize
detection of L. infantum infections across various epidemiological contexts was
reinforced.

The third manuscript describes the first documented case in Spain of natural L.
infantum infection in a domestic ferret (Mustela putorius furo), identifying this species as
a potential reservoir of the parasite in endemic areas. The case, reported in Valencia,
involved a papular lesion on the right auricular pinna, histopathologically diagnosed as
chronic pyogranulomatous dermatitis. The infection was confirmed through advanced
techniques including polymerase chain reaction (PCR), parasite isolation in specific
culture media, and various serological tests (including ELISA, indirect
immunofluorescence, and Western Blot). Additionally, the diagnosis was supported by
immunohistochemistry, which revealed the presence of L. infantum amastigotes in
inflammatory cells within the affected tissue.

Clinical analysis revealed abnormalities such as hyperphosphatasemia, elevated alanine
aminotransferase and gamma-glutamyl transferase, and polyclonal
hypergammaglobulinemia—findings consistent with hepatic and inflammatory disorders.
A prior immunomodulatory therapy (prednisolone and cyclosporine A) may have
contributed to the clinical manifestation of leishmaniasis. These findings highlight the
need for broader epidemiological studies to determine the role of ferrets as L. infantum
reservoirs and assess their potential impact on parasite transmission to humans and
other species. As a result, the inclusion of ferrets in epidemiological surveillance
programs is emphasized, along with the importance of adapting diagnostic and
therapeutic methods for this species.

The fourth manuscript presents a cross-sectional analysis of L. infantum infection in
apparently healthy stray cats in Zaragoza (Spain), an endemic region for the disease.
Through serological and molecular methods, both infection prevalence and concordance
between diagnostic techniques were assessed. A total of 179 cats were analyzed,
revealing an overall prevalence of 15.6% based on combined serological and qPCR
results. Among the serological methods, Western Blot (WB) showed the highest
sensitivity (14.5% positive), followed by ELISA (2.8%) and IFAT (2.2%). Additionally,
gPCR detected parasite DNA in 5.6% of the cats. A low level of agreement was found
between molecular and serological methods, with the highest concordance between
IFAT and ELISA (k = 0.89) and the lowest between gPCR and WB (k = 0.19).

The study identified significant associations between male gender and qPCR positivity,
suggesting a potential risk factor, although no correlation was found with environment
(urban vs. peri-urban). Regarding co-infections, associations were detected between L.
infantum and feline immunodeficiency virus (FIV) in IFAT and ELISA assays, but no link
was found with feline leukemia virus (FeLV). These results emphasize the importance of
combining different diagnostic tools to better detect subclinical infections in cats and
consider them as potential reservoirs in L. infantum transmission. Furthermore, the study
reinforces the need to implement epidemiological surveillance programs in endemic
areas and raises questions about the epidemiological role of stray cats.



The thesis concludes with a proposal for implementing more reliable and tailored
diagnostic methodologies to support veterinary clinical practice, as well as strategies
aimed at identifying emerging reservoirs to facilitate epidemiological control of this
ZOONoSis.






"Para empezar un gran
provyecto, hace falta valentia.

Para terminar un gran
proyecto, hace falta
perseverancia."”

Andnimo






A mi Abuelo,
A mi compariera de vida Cris,
A mis hijos Aritz, Nahia y Ander

A todos los que me quieren






AGRADECIMIENTOS:

Por fin, después de 30 anos, el suefio de ser Doctor en Veterinaria ya es casi
una realidad, y todo esto con la ayuda y apoyo de mis Directores, Companeros,
Familia y Amigos.

Cris, gracias por estar a mi lado siempre y asi permitirme realizar estos
pequenos suefos que sin tu apoyo serian imposibles.

Maite Verde, primero fui tu alumno, luego empezd una amistad que ha
perdurado hasta hoy. Eres mi mentora y me has guiado en lo profesional, asi
como en mi vida personal. Muchas gracias por implicarte en este y en muchos
otros proyectos que hemos tenido en comun, Eskerrik asko.

Mi otro director, Sergio Villanueva, eres un crack, primero fuiste mi alumno y
ahora me has conducido en este proyecto. Eskerrik asko y a por el siguiente
reto.

A la gente de la Unidad de Médica, gracias por acogerme y hacerme sentir
como en casa a lo largo de estas tres décadas.

Jacobo Giner, como no agradecerte, parte de este camino no hubiera sido
posible sin ti.

Tampoco puedo olvidarme de dar las gracias a todos mis autores y coautores
que han participado en los articulos que componen esta tesis.

Eskerrik asko denoilll

P.D.: Aritz, Nahia, Ander, un consejo... luchar por vuestros suefios, estos se
convertiran en proyectos, y con el tiempo en metas.

Maite zaituztet!






ABREVIATURAS

ADN: Acido desoxirribonucleico (en inglés DNA)

APC: Células presentadoras de antigenos

CD4 Th1: Linfocitos T colaboradores cluster diferenciacion 4
CD8: Linfocitos T citotoxicos cluster diferenciacion 8

CL: Leishmaniasis cutanea

CTLA-4: Antigeno 4 asociado a los linfocitos T citotdxicos
DAT: Prueba de aglutinacion directa

DC: Células dendriticas

DLA: Antigenos leucocitarios de perro

DTH: Reaccion de hipersensibilidad de tipo retardado
ELISA: Ensayo por inmunoabsorcion ligado a enzimas
EU: Unidades ELISA

FAST: Prueba de aglutinacion directa rapida

FC: citometria de flujo

FCoV: Coronavirus felino

FeLV: Virus de la leucemia felina

FIV: Virus de la inmunodeficiencia felina

GSLC: Grupo de Estudio de la Leishmaniosis Canina
IFI: Prueba de inmunofluorescencia indirecta (en inglés IFAT)
IFN- y: Interferén gamma

IFNB: Cuantificacion del interferon gamma

Ig: Inmunoglobulina

IL: Interleucina

LPA: Estudio de la proliferacién de linfocitos

LST: Test de Montenegro

LTB4: Leucotrieno B4

LV: Leishmaniasis visceral

MCL: Leishmaniasis mucocutanea

MCM: Método de cultivo microcapilar

MON: Zimodema

NK: Natural Killer

NNN: Medio de cultivo Novy, McNeal y Nicolle

NO: Oxido nitrico

OIE: Organizacién Mundial en Sanidad Animal
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1. REVISION BIBLIOGRAFICA:

Segun la Organizaciéon Mundial de la Salud (OMS), la leishmaniasis o
leishmaniosis* es la segunda enfermedad protozoaria con mayor mortalidad
después de la malaria (WHO 2014a); por lo que todo el conocimiento que se
pueda aportar para ampliar su conocimiento, epidemiologia, especies que
puedan actuar como reservorios o sufrir la enfermedad, asi como metodologia
diagndstica y mejoras terapéuticas seran de gran interés cientifico (Vilas et al.,
2014).

En nuestras latitudes, la leishmaniosis es una enfermedad que afecta
particularmente a la especie canina y constituye un reto constante de diagndstico
y tratamiento para los veterinarios, debido a las multiples aristas que presenta
desde el punto de vista de la presentacién clinica, las dificultades diagnosticas
de casos asociados a otros procesos, y las, cada vez mas frecuentes,
situaciones en las que la respuesta al tratamiento no es la esperada.

La infeccidn provoca en los seres humanos cuatro formas clinicas de la
enfermedad dependiendo del tejido afectado por el parasito: leishmaniasis
visceral, leishmaniasis cutanea, leishmaniasis cutanea difusa y leishmaniasis
mucocutanea (Akhoundi, et al., 2016). En la especie canina la forma
preponderante es la visceral.

Con respecto a la especie humana, la gran mayoria de casos (mas del
90%) se dan en India, Bangladesh, Sudan, Sudan del Sur, Etiopia y Brasil (WHO
2014b). Pero debemos tener en cuenta que en Europa es endémica en catorce
paises del sur, este y oeste, con unos quinientos nuevos casos cada afio; de los
cuales el 73% son comunicados en Albania, Italia y Espafia (Alvar et al., 2012).
La mayoria de estos casos se dan en pacientes adultos con el virus de la
inmunodeficiencia humana (VIH) o sintomaticos del sindrome de Ila
inmunodeficiencia adquirida (SIDA), de pacientes trasplantados o de pacientes,
en general, inmunosuprimidos (Basset et al., 2005), y también en nifos (Maroli
et al., 2008).



En los ultimos quince afios, ha habido un aumento significativo de brotes
de leishmaniosis visceral y cutanea en humanos en diversos paises; siendo
ejemplos cercanos el brote de Tous en la Comunidad Valencia (Roth-Damas et
al., 2017), y sobre todo el ocurrido en la Comunidad de Madrid, con 446 casos
entre 2009 y 2012 (Arce et al., 2013). El brote en la comunidad de Madrid, en
principio inexplicable, permitié investigar y descubrir que se habia producido una
situacion de sobrepoblacion de liebres que estaban actuando de reservorio
(Carrillo et al., 2013) y, por tanto, incrementando las posibilidades de transmision
de la enfermedad a los seres humanos al aumentar el porcentaje de vectores
transmisores infectados a partir de las liebres.

Asi pues, la leishmaniosis es uno de los mejores ejemplos para estudiar
a nivel global el comportamiento de la enfermedad, tanto en animales como en
seres humanos, las vias de transmision, los reservorios del proceso, la
epidemiologia animales-humanos y las medidas preventivas para todos los seres
vivos afectados. Es decir que cualquier aportacién cientifica proyectara avances
a nivel de Salud Global (Palatnik de Sousa & Day, 2011).

(*) El término leishmaniosis se acepta para describir la enfermedad en los perros, mientras que
leishmaniasis se utiliza con mas frecuencia para hablar de la enfermedad en humanos. Sin embargo,
ambos términos son utilizados indistintamente y en ocasiones han sido objeto de controversia por
lo que el uso actual se basa mas en la tradicidn educativa o preferencia personal que en la aplicacion
de una norma (Miré & Lépez-Velez, 2018). En mi caso, utilizaré en todo el texto la denominacién
Leishmaniosis.




1.1 El parasito, el vector y el ciclo biolégico

La leishmaniasis es una enfermedad vectorial compleja provocada por
parasitos protozoarios del género Leishmania, que se transmite a los
hospedadores mamiferos a través de la picadura de flebotomos de los géneros
Phlebotomus en lo que se considera “Viejo Mundo”; y a través de la picadura de
flebotomos del género Lutzomyia en el denominado “Nuevo Mundo” (Moreno &
Alvar, 2002).

Por el momento, han sido descritas 53 especies de Leishmania; de las
cuales 31 especies afectan a los mamiferos, 20 son patdgenas para el hombre,
y 10 pueden afectar al perro. Desde los afios 1970, las especies de Leishmania
se han ido definiendo en base a diversos criterios: bioquimicos y genéticos
(Rioux et al, 1990), fenotipicos a través de isoenzimas y anticuerpos
monoclonales (Hide et al., 2001), genotipicos como el polimorfismo en la longitud
de los fragmentos de restriccion (RFLP) (Rotureau et al., 2006), la hibridacién
con sondas de &acidos nucleicos y las técnicas de amplificacion de acido
desoxirribonucleico (ADN) (Laurent et al., 2009).

La clasificacidn fenotipica basada en la electroforesis de isoenzimas del
parasito se considera la técnica de identificacion de referencia para la
clasificacion del género y la identificacion a nivel especifico e intraespecifico,
desde un punto de vista taxonémico. Las isoenzimas se consideran formas
alélicas diferentes de un gen, y la variacion enzimatica en un determinado locus
puede interpretarse como una mutacion que se produjo durante la evolucion. Asi,
los parasitos de la misma especie que poseen idéntico patrén enzimatico
pertenecen al mismo zimodema (Hide et al., 2001), denominandose con el
acronimo “MON”. Leishmania infantum incluye 31 zimodemas, siendo el
zimodema MON-1 el responsable de la mayoria de las infecciones en el perro
(Gallego et al., 2001).

El concepto vector de la leishmaniosis incluye diversos artrépodos
como los del género Phlebotomus en el Viejo Mundo y Lutzomia en el Nuevo
Mundo (Maroli et al., 2013). De las 800 especie conocidas de artrépodos
vectores, solo 98 pertenecientes a los géneros Phlebotomus y Lutzomia, son
vectores demostrados o sospechosos de transmitir la leishmaniosis a los seres
humanos (Maroli et al., 2013). Los flebotomos estan presentes principalmente
en zonas calidas de Asia, Africa, Australia y el sur de Europa (Killick-Kendrick,
1999).

Los flebotomos también son vectores de otras enfermedades que afectan
al ser humano como la bartonelosis (Enfermedad de Carrion) en Sudamérica, y
un numero de agentes viricos como los Phlebovirus o Vesiculovirus (Depaquit et
al., 2010; Maroli et al., 2013).



En Europa existen nueve especies de flebotomos autdctonos
Phlebotomus ariasi, Phlebotomus perniciosus, Phlebotomus peffiliewi,
Phlebotomus neglectus, Phlebotomus tobbi, Phlebotomus kandelaki,
Phlebotomus balcanicus, Phlebotomus papatasi y Phlebotomus sergenti,
consideradas vectores demostrados o potenciales de L. infantum (Antoniou et
al., 2013). Aunque varias especies de flebotomos estén implicadas en la
transmision de la L. infantum en Europa, solo hay dos especies de importancia
en la peninsula ibérica: P. perniciosus y P. ariasi (Lucientes et al., 2005).

Los flebotomos son artropodos con una fase de huevo, cuatro estadios
larvarios terrestres con sus correspondientes mudas, una pupa sésil y una fase
adulta. En regiones de clima templado se ha descrito la presencia de al menos
dos ciclos biolégicos completos por temporada (Gaglio et al.,, 2014). La
alimentacion de los flebotomos, tanto machos como hembras, se basa en
recursos naturales azucarados, procedentes de plantas e insectos que son su
aporte energético. Tan soélo las hembras son hematéfagas, obteniendo de la
sangre las proteinas plasmaticas necesarias para desarrollar los huevos (Killick-
Kendrick, 1999). Las hembras gravidas son atraidas a lugares con sustratos
humedos para realizar la oviposicion, ya que los huevos son muy sensibles a la
desecacion (Killick-Kendrick, 1999). El habitat terrestre de las larvas hace que
se hayan identificado una gran variedad de biotopos como madrigueras, grietas
de muros, establos, corrales, jardines, sétanos, zanjas, alcantarillas, hendiduras
del terreno, ruinas, minas y vertederos (Killick-Kendrick, 1999).

La actividad de los flebotomos adultos es crepuscular y nocturna,
comienza con la puesta del sol, prolongandose durante las primeras horas de la
noche, cuando las condiciones de temperatura y humedad le son favorables;
desde el principio de la primavera hasta el final del otofio, es decir entre mayo y
octubre en la cuenca mediterranea (Lucientes et al., 2005). En cuevas y
construcciones humanas donde haya poca luz pueden estar activos todo el dia
(Lucientes et al., 2005). La actividad de los flebotomos esta muy condicionada
por la temperatura. Temperaturas entre 15 y 35°C les permitiria desarrollar sus
funciones vitales. La actividad estacional de los flebétomos adultos se ve
afectada principalmente por la temperatura y la pluviometria (Maroli et al., 2013).

Estas condiciones de temperatura y humedad hacen que las dos especies
vectores de L. infantum en la Peninsula Ibérica (P. perniciosus y P. ariasi), sean
activas principalmente en los meses de mayo a octubre (Miré & Molina, 2006).
Sin embargo, las variaciones climaticas asociadas al cambio climatico estan
favoreciendo las condiciones idéneas para que los flebotomos dispongan de un
margen estacional mucho mayor (De Souza & Weaver, 2024).



Las hembras de los flebotomos se pueden alimentar a partir de una gran
variedad de animales vertebrados reservorio, incluyendo seres humanos,
ganado, perros, conejos de campo, liebres, roedores y gatos (Killick-Kendrick,
1999), con un impacto variable sobre la epidemiologia de la leishmaniosis.

En Europa, los principales ciclos endémicos de transmision de
leishmaniasis humana son dos: aquel en el que el agente responsable es L.
infantum, siendo el perro el principal reservorio de la infeccion; un segundo ciclo
afectando a Grecia, siendo Leishmania tropica el agente responsable, ademas
de ser el propio ser humano el reservorio de la infeccion (Ready, 2010).
Recientemente se han descrito casos de Leishmania donovani, en Chipre, muy
probablemente debido a la expansion de L. donovani desde la vecina Turquia, a
consecuencia de los movimientos migratorios humanos en la region (Antoniou et
al., 2013).

El ciclo biolégico de Leishmania tiene lugar en dos hospedadores
diferentes: uno intermedio que actua como vector y un hospedador definitivo. Se
trata de un ciclo de vida digenético, con una forma de promastigote moévil y
flagelada, localizada en el tubo digestivo del hospedador invertebrado (Killick-
Kendrick, 1990) y una forma inmovil y aflagelar o amastigote, que afecta al
hospedador vertebrado, localizandose principalmente en los macrofagos. Para
que el ciclo de transmision se lleve a cabo es necesario que la hembra del vector
contenga formas infectantes del parasito (Desjeux, 2004) y se alimente de la
sangre de un mamifero, depositando asi al parasito en la dermis del hospedador.

La hembra del flebotomo, infectada al haber alimentado de sangre de un
animal infectado, inocula junto con su saliva los promastigotes metaciclicos
presentes en su proboscis. Una vez en los capilares cutaneos del punto de
inoculacion del vertebrado, multiples células del sistema inmunitario,
principalmente macrofagos y neutréfilos migran hacia el foco inflamatorio,
fagocitando a los parasitos presentes. Estos son incluidos en una vacuola
parasitéfora con el fin de eliminarlos mediante la sintesis y liberacion de diversas
moléculas, destacando el papel leishmanicida del 6xido nitrico (NO) (Holzmuller
et al., 2006; Zafra et al., 2008). Este mecanismo se da cuando la respuesta
fagocitica es efectiva.

Si la respuesta fagocitica no es efectiva, el parasito pone en marcha
diversos mecanismos de evasion (Bogdan, 2008) destacando la alteracion del
sistema complemento (Bogdan & Roallinghoff, 1998; Olivier et al., 2005; Ritter et
al., 2009), la inhibicion del procesamiento y presentacion antigénica (Bogdan &
Rollinghoff, 1998; De Almeida et al., 2003), y la modulacién del ambiente
inmunoldgico (Shio et al.,, 2012). Una vez en el interior del macréfago, los
parasitos se multiplican por sucesivas fisiones binarias (Antoine et al., 1990;
Moradin & Descoteaux, 2012) haciendo que el macroéfago sea incapaz de
destruir al parasito (Solano-Gallego et al., 2009).



Tras la multiplicacién en el interior de los macréfagos infectados, estos se
lisaran y permitiran la liberacion del parasito en forma de amastigotes, pudiendo
ser fagocitados por macrofagos o neutréfilos proximos y favorecer, por tanto, la
diseminacion del parasito y alcanzar diversos oOrganos del sistema
linfohematopoyético, como médula 6sea, linfonodos, bazo e higado, entre otros.
La progresion de la enfermedad dependera de la virulencia del parasito, de la
dosis infectante inoculada por el vector y de las condiciones del hospedador
infectado (eficacia de la respuesta inmune, condiciones socioecondmicas y
predisposicion genética) (Alvar et al., 2004; Reithinger et al., 2007).

Las células parasitadas circulantes pueden ser ingurgitadas por otros
flebotomos, en cuyo aparato digestivo los amastigotes se liberan de las células
en las que se encontraban alojados, y desarrollan un flagelo para transformarse
en promastigotes prociclicos, tras 24-48 horas. Estos se multiplican por fisién
binaria longitudinal, alcanzando, después de varios dias, la capacidad infectante
(promastigotes metacicliclos), proceso denominado metaciclogénesis. En este
momento, los parasitos se encuentran en la probodscide de la hembra de
flebotomo infectante, pudiendo ser inoculados a un nuevo hospedador
vertebrado, cerrandose asi el ciclo biologico del parasito.

Para asegurar la transmision de la enfermedad a los hospedadores, el
parasito ha desarrollado mecanismos capaces de modificar el comportamiento
del vector infectado con promastigotes metaciclicos (fase infectante). Es este
sentido, se ha comprobado que el vector es capaz de aumentar la frecuencia y
el tiempo de ingestién de sangre, lo que optimiza la transmision (Rogers & Bates,
2007).

1.2. La patogenia y el desarrollo de la enfermedad

La leishmaniosis es una enfermedad de la que todavia no conocemos
completamente todos los mecanismos inmunopatogénicos involucrados, ni la
medida en que diversas especies animales pueden infectarse por otras vias no
vectoriales de transmision y ser reservorios activos del ambito doméstico y
salvaje. Por ello, numerosos investigadores siguen aportando informacion sobre
los hallazgos clinico-patoldgicos, principalmente en la especie canina, pero
también en otras especies, fundamentalmente animales de compafia como
gatos y hurones en los que se esta manifestando una enfermedad con la que no
se contaba en los protocolos de diagndstico.



En la especie humana, las manifestaciones de la leishmaniasis pueden
variar desde autolimitantes hasta fatales, dependiendo de la especie del parasito
y del estado del sistema inmunolégico del huésped. Clinicamente se presenta
como: leishmaniasis visceral (LV), generalmente causada por L. donovaniy L.
infantum y también conocida como Leishmania chagasi) ; leishmaniasis
cutanea (CL), causada por L. tropica, Leishmania major, Leishmania aethiopica,
L. infantum, L. donovani en el Viejo Mundo y en el Nuevo Mundo por especies
del complejo L. mexicana o del subgénero Viannia, y también L.
infantum/L.chagasi; leishmaniasis mucocutanea (MCL) causada por
Leishmania amazonensis y por especies del subgénero Viannia) (Mann et al.,
2021). La forma mas grave es la visceral, localizandose el parasito en la médula
Osea, el bazo y el higado (Alvar et al., 2004).

Los canidos pueden presentar cuadros cutaneos, pero salvo la forma
papulo-pustular que podria corresponder solo a la reaccion local en el punto de
la picadura de los flebotomos, la forma clinica preponderante es la visceral con
una distribucidn practicamente generalizada del parasito por todo el organismo,
lo que dara lugar a signos clinicos muy diversos, en funcion de los 6rganos mas
afectados: bazo, higado, linfonodos, médula dsea, rifion, ojos, articulaciones o
piel (Alvar et al., 2004; Solano-Gallego et al., 2011; Maia & Campino, 2018).

En los perros, potencialmente, cualquier érgano o tejido puede verse
afectado por el parasito y por la reaccién inmunomediada desencadenada, lo
que da lugar a una creciente lista de presentaciones frecuentes y también
inusuales o de nueva aparicion; por lo que la leishmaniosis canina se considera
“‘una gran imitadora” y supone un importante desafio para veterinarios en su
practica clinica (Pennisi, 2015).

De forma resumida, sabemos que el proceso de infeccion en el perro
tiene lugar cuando los flebotomos inoculan promastigotes metaciclicos de L.
infantum a un individuo y sus macrofagos los fagocitan, comenzando la
transformacién en amastigotes, a la vez que se van multiplicando en el interior
del macrofago. Los parasitos son capaces de eludir la respuesta inmunitaria
innata del perro a través de la remodelacién de la vacuola parasitofora, 1o que
dificulta las vias de senalizacion de los macréfagos en su beneficio (Koutinas &
Koutinas, 2014). Una vez que la carga parasitaria es demasiado grande, los
macrofagos estallan y liberan amastigotes que son fagocitados por otras células
del sistema fagocitico mononuclear, principalmente en la sangre, el higado, el
bazo y la médula 6sea (Morales-Yuste et al., 2022). Si el sistema inmune innato
del hospedador esta en estado de alerta maxima los amastigotes son reducidos
dentro de los macréfagos, evitandose la diseminacion.



Por tanto, la presentacion clinica de la leishmaniosis canina va a depender
de un continuo juego de equilibrios entre el ataque de los flebotomos con
promastigotes y las vias utiles de respuesta inmune por parte del hospedador,
que cuando son ineficaces dan lugar a una serie de mecanismos inflamatorios
nocivos para el funcionamiento de los 6rganos afectados.

1.2.1 Especie canina

En el perro, el parasito Leishmania spp. dispone de diversos mecanismos
para evadir y entorpecer la respuesta inmunitaria del huésped, lo que le permite
persistir y establecer una infeccion crénica en el paciente (Srivastava et al.,
2016). Hasta el momento, de los estudios publicados, podemos resumir como
aspectos inmunoldgicos importantes que intervienen en el desarrollo de la
enfermedad los siguientes:

e La respuesta inmune innata a nivel cutaneo tiene un importante papel
en el mecanismo de inicio y desarrollo de la infeccion, siendo las células
de Langerhans y los macrofagos los actores principales; pero también
intervienen neutrofilos, fibroblastos y queratinocitos (Papadogiannakis &
Koutinas, 2015).

o El desequilibrio en la respuesta de linfocitos T helper tipo 1 (Th1) y
linfocitos T helper tipo 2 (Th2), en favor de Th2, ha sido la teoria clasica
para explicar el desarrollo de la leishmaniosis en la especie canina; sin
embargo, no ha permitido justificar el desarrollo y la gravedad de la
leishmaniosis humana.

e EIl agotamiento de las células T es una disfuncion, resultado de la
exposicion prolongada al antigeno Leishmania. Se ha demostrado que el
agotamiento de las linfocitos T con cluster de diferenciacién (CD)
tipo 4 positivos (CD4+) esta asociado con la expresion de la muerte
programada-1 (PD-1) y el antigeno 4 asociado a los linfocitos T citotoxicos
(CTLA-4) (Sharpe et al., 2007). Boggiatto et al. (2010) observaron que, en
perros con leishmaniosis, la proliferacion de células T CD4+ se reducia a
medida que la enfermedad progresaba, junto con un aumento de IL-10 y
una disminuciéon de IFN-y (Boggiatto et al., 2010). Asi mismo, Esch et al.
(2013) demostraron que las células T CD4+ de perros con signos clinicos
de leishmaniosis tenian un aumento de 4 veces en la expresion de PD-1
en las células T CD4+ en comparacion con las células T de perros control.
Los perros con leishmaniosis canina también tenian células T CD8+
agotadas con un aumento de PD-1 (perros clinicos con un aumento de 2
veces en PD-1 y perros subclinicos con un aumento de 1,5 veces en la
expresion de PD-1 de superficie sobre el control) (Esch et al., 2013).
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Las citocinas implicadas en la via de una respuesta inmune protectora
que permite controlar la infeccién y la eliminacion del parasito incluyen:
IL-2, IL-18, IL-10, el factor de necrosis tumoral alfa (TNF-a) y el interferén
gamma (IFN-y) (Barbiéri 2006; Solano-Gallego et al., 2009; Carrillo &
Moreno 2009; Hosein et al., 2017; Samant et al., 2021; Garcia-Castro et
al., 2022). De hecho, niveles séricos elevados de IFN-y se relacionan con
recuentos bajos de parasitos y pocos o ningun signo clinico en
comparacién con los perros enfermos (Ordeix et al., 2020), y estos niveles
aumentan con el tratamiento anti-Leishmania junto con la mejoria clinica
y la parasitemia sanguinea baja (Priolo et al., 2019, Solano-Gallego et al.,
2016). En este sentido, Abbehusen et al. (2017) observaron, en perros
infectados de forma experimental y de forma natural que se mantenian
asintomaticos, con aumentos en los niveles séricos de IFN-y, IL-6 e IL-18
y disminuciones en TNF-a, IL-2 e IL-8 (Abbehusen et al., 2017). Por otra
parte, Turchetti et al. (2015) demostraron que la disminucién de la
supervivencia intracelular de L. infantum en macrofagos caninos se podia
asociar con una mayor produccién de TNF-a e IFN-y y una menor
produccion de IL-10 (Turchetti et al., 2015).

Perfil inflamatorio de leucotrienos y prostaglandinas. Se ha
observado una disminucion del leucotrieno B4 (LTB4) y de la
prostaglandina E2 (PGEZ2) asi como un aumento gradual de lasquimiocina
CXCL1 al aumentar el grado de enfermedad de la leishmaniosis en perros
(Solca et al., 2016). Los analisis discriminantes revelaron que la
evaluacion combinada de LTB4, PGE2 y CXCL1 fue capaz de diferenciar
perros con diferentes puntuaciones clinicas. Los perros con los valores de
puntuacion clinica mas elevados también exhibieron cargas parasitarias
mas altas y concentraciones mas altas de anticuerpos anti-saliva
flebotomo. Estos hallazgos sugieren que la gravedad clinica de la
leishmaniosis visceral canina esta estrechamente asociada con un perfil
inflamatorio diferente, marcado por una expresion diferencial de
eicosanoides y quimiocinas circulantes (Solca et al., 2016).

Las células linfocitarias tipo B de la médula 6sea juegan un papel
importante en la respuesta humoral del sistema inmunitario, activando las
células T CD4+ y produciendo anticuerpos contra el parasito Leishmania.
Durante la infeccion, las células B actuan como células presentadoras de
antigeno adicionales (APC adicionales) y muestran el antigeno a las
células auxiliares Th1 CD4+ que, a su vez, activan las células B para
producir anticuerpos (Rodriguez-Pinto et al., 2014). Al inicio de la
enfermedad, los anticuerpos producidos por las células B son especificos
para el parasito y estan preparados para inducir opsonizacién y
fagocitosis inducida por anticuerpos, y también neutralizacion de factores
de virulencia especificos de la Leishmania (Gibson-Corley et al., 2014).
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Conforme el parasito continua propagandose, aumenta el nivel de
anticuerpos IgG no especificos, de tal forma que en los perros con
enfermedad clinica aparece hipergammaglobulinemia (Pennisi 2015). Por
otra parte, el aumento de la produccion de anticuerpos dara como
resultado el depdsito de immunocomplejos, a diferentes niveles tisulares
como rifiones, articulaciones, higado, bazo, entre otros; dando lugar a
signos clinicos como glomerulonefritis, insuficiencia renal o artritis (Esch
et al., 2015). También han sido estudiados los niveles de IgM, IgA e IgE
sin haberse hallado resultados concluyentes sobre su efecto
inmunoprotector en la leishmaniosis canina (Coura-Vital et al., 2011, De
Freitas et al., 2012).

e Los receptores tipo Toll (TLR) constituyen un tipo de receptores de
reconocimiento de patrones (PPR) en la inmunidad innata y actuan como
vinculo de unién entre el sistema inmune innato y el adaptativo. Durante
la infeccion por Leishmania, la activacion de los TLR influye sobre las
respuestas inmunitarias especificas frente al patégeno, pudiendo
desarrollar un papel decisivo en la determinacion del resultado de la
infeccion: hacia la eliminacion del parasito, o hacia la supervivencia del
patogeno. Las APC del sistema inmunitario innato, como los macréfagos,
las células dendriticas (DC), los neutrdfilos, las células asesinas naturales
(NK), expresan TLR2, que desempefian un papel crucial en el
reconocimiento del parasito y el desarrollo de respuestas inmunitarias
frente a la infeccion por Leishmania. Dependiendo de la especie de
Leishmania que infecte, las vias TLR2 pueden dar lugar a una respuesta
protectora del huésped o a una respuesta que agrave la enfermedad
(Gazzinelli & Denkers 2006).

1.2.2 Especie felina

En la especie felina, recientemente, se ha concluido que Ila
inmunopatogénesis de la infeccidon por L. infantum muestra similitudes con la
respuesta canina, y los gatos pueden generar una respuesta inmunitaria Th1
especifica contra L. infantum (Priolo et al.,, 2022a). Los gatos con niveles
elevados de anticuerpos o con PCR en sangre positiva son menos capaces de
producir IFN-y especifico (Priolo et al 2019). Sin embargo, los gatos parecen
tener un nivel mas bajo de respuesta inmune tanto humoral como mediada por
células en comparacion con los perros (Priolo et al., 2019).
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Akhtardanesh et al. (2018) sugieren que los gatos podrian ser resistentes
a la leishmaniosis visceral, ya que la dosis de inoculacion que induce las
caracteristicas clinicas patognomoénicas en los perros simplemente crea una
parasitemia asintomatica en los gatos. Sin embargo, debido al mantenimiento de
parasitemia durante largos periodos de tiempo, estos gatos podrian actuar como
reservorios apropiados para la transmisién de leishmaniosis visceral a la
poblacion humana.

En otras especies como bovinos (Lobsiger et al. 2010), ovinos
(Villanueva-Saz et al., 2023), équidos (Gazzonis et al., 2020), y animales de
compainiia exoticos (Alcover et al., 2022) y también en animales salvajes (Alcover
et al., 2020), estan apareciendo publicaciones en las que se constatan niveles
de anticuerpos anti-Leishmania, pero con sintomatologia escasa o nula.

1.3 ASPECTOS EPIDEMIOLOGICOS DE LA LEISHMANIOSIS

La epidemiologia de la leishmaniosis se ve afectada por los
hospedadores, los reservorios, el vector y el medio ambiente (Oryan & Akbari,
2016). El perro juega un papel fundamental en la epidemiologia de la infeccion,
dado que es el principal reservorio peridoméstico para el hombre (Gramiccia &
Gradoni, 2005).

La infeccion por L. infantum en perros es endémica en mas de 70 paises
del mundo, pero se desconoce la prevalencia global en perros domésticos
(Solano-Gallego et al., 2011). En los paises de la cuenca mediterranea, la
enfermedad se distribuye en focos endémicos con una prevalencia de infeccidn
muy variable entre focos hipoendémicos e hiperendémicos (Pennisi, 2015).

La situacion epidemioldgica de la leishmaniosis canina es dificil de evaluar
debido a la dificultad en su diagndstico y a que los animales enfermos solo son
una parte de animales infectados. Existe un numero importante de animales que
son diagnosticados por diferentes pruebas laboratoriales, pero también hay otro
grupo de animales que estan sanos, son negativos a pruebas laboratoriales, pero
han estado en contacto con la enfermedad (Pennisi 2015).

El numero de portadores asintomaticos se considera que tiene un rango
del 25% a mas del 80%, dependiendo del area geogréfica estudiada y de la
prueba de deteccidon utilizada (Michel et al.,, 2011). La deteccion de estos
animales es crucial para el control de la enfermedad tanto en areas endémicas
como no endémicas (Maia & Cardoso 2015).
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En Espana se han estudiado las seroprevalencias de la poblacion canina
desde 1985 hasta 2019 (Galvez et al., 2020), mostrando un amplio rango, desde
0% en Vizcaya hasta el 57,1% en las islas Baleares; lo que pone de manifiesto
su distribucion parcheada y la existencia de zonas no endémicas,
hipoendémicas, endémicas e hiperendémicas. Las diferencias halladas entre las
diferentes comunidades autbnomas pueden deberse al tamafio de la muestra y
las técnicas serolégicas empleadas.

La transmision de la enfermedad se produce fundamentalmente a
través de flebotomos, que son los unicos artropodos adaptados para la
transmision biolégica de la infeccidon por Leishmania spp. en zonas donde es
endémico (Killick-Kendrick, 1990). Sin embargo, con técnicas de biologia
molecular se ha podido detectar ADN del parasito en otros artropodos
hematofagos, como ixddidos de la especie Riphicephalus sanguineus, pulgas de
la especie Ctenocephalides felis felis y, mas recientemente, en la mosca del
caballo, Tabanus importunus y Culicoides spp, sin haberse demostrados su
papel en la transmision natural de Leishmania y tampoco su capacidad infectante
(Lucientes, 2017).

También se han descrito y confirmado modelos de transmision de la
leishmaniosis sin la participacion del flebotomo (Solano-Gallego et al., 2011).
Estos incluyen la transmisidn via productos sanguineos de animales donantes
infectados con Leishmania spp. utilizados en donaciones de sangre (Owens et
al., 2001, de Freitas et al., 2006). La infeccion por L. infantum es comun en los
donantes de sangre caninos y sus hemoderivados en un area endémica, a pesar
de un cribado serolégico comercial negativo para enfermedades infecciosas
(Tabar et al., 2008). Esto hace necesario que los donantes de sangre sean
testados de manera peridédica y rigurosa para detectar la infeccion por
Leishmania, para prevenir la diseminacion de la enfermedad a través de
transfusiones de sangre. Por lo tanto, la deteccion mediante PCR debe incluirse
en un enfoque integrado para evaluar la infeccion por L. infantum entre los
posibles donantes de sangre (Tabar et al., 2008).

La transmision vertical de madre a cachorros ha sido demostrada
experimentalmente en un perro infectado (Rosypal et al., 2005) y de forma
natural (Boggiatto et al., 2011). La alta frecuencia, deteccién de infeccion activa
y similitud de cargas de L. infantum en el tracto genital de machos y hembras
infectados sugiere el potencial de transmision venérea de este parasito por
ambos sexos y de transmision vertical por hembras. Ademas, la transmisién
vertical puede ser frecuente ya que la infecciéon activa por L. infantum fue una
observacion comun en el utero. (Boechat et al., 2020).
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Existen sospechas no confirmadas de la transmision de la leishmaniosis
entre perros en casos de mordeduras (Naucke at al., 2016) o contacto con
heridas de perro infectados (Daval et al., 2016). Recientemente se ha descrito la
transmision de la infeccidn de perro a perro en la misma casa en Inglaterra
(McKenna et al., 2019). Sin embargo, el impacto que pueden tener estas formas
de transmision sin participacion del vector en regiones donde Pheblotomus se
encuentre presente, seria de menor importancia que la forma habitual de
transmision. No obstante, estas otras vias de transmision deben ser tenidas en
cuenta en aquellas regiones en las que el vector se encuentra ausente (Pennisi,
2015).

El reservorio principal de la L. infantum son los perros domésticos,
siendo capaces de mantener durante largos periodos de tiempo al parasito como
unico hospedador (Ashford, 1996). Sin embargo, es importante considerar la
importancia potencial de otros huéspedes y sus implicaciones en el control de
leishmaniosis, de hecho, se han encontrado zonas con una especialmente alta
incidencia de leishmaniasis que puede asociarse a la intervencion de otros
hospedadores (Martin-Sanchez et al., 2020). Un numero creciente de
comunicaciones sugiere que la leishmaniosis no se limita a los perros, sino que
también afecta a muchas otras especies de mamiferos y aves. Como
consecuencia, se expandiria el reservorio potencial, lo que supone preocupacion
sanitaria en el ambito de la salud publica global (Cardoso et al., 2021).

Todavia no se conoce el papel epidemiolégico que pueden tener en la
infeccion diferentes mamiferos silvestres o domésticos distintos de los
mencionados; bien como reservorios secundarios, como meros hospedadores
ocasionales o el grado de interaccion entre los ciclos de vida domésticos y
silvestres de L. infantum (Millan et al., 2014; Tomassone et al., 2018; Cardoso et
al., 2021). De la misma forma, los mamiferos silvestres han sido considerados
como potenciales reservorios silenciosos de L. infantum en el area mediterranea,
sugiriendo la presencia de infeccion subclinica cronica sin evidencia de signos
clinicos y pueden contribuir a mantener el ciclo zoonotico en una zona donde la
presencia del perro es limitada (Alcover et al., 2020). Sin embargo, existen
pruebas solidas de que la alteracién antropogénica del entorno natural de los
vectores y la vida silvestre puede provocar la acumulacién y el contagio de
infecciones, lo que da lugar a epidemias en seres humanos susceptibles
(Tomassone et al., 2018). El estudio de la vigilancia de la infeccién en la vida
silvestre ayuda evaluar los riesgos potenciales en el entorno doméstico y su
papel en la propagacion de infecciones en areas no endémicas (Del Rio et al.,
2014).
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Se ha informado de evidencia de infeccidén por L. infantum en la vida
silvestre en carnivoros, insectivoros, lagomorfos y roedores, asi como en
marsupiales, primates, desdentados (osos hormigueros, armadillos y
perezosos) y murciélagos (De Lima et al., 2008; Quinnell & Courtenay, 2009;
Malta et al., 2010; Antoniou et al., 2013; De Araujo et al., 2013; Cardoso et al.,
2021).

En fauna silvestre europea, se han reportado estudios epidemioldgicos en
zorros rojos (Criado-Fornelio et al., 2000; Verin et al., 2010; Del Rio et al., 2014;
Ortuiio et al., 2019), lobos (Sobrino et al., 2008; Oleaga et al., 2015), chacal
dorado (Cirovic et al., 2014), gato montés (Del Rio et al., 2014), nutria (Oleaga
et al., 2018), garduia (Alcover et al., 2020), martas (Oleaga et al., 2018), tején
(Battisti et al., 2020), visén europeo (Del Rio et al., 2014), turén (Del Rio et al.,
2014), visén americano (Tsakmakidis et al., 2019), foca monje (Toplu et al.,
2007), oso pardo (Ortufio et al., 2019), ginetas (Del Rio et al., 2014, Millan et
al.,, 2015), linces (Alcover et al., 2020), meloncillo (Gomes et al., 2020),
murciélagos (Azami-Conesa et al., 2020), erizo (Alcover et al., 2020),
musarana (Millan, 2018), liebre (Ruiz-Fons et al., 2013; Tsakmakidis et al.,
2019; Ortega-Garcia et al., 2019), conejos (Ortufio et al., 2019; Tsakmakidis et
al., 2019; Abbate et al 2019), ratones (Risuefio et al., 2018; Ortufio et al., 2019;
Alcover et al., 2020; Martin-Sanchez et al., 2020), ratas (Galan-Puchades et al.,
2019), y ardillas (Alcover et al., 2020). La ausencia o baja prevalencia de
lesiones es una caracteristica comun a todos estos estudios.

Se han reportado en Europa infecciones en animales domésticos como
ganado vacuno (Lobsiger et al., 2010), caballos (Fernandez-Bellon et al., 2006;
Gazzonis et al., 2020), burros (Nardoni et al., 2019), conejos de granjas y de
compaiiia (Tsakmakidis et al., 2024). También se han descrito infecciones en
animales mantenidos en cautiverio como primates (Malta et al., 2010; Mir6 et
al., 2018), leones (Libert et al., 2012), tigres (Cavalera et al., 2020; latta et al.,
2020) y en marsupiales como un ualabi de Bennett (Ramirez et al., 2012;
Montoya et al., 2016).

Ademas de los perros domésticos, la capacidad de transmitir infecciones
ha sido confirmada por xenodiagnodstico en ratas negras y gatos domeésticos
(Quinnell & Courtenay, 2009), liebres (Molina et al., 2012) y conejos (Jiménez et
al., 2014), lo que sugiere que pueden representar un reservorio secundario de L.
infantum. La constatacion de si estos hospedadores, son reservorios primarios o
secundarios, requiere mas estudios de xenodiagndstico a nivel poblacional
(Quinnell & Courtenay, 2009; Millan et al., 2014).
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Los factores de riegos de la leishmaniosis que han sido estudiados
son numerosos y su analisis resulta interesante para el desarrollo de estrategias
del control de la enfermedad (Barbosa et al., 2022). Sin embargo, no forman
parte de los objetivos de estudio del este trabajo. De forma resumida, mencionar
que existen factores de riesgo individuales como la raza, la edad, el sexo, el
tamano, la longitud del pelo, y sobre todo las caracteristicas genéticas; factores
de riesgo _medioambientales como el tipo de propietario de los perros, la
convivencia con otros perros en guarderias o zonas abiertas, si recibe
tratamientos repelentes y el tipo de actividad de trabajo del perro; factores
geograficos asociados a altitud, latitud (zona geografica) y tipo de habitat
(campo, forestal, ciudad) (Solano-Gallego et al., 2000; Velez et al., 2019;
Rombola et al., 2021).

La leishmaniosis en los gatos se detectd por primera vez en Argelia en
1912 cuando se encontraron amastigotes en la médula 6sea de un gato que vivia
en la misma casa que un nifio que fue diagnosticado con leishmaniosis visceral
(Pennisi, 2013). En 1933 se describié la primera leishmaniosis en un gato en
Espafa (Ondovilla, 1933), y la informacion sobre el numero de publicaciones
relacionadas con casos clinicos sobre leishmaniosis felina ha ido en aumento
(Garcia-Torres et al., 2022).

Al comparar poblaciones de gatos y perros expuestos a flebotomos y L.
infantum en las mismas condiciones, se observé que, aunque se detecta una
alta tasa de exposicion en gatos, manifestada por un grado significativamente
mayor de seropositividad; los perros tenian cargas de parasitos en sangre
significativamente mas altas (Baneth et al., 2020), por lo que parece que la
inoculacion de los flebotomos induce una infeccién mayor en los perros que en
los gatos.

Algunas caracteristicas del comportamiento felino, como el habito de caza
nocturna, el que recorren distancias medias de 1,5 km desde sus hogares, asi
como la incursidon en zonas forestales, actuando como enlace entre el ambiente
doméstico y salvaje, podria favorecer la diseminacidn del parasito en esta
especie (da Silva et al., 2008).

La primera evidencia demostrada de transmisibilidad de la L. infantum de
un gato a un vector (P. perniciosus) por xenodiagnéstico fue comunicada por
Maroli et al., en 2006, lo que sugiere que los gatos pueden representar un
reservorio doméstico adicional de leishmaniosis (Maroli et al., 2007; da Silva et
al., 2010).
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Si bien las infecciones felinas subclinicas son comunes en areas
endémicas de leishmaniosis canina, la enfermedad clinica debida a L. infantum
en gatos es rara (Pennisi et al., 2015). Las tasas de prevalencia de la infeccién
felina por L. infantum en estudios serolégicos o de base molecular oscilan entre
el 0% y mas del 60%. En general, la prevalencia descrita en gatos tanto mediante
PCR como por serologia es menor que en perros de areas geograficas similares
(Pennisi, 2015).

Los gatos pueden infectar a los flebotomos, pudiendo actuar como
reservorio secundario. Debido a la parasitemia de larga duracion, los gatos
pueden actuar como reservorios apropiados para la transmision de leishmaniasis
a la poblacién humana y canina (Akhtardanesh et al., 2018; Asfaram et al., 2019;
Morelli et al., 2020). Debido a que los gatos parece que juegan un papel como
reservorio adicional de L. infantum, se deberian tener en consideracion desde la
perspectiva de la toma de decisiones preventivas en el marco de una salud global
(Pennisi & Persichetti, 2018).

La leishmaniosis felina causada por L. infantum se presenta sobre todo
en gatos domésticos de pelo corto, adultos, que viven o viajan a paises
endémicos del sur de Europa y Brasil. La enfermedad tiene un curso crénico y
puede manifestarse por una gran cantidad de signos clinicos y/o anomalias
clinico-patoldgicas (Pereira & Maia, 2021). En general, el estado clinico y los
signos clinicos no pueden asociarse a un determinado estado infeccioso porque
la mayoria de los gatos infectados son asintomaticos (Solano-Gallego et al.,
2009; Spada et al., 2023). Por otra parte, aproximadamente un tercio de los
casos felinos positivos a leishmaniosis, mostraron infecciones de enfermedades
concomitantes, incluido virus de la inmunodeficiencia felina (FIV), virus de la
leucemia felina (FelLV), coronavirus felino (FCoV), Toxoplasma. gondii,
Bartonella henselae, diabetes mellitus, pénfigo foliaceo, neoplasia y/o estaban
bajo terapias inmunosupresoras en el momento del diagnostico (Pereira & Maia,
2021).

Las anomalias laboratoriales mas frecuentes encontradas en los casos de
leishmaniosis  felina  incluyen anemia  normocromica, normocitica,
hiperproteinemia con hipergammaglobulinemia, trombocitopenia y azotemia. En
los gatos positivos a leishmaniosis no se disponen de guias cientificas sobre el
diagndstico y manejo terapéutico de la enfermedad en comparacion a la especie
canina, en las que se dispone de directrices publicadas tanto por el Grupo de
Trabajo sobre Leishmaniasis canina (Paltrinieri et al., 2010) como por el Grupo
cientifico LEISHVET (Solano-Gallego et al., 2009).
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En un estudio realizado en Brasil concluyeron que las pruebas
hematoldgicas y bioquimicas en gatos con leishmaniasis no aportaban valores
concluyentes y ningun estudio publicado ha analizado una posible diferencia
entre grupos de animales infectados y sanos utilizando estos parametros clinicos
(Batista et al., 2023). En otro estudio realizado por Chatzis et al. (2020) con 50
gatos, todos con signos clinicos, observaron que la unica anomalia laboratorial
detectada fue un aumento del fosforo inorganico sérico, por lo que este hallazgo
puede sugerir una asociacion entre la infeccion por L. infantum y la enfermedad
renal en los gatos (Chatzis et al.,, 2020). Por su parte, Silva et al. (2023)
observaron recuentos bajos de plaquetas e hiperproteinemia con
hipoalbuminemia en gatos con leishmaniosis (Silva et al., 2023). La
panleucopenia, asi como la lesion renal aguda estan asociados con un mal
pronéstico de la leishmaniosis felina (Pereira & Maia, 2021).

1.4 LA METODOLOGIA PARA ESTABLECER EL DIAGNOSTICO

Una prueba diagnostica eficaz deberia poder confirmar la sospecha
clinica en un solo paciente, detectar infeccion en individuos asintomaticos,
detectar todos los individuos infectados por Leishmania, deberia poder realizarse
en muestras de recogida poco o nada invasiva, deberia tener una alta
sensibilidad, especificidad y reproducibilidad; y, ademas deberia ser simple, facil
de realizar, econdmica, factible en laboratorios regionales o adaptable a las
condiciones de campo.

En los perros, los signos clinicos y/o alteraciones clinico-patolégicas
compatibles con la enfermedad, en un elevado porcentaje de casos son
sugestivos de que el animal padece leishmaniosis canina. La confirmacion de la
etiologia de la infeccion se puede alcanzar mediante diferentes métodos
laboratoriales directos e indirectos: parasitolégicos, moleculares y serolégicos
(Morales-Yuste et al., 2022). A pesar de la gran cantidad de técnicas
diagndsticas disponibles para detectar la presencia del agente o anticuerpos
frente al mismo, por el momento, no se dispone de una técnica “estandar de oro”
que aporte resultados inequivocos. El diagnostico laboratorial de la leishmaniosis
continda siendo un desafio a pesar de los avances en el desarrollo de métodos
directo e indirectos; por ello, en determinadas situaciones, es necesario utilizar
diversas pruebas para la confirmacion de la enfermedad.

Las pruebas laboratoriales pueden emplearse, también, en el seguimiento
de la infeccidn durante el tratamiento, en estudios clinicos para la validacion de
vacunas (Chagas et al., 2021), en el cribado de perros donantes de sangre
(Correia et al., 2024), en animales reproductores o previamente a la vacunacion
contra la leishmaniosis (Solano-Gallego et al., 2017).
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1.4.1 DIAGNOSTICO PARASITOLOGICO

El diagndstico parasitologico permite visualizar al microscopio o6ptico
amastigotes de Leishmania spp. en tejidos o fluidos. Se puede realizar mediante
estudios citologicos, histologicos, cultivos del parasito, xenodiagndstico y por
inoculacion a ratones o hamsters.

El examen citolégico de aspirados de médula ésea, de bazo, de
linfonodos o de lesiones cutaneas, asi como impresiones de piel u otros tejidos
permite la visualizacion directa de los amastigotes. Los portaobjetos se pueden
tefir con tinciones de tipo Romanoswsky, May Grunwald-Giemsa o cualquier otra
tincion comercial rapida.

Los amastigotes de Leishmania generalmente se detectan
intracelularmente en macrofagos y, mas raramente, en los neutrdéfilos, aunque
también de forma extracelular (Baneth & Solano-Gallego, 2022). En principio
cualquier lesién susceptible de ser aspirada u obtener material por impronta es
valida para realizar el examen citologico. El parasito es posible detectarlo en
otras localizaciones atipicas como lengua, testiculos, masas orales o nasales
(Paltrinieri et al., 2016).

El estudio histopatolégicopuede demostrar la presencia de Leishmania
en secciones tefiidas habitualmente con hematoxilina-eosina pero
frecuentemente precisa de tinciones inmunohistoquimicas para poder en
evidencia los parasitos (Toplu & Aydogan, 2011), ya que la mayoria de las veces
se observa un patrén histolégico compatible con reaccién inflamatoria asociada
con Leishmania pero no se observa directamente los amastigotes. En
comparacién con la reaccion en cadena de la polimerasa (PCR) y la citologia, la
histologia tiene dos inconvenientes principales: es mas laboriosa requiriendo
mas tiempo y la identificacion de amastigotes puede ser mas dificil que en las
muestras citologicas (Paltrinieri et al 2016). Por otro lado, la histologia tiene la
ventaja de proporcionar informacion adicional sobre el patrén histolégico de las
lesiones. La interpretacion de los resultados histolégicos esta bien documentada
por numerosas publicaciones que describen las lesiones tipicas y la distribucion
de los parasitos asociados con la enfermedad activa, caracterizada
principalmente  por inflamacion linfoplasmocitaria o granulomatosa-
piogranulomatosa y/o por vasculitis en érganos generalmente afectados por
Leishmania (médula ésea, bazo, piel, linfonodos, rindn). También en tejidos de
localizacion inusual como corazon, pulmon, glandula suprarrenal, tracto genital,
sistema nervioso central, musculo esquelético, tracto gastrointestinal, uias,
glandulas lagrimales y musculos oculares (Paltrinieri et al., 2016).

20



El aislamiento y cultivo del parasito no se utiliza de forma rutinaria en
un entorno clinico, sin embargo, el cultivo puede mejorar la sensibilidad de
deteccion y los parasitos aislados pueden identificarse a nivel de genotipo y
especie (Hong et al., 2020). Las cepas de Leishmania se pueden mantener como
promastigotes en medios de cultivo. Los medios de cultivo utilizados pueden ser
bifasicos (medio Novy-McNeal Nicolle (NNN)) para la transformacion de
amastigotes en promastigotes; mientras que se prefiere el medio monofasico
(medio de Schneider, M199 o medio de Grace) para el crecimiento exponencial
de los parasitos (Srivastava et al., 2011). En las ultimas décadas ha surgido un
método de cultivo microcapilar (MCM) para aumentar la sensibilidad de las
técnicas de cultivo de parasitos mediante el uso de células mononucleares de
sangre periférica y capas leucocitarias. Cabe destacar que el MCM sdélo requiere
un pequeno volumen de medio de cultivo y es mas barato que otros medios
(Thakur et al., 2020).

El xenodiagnoéstico es una técnica que puede utilizarse para identificar
especies reservorio supuestas de Leishmania, ya que permite determinar si un
hospedador particular, que esta infectado, es capaz de transferir naturalmente el
patdgeno a un vector potencial y evaluar el desarrollo de promastigotes en el
intestino medio de los flebotomos (Vioti et al., 2022). Se ha realizado con éxito
en perros, gatos, liebres (Lepus granatensis), ratas (Rattus rattus) (Millan et al.,
2014; Magalhaes-Junior et al., 2016; Vioti et al., 2022) y en seres humanos
(Singh et al., 2020).

La inoculacion experimental en ratones o hamsteres se limita al
campo de estudios de investigacion o cuando la inoculacién del medio de
crecimiento corre el riesgo de contaminacién. Los animales inoculados deben
ser sacrificados transcurridos dos meses y sus bazos examinados en busca de
parasitos (Alvar et al., 2004).

1.4.2 DIAGNOSTICO MOLECULAR

Las técnicas moleculares incluyen PCR convencional, PCR anidada y la
PCR cuantitativa en tiempo real (qPCR) (Maurelli et al., 2020). La gPCR es la
modalidad mas utilizada para la cuantificacion de la carga parasitaria en
diferentes tejidos de perros infectados por Leishmania con o sin manifestaciones
clinicas. Se emplea en el diagndstico, en el seguimiento de la infeccion durante
el tratamiento y en estudios clinicos para la validacién de vacunas (Chagas et
al., 2021).
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La PCR, actualmente, se considera una técnica molecular sencilla y valida
para detectar Leishmania spp. en diferentes muestras clinicas, asi como para
identificar las especies y genotipos del parasito. Puede ser aplicada, no solo en
casos activos, sino también para monitorizar la curacion parasitolégica después
de la terapia (Maia & Campino, 2008). Existen muchos protocolos con
sensibilidades y especificidades que dependen de diferentes factores como el
método de extraccion de ADN, el material clinico, los cebadores, el numero de
copias objetivo y las condiciones técnicas. Con la PCR, el diagnéstico de la
leishmaniosis canina ha mejorado considerablemente, alcanzando
sensibilidades del 90-100% en casos clinicamente sospechosos o confirmados
parasitoldgicamente. Sin embargo, cuando se trata de un diagndéstico precoz y/o
de la deteccidn del parasito en casos subclinicos, lo que puede suceder en el
80% de los perros, la sensibilidad puede ser mucho menor (Albuquerque et al.,
2017).

La detecciéon de ADN de Leishmania se puede realizar con una amplia
gama de muestras: sangre completa, capa leucocitaria, médula ésea, linfonodo,
piel o hisopos de conjuntiva (Maia et al., 2009; Ferreira et al., 2008; Lombardo et
al., 2012; Leite et al., 2015; Chagas et al., 2021; Bento et al., 2023). También se
ha encontrado ADN de Leishmania en varias otras muestras biolégicas que
normalmente no se utilizan para el diagndstico de rutina, como bazo, higado,
pulmén, corazén, pene, vagina, testiculos, semen, utero, placenta, rifon,
intestino, leche y orina (Andrade et al., 2002; Diniz et al., 2005; Barrouin-Melo et
al., 2006; Franceschi et al., 2006; Goncalves et al., 2018; Pappa et al., 2021;
Bento et al., 2023).

En los ultimos afios se esta planteando el uso de muestras biolégicas no
obtenidas por procedimientos invasivos entre las que destacan el pelo, en
citologias bucales, asi como en el cerumen en el que se ha localizado ADN de
Leishmania spp. (Lombardo et al., 2012; Belinchén-Lorenzo et al., 2013;
Belinchdén-Lorenzo et al.,, 2016; Merino Goyenechea et al., 2023). Se ha
demostrado la utilidad del pelo para el diagndstico de la leishmaniosis en lobo
ibérico, lo que puede ayudar a diagnosticar la infeccién sin necesidad de cazar
al animal, ya que se pueden utilizar los restos de pelo hallados en los habitats
de estos animales (Merino Goyenechea et al., 2023).

Desde un punto de vista diagndstico se recomienda la PCR de linfonodo.
Sin embargo, la PCR de médula ésea es una alternativa en perros sin
adenomegalia detectable. En estudios epidemioldgicos de campo a gran escala,
la deteccidn de anticuerpos es apropiada y se puede utilizar la PCR en sangre
total para complementar los resultados seroldgicos (Maia et al., 2009).
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Segun un estudio realizado por Solca et al. (2012), tanto en perros
oligosintomaticos como polisintomaticos, la PCR convencional reveld un mejor
analisis de rendimiento en comparacién con la qPCR y el ensayo por
inmunoadsorcion ligado a enzimas (ELISA). Mas recientemente, Castelli et al.
(2021) con nuevas técnicas de PCR cuantitativa han permitido la deteccion del
ADN de Leishmania spp. y la cuantificacion de cargas parasitarias
considerablemente bajas en muestras que habian sido diagnosticadas como
negativas mediante técnicas convencionales. Por lo tanto, este estudio concluyo
que la qPCR se puede utilizar para el diagnostico de leishmaniasis humana,
canina y felina con alta sensibilidad y especificidad, pero también para evaluar
el tratamiento y la determinacién del criterio de valoracion de la leishmaniasis.

Es importante resaltar que la informacion proporcionada por la PCR debe
valorarse junto con los datos obtenidos en las evaluaciones clinico-patoldgicas
y seroldgicas del paciente. Todos estos deben combinarse para realizar una
evaluacion integral (Solano-Gallego et al., 2009). Un unico resultado negativo de
la PCR en un perro clinicamente sospechoso no es suficiente para descartar la
infeccion. Por otro lado, durante la temporada de transmision también pueden
ocurrir falsos positivos debido a una contaminacién natural o una infeccion
transitoria (Maia & Campino, 2008).

En el caso de la especie felina, la PCR ha permitido la deteccién del ADN
de Leishmania en muestras de sangre completa, capa leucoplaquetaria, hisopos
conjuntivales y orales, cabello, piel, tejido nasal, higado, bazo, rifiones,
linfonodos, médula ésea, y fluido mamario (Chatzis et al., 2014a, Pereira & Maia,
2021).

1.4.3 DIAGNOSTICO INMUNOLOGICO

Las técnicas inmunoldgicas utilizadas en el diagnodstico de la
leishmaniosis permiten valorar la respuesta inmunitaria humoral y celular.

1.4.3.1 Evaluacion de la respuesta inmune humoral

Existen diversas pruebas serologicas para el diagnostico de la
leishmaniosis a través de la cuantificacion de anticuerpos especificos anti-
Leishmania, pero las mas utilizadas son, la inmunofluorescencia indirecta (IFl),
el test de aglutinacion directa (DAT) y el ELISA. La sensibilidad y la especificidad
de cada una de ellas no dependen unicamente de las caracteristicas inherentes
a la propia técnica, sino, en gran medida, del antigeno utilizado (Maia & Campino,
2008, Barbosa de Castro et al., 2022).
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La muestra mas habitual para la deteccion de estos anticuerpos
especificos anti-Leishmania es el suero, ya que sus concentraciones se
correlacionan positivamente con el cuadro clinico y el nivel de parasitemia
(Teixeira Neto et al., 2010; Garcia-Castro et al.,, 2022). También se han
encontrado en otras muestras como la orina (Todoli et al., 2009), el liquido
cefalorraquideo (Melo et al., 2015), o la saliva (Cantos-Barreda et al., 2017).

Recientemente, Baxarias et al. (2022a) demostraron una buena
concordancia entre saliva (muestra no invasiva) y el suero (muestra invasiva) y
que fueron analizadas mediante ELISA. Estos resultados son particularmente de
interés clinico en perros enfermos con niveles altos de anticuerpos, mientras que
los resultados parecen menos Optimos en perros aparentemente sanos con
niveles bajos de anticuerpos.

La respuesta humoral especifica en la leishmaniosis canina es, en
general, muy intensa, con altos niveles de inmunoglobulinas especificas que
permiten el diagndstico serolégico. Ademas, la seroconversion ocurre a los
pocos meses de la infeccién (Morales-Yuste et al., 2022) con una media de 5
meses (rango 1-22 meses) para infecciones naturales y de 3 meses (rango 1-6
meses) para infecciones experimentales (Moreno & Alvar, 2002). Debido a la
respuesta inmune humoral exagerada (no protectora) en perros enfermos, la
sensibilidad del diagndstico seroldgico es muy elevada.

En el caso de las pruebas seroldgicas, pueden darse fendmenos de
reacciones cruzadas con otros agentes patégenos cuando dan titulos bajos. Los
principales agentes infecciosos que producen este fendmeno son Trypanosoma
spp. y otras especies de Leishmania presentes en el continente americano (Viol
et al., 2012; Meyers et al., 2021). Sin embargo, también se han descrito
reacciones cruzadas con T. gondii, Ehrlichia canis, Neospora caninum, Babesia
canis (Oliveira et al., 2008; Solano-Gallego et al., 2014; Zanette et al., 2014) y
Leptospira interrogans (Porrozzi et al., 2007). Por otro lado, Krawczak et al.
(2015) concluyeron en su estudio que existe coinfeccion de Leishmania spp. con
Ehrlichia spp. y Babesia spp, pero también que las pruebas serologicas que se
utilizaron no tuvieron reacciones cruzadas, por lo que la reaccion cruzada
depende de la prueba utilizada (Krawczak et al., 2015).

Las técnicas serolégicas cuantitativas son apropiadas para el
diagnostico en la clinica veterinaria y el seguimiento del tratamiento, aunque
debe llevarse a cabo en laboratorios especializados (Bourdeau et al., 2014).
Estas técnicas serolégicas permiten la cuantificacion de los niveles de
anticuerpos anti-Leishmania circulantes.
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La técnica IFI ha sido considerada tradicionalmente “la prueba estandar
de oro” para el diagnéstico serolégico de la infeccidon por L. infantum, con
medidas de rendimiento 6ptimas en cuanto a sensibilidad y especificidad
(Zaffaroni et al., 1999) y algunos autores todavia consideran que esta prueba es
una referencia técnica en las practicas de laboratorio de diagnostico (Paltrinieri
et al., 2016). Sin embargo, su interpretacién puede ser subjetiva dependiendo de
las habilidades y experiencia del operador al interpretar los resultados (Solano-
Gallego et al., 2014).

Esta técnica se basa en la utilizacion, como fuente antigénica, de una
suspension de promastigotes completos de Leishmania fijados en un
portaobjetos de cristal al que se afladen diluciones seriadas del suero problema.
La fijacién de los anticuerpos especificos sobre el parasito se visualiza mediante
un conjugado de anti-inmunoglobulinas caninas marcadas con isotiocianato de
fluoresceina a través de un microscopio de fluorescencia (Basurco et al., 2020).
No existe un consenso entre los laboratorios sobre el punto de corte de la técnica
de IFI, pudiendo oscilar entre 1:40 y 1:320 (Otranto et al., 2005; Gramiccia, 2011;
Morales-Yuste et al., 2012; Solano-Gallego et al., 2014). En general, se
consideran titulos elevados todos aquéllos que superen de 2 a 4 veces el punto
de corte indicado por el laboratorio de referencia (Paltrinieri et al., 2010).

La técnica ELISA permite examinar una gran cantidad de muestras
utilizando microplacas recubiertas de antigeno y un espectrofotometro que
determina los titulos de anticuerpos mediante la medicidén de la densidad optica.
El potencial para la cuantificacion absoluta de anticuerpos convierte a ELISA en
una herramienta poderosa que es menos susceptible al sesgo del operador. Uno
de sus puntos fuertes es la posibilidad de utilizar combinaciones de multiples
antigenos, aumentando asi la sensibilidad y/o especificidad del método (Maia &
Campino, 2008, Travi et al., 2018). En algunos articulos, se demuestra que la
sensibilidad diagndstica es superior a la técnica de IFI (Solano-Gallego et al.,
2014).

Los antigenos utilizados pueden clasificarse en cuatro grupos segun su
naturaleza: extractos de promastigotes solubles o completos, proteinas
recombinantes y proteinas purificadas (Solano-Gallego et al., 2014). La
utilizacion de amastigotes como antigeno en la técnica ELISA hace que la
técnica tenga una mayor sensibilidad en comparacion a la utilizacion de
promastigotes (Santarém et al., 2010).
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Uno de los antigenos mas empleados es el antigeno recombinante rK39
de L. chagasi, un epitopo inmunodominante repetitivo en una proteina
relacionada con la cinesina que esta altamente conservada entre las especies
viscerotropicas de Leishmania, lo que ha sido aprovechado para desarrollar
técnicas diagnosticas a partir del antigeno rK39 (Mettler et al., 2005; Scalone et
al., 2002). Diversos estudios serologicos muestran su elevada sensibilidad en el
diagndstico de la leishmaniosis (Morales-Yuste et al., 2022).

La técnica DAT es una prueba que requiere de incubaciones largas (18
horas) antes de la lectura de los resultados y se requiere realizar diluciones
seriadas (Srividya et al., 2012). ElI fendmeno de aglutinacién se detecta
visualmente como difuminacion total o parcial del boton, mientras que si aparece
un botén compacto, no se ha producido fendmeno de aglutinacion.La DAT se
puede realizar en suero, plasma y sangre completa (Moody & Chiodini, 2000).

Para superar el largo periodo de incubacién, se han puesto a punto otras
pruebas como la Easy-DAT, que reduce el tiempo de la prueba a 5 horas
(Gémez-Ochoa et al.,, 2003), o el test de aglutinacion rapida (FAST), que
combina una concentracion mayor de parasito con un volumen de ensayo menor,
por lo que requiere una unica dilucién de la muestra y una lectura en menor
tiempo (3 horas), siendo muy util para estudiar poblaciones grandes de perros
(Schallig et al., 2002).

La técnica de WB es un método serologico cualitativo que es capaz de
distinguir el peso molecular de los antigenos de L. infanfum que estimulan la
produccion de anticuerpos (Persichetti et al., 2017). Debido a su complejidad,
esta técnica es utilizada con menos frecuencia en la practica veterinaria para el
diagndstico de la leishmaniosis.

Este procedimiento permite determinar las fracciones antigénicas
responsables de algunas de las reacciones cruzadas que probablemente afectan
a las pruebas de IFl y ELISA. Mediante el WB se logra detectar anticuerpos
especificos que aparecen a partir de las 10 semanas post infeccion, permitiendo
realizar diagndésticos tempranos de la leishmaniosis (Olias-Molero et al., 2019).
Asi mismo, un posible campo de aplicacion del método WB es la discriminacién
entre infecciones subclinicas y animales enfermos (Iniesta et al., 2007).
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La citometria de flujo (FC) es una nueva herramienta inmunoldgica que
se ha explorado en el diagnéstico de la leishmaniosis visceral canina mediante
la deteccidon de anticuerpos anti-fijados de L. infantum. Los investigadores han
demostrado una alta especificidad, sensibilidad, valores predictivos y precision,
incluso cuando los animales estaban infectados con otros patdégenos como
Trypanosoma cruzi'y Babesia canis; asi como la ausencia de falsos positivos en
perros vacunados (Ker et al., 2013). Por lo tanto, aunque todavia la FC es una
técnica experimental costosa, se esta convirtiendo en una herramienta cada vez
mas util en los laboratorios de investigacion y atencion médica debido a su
precision y reproducibilidad (de Paiva-Cavalcanti et al., 2015).

Las técnicas serolégicas cualitativas o pruebas de
inmunocromatografia son mas rapidas, mas baratas, se pueden realizar en
cualquier centro clinico, pero solo informan de un resultado positivo o negativo
(Baxarias et al., 2022b). Las pruebas rapidas no pueden identificar perros con
niveles bajos de anticuerpos, por lo que un resultado positivo mediante una
prueba cualitativa es s6lo un primer paso y debe ir seguido de un método
serologico cuantitativo (Bourdeau et al., 2014).

Este tipo de pruebas son de facil ejecuciéon, dando un resultado
dicotomico después de un breve periodo de tiempo (Villanueva-Saz et al., 2019).
Su rendimiento diagnostico puede no ser oOptimo en algunos prototipos
comerciales, aunque generalmente tienen alta especificidad, pero una
sensibilidad muy variable (Mettler et al., 2005). En general, se recomienda
después de obtener el resultado de una prueba rapida, realizar una prueba
cuantitativa que proporcione una titulacién de anticuerpos (Solano-Gallego et al.,
2011; Paltrinieri et al., 2016). Tienen la ventaja de encontrarse disponibles para
su empleo en estudios epidemioldgicos de campo (Villanueva-Saz et al., 2022).

Existen diversas pruebas inmunocromatograficas y cada una difiere en el
antigeno y reactivo empleado (Paltrinieri et al., 2010). El antigeno rK39 también
se utiliza en estas pruebas y esta disponible comercialmente en forma de tiras
de papel de nitrocelulosa impregnadas con antigeno adaptadas para su uso en
condiciones de campo. La aparicion de dos lineas (una de control y otra de
prueba, independientemente de la intensidad de la tincion) indica un resultado
positivo (Maia & Campino, 2008).
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1.4.3.2. Evaluacion de la respuesta inmune celular

Los analisis para evaluar la respuesta inmune celular de un perro frente a
Leishmania estan muy poco estandarizados y generalmente no se utilizan como
herramientas de diagndstico clinico (Maia & Campino, 2008). La determinacion
de la respuesta inmune celular especifica a L. infantum en perros constituiria un
indicador crucial, similar a la valoracién del tipo de respuesta Th1/Th2, ya que
iria asociada a que el paciente realice un control eficaz de la infeccién y se
acompainie de la supervivencia de este (Fernandez-Bellon et al., 2005).

Un ensayo practico y estandarizado para evaluar la inmunidad celular
frente a la infeccion por Leishmania en entornos clinicos tendria una gran utilidad
practica para ayudar a monitorizar la leishmaniosis y el resultado del tratamiento
(Maia & Campino, 2008). Existen varias pruebas para valorar la respuesta
inmune celular frente a leishmaniosis como la prueba de la leishmanina (LST),
test de linfoproliferacién (LPA) y la cuantificacién del interferon gamma (IFN- y).

La prueba de la leishmanina o test de Montenegro es una prueba
cutanea que mide la reaccion de hipersensibilidad de tipo retardado (DTH) a una
inyeccion intradérmica de una suspension de promastigotes de Leishmania
muertos. Es una herramienta util para el diagndstico de leishmaniosis debido a
su simplicidad, sensibilidad y especificidad. Sin embargo, no permite la
identificacion de especies de Leishmania y no discrimina entre infecciones
pasadas y actuales (Akhoundi et al. 2017). Tiene interés sobre la serologia
porque la inmunidad mediada por células es mas duradera que la inmunidad
humoral después de la curacion del proceso. También tiene interés en la
leishmaniosis visceral ya que el mantenimiento de inmunidad celular positiva es
mas indicativa de proteccién frente a las reinfecciones (Pennisi 2015, Carstens-
Kass et al., 2021).

El LPA es una prueba in vitro para evaluar la inmunidad mediada de tipo
celular frente a Leishmania. Los perros asintomaticos y resistentes presentan
una fuerte respuesta proliferativa a los antigenos de L. infantum, mientras que
los animales susceptibles y enfermos no responden al mitégeno (Strauss-Ayali
et al.,, 2005). Permite valorar si se ha restablecido la capacidad de
linfoproliferacion después de un tratamiento leishmanicida exitoso (Fernandez-
Pérez et al., 2003).

La cuantificacion IFN-y permite valorar el nivel de estimulacién de una
respuesta de memoria inmune de polaridad Th1 especifica al antigeno de
Leishmania (Fernandez-Bellon et al., 2005; Zribi et al., 2017).
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2. JUSTIFICACION Y OBJETIVOS:
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2. JUSTIFICACION Y OBJETIVOS:

En la clinica generalista de animales de compafia, al igual que los
meédicos de familia, tenemos que estar preparados para hacer frente a un
numero importante de diferentes patologias, para diagnosticarlas y tratarlas, o
bien saber enfocarlas y derivarlas a otros veterinarios expertos en diferentes
especialidades. Los procesos clinicos habitualmente mas frecuentes en
animales de compafiia son las patologias cutaneas, digestivas y urinarias. Por
otra parte, teniendo en cuenta que nuestra area de influencia se halla en la
cuenca mediterranea, existen procesos que son endémicos en esta zona
geografica y por tanto también muy frecuentes. En este sentido, tenemos un
especial interés por las enfermedades vectoriales y en concreto por la
leishmaniosis, por tratarse de un proceso muy frecuente, que ademas se
caracteriza por cursar con sintomatologia muy diversa al afectar a practicamente
a todos los sistemas organicos y cursar, con elevada frecuencia, con signos
cutaneos, oftalmoldgicos, urinarios y digestivos.

Para los clinicos generalistas es fundamental disponer de técnicas
diagndsticas lo suficientemente sensibles y especificas como para tener una alta
certeza de que un resultado es positivo o negativo; ya que de otra forma es muy
dificil avanzar hasta el diagnéstico definitivo. En este sentido, la leishmaniosis,
que es una enfermedad gran imitadora por la variedad de sintomas que puede
inducir en el hospedador, se halla incluida en multitud de listados de diagndsticos
diferenciales, muy especialmente en los cuadros cutaneos, en los urinarios y en
los digestivos. La indicacidn para confirmarla/descartarla es realizar un test
serologico, pero hay muchos casos en los que los resultados no son
suficientemente claros.

Por ello en nuestro grupo de trabajo tenemos interés especial en el
desarrollo de pruebas seroldgicas con elevada capacidad diagnostica frente a la
leishmaniosis, en el estudio comparativo de resultados con diferentes pruebas
diagndsticas y en el analisis de resultados para la propuesta de metodologias
diagndsticas que den confiabilidad a los clinicos.
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Por otra parte, somos conscientes de que la situacién epidemiolégica de
la leishmaniosis es cambiante por diversos factores, pero especialmente
consecuencia de las variaciones que el cambio climatico esta suponiendo para
una mejor adaptacion de los vectores flebotomos. Estos se estan aclimatando a
zonas geograficas nuevas. Ademas, se esta describiendo la presencia de otros
potenciales hospedadores, diferentes al perro, que pueden estar ampliando el
problema endémico y por tanto los riesgos para la salud de los seres humanos.
Otro foco de interés de nuestro equipo es la evaluacidon de la situacién de L.
infantum en otras especies de animales de compafiia como el gato, a la vez que
estamos atentos a la deteccion de la enfermedad en otras especies en las que
se observen signos sospechosos de la enfermedad.

Por todo ello, para realizar el trabajo que presentamos, nos hemos
marcado los objetivos que a continuacion se resumen, habiendo sido, los
resultados de cada uno de ellos, objeto de una publicacién internacional.

Objetivos focalizados en el estudio de la calidad diagnéstica de pruebas
para cuantificar anticuerpos anti-Leishmania en perros:

1. Evaluar los resultados de un test de inmunocromatografia rapida
cualitativa en perros con diferentes niveles de anticuerpos anti-
Leishmania y comparar los resultados con otras dos pruebas serolégicas
cuantitativas, IFl y ELISA, como pruebas de referencia, a través del
célculo de la sensibilidad (probabilidad de un resultado positivo entre
aquellos que tienen con seguridad la enfermedad), de la especificidad
(probabilidad de un resultado negativo entre aquellos que, con seguridad,
no tienen la enfermedad), de la precision (la capacidad de la prueba para
diferenciar correctamente el paciente sano del enfermo), y de la curva qué
mide la utilidad de una prueba a través de la relacién entre sensibilidad y
especificidad.

2. Evaluar estadisticamente la sensibilidad y especificidad de una prueba
ELISA interna en comparacion con tres pruebas serolégicas comerciales
diferentes, en dos grupos de muestras de suero canino; uno procedente
de areas no endémicas y el otro originario de areas endémicas;
asumiendo  condiciones  epidemioldgicas y  seroprevalencias
significativamente diferentes entre ambos dos grupos, mediante modelos
de clase latente en un analisis bayesiano.
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Objetivos enmarcados en la valoracion de la situacion de la leishmaniosis
en otras especies de animales de compaiiia:

3.

Investigar la prevalencia de la infeccion por Leishmania spp. en gatos,
aparentemente sanos, en la ciudad de Zaragoza, que es una region
endémica de Espafia, comparando el rendimiento de tres métodos
seroldgicos: una prueba de anticuerpos inmunofluorescentes (IFl), una
prueba de tipo ensayo inmunoabsorbente ligado a enzimas (ELISA) y un
test Western Blot. (WB) para la deteccién de anticuerpos contra L.
infantum; asi como una prueba de reaccién en cadena de la polimerasa
(PCR) en tiempo real para la deteccion de ADN de L. infantum.

Realizar el primer diagndstico y aislamiento de L. infantum en un huron

doméstico infectado de forma natural en una regién endémica (Espafia)
donde se detecta con frecuencia leishmaniosis canina y felina.
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Abstract

Canine leishmaniosis is a disease caused by Leishmania infantum, a vector-borne parasite. Due to the zoonotic
potential of canine leishmaniosis, infected dogs must be identified. Serological assays are the most common methods
for the detection of L. infantum infection in dogs used in veterinary practice. The aim of the study was to assess the
performance of a rapid immunochromatographic test (FASTest LEISH®, MEGACOR Diagnostik) for the detection of
specific antibodies to that of the L. infantum in dog sera. The results were simultaneously compared using a com-
mercial brand of indirect immunofluorescence antibody test and an in-house enzyme-linked immunosorbent assay
as references. Between the two reference tests, 232 serum samples out of 244, produced concordant results while 12
exhibited discordant results. Of the 232 concordant samples, 121 were classified as L. infantum seropositive, and 111
samples were previously classified as L. infantum seronegative by a combination of the reference assays. All samples
that were seropositive by the reference tests were also positive according to the rapid test, and only one sample that
was seronegative according to the two reference assays was positive according to the rapid test. Compared with the
reference tests, the rapid test sensitivity was 100%, specificity was 99.1%, accuracy was 99.6%, Cohen'’s kappa coef-
ficient was 0.99, and the area under receiver operating characteristic curve was 0.995. The FASTest LEISH® is a rapid,
qualitative in-clinic test with high sensitivity and specificity.

Keywords: Diagnostic techniques and procedures, Immunoglobulins, Canine leishmaniosis

Findings

Canine leishmaniosis is zoonotic disease caused by L.
infantum, a vector-borne protozoan parasite transmit-
ted by phlebotomine sand flies under natural conditions.
Clinical manifestations of infection may range from mild
to absent to mild, several and even fatal disease. This
variability is thought to be the result of cell-mediated
immune response from the host which may be influenced
by the genetic background of the dog [1]. Individual incu-
bation times range from a few months to several years
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[2]. The detection of L. infantum antibodies indicates
existing or past infections. High antibody levels are often
associated with a high parasitic load and disease [3].
Conversely, low antibody levels in clinically normal dogs
with a negative result on molecular and/or parasitologi-
cal tests may indicate exposure or early stages of Leish-
mania infection [4]. Different confirmatory techniques
were used and the diagnosis was based on the clinical
manifestation and/or the laboratory abnormalities that
were compatible with the disease as well as by the confir-
mation of L. infantum infection [5].

Serological assays, including enzyme-linked immu-
nosorbent assay (ELISA), indirect immunofluorescence
antibody test (IFAT), and rapid tests, are the most com-
mon methods for the detection of infection in dogs [6].

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/

publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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Table 1 Details of dogs including purpose of diagnosis and signalment
Description Number of dogs (%)
Purpose of diagnosis Annual screening program for clinically healthy dogs 78 (32.0)
Cases of suspected clinical leishmaniosis 103 (42.2)
Blood donor screening program 3(94)
Pre vaccination screening for L. infantum infection 40 (16.4)
Signalment
Sex Male 5(47.1)
Female 129 (52.9)
Age 12 months of age 68 (27.9)
> 12 months of age and < 8 years of age 135 (55.3)
> 8 years of age 41(16.8)
Race Purebred 94 (38.5)
Mixed-bred 150 (61.5)

Rapid tests have been used as an important first step in
diagnostic algorithms, enabling results to be obtained
within a short time [7].

The present study evaluated the diagnostic perfor-
mances, including the sensitivity (probability of a posi-
tive test result among those having the target condition),
specificity (probability of a negative test result among
those without the target condition), accuracy (the abil-
ity of a test to differentiate the patient and healthy cases
correctly) and area the receiver operating characteristic
curve (measure of the usefulness of a test showing the
relationship between sensitivity and specificity) of a rapid
qualitative immunochromatographic in dogs with differ-
ent anti-Leishmania antibody levels and compared the
results from a combination of two quantitative serologi-
cal tests, IFAT and ELISA, as reference tests.

Blood samples from 244 dogs of different breeds, ages,
and genders that were naturally exposed to L. infantum
infection were included in the study from May 2017
to May 2018. These dogs presented at the Veterinary
Teaching Hospital of the University of Zaragoza (Spain)
for different diagnostic purposes, including the annual
screening program for clinically healthy dogs, cases
of suspected clinical leishmaniosis, the blood donor
screening program and pre vaccination screening for
L. infantum infection (Table 1). The serological status
was recorded by a retrospective review of sample files
through the laboratory database (Tables 2 and 3). Two
aliquots of each obtained serum sample were stored
at -20 °C until testing. Because samples were collected
for the sole intention of determining a diagnosis, ethi-
cal approval was not needed. However, the owners were
required to sign an informed consent.

The rapid test (FASTest Leish®, MEGACOR Diagnos-
tik, Horbranz, Austria) was performed following the

Table 2 Frequency of clinical signs in diseased dogs
(n=121, with IFAT and ELISA result)

Lymphadenomegaly 98 (80.1)
Cutaneous involvement 86 (71.1)
Weight loss 67 (55.4)
Anorexia 4 (44.6)
Exercise intolerance 8(31.4)
Ocular involvement 5(20.7)
Pale mucous membranes (15 7)
Fever 5(12.4)
Lameness 11(9.7)
Vomiting, diarrhea 7 (5.8)
Polyuria and polydipsia 4(33)
Muscle atrophy 3(2.5)
Splenomegaly 2(1.7)

Table 3 Frequency of hematologic and biochemical
alterations in diseased dogs (n=121, with IFAT and ELISA
result)

Hematological parameters

Anemia 67 (55.4)
Other hematological abnormalities
Neutrophilia 17 (14.0)
Lymphopenia 22(18.2)
Lymphocytosis 4(33)
Thrombocytopenia 10(8.3)
Biochemical parameters
Renal azotemia 9(74)
Hyperproteinemia with hypoalbuminemia and inverted 75 (62.0)
albumin: globulin ratio
Urinalysis
Proteinuria 43 (35.5)
Decreased urine specific gravity 36 (29.8)
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instructions of the manufacturer. All tests were stored
at room temperature and were performed as described
in the instructions supplied with the test kit. This rapid
test employs a combination of monoclonal antibodies
conjugated with colloidal gold particles and recombi-
nant L. infantum antigens bound to the solid phase of
a nitrocellulose membrane that detect anti-L. infantum
antibodies in whole blood, plasma or serum from the
dog. The antibodies against L. infantum present in the
sample react in the conjugate pad with mobile mono-
clonal antibodies to form antibody complexes. These
antibody complexes migrate along the nitrocellulose
membrane and bind to fixed Leishmania spp. antigens,
producing clear pink-purple colored test line. Particles
that do not bind to the conjugate continue their course
along the membrane and pass through the control line
with membrane-fixed control antibodies. The control
line shows that the sample and reagents have been
properly applied and migrated through the device. The
buffer diluent facilitates the migration and promotes
the binding of antibodies to antigens. Samples with a
clear test and control line are classified as positive, and
samples that show a control line are classified as nega-
tive. Prior to the study, technicians were trained to per-
form and interpret results. All tests were read by two
laboratory technicians after 15 min. If discrepancies
arose between results, a third observer participated.
The examiners were blinded to the results of the quan-
titative serological tests.

The commercial IFAT (MegaFLUO LEISH test®, MEG-
ACOR Diagnostik, Horbranz, Austria) was performed
as described in the instructions supplied with the test
kit. This commercial IFAT has been employed in other
comparative studies of diagnostic tests [8]. All samples
were examined by two different investigators. They were
blinded to the results of the other serological tests. Sam-
ples negative at 1:100 were considered negative and the
endpoint titer of positive samples was determined by
preparing serial twofold dilutions of the serum starting
from the cut-off value (1:100).
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As a second quantitative serological reference method,
an in-house ELISA by L. infantum was performed on all
serum samples as previously described, with some modi-
fications [9]. The in-house ELISA test was performed by
a different researcher who had no knowledge of the rapid
test and IFAT results. The cut-off value was 30 ELISA
unit (EU). Sera with an EU > 200 were classified as high
positive, with an EU> 100 and <200 as moderate posi-
tive, and with an EU > 30 and < 100 as low positive (Addi-
tional file 1).

Data obtained were checked for normal distribution
using the Kolmogorov—Smirnov test (P >0.05). A regres-
sion analysis between the two quantitative tests and
Pearson’s correlation coefficients were calculated for all
results that were concordant among the three serological
tests. Statistical analyses were performed using IBM SPSS
statistics software version 22 (SPSS Inc., Armonk, NY,
USA). Because a single widely accepted reference stand-
ard for the diagnosis of L. infantum infection in dogs is
not available, samples were classified based on results
coinciding in both quantitative reference tests. Samples
for which discordant results were obtained with the ref-
erence tests were not included in the study. Moreover,
dogs that had previously been vaccinated with either of
the two vaccines available in Spain for the prevention of
canine leishmaniosis were also not included in this study.

Of the 244 sera analysed, 232 samples showed concord-
ant results for IFAT and the in-house ELISA. The remain-
ing 12 samples were considered discordant between
reference tests, including 2 samples with a low positive
result for the in-house ELISA but a negative result (anti-
body titer < 1:100) for the IFAT, as well as 10 samples with
a positive result (antibody titer of 1:100) for the IFAT
but negative result for the in-house ELISA. All discord-
ant samples between the two reference tests were clas-
sified as seronegative by the rapid test. Among the 232
serum samples characterized, 121 samples were clas-
sified as seropositive for L. infantum infection and 111
samples were classified as seronegative for L. infantum
infection (Table 4). Serum samples with different serum

Table 4 Comparison of the FASTest LEISH® with IFAT and ELISA results for Leishmania spp. antibody detection

Number of samples IFAT and ELISA combination IFAT ELISA Total
Concordant results Discordant results Positive Negative Positive Negative
between reference tests  between reference tests
Positive Negative
FASTest LEISH®
Positive 121 1 0 121 1 121 1 122
Negative 0 110 12 10 112 2 120 122
Total 121 1 12 131 113 123 121 244
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anti-Leishmania spp. antibody levels were selected for
the evaluation (Table 5). All serum samples classified as
positive by both reference assays were also positive in the
FASTest LEISH®. Only one seronegative sample classi-
fied by the reference assays was discordant and showed
a positive rapid test result. There were no additional
freeze—thaw cycle or sample handing differences in test-
ing events between the three tests.

The rapid test achieved sensitivity of 100% (95% confi-
dence intervals (CI) 96.2—100%) and specificity of 99.1%
(95% CI 94.4-100%), and the accuracy was 99.6% (95%
CI 97.3-100%). The Cohen’s kappa coefficient between
the rapid test and the combined reference assays for the
detection of antibodies was 0.99. The area the receiver
operating characteristic curve (AUC-ROC) obtained
from the curve was 0.995 (95% CI 0.985-1.000) (Fig. 1).
Agreement between the two observers in reading the
rapid test was 100% and no invalid results were obtained.
The regression line was statistically significant (P <0.001)
and Pearson’s correlation coefficient was r=0.675.

Sensitivity and specificity are common parameters for
evaluating diagnostic methods [10]. Depending on the
purpose of the test, sensitivity or specificity should be
prioritized. When a test is used to detect L. infantum
infection in dogs with suspected clinical leishmaniosis,
specificity and sensitivity must be high, but importantly,
specificity must not be too low because a confirmatory
test should be highly specific to avoid false positives. In
contrast, high sensitivity is essential for identifying clini-
cally healthy infected dogs.

When a reliable gold standard is not available, at least
two different tests should be performed [11]. In the pre-
sent study, sample classification was established based on
combination of results from ELISA and IFAT, obtaining a
better definition of the serological status. When different
serological tests are used simultaneously, discrepancies
may be observed, and the lack of consistency among tests
may depend on their different performances. A possible
explanation for these discrepancies may be the inherent
differences in the two quantitative assays. Therefore, the
differences between the diagnostic performances of the
references tests may modify the accuracy of the rapid test
analyzed.
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Fig. 1 AUC-ROC curve analysis of the rapid test studied. The Area the
receiver operating characteristic curve (AUC-ROC) analysis combines
sensitivity and specificity into one measurement, and the result is a
single global measure of diagnostic effectiveness. Each point on the
ROC curve represents a sensitivity/specificity pair corresponding to a
particular decision threshold. The blue line represents the AUC-ROC
analysis of the FASTest LEISH®, and the green line represents the
reference line

Numerous rapid tests are available to detect antibod-
ies in dogs. However, these tests show high specificity
and variable sensitivity [12]. Differences in diagnos-
tic results obtained between rapid tests are influenced
by the serum panel, technology, type of antigen, test
threshold and the different laboratory test considered
as a reference assay (Table 6). Standardization and com-
parison of results between the evaluated test and other
similar rapid tests from different studies is not possible
due to differences in the parameters used to evaluate a
test, such as sample size, definition of the clinical status
of the dog involved in the study and the selected refer-
ence populations. Therefore, examinations of diagnos-
tic tests should follow the STARD guidelines (Standards
for the Reporting of Diagnostic Accuracy Studies) to
allow an adequate comparison between results.

Table 5 Number of positive samples and antibody levels (IFAT and ELISA)

IFAT 1:400 1:800 1:1600 1:3200 1:6400 >1:6400
Number of samples 4 8 27 22 14 46
ELISA cutoff: 30 EU Low positive Moderate positive High positive

(>30and <100 EVU) (=100 and <200 EU) (=200 EV)
Number of samples 27 46 48
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Table 6 Concordant results between reference test and results of each reference test for sensitivity and specificity

of the FASTest LEISH®

Reference test

IFAT and ELISA combination

IFAT ELISA

FASTest LEISH®

Sensitivity (95% Cl) 100% (96.2-100%)
Specificity (95% Cl) 99.1% (94.4-100%)
Number of samples included 232

92.4% (86.1-96.1%) 98.4% (93.7-99.8%)
99.19% (94.5-100%) 99.29% (94.9-100%)
244 244

Sample inclusion can influence assessment measures
with any test. Serum samples with high levels of anti-
Leishmania spp. antibodies are more easily detected by
a test and contribute to higher diagnostic values [13].
Samples in the present study had different antibody lev-
els ranging from 42 to 372 EU, according to the in-house
ELISA. Conversely, antibody titers detected by IFAT
ranged from 1:400 to>1:6400. The main differences
between the ELISA and IFAT techniques are the type
of antigen used and the technical method performed to
obtain the results. In terms of interpreting the results,
IFAT is subjective and depends on the operator’s expe-
rience, even when two different experienced observers
examine the samples. This situation may explain the dis-
cordant results obtained.

A potential limitation of the present study was the lack
of samples from dogs serologically reactive to other path-
ogens, particularly different Leishmania spp. or Trypano-
soma cruzi, which are both protozoa that belong to the
Trypanosomatidae family and share various antigens that
may produce cross-reactions [14, 15]. All serum samples
were collected from dogs from the city of Zaragoza, a
region in Spain where T. cruzi is not present and L. infan-
tum is the parasite responsible for canine leishmaniosis
in Europe. Ideally, for a proper clinical sample characteri-
zation, the use of techniques of different nature is highly
recommended. However, the objective of the study was
to evaluated the ability of a rapid test to detect antibod-
ies. For this reason and to characterize the seropositive
status of the samples, serological techniques are neces-
sary instead of other methods.

In conclusion, the use of FASTest LEISH® as a screen-
ing test, may be particularly useful for identifying clini-
cally healthy, seropositive, infected dogs.

Additional file

Additional file 1. Description of the in-house indirect ELISA protocol for
detection of anti-Leishmania infantum antibodies.
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Abstract

Canine leishmaniasis (CanL) is a disease caused by Leishmania infantum. Serological methods are the most
common diagnostic techniques used for the diagnosis of the CanL. The objective of our study was to estimate the
sensitivity and specificity of one in-house ELISA kit (ELISA UNIZAR) and three commercially available serological
tests (MEGACOR Diagnostik GmbH) including an immunochromatographic rapid test (FASTest LEISH®), an
immunofluorescent antibody test (MegaFLUO LEISH®) and an enzyme-linked immunosorbent assay (MegaELISA
LEISH®), using latent class models in a Bayesian analysis. Two hundred fifteen serum samples were included. The
highest sensitivity was achieved for FASTest LEISH® (99.38%), ELISA UNIZAR (99.37%), MegaFLUO LEISH® (99.36%)
followed by MegaELISA LEISH® (98.49%). The best specificity was obtained by FASTest LEISH® (98.43%), followed
by ELISA UNIZAR (97.50%), whilst MegaFLUO LEISH® and MegaELISA LEISH® obtained the lower specificity (91.94%
and 91.93%, respectively). The results of present study indicate that the immunochromatographic rapid test
evaluated FASTest LEISH® show similar levels of sensitivity and specificity to the quantitative commercial tests.
Among quantitative serological tests, sensitivity and specificity were similar considering ELISA or IFAT techniques.

Keywords: Bayesian analysis, canine leishmaniasis, diagnostic techniques and procedures, gold standard,
immunoglobulins.

Resumo

A leishmaniose canina (Lcan) é uma doenca causada pela Leishmania infantum. Os métodos sorolégicos sdo as
técnicas diagndsticas mais utilizadas para o diagnéstico da leishmaniose canina. O objetivo do nosso estudo foi
estimar a sensibilidade e a especificidade de um kit ELISA interno (ELISA UNIZAR) e de trés testes sorologicos
disponiveis comercialmente, feitos pelo mesmo fabricante (MEGACOR Diagnostik GmbH), incluindo um teste rapido
imunocromatografico (FASTest LEISH®), um teste de anticorpos imunofluorescentes (Megafluo LEISH®) e um ensaio
deimunoabsorcdo enzimatica (Megaelisa LEISH®), utilizando-se modelos de classe latentes numa analise bayesiana.
Foram incluidas duzentas e quinze amostras de soro. A maior sensibilidade foi alcancada para Fastest LEISH®
(99,38%), ELISA UNIZAR (99,37%), Megafluo LEISH® (99,36%) seguida por Megaelisa LEISH® (98,49%). A melhor
especificidade foi obtida por FASTest LEISH® (98,43%), seguida por ELISA UNIZAR (97,50%), enquanto Megafluo
LEISH® e Megaelisa LEISH® obtiveram a menor especificidade (91,94% e 91,93%, respectivamente). Os resultados
do presente estudo indicam que o teste rapido imunocromatografico, avaliado por FASTest LEISH® mostra niveis
similares de sensibilidade e especificidade aos testes comerciais quantitativos incluidos. Entre os testes sorolégicos
quantitativos, a sensibilidade e a especificidade foram semelhantes, considerando-se as técnicas de ELISA ou IFI.

Palavras-chave: Analise bayesiana, leishmaniose canina, técnicas e procedimentos diagnoésticos, padrdo ouro,
imunoglobulinas.
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Antibodies to Leishmania in dogs and LCA

Introduction

CanL is a vector-borne disease caused by Leishmania infantum, which dogs are considered the main domestic
reservoir for human infection (Dantas-Torres, 2007). This infection is transmitted by the bite of infected female
sand flies from the genera Phlebotomus in the Old World or Lutzomyia in the New World (Moreno & Alvar, 2002).
In the Mediterranean basin, an estimation of 2.5 million dogs are infected by the parasite including subclinically
infected dogs and sick dogs exhibiting clinical signs and/or clinicopathological abnormalities (Solano-Gallego et al.,
2009). Cases of subclinical infections, defined as a situation in which Leishmania infection is confirmed but clinical
signs and/or clinicopathological abnormalities are not present have been documented in all areas where CanL is
endemic. It is no longer believed that absolutely every infected dog will inevitably develop clinical leishmaniasis
(Solano-Gallego et al., 2009). In fact, a small proportion (prevalence of the disease ranges between 3 and 10%) of
the dogs infected with L. infantum in endemic regions will develop the disease following infection (Baneth et al.,
2008). The evolution of this chronic infection depends on the cell-mediated immune response from the host against
the parasite, cellular protective immunity is associated with activation of the macrophages by different cytokines,
particularly interferon-gamma, tumor necrosis factor-alpha and interleukin-2. By contrast, disease susceptibility, by
releasing a mixed T helper (Th1 and Th2) lymphocyte cytokines, tend to promote non-protective antibody formation
and correlate with a diminution or absent cell-mediated immunity (Hosein et al., 2017). In this sense, the number
of circulating CD4+ cells and the CD4+/CD8+ ratio drop during the disease (Esch et al., 2013). In the case of CD8+,
these T cells are responsible for lysis of the macrophages infected with L. infantum and their activation increases
the synthesis of INF-y and TNF-a (Barbiéri, 2006).

Different techniques to confirm L. infantum infection are available including parasitological methods with the
direct identification and observation of the parasite such as cytology, histology, specific immunohistochemistry
and the parasite culture; molecular methods to detect parasitic nucleic acids (DNA and RNA) by polymerase
chain reaction (PCR) such as conventional PCR, nested PCR and quantitative PCR; and serological methods based
on detecting specific antibodies response against L. infantum (Maia & Campino, 2018). Serology is the preferred
diagnostic method for CanL considering information provided by the World Organisation for Animal Health (OIE,
2016). Among serological methods, enzyme-linked immunosorbent assay (ELISA), indirect immunofluorescence
antibody test (IFAT), and the immunochromatographic rapid test (ICT) represent the most frequent methods used
for the detection of infection in dogs (Maia & Campino, 2008; Bourdeau et al., 2014).

For L. infantum infection there is no perfect diagnosis but the diagnosis must be appropriate for each situation.
The gold standard test does not necessarily have 100% sensitivity (Se) and 100% specificity (Sp) but it is the most
sensitive and specific test for diagnosing that infectious agent. In absence of a reference test, the Latent Class
Analysis (LCA) allows the estimation of sensitivity and specificity of two or more tests without assuming the
true antibody status of the population under study, avoiding the bias connected to the use of an imperfect test
(Branscum et al., 2005). The aim of this study was the statistically evaluation of the Se and Sp of one in-house ELISA
test in comparison with three different commercial serologic tests in two groups of canine serum samples, one
from non-endemic areas, the other from endemic areas, assuming significant different epidemiological conditions
and seroprevalences between the two groups by a latent class models in a Bayesian analysis.

Material and Methods

Study population and serum samples

A total of 215 serum samples from dogs admitted to the Veterinary Teaching Hospital of the University of
Zaragoza (Spain) and from three different clinics from United Kingdom were used in this study. Serum samples
were collected during the period from January 2017 to December 2018 and conserved at -25 °C until analyzed.

With the aim to evaluate the performances of the tests by means of Bayesian analysis, samples were stratified
into two populations with different levels of prevalence: canine sera from a non-endemic area (group 1) and from
an endemic area (group 2).

One hundred and ninety-five serum samples (group 2) came from The Ebro s Valley, a Spanish region where
CanL is endemic, and the remaining serum samples (group 1) were residual samples taken from dogs during a
routine annual health check-up in the United Kingdom, a non-endemic area. Within group 2, each dog was classified
in different subgroups (non-infected dogs, healthy seronegative dogs, infected seropositive dogs, clinically sick dogs
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and finally dogs with serological positive result to other pathogens) according to the clinical information sent with the
sample to the laboratory for diagnostic purpose. The subgroups were not considered for the statistical evaluation.

Serum samples selection have reflected different clinical settings in veterinary practice from diagnosis of
L. infantum infection in healthy dogs to clinically sick dogs, based on clinical evaluation, routine red blood cell count,
clinical chemistry, urinalysis and serum protein electrophoresis. The serology status was also routinely recorded
by means of an in-house ELISA (Solano-Gallego et al., 2009), but this test had the only goal to assure the selection
of a heterogeneous population and did not influence the statistical analysis.

In the case of dogs with serological positive result to other pathogens (cross-reaction group), serology was
used together with a molecular test to detect L. infantum infection performed in a private laboratory. None of the
samples used in the study came from dogs previously vaccinated with any of the two vaccines available in Spain
to prevent CanL (Solano-Gallego et al., 2017).

Clinical and epidemiological data were considered for the selection and samples were collected for the sole
intention of determining a diagnosis. Ethical approval was not needed, but owners were requested to sign an
informed consent. The study was reported to the Bioethical Committee of the University of Zaragoza and conducted
in accordance with the European (2010/63/UE) and national (RD1201/2005) directives on animal experimentation.
This study did not require official or institutional ethical approval.

Non-endemic canine sera (group 1)

Twenty serum samples obtained from The United Kingdom were included. These dogs had never traveled to
an endemic area and they had neither clinical signs nor laboratory abnormalities detected by routine red blood
cell count, clinical chemistry, urinalysis and a serum protein electrophoresis.

Endemic canine sera (group 2)

Atotal of 195 sera were collected from dogs living in a leishmaniasis endemic area. To obtain a heterogeneous
group of samples, some subgroups were considered: clinically-ill infected dogs, dogs infected by some other
pathogens and seemingly healthy dogs that resulted seropositive or seronegative. The heterogeneity was based
mainly on clinical evaluation and routine red blood cell count, clinical chemistry, urinalysis and serum protein
electrophoresis. The serology status was also recorded, based on ELISA UNIZAR, but this classification did not have
any influence on statistical evaluation, based only on the two groups 1 (non-endemic) and 2 (endemic).

Sixty-five serum samples from seronegative healthy dogs were obtained from the Veterinary Teaching Hospital
- Zaragoza Veterinary Faculty (University of Zaragoza, Spain). These samples came from dogs that were taken to
Hospital for a screening L. infantum infection purpose by quantitative serology. Clinical information showed absence
of clinical signs during physical examination and no laboratory findings based on routine red blood cell count and
clinical chemistry, serum protein electrophoresis and urine analysis.

Eighty-seven sera from naturally infected dogs presenting variable clinical manifestations and/or laboratory
alterations were included. Among clinical signs detected compatible with CanL, these were lymphadenomegaly
(n=74), skin lesions (n=65), weight loss (n=44), anorexia (n=36), ocular lesions (n=19), pale mucous membranes
(n=15), lameness (n=10), fever (n=8), gastrointestinal signs (n=7), epistaxis (n=4) and muscular atrophy (n=2).
On the other hand, laboratory abnormalities detected compatible with CanL were non-regenerative anemia (n=50),
neutrophilia (n=9), lymphopenia (n=17), lymphocytosis (n=2), thrombocytopenia (n=11), renal azotemia (n=6),
hyperproteinemia (n=52), dysproteinemia with hypoalbuminemia and inverted albumin: globulin ratio (n=63),
serum protein electrophoresis alteration with hypergammaglobulinemia detected (n=70), proteinuria (n=29) and
low urinary specific gravity (n=21). In all 87 sick dogs, L. infantum disease was confirmed by a positive serology to
the ELISA UNIZAR with moderate (n=44) to high (n=43) concentrations of serum anti-Leishmania antibodies.

Twenty-four sera samples from dogs evaluated out of seasonal activity of sand flies with a low positive result to
the ELISA UNIZAR were included. Clinical information showed absence of clinical signs during physical examination
and no laboratory findings being classified as seropositive asymptomatic infected dogs. All dogs were negative to
L. infantum infection using a quantitative PCR in blood.

Nineteen samples from dogs with a serological positive result to other pathogens were analyzed to evaluate
any possible cross-reaction: Dirofilaria immitis (n=3, positive result to heartworm antigen test and modified Knott"s
test), Neospora caninum (n=1, IFAT antibody titer of 1:100), Toxoplasma gondii (n=1, IFAT antibody titer of 1:80),
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Rickettsia conorii (n=1, IFAT antibody titer of 1:20), Ehrlichia canis (n=1, IFAT antibody titer 1:40), Anaplasma platys
(n=11, IFAT antibody titers ranging from 1:20 to 1:160) and finally a sample with two co-infections T. gondii (IFAT
antibody titer of 1:160) and N. caninum (IFAT antibody titer of 1:100). All dogs were negative to L. infantum infection
using a quantitative PCR in blood.

ELISA UNIZAR technique

Prior to performing the in-house ELISA, L. infantum antigen (strain MHOM/FR/78/LEM 75 belonging to L. infantum
zimodeme MON-1) was obtained from parasite culture. For the ELISA UNIZAR, the crude antigen was adjusted to a
concentration of 20 pg/mL with sterile phosphate buffered saline (PBS). Each plate was coated lightly with 100 pL/well
of the 20 pg/mL antigen solution in 0.1 M carbonate/bicarbonate buffer (pH 9.6) and incubated overnight at 4 °C.
Plates were then frozen and stored at -20 °C. One hundred microliters of dog serum, diluted 1:800 in phosphate
buffered saline containing 0.05% Tween 20 (PBST) and 1% dry skimmed milk (PBST-M) were added to each well.
The plates were incubated for 1 hour (h) at 37 °C in a moist chamber. After washing the plates three times with
PBST for 3 minutes (min) followed by one wash with PBS for 1 min, 100 pL of Protein A conjugated to horseradish
peroxidase (Thermo Fisher Scientific, Waltham, Massachusetts, USA) diluted 1:20000 in PBST-M was added to each
well. The plates were incubated for 1 h at 37 °C in a moist chamber, followed by washes with PBST and PBS as
described above. The substrate solution (ortho-phenylene-diamine) and stable peroxide substrate buffer (Thermo
Fisher Scientific, Waltham, Massachusetts, USA) were added (100 pL per well) and developed for 20+5 min at room
temperature in the dark. The reaction was terminated by adding 100 pL of 2.5 M H2S04 to each well. Absorbance
values were read at 492 nm (reference wavelength) in an automatic microELISA reader (ELISA Reader Labsystems
Multiskan, Midland, Canada). Each plate included serum samples from a dog infected with L. infantum as confirmed
by cytological examination as a positive control (calibrator) and serum samples from a healthy, non infected dog
from the blood donor program as a negative control. The same calibrator serum sample was used for all assays,
and the plates with an interassay variation greater than 10% were tested again. All samples and controls were
analyzed in duplicate. The ELISA UNIZAR test was performed by a different researcher who had no knowledge
of the rapid test, MegaFLUO LEISH® results and MegaELISA LEISH® results. The results were quantified as ELISA
UNIT (EU) compared to a positive control serum sample used as a calibrator that was arbitrarily set to 100 EU.
The cutoff value was set to 30 EU (mean+4 standard deviations of values from 70 apparently healthy dogs from a
non-endemic area and that were not included in this study). Sera with an EU = 200 were classified as high positive,
with an EU = 100 and < 200 as moderate positive, and with an EU > 30 and < 100 as low positive.

MegaFLUO LEISH®

The commercial IFAT test (MegaFLUO LEISH®, MEGACOR Diagnostik GmbH, Horbranz, Austria) was performed
as described in the instructions supplied with the test kit. Slides were examined under a fluorescence microscope
(Leica DM750 RH; Leica Microsystems, Wetzlar, Germany) at 400x magnification and each well was compared
to the fluorescence pattern observed in the positive and negative controls. All samples were examined by two
different investigators. If discrepancies arose between results, a third observer participated. They were blinded to
the results of the other serological tests.

MegaELISA LEISH®

The MegaELISA LEISH® test (MEGACOR Diagnostik GmbH, Horbranz, Austria) is a quantitative indirect ELISA for
the detection of anti-Leishmania infantum antibodies in the canine serum sample following instructions supplied
with the test kit. The MegaELISA LEISH® test was performed by a different researcher without knowledge of the
FASTest LEISH® test, the commercial MegaFLUO LEISH® and the ELISA UNIZAR results.

FASTest LEISH®

The ICT FASTest LEISH® test (MEGACOR Diagnostik GmbH, Horbranz, Austria) is a qualitative serological test
developed to detect canine antibodies against L. infantum based on immunochromatographic technology. All tests
were stored at room temperature and were performed as described in the instructions supplied with the test kit.
The examiner was blinded to the results of the quantitative serological tests.
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Statistical analysis

The Bayesian version (Branscum et al., 2005) of the LCA introduced by Hui & Walter (1980) was adopted
for evaluate the accuracy of the four diagnostic tests, given the absence of a gold standard. A four tests - two
populations model was built in order to estimate the Se and Sp of each diagnostic test. The model assumptions in
the Hui & Walter (1980) version were (1) the different true prevalences of the two populations, (2) the Se and Sp
of the tests were constant across subpopulations and (3) the tests were conditionally independent given the true
infection status. Accounting for the first assumption, the model was run using endemic versus non-endemic area
as subgroups. Additionally, different hypotheses about the dependence among tests were considered in the model
building: (Toft et al., 2005) the conditional independence among all the tests, given the infection status (i.e. presence
of antibodies against L. infantum), MOD 1 in Table 1; the conditional covariance between the ELISA UNIZAR and
MegaELISA LEISH® tests and conditional independence among FASTest LEISH® and MegaFLUO LEISH® compared
to ELISA UNIZAR and MegaELISA LEISH®, given the disease status (MOD 2). For both models, uninformative priors
for the test accuracy and prevalences were used. All analyses were carried out using Markov chain Monte Carlo
techniques and implemented in WinBUGS software. Posterior inferences were based on 50,000 iterations, after a
burn-in of 10,000 iterations. Convergence was assessed by running multiple chains from dispersed starting values,
observing autocorrelation among samplings and investigating the Brooks-Gelman-Rubin convergence statistic
(Brooks & Gelman, 1998). The Deviance Information Criterion (DIC) was used as measure of the model fitting
(smaller value is better). The median of the posterior distributions was used as an estimate for the parameters of
interest; the 2.5 and 97.5% points were used as estimates of the 95% credibility intervals (95% Posterior credibility
interval, 95% PCI). To test Se and Sp between tests, the Bayesian posterior probabilities (POPR) were calculated
and used as hypothesis testing, like in traditional statistical methods.

Table 1. Deviance Information Criterion (DIC), posterior median and 95% Posterior credibility interval (95% PCl) of population
specific-prevalence (Prev), sensitivity (Se), specificity (Sp) and conditional covariances (covSe, covSp), assuming conditional
independence among the four tests (MOD 1), conditional covariance between ELISA UNIZAR and MegaELISA LEISH® (MOD 2).

MOD 1 MOD 2
DIC 50.01 51.6
— 95% PCI — 95% PCI
median median

Prev endemic area 55.85 [48.87;62.70] 55.87 [48.84;62.75]
Prev non-endemic area 3.25 [0.12;16.12] 3.24 [0.12;16.08]
Se ELISA UNIZAR 99.37 [96.75;99.98] 99.31 [96.34;99.97]
Se MegaFLUO LEISH® 99.36 [96.67;99.98] 98.14 [94.50;99.70]
Se FASTest LEISH® 99.38 [96.73;99.98] 99.36 [96.67;99.98]
Se MegakELISA LEISH® 98.49 [95.06;99.79] 99.36 [96.69;99.98]
Sp ELISA UNIZAR 97.50 [93.38;99.42] 97.51 [93.33;99.42]
Sp MegaFLUO LEISH® 91.94 [85.79;96.06] 91.33 [85.05;95.67]
Sp FASTest LEISH® 98.43 [94.87,99.77] 98.45 [94.92;99.78]
Sp MegaELISA LEISH® 91.93 [85.84,96.06] 91.93 [85.79;96.10]
covSe 0.002 [0.000;0.020]
covSp 0.002 [-0.003;0.022]

Agreement between the results for all serological diagnostic techniques was determined using kappa statistic
(measure of agreement between categorical variables), carried out with the SPSS software Version 22 (IBM Inc.,
Chicago, IL, USA). This parameter was determined as follows: no agreement (k <0), slight agreement (0 <k <0.2),
fair agreement (0.2 <k <0.4), moderate agreement (0.4 <k <0.6), substantial agreement (0.6 < k <0.8) and almost
perfect agreement (k >0.8).
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Results

The cross-tabulated counts of the raw test results are reported in the Table 2 for endemic area and non-endemic
areaincluding one of the 16 different test patterns (e.g. combination of results of the four serological tests detected
in each group of dogs). 195 samples out of 215 (90.7%) showed concordant results for all tests included.

Table 2. Combination of results of the four serological tests detected in each group of dogs considering endemic and non-
endemic areas.

Serological technique

Endemic area Non-endemic
ELISAUNIZAR  MegaFLUO LEISH®  FASTest LEISH®  MegaELISA LEISH® (n=195) =y

+ + + + 108 0
+ + + 1 0
+ + - + O O
+ + + O 0
+ + 0 0
+ + 0 0
+ 2 0
+ + + 0 O
+ + 0 0
+ - + 0 0
+ - 8 0
+ + 0 0
+ 8 0
+ 1 0
67 20

Abbreviations: - negative, + positive.

The posterior estimates (median and 95% PCl) are presented in Table 1. Looking at Deviance Information Criterion
(DIC) (smaller is better), it seems that the model with conditional independence among all tests (MOD 1) would
be the preferable one between the two models under evaluation. However, there were no detectable differences
in posterior estimates from the two models. The results highlighted a very low prevalence for non-endemic area
(3.25%) compared to the medium/high in the endemic area (55.85%). All tests showed high values of Se, near to
100% for FASTest LEISH® (99.38%), ELISA UNIZAR (99.37%) and MegaFLUO LEISH® (99.36%), followed by MegaELISA
LEISH® (98.49%). With regard to the Sp, FASTest LEISH® (98.43%) and ELISA UNIZAR (97.50%) showed significantly
better performances (POPR < 0.05) compared to MegaFLUO LEISH® (91.94%) and MegaELISA LEISH® (91.93%).

Agreement between tests was almost perfect (k>0.80) for the all combination techniques from a maximum k

value (k=0.972) obtained between FASTest LEISH® and ELISA UNIZAR and the minimum k value (k=0.841) obtained
between MegaELISA LEISH® and MegaFLUO LEISH®, being the global results included in Table 3.

Table 3. Agreement between serological techniques included in the study including Kappa statistic, Standard Error and 95%
confidence intervals (Cl).

Kappa Standard

Agreement between techniques statistic Error 95% Cl Result
FASTest LEISH®-ELISA UNIZAR 0.972 0.016 (0.941-1.000) Almost perfect agreement
FASTest LEISH®- MegaFLUO LEISH® 0.916 0.027 (0.862-0.970) Almost perfect agreement
MegaFLUO LEISH® - ELISA UNIZAR 0.907 0.029 (0.850-0.963) Almost perfect agreement
MegaELISA LEISH® - FASTest LEISH® 0.907 0.029 (0.850-0.963) Almost perfect agreement
MegaELISA LEISH® - ELISA UNIZAR 0.897 0.030 (0.838-0.956) Almost perfect agreement
MegaELISA LEISH® - MegaFLUO LEISH® 0.841 0.037 (0.768-0.913) Almost perfect agreement
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Concerning the ability of each test to detect anti-Leishmania infantum antibody (immunoglobulin G) depending
on the dog population, some differences were observed among the group of dogs from endemic areas, especially
if seemingly healthy (see Materials and Methods). In the case of seronegative healthy dogs, one sample (1/65, 1.5%)
was classified as seropositive by FASTest LEISH®, 6 samples (6/65, 9.2%) were classified as seropositive by MegaFLUO
LEISH® (antibody titer ranging from 1:100 (n=5) to 1:200 (n=1)) and finally MegaELISA LEISH® classified 7 samples
(7/65, 10.8%) as seropositive and 4 samples (4/65, 6.2%) as inconclusive result. For samples included in clinically-
ill infected dogs, all commercial tests analyzed classified all samples as seropositive: antibody titers ranging from
1:800 to 1:102,400 by MegaFLUO LEISH® and in the case of MegaELISA LEISH® from 12 to 84 Megacor EU. In the
case of samples from seropositive asymptomatic infected dogs, two samples (2/24, 8.3%) (90 and 56 EU) were
classified as seronegative by the three commercial tests: MegaFLUO LEISH® (antibody titer 1:20), FASTest LEISH®
and MegaELISA LEISH® (1 and 4 Megacor EU). The MegaELISA LEISH® also classified a third sample (1/24, 4.2%)
(90 EU by ELISA UNIZAR) as inconclusive. In non-endemic samples antibodies to Leishmania were not detected by
any of the three commercial tests. Finally, in the group of dogs with a serological positive result to other pathogens,
only FASTest LEISH® was totally specific and no positive results were detected. In contrast, MegaFLUO LEISH® test
gave a positive result in two samples (2/19, 10.5%) for A. platys (antibody titer of 1:20 and 1:40), MegaELISA LEISH®
test gave positive result in one sample (1/19, 5.3%) for D. immitis and an inconclusive result in other 6 samples
(6/19, 31.6%), including 4 samples (4/19, 21.1%) for A. platys (antibody titer of 1:20 (n=1), 1:80 (n=2), 1:160 (n=1)),
1 sample for E. canis (antibody titer of 1:40) and 1 sample with two co-infections T. gondii (IFAT antibody titer of
1:160) and N. caninum (IFAT antibody titer of 1:100).

Discussion

The absence of a gold standard technique is a recurrent situation in clinical practice and diagnostic research
studies including confirmatory techniques for L. infantum infection in dogs (Rodriguez-Cortés et al., 2010), cats
(Persichetti et al., 2017), ferrets (Giner et al., 2020) and humans (Galluzzi et al., 2018). Although it is usual, the
application of two or more tests combination based on different principles such as molecular, serological or other
parasitological techniques when there is no reference standard. Nevertheless, classical validation is based on the
use of a reference test such as IFAT technique to evaluate the other index test (OIE, 2016). The estimates of Se
and Sp of the index test are biased because the reference test could have high Se and high Sp but not necessarily
equal to 100%. This latter bias could be resolved using statistical validation based on latent class models in a
Bayesian analysis. Despite the large number of articles focused on confirmatory techniques validation for diagnosis
of leishmaniasis, very few studies using a Bayesian statistical approach have been published in dogs (Adel et al.,
2016), cats (Persichetti et al., 2017) and other animals such as lagomorphs (De la Cruz et al., 2016).

In the study, Se value was equal for MegaFLUO LEISH®, FASTest LEISH® and the ELISA UNIZAR, obtaining
a Se approximately equal to 99.40%, whilst MegaELISA LEISH® was the commercial test with less sensitivity in
comparison to the others but its sensitivity was high (98.49%). In contrast, the highest Sp was obtained by the
FASTest LEISH® (98.43%), in comparison to the quantitative tests: ELISA UNIZAR (97.50%), followed by MegaELISA
LEISH® and MegaFLUO LEISH® (91.9%).

Various confirmatory methods for evaluating L. infantum infection exist, but their performances differ significantly.
In vitro parasite cultures are laborious, require special facilities, and are limited to research. In contrast, histology,
immunohistochemistry, molecular methods and quantitative serological methods are frequently applied in clinical
practice, but samples often need to be sent to a specialized laboratory to perform these techniques (Mir6 et al., 2008).

The group of dogs coming from the endemic area was heterogeneously composed by clinically-ill dogs and
apparently healthy dogs, as it is well known that the diagnosis in clinically-ill subjects is easy to obtain with perfect
performances by means of any diagnostic test. Among the seropositive asymptomatic infected dogs, some had a
previous serological diagnosis of positivity for Leishmania, some other did not. In any case, the classification into
subgroups did not have any weight in the Bayesian evaluation. The apparently healthy seropositive dogs and
clinically-ill infected dogs had different antibody levels ranging from 30 to 372 EU, according to the ELISA UNIZAR
and in the case of MegaELISA LEISH® antibody levels ranging from 1 to 84 MEGACOR EU. In both ELISAs the antigen
used is sonicated promastigote protein. However, small differences between the same serological ELISA technique
were detected between ELISA UNIZAR and MegaELISA LEISH®. Conversely, antibody titers detected by MegaFLUO
LEISH® ranged from 1:20 to > 1:12800. The main differences between the ELISA and IFAT techniques are the type
of antigen used and the technical method performed to obtain the results. For IFAT, the entire parasite is present
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on the slide, and the evaluation is performed with a fluorescence microscope. In contrast, the ELISA technique
uses different types of antigens, and the results are obtained by measuring the absorbance with an ELISA plate
reader. In terms of interpreting the results, IFAT is subjective and depends on the operator's experience, even
when two different experienced observers examine the samples. Intrinsic analytical variability of each quantitative
serological technique may explain the differences between results obtained in the present study. In comparison
to other studies where ELISA techniques showed better performances compared with in-house IFAT technique,
in our case the Se and Sp of the MegaFLUO LEISH®, were similar to the other tests analyzed in the present study.

In-clinic tests, cytological examinations and rapid serological tests are the most rapid and cheap methods for
detecting Leishmania infection in dogs. Microscopic examinations of samples, including bone marrow, lymph nodes,
skin lesions and body fluids, have been used. Bone marrow and lymph nodes are considered the best samples to
confirm an infection, but microscopy may not be as sensitive and is also time consuming due to the low numbers
and randomly distributed parasites (Saridomichelakis et al., 2005; Moreira et al., 2007).

In Europe, there are a limited number of commercially available ICTs for CanL with diagnostic performance
published such as SNAP® Canine Leishmania Antibody Test, Speed Leish K®, INGEZIM® LEISHMACROM and
WITNESS® Leishmania (Rodriguez-Cortés et al., 2010). Diagnostic performance of ICTs shows high specificity and
variable sensitivity from low to moderate degree depending on the test evaluated. In our study, the Sp of FASTest
LEISH® was slightly lower (98.4%) compared to the Sp (100.0%) of other ICTs. On the other hand, the Se of FASTest
LEISH® was clearly higher in comparison to other tests such as WITNESS® Leishmania with a low Se (58.0%) or
INGEZIM® LEISHMACROM with a moderate Se (75.0%). Nevertheless, the absence of a common framework makes
a correct comparison difficult in relation to the standardization of performance between ICTs.

When a testis available to use in a clinical setting, scientific information that is not obtained from the manufacturer
should be collected. A recent study provided additional information about diagnostic measures of other rapid
tests that was not included in the technical details (Solano-Gallego et al., 2014). The study (Solano-Gallego et al.,
2014) showed important variations in the Se parameter between the technical set up and the rapid test results.
A Se of 63.6% was obtained for the Speed Leish K® test, which was not consistent with the higher Se indicated in
the manufacturer's instructions. However, the test performance of FASTest LEISH® obtained in the present study
was similar to previously reported diagnostic performance results supplied with the kit.

Differences in diagnostic performance are described between quantitative serological tests and ICTs evaluated
simultaneously with a better performance in favour of quantitative serological tests. In this study, Se and Sp were
similar between FASTest LEISH® and the ELISA UNIZAR used but this situation was not similar in comparison to the
Sp value detected between FASTest LEISH® (0.984) and the two quantitative commercial tests (0.919). This FASTest
LEISH® may be a valid alternative in the absence of a quantitative test as a screening test.

One of the great difficulties in the evaluation of diagnostic tests is the lack of standardization of the clinical
classification of the animal with respect to L. infantum infection. Different classifications and stages of disease have
been proposed in CanL. However, there are notable differences when it comes to how a dog is classified following
one or another clinical classification. This added difficulty still complicates the definition of sample selection and
the possible bias can be established (Meléndez-Lazo et al., 2018). In the present study the Bayesian method, based
on groups selected only on the basis of endemic/not endemic area, avoided this possible bias.

Sample selection should be included representative and different stage of infection status regarding Leishmania
infection that can be found when serological tests are evaluated for detecting L. infantum infection. In our study,
all three serological tests discriminate samples provided from clinically-ill infected dogs and samples from non-
endemic areas. The main problem from the point of view of the application of serological techniques in a clinical
context is the Se of the serology is lowest early in Leishmania infection but high with progressive infection, and
this situation is not always included in the evaluation of serological techniques making it crucial that this type of
samples should be tested. In our study, for a better characterization of this type of dog, an additional confirmatory
technique including a quantitative PCR in blood was performed. Although blood is not the best samples selection
for detecting parasitic DNA in comparison to bone marrow or lymph node samples, the procedure to obtain these
two different samples is painful and difficult to be accepted by the owner when the dog is apparently healthy
without clinical signs and laboratory alterations.

A potential limitation of similar studies could be associated with the evaluation of the cross reactivity phenomenon
thatitis described commonly in serological techniques (Krawczak et al., 2015). We have evaluated an entire gamma
of serum samples with a serological positive result to most frequent pathogens present in our geographical area.
The inclusion of serum samples positive to other type of Leishmania species or Trypanosoma cruzi would be desirable
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but our region like other regions of the European Mediterranean basin, L. infantum is the common parasite and
these geographical regions are free of T. cruzi. The analysis of serum samples from different regions where other
pathogens are present can confirm the potential use of these commercial in other regions aside from Europe.
In any case, as above clarified, in this study the Bayesian approach overtakes the meaning of the real status of
every single sample, having the only goal to estimate the performances of the tests.

Conclusions

Latent class analysis provides a useable alternative to traditional test evaluations for serological tests for
L. infantum infection in dogs, overtaking the needing of a gold standard test or samples with a known serological
status. Using LCA we have estimated the sensitivity and specificity of the three different serological tests used in
the European Mediterranean area to detect anti-Leishmania antibodies. The results of present study indicate that
the immunochromatographic rapid test evaluated FASTest LEISH® shows similar levels of sensitivity and specificity
to the quantitative commercial tests included.
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ARTICLE INFO ABSTRACT

Keywords: A pet domestic ferret (Mustela putorius furo) with a papular lesion involving the right pinna was diagnosed with
Ferret chronic pyogranulomatous dermatitis by histopathologic examination. Intralesional, intracytoplasmic oval mi-
Leishmania infantum croorganisms compatible with Leishmania spp. or Histoplasma spp. were observed in macrophages and multi-

II;;ishrlnaniosis' nucleate giant cells. Leishmania infantum (L. infantum) infection was diagnosed by PCR, culture in Novy-MacNeal-
D“‘“e “t.f.”t"”“s furo Nicolle medium, and immunohistochemistry. Abnormal clinicopathological results included increased alanine
ermartitis

transferase, alkaline phosphatase, serum gamma glutamyl transferase and polyclonal gammpathy. Anti-
Leishmania antibodies were detected by enzyme-linked immunosorbent assay, immunofluorescence antibody test
and western blot using L. infantum antigen. Immunoreactivity against the 16 kDa specific L. infantum antigen
fraction was observed by western blot. PCR performed in blood samples obtained from this patient after positive
parasite isolation detected L. infantum DNA. To the authors' knowledge, this is the first diagnosis and isolation of
L. infantum in a domestic ferret naturally infected in an endemic region (Spain) where canine and feline leish-
maniosis is frequently detected. According to these findings, ferrets should be included as potential reservoir
hosts of L. infantum. Future investigations should analyze the epidemiological role of ferrets in L. infantum
infection including the prevalence of infection.

are the most important vector of canine leishmaniosis in the Iberian
Peninsula: Phlebotomus perniciosus and Phlebotomus ariasi (Lucientes

1. Introduction

Leishmaniasis currently ranks second only to malaria in the World
Health Organization (WHO) list of protozoan diseases that cause the
highest human mortality. It is estimated that approximately 350 million
people are under the risk of leishmaniasis infection and 12 million are
infected (Alvar et al., 2012). In southern Europe, leishmaniasis is a
zoonotic protozoan disease caused by Leishmania infantum. This parasite
is transmitted by phlebotomine sand flies under natural conditions
during feeding. Although various phlebotomine species have been im-
plicated in the transmission of L. infantum in Europe, only two species

et al., 2005). Female Phlebotomus feed on a variety of vertebrate hosts,
including humans, livestock species, dogs, wild rabbits, hares, rodents
and cats.

Dogs are considered the main reservoir host for L. infantum but
other animals can act as active reservoirs such as cats (Pennisi et al.,
2015) and rabbits (Garcia et al., 2014). The identification of other
domestic animals that can act as possible reservoir hosts for the parasite
could have a significant impact on public health. Equally, from a ve-
terinary point of view, the identification of this disease in a new animal
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Fig. 1. Different views of dermatologic lesions detected in this ferret (a, b, ¢) and full thickness biopsy performed from the ear pinna (d).
a, b, c: Erythematous and oedematous papular lesion on the right ear pinna (arrowheads). A superficial ulcer is present on the tip of the ear pinna (a, b).

species is deemed essential.

The potential role of wildlife species as reservoirs of the parasite
should be taken into account as well. Among mustelids, L. infantum
infection has been identified by PCR in liver and/or spleen tissue
samples from a polecat (Mustela putorius), a European mink (Mustela
lutreola) and other wild mustelids (Meles meles, Martes foina and Martes
martes) in the northern Iberian Peninsula (Spain) (Del Rio et al., 2014).
None of the animals showed typical canine leishmaniosis lesions at
post-mortem examination.

Although no official ferret population data are available in Europe
(d'Ovidio et al., 2014), the domestic ferret (Mustela putorius furo) is
nowadays a common household pet. This study describes for the first
time naturally-occurring L. infantum infection in a ferret.

2. Case report

A 4-year-old intact female ferret from Valencia, in the east coast of
Spain, was clinically evaluated in February 2019 because of the pre-
sence of a non-pruritic dermal lesion in the right pinna (Fig. 1). This
ferret was adopted at the age of two years with unknown previous
history. At the time of presentation, it lived in an apartment with other
ferrets and had access to an outdoor terrace. It was under chronic
medical management with prednisolone and cyclosporine A because of
inflammatory bowel disease diagnosed one year earlier. This patient
was also diagnosed with suppurative cholangitis six months prior to
dermatologic presentation.

On physical examination, this ferret was in good condition, active
and alert, normothermic and properly hydrated. Cardiac auscultation
was within normal limits. Respiratory sounds were also normal and
there was no evidence of lymph node enlargement. The fur over the
back was coarse. An erythematous, edematous and non-painful papular
lesion 5 mm in diameter was observed in the right ear pinna.
Cytological evaluation from a sample taken by needle aspiration and
stained with Diff-Quick revealed pyogranulomatous dermatitis; no in-
fectious agents were visualized. A full thickness biopsy from the ear
pinna was obtained.

2.1. Histopathology and immunohistochemistry specific against L. infantum

The skin biopsy sample was fixed in 10% formalin and embedded in
paraffin. Four pm-thick sections were stained with hematoxylin and
eosin. Severe chronic diffuse pyogranulomatous dermatitis extending
diffusely from the superficial dermis to the subcutis was noted.
Inflammation was characterized by dense infiltrates of macrophages,
few neutrophils, low numbers of lymphocytes and plasma cells, and
rare multinucleate giant cells. The auricular cartilage was unaffected.
This lesion was accompanied by areas of necrosis in the dermis and
proteinaceous edema and serocellular crusts. Macrophages and multi-
nucleate giant cells contained large numbers of oval organisms with an
eccentric nucleus and pale cytoplasm, measuring approximately 3 to
4 ym in diameter, compatible with Leishmania spp. amastigotes or
Histoplasma spp. yeasts were observed (Fig. 2). To determine the pre-
sence of Leishmania parasites in tissue section, immunohistochemistry
was performed using a standard protocol with an Autostainer Link48™
(Dako, Glostrup, Denmark) and an in-house rabbit polyclonal antibody
specific for L. infantum. Blocking of endogenous peroxidase activity
(Dako REAL™ Peroxidase-Blocking Solution, Dako, Glostrup, Denmark)
was performed before sections were incubated for 30 min with the
primary antiserum at room temperature (RT) (1 in 500 dilution in
EnVision Flex™ antibody diluent, Dako). Thereafter, sections were in-
cubated for 30 min at RT with Dako EnVision+ System-HRP,Rb™. The
substrate used for detection was 3.3’-diaminobenzidine incubated for
10 min. Sections were then counterstained with hematoxylin for 8 min
(EnVision™ FLEX Hematoxylin, Dako) and covered in slides. For the
negative control, the primary antibody was replaced with non-immune
rabbit serum. A biopsy sample of the lymph node from a dog with
clinical leishmaniosis was included as a positive control. The abundant
oval microorganisms present within the cytoplasm of dermal macro-
phages stained positively (brown) (Fig. 3).

2.2. PCR

The presence of Leishmania spp. DNA in paraffin embedded skin
biopsy was additionally evaluated by amplification of kinetoplast DNA
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Fig. 3. Immunohistochemical staining labelling of Leishmania spp. amastigotes.
Note the amastigote forms labelled in brown. (For interpretation of the refer-
ences to colour in this figure legend, the reader is referred to the web version of
this article.)

sequence using a quantitative polymerase chain reaction (qPCR). Each
amplification was performed in triplicate, in 10 pL reaction, 15 pmol of
direct primer (5’-CTT TTC TGG TCC TCC GGG TAG G-3’), 15 pmol of
reverse primer (5-CCA CCC GGC CCT ATT TTA CAC CAA-3’), 50 pmol
of the labelled TagMan probe (FAM-TTT TCG CAG AAC GCC CCT ACC
CGC-TAMRA) and 2.5 pL of sample DNA. Amplification and detection
were performed in the ABI Prism 7900 system (Applied Biosystems,
Foster City, CA, USA.) in a two-step temperature process (94 and 55 °C)
for 45 cycles. Positive controls (DNA from L. infantum MHOM /ES /04
/BCN-61) and negative controls were included in each RT-PCR analysis
(Martin-Ezquerra et al., 2009). A positive result by PCR was obtained
from the paraffin block. Additional diagnostic procedures included
detection of parasite DNA by PCR from peripheral blood sample and
Whatman filter paper number 3 with aspirated material from the
perilesional excised area, serology and parasite isolation. Concerning
the blood sample and Whatman filter paper results, Leishmania spp.
DNA was detected in both samples.

2.3. Serology

Anti-Leishmania antibodies were detected by western blot (WB) and
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Fig. 2. Histological sections of affected tissues with leishma-
niosis in a ferret.

a: Note a papular thickening of the ear (delimited with ar-
rowheads) due to granulomatous inflammation. ¢ = auricular
cartilage.

b: A higher magnification of this inflammatory lesion reveals
infiltrates of macrophages and low numbers of lymphocytes as
a well as a multinucleate giant cell (arrow). The cytoplasm of
macrophages and this giant cell are ladden with oval micro-
organisms with an eccentric nucleus. Hematoxylin and eosin.

enzyme-linked immunosorbent assay (ELISA) using sonicated L. in-
fantum antigens (MHOM/FR/78/LEM75 zymodeme MON-1). WB was
performed as described by Riera et al. (1999), with some modifications.
It was done on 0.1% SDS-13% polyacrylamide gel on a Mini-gel Bio
RadSystem. Sera diluted at 1/50 were assayed and a protein A perox-
idase conjugate (1/1000 dilution; Pierce) was used. A serum positive
was considered when immunoreactivity against the 14 and/orl6 kDa
Leishmania antigen fraction was observed. ELISA was performed as
described by Riera et al. (1999). Sera were diluted at 1/50 and a protein
A peroxidase conjugate (dilution, 1/8000; Pierce) was used. The cutoff
was set to 0.137 optical density units (OD) (mean + 4 standard de-
viations of values from 8 ferrets with a negative result for Leishmania
real-time PCR in blood). Each test included serum from a L. infantum
confirmed symptomatic dog from Spain with a L. infantum isolation as
positive control and serum from a healthy, non-infected dog as negative
control because the protein A peroxidase conjugate has been employed
in canine samples. Immunoreactivity from the Leishmania antigen was
detected by WB (band of 16 kDa) and specific antibodies against L.
infantum were detected by ELISA. Medium levels of antibodies were
determined with an OD result of 0.599.

Later, other quantitative serological tests were performed including
an in-house immunofluorescence antibody test (IFAT), for detecting L.
infantum immunoglobulin G antibodies using L. infantum (strain
MHOM/FR/78/LEM75 zymodeme MON-1) as whole-parasite antigen
fixed on multi-spot slides (Thermo Fisher Scientific, Waltham,
Massachusetts, USA). All samples were diluted 1:20 with phosphate-
buffered saline (PBS), and the endpoint titer of positive samples was
determined by preparing serial twofold dilutions of the serum starting
from the cutoff value. Immediately thereafter, 20 uL of every diluted
serum sample were applied per well. The slides were incubated for
30 min at 37 °C in a moist chamber. Slides were then washed twice with
PBS for 5 min and once with distilled water. Following the washing
procedure, 20 pL of fluorescein-conjugated goat anti-ferret im-
munoglobulin G (Abcam, Cambridge, United Kingdom) diluted 1:16 in
Evans blue solution were added to each well. The slides were incubated
in a moist chamber at 37 °C for an additional 30 min in the dark. The
washing procedure was repeated, and several drops of mounting
medium were then added to the cover slips. Slides were examined
under a fluorescence microscope (Leica DM750 RH; Leica
Microsystems, Wetzlar, Germany) at 400 X magnification and each
well was compared to the fluorescent pattern observed in the positive
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and negative controls. The samples were examined by two different
researchers. The cutoff for this technique was set to 1:20 dilution by
analyzing 8 serum samples from ferrets with a negative result for
Leishmania real-time PCR in blood. The same procedure was repeated
with the modification of fluorescein-conjugated goat anti-dog im-
munoglobulin G (Abcam, Cambridge, United Kingdom). Due to the lack
of ferret positive reference serum samples, the ferret IFAT was de-
termined by carrying out a parallel canine test run, using positive serum
control (a dog from Spain with L. infantum confirmed with positive L.
infantum culture) and negative serum control (dog from United
Kingdom, a non-endemic area). Positive and negative controls were
included on each slide. The result of the ferret IFAT was positive at
1:160 dilution with fluorescein-conjugated goat anti-ferret im-
munoglobulin G. However, a negative result of the ferret serum sample
was obtained with fluorescein-conjugated goat anti-dog im-
munoglobulin G.

2.4. In vitro isolation and cultivation

For parasite isolation, Novy-MacNeal-Nicolle (NNN) medium and
Schneider medium supplied 100 IU/ mL penicillin and 100 pg/mL
streptomycin solution and 10% foetal calf serum was used.

Several drops of the aspirated material from the perilesional skin
excised area were introduced into the liquid phase of the NNN and were
incubated in medium Schneider at 26 = 1 °C and cultures were mi-
croscopically assessed every day. The culture was positive after three
days of incubation and Leishmania spp. strain isolated (Clinical
Immunology Laboratory, University of Zaragoza) was molecularly type
as isolated as L. infantum (Laboratory of Parasitology, University of
Barcelona) and named MMST/ES/2019/ZGZ103.

2.5. Clinicopathological findings

Complete blood cell count revealed hematological values within
normal limits and serum biochemistry profile showed elevated serum
alanine transferase (ALT: > 1000 U/L, reference 82-289 U/L), alkaline
phosphatase (ALKP: 239 U/L, reference 9-84 U/L), serum gamma
glutamyl transferase (GGT: 250 U/L reference 0.2-14 UI/L), alpha-2
globulins (11.1 g/L; reference 4.2-8.5 g/L) and gamma-globulins (22 g/
L; reference 2.7-9 g/L (4.8-14.7%)) with an A/G ratio of 0.69 (re-
ference 0.58-1.33). Serum protein electrophoresis revealed polyclonal
gammopathy.

3. Discussion

To the authors” knowledge, this report describes the first clinical
case of leishmaniosis in a domestic ferret (Mustela putorius furo) and is
the first notification of natural L. infantum infection detected by parasite
culture in mustelids. The diagnosis of clinical leishmaniosis in this
ferret was based on the clinical signs, pathologic findings, and con-
firmatory L. infantum techniques, particularly PCR and -culture.
However, experimental infection has been described in ferrets used as
animal models for the study of antileishmanial compounds (White
et al., 1989). In dogs, the evolution and pathogenesis of natural infec-
tion is highly variable and not easily comparable with experimental
infection. There may also be differences in the clinical course as well as
in antibody production, among others. This situation therefore could be
extrapolable in ferrets.

In the past decade wild animals such as lagomorphs and canids
other than dogs have been attributed an important role in the trans-
mission cycle of L. infantum (Mir6 et al., 2017a). Domestic ferrets have
probably not played a crucial role as reservoir for L. infantum infection;
however, studies may be necessary to elucidate the epidemiological role
of domestic ferrets as household pets in this transmission cycle.

The ferret from this case report was infected in an urban environ-
ment in Valencia, on the East coast of the Iberian Peninsula fronting the

Veterinary Parasitology: Regional Studies and Reports 19 (2020) 100369

Gulf of Valencia on the Mediterranean Sea, a geographical area where
P. perniciosus is the most prevalent phlebotomine species detected
(Aransay et al., 2004). Recent data about seropositivity rate of L. in-
fantum in dogs in the East of Spain confirms that detection of anti-
Leishmania antibodies was higher compared to the rest of the pathogens
analyzed including Anaplasma spp., Ehrlichia canis, Borrelia burgdorferi
and Dirofilaria immitis in this region (Mir6 et al., 2013). Human leish-
maniasis has also been detected in the Valencia region and a recent
outbreak of cutaneous leishmaniasis was described (Roth-Damas et al.,
2017). In this sense, One Health context confirms the endemic nature
and the high prevalence of the infection in the European Mediterranean
regions and the potential possibility to detect the presence of L. in-
fantum infection in other animals living in the same geographical area.

The presence of parasite in blood samples should be considered an
important factor in the risk of iatrogenic transmission of L. infantum by
blood transfusion as it is reported in other species such as dogs (Tabar
et al., 2008). Moreover, transmission by vectors should be taken into
account and preventive measures to avoid infection transmission from
this and any other ferrets should be applied as is done in dogs (Mir6
et al., 2017b) and cats (Brianti et al., 2017).

A broad range of immune responses and clinical manifestations
have been described in canine leishmaniosis. Infection in dogs may be
subclinical or manifested as a self-limiting disease, or a severe, and
sometimes, fatal illness. Subclinical infection is not necessarily perma-
nent and factors such as immunosuppression or concomitant diseases
could break the equilibrium and lead to the progression of clinical
disease in dogs (Solano-Gallego et al., 2009) as in cats (Pennisi et al.,
2015) and humans (Alvar et al., 2012). Although ferrets are often re-
latively resistant to the immunosuppressive effects of prednisolone, this
patient was under immune-modulating drugs therapy (prednisolone
and clyclosporine) that might have caused immunosuppression and
contributed to the clinical manifestation of Leishmania infection.

The macroscopic skin lesions of canine and feline leishmaniosis can
be diverse, even in the same patient. The main clinical presentations
include exfoliative, ulcerative, nodular, sterile pustular and papular
dermatitis, nodules at the site of parasite inoculation and onycho-
gryphosis (Manolis et al., 2014; Pennisi et al., 2015). These lesions are
the result of granulomatous or pyogranulomatous inflammation that
targets different structures of the skin and of the deposition of immune
complexes (Manolis et al., 2014). The ferret of this report presented
with pyogranulomatous dermatitis compatible with a less common
clinicopathological presentation of the disease (papular dermatitis or
nodule at the site of parasite inoculation). In dogs, each presentation
may reflect a different host—parasite relationship, as in the case of the
nodular and papular dermatitis, which are considered markers of high
and low susceptibility to canine leishmaniosis, respectively (Manolis
et al., 2014).

Clinicopathological findings detected in this ferret included mod-
erately increased serum enzyme activities (ALT, ALKP and GGT) com-
patible with liver disorders and polyclonal hypergammaglobulinemia.
Inflammatory, infectious and toxic hepatic disease. Hepatic lipidosis,
and hepatic neoplasia are the most common hepatic diseases en-
countered in this species (Huynh and Laloi, 2013). Hepatic disease
often remains subclinical, which may lead to difficulties in diagnosis.
Canine leishmaniosis can occasionally cause hepatitis and elevation of
liver enzymes (Rallis et al., 2005). In the ferret of this report, the cause
of ALT, ALKP and GGT elevations and if these were related to leish-
maniosis cannot be determined because liver biopsies were not ob-
tained.

Hypergammaglobulinemia in ferrets is associated with a variety of
infections including Aleutian disease, systemic coronavirus, canine
distemper virus, certain neoplasia or systemic mycoses (e. g., blas-
tomycosis and coccidioidomycosis) (Melillo, 2013). In canine leishma-
niosis, serum protein electrophoresis reveals an increase of total pro-
teins and globulins, as well as a typically polyclonal gammapathy. In
this regard, the serum electrophoretogram detected in the ferret was
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very similar to the typical serum protein electrophoresis in dogs (Maia
and Campino, 2018) and cats (Pennisi et al., 2013) with clinical
leishmaniosis, but not specific for a single infectious disease in ferrets.

The diagnosis of canine and feline leishmaniosis traditionally fo-
cuses on the detection of specific antibodies against L. infantum in
clinical and research settings, with numerous serological techniques
developed including IFAT, ELISA and WB techniques. The validation
and adaptation of each serological technique to the animal species and
reagents employed to perform the technique requires the use of antisera
specific to the animal species analyzed. In this regard, serological
evaluation of this ferret was performed with two different anti-im-
munoglobulin G conjugates in the in-house IFAT technique, with a
positive result only with specific detection of anti-ferret im-
munoglobulin G instead of anti-dog immunoglobulin G. Protein A as a
conjugated reagent, by contrast, is capable of interacting with the
fragment crystallizable region from immunoglobulin G of several ani-
mals including ferret, dog (Riera et al., 1999) and cat (Solano-Gallego
et al., 2007), being this reagent is very useful to determine total serum
immunoglobulin G in animals with clinical leishmaniosis at the time of
diagnosis.

The results described are strongly suggestive of a possible role of
ferrets as reservoir of Leishmania infection. Further epidemiological
studies are needed to understand the role of ferrets as a potential re-
servoir for human infection and how the infection could develop into
the disease over time. Equally, therapeutic management for anti-
Leishmania treatment in pet ferrets should be considered.
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Abstract

Background: Feline leishmaniosis is a vector-borne parasitic disease caused by Leishmania spp. Leishmania infec-
tion in dogs is prevalent in the Mediterranean basin, but in other animals, such as cats, it could also play a role in the
epidemiology of the disease. Information on the geographical distribution and epidemiological features of L. infan-
tum infection in cats is scarce, particularly in urban stray cats living in regions where canine leishmaniosis is endemic.
As diagnosis can be challenging, combining different serological and molecular methods is a useful approach. Our
aim was to investigate the prevalence of infection of L. infantum in apparently healthy stray cats in an endemic
region of Spain (Zaragoza city) using serological and molecular methods, and to compare the results of the different
techniques.

Methods: The prevalence of Leishmania infection was studied in stray cats captured in urban and peri-urban areas
of Zaragoza. Blood was collected from each animal for serology and molecular analysis. Three serological methods,
namely the immunofluorescent antibody test (IFAT), enzyme-linked immunosorbent assay (ELISA) and western blot
(WB), were used to detect L. infantum antibodies and a real-time PCR (gPCR) assay was used to detect L. infantum
DNA. The results were analyzed by Fisher's exact test and Cohen’s kappa statistic (k) to assess the level of agreement
between the diagnostic techniques.

Results: Serological analysis of blood samples from 180 stray cats revealed 2.2% (4/179) Leishmania infection positiv-
ity by IFAT, 2.8% (5/179) by ELISA and 14.5% (26/179) by WB. Leishmania DNA was detected by gPCR in 5.6% (10/179)
of the cats. Sixteen cats (8.9%) tested positive by only one serological technique and four tested positive by all three
serological methods used. The overall rate of infected cats (calculated as the number of cats seropositive and/or gPCR
positive) was 15.6%, and only two cats tested positive by all the diagnostic methods. A significant association was
found between male cats and a positive gPCR result. Comparison of the techniques revealed a fair agreement in sero-
positivity between blood gPCR and IFAT (k=0.26), blood gPCR and ELISA (k=0.24), WB and ELISA (k=0.37) and WB
and IFAT (k=0.40). The highest agreement between seropositive results was between IFAT and ELISA (k=0.89), and
the lowest was between blood gPCR and WB (k=0.19). The prevalence of the feline leukemia virus antigen was 4.49%
L (8/178 cats) and that of the feline immunodeficiency virus (FIV) antibody was 6.74% (12/178), while co-infection with
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both retroviruses was observed in one female cat (1/178). Leishmania ELISA and IFAT seropositivity were statistically

associated with FIV status by the chi-square test.

Conclusions: The results obtained in this study, using serological tests and gPCR, indicate the existence of L. infan-
tum asymptomatic infection in apparently healthy stray cats in the city of Zaragoza, an endemic area in Spain.

Keywords: FelV, FIV, Leishmania infantum, Serology, PCR, Blood, Cat

Background

Leishmaniosis is a complex vector-borne disease caused
by different species of the genus Leishmania that is
endemic in 88 countries of southern Europe, Africa, Asia
and South and Central America. More than 350 million
people are estimated to be at risk of the disease [1], with
dogs being the main reservoir for Leishmania infantum
infection. Based on seroprevalence studies and environ-
mental variables, 23.2% of dogs in Italy, Spain, France
and Portugal are estimated to be infected [2]. Although
Leishmania infection in dogs is well documented, there is
a need for more information on its prevalence in cats in
the same areas.

Various phlebotomine species are implicated in the
transmission of L. infantum in Europe, of which only two
are found in Spain: Phlebotomus ariasi and Phlebotomus
perniciosus [3]. Female Phlebotomus spp. feed on a vari-
ety of vertebrate reservoirs, including humans, livestock,
dogs, wild rabbits, hares, rodents and cats [4], with vari-
able impacts on the epidemiology of leishmaniosis. Col-
onies of stray cats could play a role in the maintenance
of the Leishmania life-cycle in an urban environment,
where cats are naturally exposed to active vectors.

Free-roaming cats in European cities are a potential
source of zoonotic diseases. In the case of Leishmania,
cats can be infected for several years without exhibiting
clinical signs [5]. In dogs, clinical manifestations of infec-
tion may range from absent or mild to severe and even
fatal disease. This variability is thought to be the result of
a cell-mediated immune response from the host, which
may be influenced by the genetic background. A similar
pattern of humoral and cell-mediated adaptive immune
response is detected in cats from endemic areas of L.
infantum [6]. The most common clinical signs of feline
leishmaniosis (FeL) include peripheral lymphadenomeg-
aly, cutaneous and mucocutaneous lesions (e.g. nodu-
lar and/or ulcerative dermatitis), generalized weakness,
weight loss, anorexia and ocular and oral lesions. Some of
the most frequent clinicopathological abnormalities seen
in FeL are non-regenerative anemia, hyperproteinemia
with hyperglobulinemia and hypoalbuminemia and pro-
teinuria [7].

To carry out the complex diagnosis of FeL, serologi-
cal and molecular techniques are commonly employed
in clinical and epidemiological studies [8]. Serological

studies have included the immunofluorescent antibody
test (IFAT) [9], the direct agglutination test (DAT) [10],
the enzyme-linked immunosorbent assay (ELISA) [11]
and western blot (WB) [12]. In contrast with serology
techniques, molecular diagnostic techniques are not
restricted to bodily fluids, but can also be applied to bone
marrow, the lymph node, spleen and skin tissues. Nev-
ertheless, blood is the most commonly used sample for
molecular testing in epidemiological surveys.

In an epidemiological survey carried out in the area of
Barcelona (Spain), molecular test results indicated that L.
infantum subclinical infections outnumber clinical infec-
tions in cat populations in endemic regions [13]. As sero-
logical methods may not be sufficiently sensitive to bring
subclinical infections to light, a combination of at least
two positive results by molecular and serological tech-
niques is recommended for a more accurate estimation of
Leishmania infection [14]. Several studies have provided
seroprevalence and molecular data in endemic south-
ern European countries, particularly Spain [15], France
[16], Portugal, [17] and Italy [18], but considerable gaps
in regional data remain to be filled. Given the absence
of epidemiological studies on feline infection in the city
of Zaragoza, an endemic region of Spain, the aims of the
present study were: (1) to investigate the prevalence of L.
infantum infection in stray cats in Zaragoza using serol-
ogy and quantitative (qQPCR) assays; and (2) to evaluate
the screening results of apparently healthy stray cats liv-
ing in an endemic region by comparing serological and
qPCR test data.

Methods

Study areas, cats and sampling

The study was carried out in the city of Zaragoza
(41°38'58.8948”N, 0°53'15.7632”W, the Aragon region
of Spain) on cats who had lived through at least one
transmission season. Based on an expected seropreva-
lence of 8.5% (the canine seroprevalence in Zaragoza),
an accepted 5% deviation from the true prevalence and a
confidence level of 95%, the sample size necessary to esti-
mate the seroprevalence was calculated to be 120 cats.
The study population comprised 180 stray cats captured
in urban and peri-urban areas of Zaragoza (Fig. 1) within
the framework of a trap, neuter and release sterilization
program run locally to control stray populations.
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Fig. 1 Location of the stray cat colonies in Zaragoza. a Urban colonies: 7 Miralbueno, 2 Valdefierro, 3 Delicias, 4 Valdespartera, 5 Casablanca, 6 Actur,
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Captured stray cats were anesthetized with a combina-
tion of dexmedetomidine (Dexdomitor®; 15 ug/kg, sub-
cutaneous injection), ketamine (Anaestamine®; 5 mg/
kg, subcutaneous injection) and methadone (Semfor-
tan® 0.3 mg/kg, subcutaneous injection). Data on the
breed, age, gender and colony of origin of each cat were
recorded. A complete physical examination was carried
out before sampling.

Prior to collecting blood, the fur of the cats was
trimmed around the jugular region. Sampling con-
sisted of collecting 2 ml of blood aseptically by jugular
venepuncture, with the collected volume divided equally
between a sterile blood collection tube (to obtain the
serum) and a second tube containing ethylenediamine-
tetraacetic acid (EDTA) anticoagulant (for PCR analy-
sis). Blood and separated serum were stored at — 20 °C
until processing. Routine laboratory tests, such as a com-
plete blood count and biochemistry profile, were not
performed.

Diagnostic serological tests

Detection of specific antibodies was performed using
three in-house serological techniques: the IFAT, ELISA
and WB.

Detection of L. infantum antibodies by IFAT

The IFAT was performed according to the standard pro-
cedures of the World Organization for Animal Health
[19], using promastigote forms of the strain MHOM/
MON-1/LEM 75 zymodeme MON-1 as a whole-para-
site antigen fixed on multi-spot slides (Thermo Fisher
Scientific, Waltham, MA, USA). Sera from the captured
cats were assayed in serial twofold dilutions from 1:20
to 1:2560. Briefly, a twofold dilution of each serum was
applied per well. The slides were incubated for 30 min at
37 °C in a moist chamber, and then washed twice with
phosphate buffered saline (PBS) for 5 min and once more
with distilled water. After the washing procedure, 20 ul
of goat anti-cat IgG-fluorescein isothiocyanate conjugate
(Sigma-Aldrich, Saint Louis, MO, USA) diluted 1:64 in
0.2% Evans blue was added to each well. The slides were
incubated in a moist chamber at 37 °C for another 30 min
in complete darkness and washed again as described
above.

After the second washing procedure, a few drops of
mounting medium were placed on the cover slips. The
slides were examined under a fluorescence microscope
(Leica DM750 RH; Leica Microsystems, Wetzlar, Ger-
many) at 400x magnification, and each well was com-
pared to the fluorescence pattern seen in the positive
and negative controls. Positive and negative controls
were included on each slide. A positive control serum
was obtained from a cat from Spain diagnosed with FeL,
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confirmed by a positive L. infantum isolation using a
biphasic Novy, McNeal and Nicolle blood agar (NNN)
medium, and a negative control serum was obtained
from a healthy, non-infected indoor cat. The cut-off value
for positive sera was 1:80, in accordance with the litera-
ture [8]. Two trained researchers examined every IFAT
sample, and a third investigator participated if discrepan-
cies arose between results.

Detection of L. infantum antibodies by a quantitative ELISA
The ELISA was performed on all sera as described pre-
viously, with some modifications [20]. Briefly, each plate
was coated with 20 pg/ml of crude antigen obtained from
L. infantum promastigote forms (MHOM/MON-1/LEM
75) in 0.1 M carbonate/bicarbonate buffer (pH 9.6), and
incubated overnight at 4 °C. A 100-ul aliquot of cat sera,
diluted 1:200 in PBS containing 0.05% Tween 20 (PBST)
and 1% dry skimmed milk (PBST-M), was added to each
well. The plates were then incubated for 1 h at 37 °C in
a moist chamber, following which they were washed
and 100 pL of Protein A conjugated to horseradish per-
oxidase (Thermo Fisher Scientific) diluted 1:20,000 in
PBST-M was added. The plates were incubated for 1 h at
37 °C in the moist chamber and were washed again with
PBST and PBS as described above. The substrate solution
(ortho-phenylene-diamine) and stable peroxide substrate
buffer (Thermo Fisher Scientific) were added to each well
and the reaction was allowed to develop for 2045 min at
room temperature in the dark. The reaction was stopped
by adding 2.5 M H,SO, to each well. Absorbance values
were read at 492 nm in an automatic microELISA reader
(ELISA Reader Labsystems Multiskan, Midland, ON,
Canada).

As a positive control (calibrator), each plate included
serum from a cat from Spain diagnosed with FelL, con-
firmed by a positive L. infantum isolation using an NNN
medium, and as a negative control, serum from a healthy,
non-infected cat. The same calibrator serum was used
for all assays and plates, with a constant inter-assay vari-
ation of <10%. Plates with an inter-assay variation of
>10% were discarded. All samples and controls were
run in duplicate. The results were quantified as ELISA
units (EU) compared to the positive control serum used
as a calibrator and arbitrarily set at 100 EU. The cut-off
was established at 13 EU (mean+4 standard deviations
[SD] of values from 50 indoor cats from northern Spain)
and the results above this value were considered to be
positive.

Detection of L. infantum antibodies by WB

Anti-Leishmania antibodies were detected by WB using
a whole antigen of L. infantum promastigotes (MHOM/
FR/78/LEM75 zymodeme MON-1), as described by
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Riera et al. [20] with some modifications. Antigen elec-
trophoresis in 1% sodium dodecyl sulfate/15% poly-
acrylamide gels together with molecular mass protein
standards (Standard Low Range; Bio-Rad, Hercules, CA,
USA) was performed on a Mini-Gel AE 6400 Dual Mini
Slab Kit (ATTO Corp., Tokyo, Japan). The gels were run
at 100 V for 1 h at room temperature.

Polypeptides were transblotted onto nitrocellu-
lose sheets (0.45-mm pore size, HAWP 304 FO; Mil-
lipore Corp., Bedford, MA, USA), which were blocked
with 20 mM Tris, 0.13 mM NacCl, pH 7.6 (TS) and 5%
skimmed milk, overnight at 4 °C. The sheets were washed
in TS and introduced into a multiscreen apparatus (Mini
Protean II, Multiscreen Apparatus; Bio-Rad). Sera were
diluted 1:200 in TS/1% skimmed milk and 0.2% Tween
20. Then 500 pl of each sample was introduced into each
channel of the multiscreen apparatus and incubated for
2 h at 37 °C. Bound immunoglobulins were developed by
incubation with a 1:1000 dilution of Protein A peroxidase
conjugate (Thermo Fisher Scientific) for 1 h. After the
sheets were washed three times with TST and a final time
with TS, color was developed with 4-chloro-1-naphthol
(Thermo Fisher Scientific) and H,0,, and the reaction
was stopped with tap water after 30 min. The sera were
considered to be positive when immunoreactivity from
low-molecular-weight polypeptide fractions of 14, 16, 18,
20, 24, 36 and 46 kDa from the Leishmania antigen was
observed, as previously reported [21, 22].

Detection of L. infantum DNA by qPCR
A qPCR was used in this study. DNA was extracted from
200 pl of blood by the isolation of nucleic acids accord-
ing to the protocol of the Quick-DNA Miniprep Plus Kit
(Zymo Research, Irvine, CA. USA) and eluted in 50 pl of
elution buffer, following the manufacturer’s instructions.
Leishmania spp. DNA was detected and quantified by
amplification of a kinetoplast minicircle DNA sequence
by qPCR [23]. Each amplification was performed in trip-
licate in a 10-ul reaction mixture containing 1x iTaq
supermix with Rox (Bio-Rad), 15 pmol of direct primer
(5’-CTTTTCTGGTCCTCCGGGTAGG-3'), 15 pmol of
reverse primer (5-CCACCCGGCCCTATTTTACAC
CAA-3’), 50 pmol of the labeled TagMan probe (FAM-
TTTTCGCAGAACGCCCCTACCCGCTAMRA) and
2.5 ul of sample DNA. Cycling was performed using the
ABI Prism 7900 system (Applied Biosystems [Thermo
Fisher Scientific], Foster City, CA, USA) att 94 °C/55 °C
for 40 cycles. A non-template control was used in each
run as the qPCR negative control. A tenfold dilution
series of DNA from promastigotes (MHOM/ES/04/
BCN-61, L. infantum zymodema MON-1) was used for
calibration (serial dilution from 10° to 102 parasites/ml),
allowing the plotting of a standard curve. The qPCR was
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considered to be positive for Leishmania when the quan-
tification cycle (Cq) was < 40 and the amplification was
detected in all the replicates.

Detection of feline leukemia virus antigens

and feline immunodeficiency virus antibodies

by an immunochromatographic rapid test

The rapid test (Uranotest FeLV-FIV; URANOVET, Barce-
lona, Spain) was performed following the instructions of
the manufacturer. All tests were stored at room tempera-
ture and were performed as described in the instructions
supplied with the test kit.

Statistical analysis

The SPSS software package (SPSS Inc. IBM Corp., Chi-
cago, IL, USA) was used for statistical analysis. Associa-
tions between L. infantum and the recorded variables
(gender, location, colony of origin, type of environment
[including urban or peri-urban area] and feline immuno-
deficiency virus/feline leukemia virus [FIV/FeLV] status)
were analyzed. The significance of these differences was
assessed using Fisher’s exact test and a Chi-square test.
A P value<0.05 was considered to be significant. Agree-
ments between diagnostic techniques were evaluated
using Cohen’s kappa statistic (x) as follows: no agreement
(k<0), slight agreement (0 < x < 0.2), fair agreement (0.2
< K < 0.4), moderate agreement (0.4 < x < 0.6), substantial
agreement (0.6 < k < 0.8) and almost perfect agreement
(x >0.8).

Results

Animals studied

All of the tested cats (97 females, 83 males) were short-
haired breeds, adults (> 1 year old) and assessed as
apparently healthy, with no evident systemic or dermato-
logical signs found during the general physical examina-
tion. Eighty-two cats came from urban colonies (n=10)
and 98 from peri-urban colonies (#=9). Samples of
serum for Leishmania serological testing and blood for
Leishmania qPCR were obtained from nearly all of the
cats (178/180). A serum sample was not available from
one of the cats and blood containing EDTA anticoagulant
was not obtained from another. One serum sample was
of insufficient volume to perform a serological analysis to
detect the presence of FeLV antigens and FIV antibodies
but was used for a Leishmania serology test.

Serology and qPCR for L. infantum

Among the 179 cats for which samples were available for
testing, four were seropositive for L. infantum by IFAT,
with antibody titers ranging from 1:80 (1 cat) to 1:160
(2 cats) and 1:640 (1 cat). Of these four cats, two, with
antibody titers of 1:160 and 1:640, respectively, tested
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positive for L. infantum by all of the diagnostic meth-
ods employed; the other two cats tested positive only by
ELISA and WB (Table 1).

Ten of the 179 cats tested were seroreactive by IFAT,
with antibody titers below the IFAT cut-off: 1:20 in five
cats and 1:40 in the other five cats. None of these ten
cats tested positive by the other serological techniques or
qPCR (Table 1).

Five cats (2.7%) were seropositive to the L. infan-
tum antigen (mean £ SD:39.8 £44 EU) by ELISA. One
cat (Cat 46) showed a high antibody ELISA titer (118
EU) and tested positive by IFAT, WB and qPCR. The
other four ELISA-seropositive cats showed low positiv-
ity (range 14-26 EU) (mean=+SD:20.3+5.7 EU); one
of these (Cat 95) was also positive by all four diagnostic
methods and a second (Cat 109) was only positive by
ELISA. The other 174 cats tested were seronegative by
ELISA (mean+SD:5.94+1.6 EU). No doubtful results
were obtained with this test for any cat (Table 1).

In the WB analysis, none of the polypeptide fractions
were recognized in 26 cats (14.52%). The sensitivity to the
L. infantum antigen is reported in Fig. 2. Of these 26 cats,
16 showed only one molecular mass band, seven showed
two molecular mass bands, two showed four molecular
mass bands and one showed five molecular mass bands.

The most frequent positive band was at 46 kDa (17/26
cats), followed by a band at 16 kDa (10/26). Nine of these
17 cats with a positive band at 46 kDa tested positive
for Leishmania spp. DNA by qPCR, of which six were
seroreactive to the 46-kDa band, one (Cat 13) to the 24-
and 46-kDa bands, one (Cat 95) to the 14-, 16-, 36- and
46-kDa bands and one (Cat 46) to 14-, 16-, 24-, 36- and
46-kDa bands (Table 1). Of these 26 cats that tested posi-
tive by WB, four also tested positive by IFAT and ELISA
and two by qPCR. In total, seven of the 26 cats were
qPCR positive.

The molecular analysis detected Leishmania spp. DNA
in ten of the 179 animals studied (5.6%), two of which
also tested positive by all the serological techniques, one
tested positive only by qPCR and the rest were also posi-
tive by WB (Table 1).

The overall prevalence of L. infantum infection was
15.6%, considering a cat to be infected if it tested positive
by at least one of the diagnostic techniques.

Association of Leishmania positivity with colonies

Positive results associated with the colony of origin are
listed in Table 1. Cats in 11 of the 19 colonies tested
positive for L. infantum infection, with the majority of
these cats located in three colonies: one urban (21.74%
of positive cats [5/23], colony 1) and two peri-urban
(20.83% of positive cats [5/24], colony 11; and 30.77% of
positive cats [4/13], colony 18). In terms of sex, 18.07%
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of males (15/83) and 7.21% of females (7/97) tested pos-
itive by at least one technique.

Two cats, one male (Cat 95) and one female (Cat 46)
from different colonies were positive for L. infantum
infection by all the diagnostic techniques, although
physical examination of these two infected cats did not
reveal any abnormalities compatible with FeL. Among
the 180 cats included in this analysis, two males (Cat
177 and Cat 178) from different colonies yielded a posi-
tive result with all of the serological techniques but
were negative by qPCR; physical examination of these
cats revealed no abnormality.

No significant association was found between positiv-
ity for anti-Leishmania antibodies and gender, location
or type of environment (Table 2). A significant associa-
tion was found between gender (male) and positivity
detected by qPCR (P=0.026).

Agreement between serological and molecular findings

The seroprevalence of L. infantum infection, based on
a positive result in any serological test, was 15.1% (95%
confidence interval [CI] 10.5-21.1%). The seropreva-
lence rate according to the different tests was 14.5%
for WB (95% CI 10.1-20.5%), 2.8% for ELISA (95% CI
1-6.6%) and 2.2% for IFAT (95% CI 0.7-5.8%). The
molecular prevalence was 5.6% (95% CI 2.9-5.6%). The
overall prevalence of L. infantum infection, based on a
positive result from at least one of the diagnostic tech-
niques, was 15.6% (95% CI 10.9-21.6%). Kappa agree-
ment was almost perfect between IFAT and ELISA
results (k=0.89), and fair between IFAT and qPCR
(x=0.26) and ELISA and qPCR (x=0.24). Agreement
was higher between IFAT and WB (x=0.40) than
between ELISA and WB (k=0.37), and there was a
slight agreement between WB and qPCR (k=0.19).

Serological prevalence of FeLV and FIV infections

The seroprevalence of FeLV and FIV infections was
4.49% (8/178 cats) and 6.74% (12/178), respectively.
Among the 178 cats, eight cats (5 males and 3 females)
were seropositive by the immunochromatographic test
for FeLV. The presence of antibodies against FIV was
detected in five males and seven females.

No significant association was found between positiv-
ity for FeLV infection and positivity for anti-Leishma-
nia antibodies, gender, location or type of environment
(Table 3). In contrast, a significant association was
found between FIV infection and positivity detected by
IFAT (P=0.023) and ELISA (P=0.037). No other sig-
nificant associations were found for the other factors
evaluated.
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Table 1 Summary of positivity based on different diagnostic tests from all cat colonies

Colony Location Gender ELISA (EU) IFAT WB (kDa bands) PCR blood (Cq)
Colony 1 (n=23) Urban Male 15/23 0/15 0/15 4/15 4/14
Cat 13 (24, 46) Cat 13 (Cq 398)
Cat 24 (46) Cat 24 (Cq 36)
Cat 27 (46) Cat 27 (Cq 398)
Cat 28 (46) Cat 28 (Cq 38)
Female 8/23 0/8 0/8 1/8 1/8
Cat 2 (46) Cat2(Cq34)
Colony 2 (n=9) Urban Male 1/9 0/1 0/1 0/1 0/1
Female 8/9 0/8 0/8 0/8 0/8
Colony 3 (n=6) Urban Male 3/6 0/3 0/3 2/3 1/3
Cat 22 (46) Cat 22 (Cq 37)
Cat 61 (46)
Female 3/6 0/3 0/3 0/3 0/3
Colony 4 (n=8) Urban Male 5/8 0/5 0/5 1/5 0/5
Cat 23 (16)
Female 3/8 0/3 0/3 0/3 0/3
Colony 5 (n=2) Urban Female 2/2 0/2 0/2 0/2 0/2
Colony 6 (n=15) Urban Male 9/15 1/9 1/9 1/9 0/9
Cat 177 (14) Cat 177 (1:80) Cat 177 (20, 46)
Female 6/15 0/6 0/6 1/6 0/6
Cat 156 (46)
Colony 7 (n=3) Urban Male 1/3 0/1 0/1 0/1 0/1
Female 2/3 0/2 0/2 0/2 0/2
Colony 8 (n=7) Urban Male 2/7 0/2 0/2 1/2 0/2
Cat 89 (14, 20)
Female 5/7 0/5 0/5 0/5 0/5
Colony 9 (n=5) Urban Male 3/5 0/3 0/3 0/3 0/3
Female 2/5 0/2 0/2 0/2 0/2
Colony 10 (n=4) Urban Male 2/4 0/2 0/2 0/2 0/2
Female 2/4 0/2 0/2 0/2 0/2
Colony 11 (n=24) Peri-urban Male 12/24 0/12 0/12 2/12 1/12
Cat 34 (46) Cat 34 (Cq 31)
Cat 48 (16)
Female 12/24 1/12 1712 3/12 1/12
Cat46(118) Cat 46 (1:640) Cat30(18) Cat 46 (Cq 31)
Cat 38 (16)
Cat 46 (14,16, 24, 36, 46)
Colony 12 (n=5) Peri-urban Male 2/5 0/2 0/2 0/2 0/2
Female 3/5 0/3 0/3 0/3 0/3
Colony 13 (n=10) Peri-urban Male 4/10 0/4 0/4 0/4 0/4
Female 6/10 0/6 0/6 1/6 0/6
Cat 71 (16,18)
Colony 14 (n=4) Peri-urban Male 3/4 1/3 1/3 1/3 0/3
Cat 178 (24) Cat 178 (1:160) Cat 178 (14, 16, 36, 46)
Female 1/4 0/1 0/1 0/1 0/1
Colony 15 (n=3) Peri-urban Male 1/3 0/1 0/1 0/1 0/1
Female 2/3 0/2 0/2 0/2 0/2
Colony 16 (n=3) Peri-urban Female 3/3 0/3 0/3 1/3 0/3
Cat 91 (46)
Colony 17 (n=21) Peri-urban Male 9/21 0/9 0/9 0/9 0/9
Female 12/21 0/11 0/11 0/11 0/12
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Table 1 (continued)
Colony Location Gender ELISA (EU) IFAT WB (kDa bands) PCR blood (Cq)
Colony 18 (n=13) Peri-urban Male 7/13 2/7 1/7 2/7 2/7
Cat 95 (17) Cat 95 (1:160) Cat 95 (14, 16, 36, 46) Cat 94 (Cq 38)
Cat 109 (26) Cat 176 (16, 46) Cat 95 (Cq 31)
Female 6/13 0/6 0/6 1/6 0/6
Cat 175 (16, 46)
Colony 19 (n=15) Peri-urban Male 4/15 0/4 0/4 1/4 0/4
Cat 40 (36)
Female 11/15 0/11 0/11 3/1 0/11
Cat39 (16, 18)
Cat 76 (46)
Cat 84 (14)

ELISA, Enzyme-linked immunosorbent assay; EU, ELISA units; IFAT, immunofluorescent antibody test; WB, western blot; Cq, quantification cycle

WB band (kDa) Ne cats
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Fig. 2 Antibody recognition of Leishmania infantum antigens by
western blot (WB) in 179 cats from Zaragoza (Spain)

Co-infections

Co-infection with L. infantum and FIV was detected
in two female cats (Cat 177 and Cat 178), no co-infec-
tion with L. infantum and FeLV was observed and one
female cat was co-infected with both retroviruses.

Discussion

In Spain, the first Leishmania infection in cats was
described in 1933 [24], and since then the number of nat-
ural cases of feline leishmaniosis has increased not only
in Spain but also worldwide [25]. In areas endemic for L.
infantum, dogs and other domestic animals, such as fer-
rets [26], have been diagnosed with clinical leishmanio-
sis, but the epidemiological role of the cat is still not
completely or clearly understood. In this context, there is
an urgent need for epidemiological surveys to ascertain
the contribution of infected cats in areas where cases are
detected.

Epidemiological studies of cats performed in different
regions of Spain report seroprevalences of L. infantum
ranging from 1.29 to 60% [27, 28]. Surveys using differ-
ent serological methods have found that the prevalence
of L. infantum infection in cats in Spain varies from 0.43
to 26% [27, 29] (Table 4).

A study on canine leishmaniosis in Zaragoza found a
seroprevalence of 8.5% by IFAT [30]. In the same area, a
total of 130 human cases of leishmaniasis were reported
from 2000 to 2019 [31]. Nevertheless, the true prevalence
of L. infantum infection in cats in the Aragon region is
unknown; the only published information available is a
congress communication on a study of 50 domestic cats,
42% of which were seropositive by the DAT and exhibited
immune dysfunction [32].

Epidemiological surveys reporting the presence of anti-
Leishmania antibodies in feline sera have used a range of
techniques, such as IFAT, ELISA, WB and DAT. In gen-
eral, blood is less suitable for detecting parasitic DNA
than bone marrow or the lymph node, but in an epide-
miological setting, the procedure to obtain these alterna-
tive samples may be impractical and blood is usually the
only type of sample available. It should be mentioned that
there is a lack of consensus on the ideal biological sam-
ple to use in the molecular diagnosis of FeL [33]. In this
study, we applied three different serological techniques
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Table 2 Characteristics of a population of stray cats in Zaragoza examined for Leishmania infantum infection
Factor Pvalue®

ELISA positive IFAT positive WB positive PCR positive Positive by any Positive

serological method by any
method
Gender 0.126 0.246 0210 0.026 0.232 0.194
Colony of origin 0.368 0.604 0.587 0.187 0432 0.297
Environment (urban/ 0.240 0.398 0.698 0335 0357 0224
peri-urban)

@ Associations with a P value of <0.05 were considered to be statistically significant

Table 3 Characteristics of a population of stray cats in
Zaragoza examined for feline leukemia virus antigens and feline
immunodeficiency virus infections

Factor Pvalue®
FelV positivity FIV positivity

Gender 0476 0.773
Colony of origin 0.327 0431
Environment (urban/peri-urban) 0.727 0.551
ELISA positive (L. infantum) 0.999 0.037
IFAT positive (L. infantum) 0.999 0.023
WB positive (L. infantum) 0.599 0.656
PCR positive (L. infantum) 0.999 0.999

FeLV, Feline leukemia virus antigens; FIV, feline immunodeficiency virus

@ Associations with a P value of <0.05 were to beconsidered statistically
significant

and a molecular test to evaluate the global prevalence of
the infection.

Among the serological techniques used in this survey,
positivity of 14.5% was detected by WB in feline serum
samples, which is similar to the positivity reported in a
study performed in Mallorca (15.70%) [29]. ELISA was
slightly more effective than IFAT in terms of detecting
antibodies against L. infantum, in contrast with another
study [12]. The main differences between these three
serological techniques that would explain the results
obtained are the type of antigen used and the technical
method performed to obtain the results. WB is less fre-
quently used for the serological detection of infection
than IFAT or ELISA and requires the use of a special-
ized laboratory and reagents to distinguish the molecular
weight of the L. infantum antigens present in the serum
sample.

In the WB analysis, certain bands associated with the
diagnosis were detected with more frequency, particu-
larly a band with the molecular weight of 46 kDa and
bands with low molecular weight, such as 14, 16, 18 and
20 kDa; all of these bands are considered to be specific for

detecting infection. In our study, the presence of bands at
14, 16, 18, 20, 24, 36 and 46 kDa suggested L. infantum
infection. In contrast, other authors report that bands at
18 kDa or at 16, 28, 34, 54 and 69 kDa do not indicate
L. infantum infection [12, 34]. Bands at 14, 16, 36 and
46 kDa were detected in two cats that tested positive for
L. infantum infection by the other three tests. In particu-
lar, the 46-kDa band was detected in nine cats with a pos-
itive qPCR result. In asymptomatic infection in humans
and dogs, the presence of the polypeptide fractions of 14
and/or 16 KDa together with other bands of low molecu-
lar weight indicates infection or exposure [35-37]. In our
study, we observed low-molecular-weight bands in 16
cats, three of which gave a positive qPCR result, and the
46-KDa band was observed in two of these three cats. In
six cats showing reactivity only against the 46-kDa poly-
peptide fraction, Leishmania DNA in blood was detected
by qPCR. However, more serological and molecular stud-
ies are needed to ascertain the specificity of this band and
whether it can be used to detect prior contact with the
parasite or asymptomatic infection in cats [21, 22, 38, 39].

The cats studied by both WB and ELISA showed dif-
ferent seroprevalence results according to the meth-
odology used (8.38 and 2.79%, respectively), probably
due to the different sensitivity and specificity of the
techniques.

Small differences in the detection of anti-Leishmania
antibodies between the ELISA and IFAT techniques
could be due to the type of antigen used and the technical
method performed to obtain the results. Another influ-
ential factor is the interpretation of the results; in IFAT,
the interpretation of results is subjective and dependent
on the operator’s experience. In this study, a cut-off dilu-
tion of 1:80 was applied in the IFAT technique, follow-
ing the LeishVet guidelines [8]. However, some cats were
seropositive below the IFAT cut-off, yet seronegative by
WB. In a recent publication, a cut-off dilution of 1:10
was established for seropositive cats with titers between
1:20 and 1:40 [40]. In light of our results, it seems reason-
able to believe that the 1:80 cut-off point is suitable for
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detecting the presence of anti-Leishmania antibodies in
cats in endemic areas.

In areas endemic for Trypanosoma spp. or other Leish-
mania spp., cross-reactions with L. infantum must be
taken into account when interpreting serological results,
but this is not the case for the geographical area inves-
tigated in this study. Cross-reactions can occur in sero-
logical tests, especially when a whole-parasite antigen is
used; thus, the possibility that new vector-borne patho-
gens in cats might be able to produce a false positive
result for L. infantum should not be forgotten. However,
in our study, all of the serum samples were collected from
cats from the city of Zaragoza [41], a region in Spain
where Trypanosoma species are not present and new
vector-borne parasites have not been reported; moreover,
L. infantum is the causative parasite of FeL in Europe.

The detection of L. infantum DNA by qPCR in different
matrices has been evaluated in different studies, including
non-invasive procedures to obtain the biological material,
such as conjunctival swabs [42], or invasive procedures to
obtain blood, lymph node and bone marrow samples [33].
Studies on stray cats in Spain have tested blood by qPCR to
detect the parasite and found variable prevalence, depend-
ing on the study and the endemic region.

In the present study, qPCR positivity in blood mate-
rial was slightly higher (5.6%) than in a study performed
in Madrid, which involved a higher number of cats and
did not detect the parasite DNA in blood samples [15].
The differences between our results and those of other
epidemiological studies are likely due to the high rate of
infection in cat population. Another possibility might be
differences in the performance of the sampling technique
between studies. Our findings are in disagreement with
the suggestion of a recent study that blood is not a suit-
able tissue for the molecular diagnosis of L. infantum
infection in cats [18], as the procedure to obtain blood is
easy to perform in epidemiological studies.

In a previous study on of Leishmania infection in
cats, diagnosis was based on the PCR analysis of blood,
skin biopsy, bone marrow and conjunctiva, and positive
results were obtained in 13%, 18.2%, 16% and 3.1% of
the cats, respectively, the conjunctiva being the least fre-
quently positive matrix [33]. Further research comparing
other non-invasive samples (buccal swabs, brush sam-
pling) for molecular diagnosis is needed.

The significant association between gender and
L. infantum positivity by qPCR (p=0.026) could be
related to a risk factor. The higher proportion of posi-
tive males than females could be due to differences in
behaviour that result in males being more exposed to
sand fly bites. In general, male cats occupy a larger area
than females and they tend to exist on the periphery of
colonies, with large territories that may overlap with

Page 11 of 14

several groups of females [43]. One possible explana-
tion for the absence of a significant association between
the type of environment and positivity detected by
serological techniques and/or qPCR is that L. infantum
infection is present in both urban and peri-urban cat
colonies, and therefore any cat in an urban and peri-
urban area endemic for L. infantum could be poten-
tially exposed.

FeLV and FIV are immunosuppressive diseases that
leave cats susceptible to secondary infections, which may
impair their welfare and reduce their lifespan [44]. An
association between FIV and L. infantum is frequently
detected [7], and FeL co-infection with FIV is more
prevalent than that with FeLV. In our study, a statistical
association was found between FIV and seropositivity
detected by IFAT (P=0.023) and ELISA (P=0.037). In
contrast, no association was observed between FeLV and
L. infantum regardless of the technique. These results are
in agreement with those reported in the literature [8].

This study, which assessed L. infantum infection in 180
asymptomatic stray cats from urban and peri-urban areas
in the city of Zaragoza (Aragén, Spain), provides additional
confirmation of the value of health surveillance programs
for the detection and monitoring of diseases that affect
domestic and stray animals. The control and elimination
of leishmaniasis requires not only the detection of human
and canine infection, but also an effective identification
and control of other reservoirs as well as the implementa-
tion of vector control. These outdoor animal resevoirs are
exposed to vector activity, which could lead to a possible
source of infection, as occurred in hares in Fuenlabrada
(Madrid, Spain) [45]. One study [46] reported that the
density of Phlebotomus perniciosus, one of the two vec-
tors of L. infantum in Spain, was positively correlated with
the presence of cats. The opportunistic feeding behavior of
P, perniciosus, taking blood meals from a range of animal
reservoirs, has been demonstrated in Menorca [47] and
other Mediterranean foci [48, 49]. The positive correla-
tion of P, perniciosus density with cats is of epidemiological
importance, because cats may act as additional reservoirs.
None of the animals analyzed here by molecular and sero-
logical techniques showed clinical signs compatible with
leishmaniosis, which supports the hypothesis that cats
are likely reservoirs of L. infantum [50]. These findings are
similar to results reported in dogs [51] and humans [52],
both well known for the occurrence of a chronic subclini-
cal infection. Although the blood of asymptomatic animals
is not the most suitable sample to detect leishmaniosis
infection, parasitemia was found in the blood of ten cats.
Two of the qPCR-positive cats also tested positive in all the
serological tests used. Analyzing blood samples for Leish-
mania DNA may help to determine the risk of infection
transmission in stray cats.
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According to the data provided by the Official College
of Veterinarians of Zaragoza, there are 72,811 dogs and
4287 cats registered in the metropolitan area of Zaragoza.
The cat population could be significantly higher as their
registration is not mandatory in the region of Aragon.
There are not any stray dogs, whereas stray cats can be
seen around the city. Given the seroprevalence found in
this study, the role these animals might play in the leish-
maniosis cycle should not be underestimated, especially
as the cats live close to humans in an endemic area.

Future studies should focus on determining the urban
cycle of L. infantum, including the presence of other
competent urban reservoirs. The role of the cat as a res-
ervoir should be further explored, as well as the control
and prevention of infection transmission in stray cats.

Conclusions

Our results demonstrate the presence of L. infantum
infection in apparently healthy stray cats in the city of
Zaragoza. Parasite DNA was detected in some feline
blood samples. The presence of stray cats in urban areas
is a factor in the epidemiology of feline infection, given
that the evaluated cats were classified as healthy and
asymptomatic.
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4. DISCUSION

La investigacion recogida en la presente tesis doctoral ha permitido
avanzar en el conocimiento de la infeccidn por Leishmania infantum en
mamiferos de los que hasta ahora no se tenia constancia, como es el caso del
huron doméstico; asi como nueva informacion epidemioldgica sobre la infeccion
en gatos de vida libre en la zona de influencia de la ciudad de Zaragoza, llevando
a cabo, por primera vez, un estudio epidemiolégico en el que se han utilizado
hasta cuatro pruebas de confirmacion de la infeccion en el gato incluyendo
pruebas de diagndstico serolégico como la técnica ELISA, la técnica de
inmunofluorescencia indirecta y la técnica de Western Blot, como una prueba
molecular cuantitativa. No hay que olvidar que el principal reservorio
peridoméstico de la infeccién para el hombre es el perro; por ello se ha querido
evaluar el rendimiento diagndstico de una prueba rapida de deteccion de
anticuerpos mediante su comparacion frente a dos pruebas cuantitativas
consideradas de referencias, como el ELISA y la técnica de inmunofluorescencia
indirecta. Adicionalmente, en ausencia de una prueba de referencia o prueba
“Gold Standard’ para la infeccion por L. infantum en el perro, una aproximacion
de evaluacion de cualquier prueba, en igualdad de condiciones, seria la
utilizacion del analisis bayesiano. Dada la amplitud y diversidad de la
investigacion, sobre todo centrada en los avances sobre el conocimiento del
diagnostico de la infeccion, se procede a realizar una discusion general
dividiendo esta en los diferentes aspectos estudiados:

4.1 Diagnéstico seroldgico de la infeccién por L. infantum en el perro

El conocimiento cientifico actual sobre la infeccion de este parasito en
perros ha evolucionado notablemente. Inicialmente, la infeccion por L. infantum
en perros se consideraba equivalente a enfermedad (Slappendel, 1988). Sin
embargo, estudios posteriores revelaron que los perros infectados eran capaces
de generar una respuesta inmunitaria celular contra el parasito (Cardoso et al.,
1998). Esto demostré que una respuesta inmunitaria adecuada podia permitir
que algunos perros infectados por L. infantum controlasen la infeccidén sin
manifestar sintomas clinicos (Baneth et al., 2008).
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La respuesta humoral ha sido analizada en detalle, y se ha encontrado
que es posible identificar diferentes tipos de inmunoglobulinas anti-Leishmania
(Rodriguez-Cortés et al., 2007), siendo la inmunoglobulina tipo G la
predominante (Martinez-Moreno et al., 1995). Asi, tanto la deteccién, como la
cuantificacion de inmunoglobulinas resultan esenciales, ya que pueden indicar
tanto la enfermedad (Solano-Gallego et al., 2009) como la exposicion (Cavalera
et al., 2021). Esto hace que las pruebas de medicion de la respuesta humoral
sean las mas utilizadas, tanto para confirmar sospechas clinicas, como para el
cribado rutinario de perros infectados (Maia & Campino, 2008).

La falta de una prueba de referencia es un problema recurrente en la
epidemiologia de enfermedades infecciosas (Boelaert et al., 1999), incluyendo
la infeccion por L. infantum en perros (Rodriguez-Cortés et al., 2010). La prueba
de referencia deberia permitir discriminar con claridad entre animales infectados
y no infectados (Rodriguez-Cortés et al., 2010). Sin embargo, la ausencia de una
prueba estandar en animales complica la interpretacion de resultados, ya que
estos se definen en relacién con la enfermedad, y no con la mera presencia de
infeccion (Boelaert et al., 1999). Ademas, no todos los perros infectados
desarrollan sintomas, aunque pueden estar infectados por L. infantum (Solano-
Gallego et al., 2009). Esto impacta en la eficacia diagnodstica de cualquier prueba,
ya que no siempre es posible identificar todos los perros infectados. En general,
el diagndstico de la enfermedad debe basarse en un enfoque integral, que
combine la historia clinica, los hallazgos de un examen fisico exhaustivo, las
pruebas de laboratorio y al menos un resultado positivo en pruebas de
confirmacion de infeccion.

Para evaluar y validar pruebas de diagndstico seroldgico, se recomienda
el uso de muestras comparables, aunque actualmente esta estandarizacion es
dificil de lograr. Estas muestras permitirian una mejor comparacién entre
pruebas diagnodsticas. Una forma de evaluar pruebas seroldgicas es mediante
infecciones experimentales en perros (Rodriguez-Cortés et al., 2010). Aunque
estos estudios permiten observar la infeccion en tiempos menores que en
infecciones naturales, presentan limitaciones como la variabilidad en el
desarrollo de la enfermedad y diferencias en la respuesta clinica. Factores como
la via de administracion, dosis de parasitos y presencia o ausencia de
componentes de la saliva del vector también influyen en el desarrollo de la
infeccion (Gradoni, 2015). Ademas, el uso de perros genéticamente
homogéneos en estudios experimentales puede reducir la variabilidad clinica
observada en condiciones naturales, donde la evolucion de la infeccion es muy
variable.
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Comparar pruebas seroldgicas para la infeccion por L. infantum presenta
dificultades, ya que la sensibilidad y especificidad dependen del tipo y pureza del
antigeno. En técnicas como ELISA, se pueden usar varios antigenos
(promastigotes, proteinas recombinantes o purificadas), lo que genera
diferencias en los resultados, aun empleando la misma técnica.

Sin embargo, la infeccion experimental es util, resulta costosa y es objeto
de criticas por razones éticas. Otra estrategia para evaluar pruebas serologicas
es usar una prueba contrastada como estandar; por ejemplo, la técnica IFlI,
recomendada como prueba serologica de referencia por la Organizacion Mundial
de Sanidad Animal (OIE) (Wolf et al., 2014). También es posible combinar dos o
mas pruebas similares para mejorar la caracterizacion de las muestras
analizadas, aunque esto puede generar discrepancias en los resultados. Una
alternativa es considerar tanto los resultados diagndsticos como la informacién
clinicopatoldgica de los perros de los que se extraen las muestras.

La utilizacion de diferentes grupos de perros en relacion con la infeccion
por L. infantum (perros no infectados, infectados clinicamente sanos, enfermos,
y con otras enfermedades infecciosas) permitiria una comparacion mas precisa
del rendimiento de las pruebas, evaluando posibles reacciones cruzadas
(Villanueva-Saz et al., 2022). Los modelos matematicos de analisis de clases
latentes, en los que se considera la probabilidad de combinacién de resultados
diagndsticos (Goodman, 1974), han sido utiles en esta investigacion como una
alternativa a los métodos tradicionales, superando la necesidad de una prueba
estandar o de muestras con serologia conocida. Asi, estimamos la sensibilidad
y especificidad de tres pruebas seroldgicas en el area mediterrdnea europea
para la deteccion de anticuerpos anti-Leishmania.

Por ultimo, el analisis del area bajo la curva ROC (receiver operating
characteristic), aunque no es ampliamente usado en estudios de pruebas
diagnosticas, ofrece ventajas significativas. Este analisis permite determinar el
punto de corte 6ptimo en pruebas cuantitativas, mejorando su precision (Gardner
& Greiner, 2006). Sin embargo, en pruebas rapidas con resultados dicotémicos,
la curva ROC no puede aportar un punto de corte que maximice el rendimiento.
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4.2 Primera descripcion de la enfermedad en un hurén doméstico y las
implicaciones de cara al diagnéstico de la infeccion y de la enfermedad.

En esta investigacion se describe el primer caso clinico de leishmaniosis
en un huréon doméstico (Mustela putorius furo) naturalmente infectado, y en el
que se pudo aislar pudiendo aislar el parasito; convirtiéndose dicha cepa de L.
infantum en cepa de referencia MMST/ES/2019/Z2GZ103. En este caso, el
diagndstico de la infeccidn se basé en la combinacion de diferentes pruebas de
confirmacion de la infeccion, incluyendo pruebas de diagnostico seroldgico
adaptadas para dicha especie, el diagndstico molecular en diferentes muestras
biologicas, el examen histopatolégico en combinacion con la técnica
inmunohistoquimica especifica frente a Leishmania y, finalmente, el cultivo y
aislamiento parasitologico. A pesar de ser un hallazgo de interés y de gran
relevancia para los veterinarios clinicos, la primera descripcion de la enfermedad
en hurén en condiciones de infeccion experimental utilizando al huréon como
modelo animal de investigacion, se realizdé en 1989 (White et al., 1989).

El hurén naturalmente infectado vivia en un entorno urbano de Valencia,
en la costa este de la Peninsula Ibérica frente al Golfo de Valencia en el Mar
Mediterraneo, una zona geografica donde P. perniciosus es la especie de
flebotomo mas prevalente detectada (Aransay et al., 2004; Galvez et al. 2020) y
la seroprevalencia en hurones es de 28,4% (Alcover et al. 2022). Asi mismo, la
incidencia de leishmaniosis cutanea y leishmaniosis mucocutanea humana en la
zona de Valencia ha mostrado un aumento de 3,6 a 13,58 casos/100.000
habitantes en el periodo de estudio (2006-2017) (Garrido-Jareio et al., 2020).

El papel epidemioldégico que pueden jugar especies animales silvestres
ha sido demostrado en el caso de lagomorfos, felinos y los canidos que no son
perros; lo que puede significar un papel importante en el ciclo de transmision de
L. infantum (Pennisi, 2015; Tsakmakidis et al. 2024). El huron de nuestro caso
presentaba un nodulo en el pabelldn auricular, que habia sido diagnosticado
como una dermatitis piogranulomatosa, muy similar a las presentaciones de
leishmaniosis en gatos (dermatitis papular o ndédulo en el sitio de inoculacion del
parasito) (Fernandez-Gallego et al. 2020). Las citologias compatibles con la
leishmaniosis felina suelen tener una composicion celular caracteristica de la
inflamacion piogranulomatosa, granulomatosa o linfoplasmocitica y patrones
similares en estudios histologicos (Di Mattia et al., 2018). El caso se confirmd
mediante biopsia excisional seguida de inmunohistoquimica especifica a
Leishmania, evidenciandose la presencia de microorganismos ovales en el
citoplasma de los macréfagos dérmicos al igual que han descrito otros autores
(Migliazzo et al., 2015).
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Asi mismo, se obtuvo un resultado positivo mediante gPCR del bloque de
parafina, ademas de la deteccion de ADN del parasito a partir de muestra de
sangre periférica y del material aspirado de la zona extirpada perilesional. La
completa caracterizacion, desde un punto de vista diagndstico, pudo llevarse a
cabo debido a la disponibilidad de diversas técnicas de confirmacion de la
infeccion. Es importante recalcar que algunas técnicas como las de tipo
parasitologico, como la citologia, el estudio histopatolégico y las pruebas
moleculares pueden ser utilizadas independientemente de la especie animal.
Esto es posible debido a que estas pruebas se centran en la visualizacion
morfolégica del parasito en preparaciones de tipo citolégico, o bien en
preparaciones histolégicas y su visualizacion e identificacion dependera en gran
medida del propio procesamiento de la muestra y de la pericia y experiencia del
observador de las preparaciones. En el caso del diagndstico molecular
cuantitativo, las pruebas se centran en la deteccion y cuantificacion de la carga
parasitaria presente en una muestra. Por tanto, al igual que lo comentando para
las técnicas parasitologicas, cualquier muestra biolégica con independencia de
la especie animal de la que haya sido obtenida, potencialmente podremos
detectar la presencia del ADN del parasito.

Consideramos que la relevancia de nuestra investigacion se centra
fundamentalmente en la adaptacion de las técnicas serolégicas (que
tradicionalmente se usan en el perro y el gato), para que sean capaces de
detectar la respuesta inmunitaria de tipo humoral que produce el hurén enfermo
frente a L. infantum. Tal como describimos, muestras de suero de este paciente
fueron evaluadas mediante diversas técnicas. Sin embargo, con la técnica
inmunofluorescencia indirecta demostramos que, dependiendo del conjugado
empleado, puede detectarse marcaje (resultado positivo) o no (resultado
negativo). En este trabajo utilizando conjugado especifico de perro obtuvimos un
resultado negativo en la serologia por inmunofluorescencia indirecta; mientras
que, al utilizar un conjugado especifico de hurdn, el resultado fue positivo. Desde
un punto de vista de traslado a la practica clinica, en la mayor parte de las
pruebas rapidas de inmunocromatograficas para la deteccién de anticuerpos
anti-Leishmania, el conjugado empleado es especifico de perro, por lo que no
habra reaccion cruzada de anticuerpos y el resultado de la prueba sera siempre
negativo.
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Desde un punto de vista metodolégico, no siempre es posible adquirir
conjugados especificos de especie, lo que dificultaria la posibilidad de detectar
la presencia de anticuerpos anti-Leishmania en especies animales para los que
no se han desarrollado conjugados especificos. Sin embargo, con el avance del
conocimiento de la inmunologia, sabemos que existen otros tipos de conjugados,
como son la proteina A que se caracteriza por ser capaz de interactuar con la
region fragmentaria cristalizable de la inmunoglobulina G de varios animales
como hurones, perros (Riera et al., 1999), gatos (Solano-Gallego et al., 2007), y
seres humanos (Fisa et al., 1997). Dicho conjugado fue utilizado tanto para la
técnica ELISA, como para la técnica del Western Blot, detectando anticuerpos
mediante ambas técnicas. En el caso del Western Blot, se observd el mismo
patrén de inmunorreactividad que en los perros (Ballart et al., 2013), en los gatos
(Persichetti et al., 2017) y en los seres humanos afectados de la enfermedad
(Fisa et al., 1997).

4.3 Evaluacion de la situacion epidemioldgica de L. infantum en gatos de
vida libre en una zona endémica de Espana

En este estudio se evalud la infeccidén por L. infantum en 180 gatos de
vida libre, aparentemente sanos, procedentes del entorno de la ciudad de
Zaragoza, incluyendo areas urbanas como periurbanas. Se utilizaron tanto
pruebas de deteccion de anticuerpos anti-Leishmania, como pruebas de
deteccion del ADN del parasito en sangre circulante. Dado que el papel
epidemiologico del gato en relacion a la infeccion por L. infantum, aun no se
conoce totalmente (Pereira & Maia, 2021), la realizacion de estudios
epidemioldgicos puede ser util para dilucidar el potencial que puede jugar esta
especie en areas urbanas y periurbanas.

Diferentes estudios han identificado que la prevalencia de infeccidn por L.
infantum en gatos en zonas endémicas varia del 0% al 68,5% (Fernandez-
Gallego et al., 2020). Estudios epidemioldgicos realizados en diferentes regiones
de Espana informan de seroprevalencias de L. infantum que van desde el 1,29%
hasta el 60% (Ayllon et al., 2008; Martin-Sanchez et al., 2007). Cuando se ha
utilizado la PCR para la deteccion del ADN parasitario, la prevalencia de la
infeccion por L. infantum en gatos en Espafia varia del 0,43% al 26% (Ayllon et
al., 2008, Millan et al., 2011). El unico estudio publicado disponible sobre la
prevalencia de la infeccion por L. infantum en gatos en la region de Aragon es
una comunicacion sobre un estudio de 50 gatos domésticos, de los cuales el
42% fueron seropositivos mediante DAT y mostraron disfuncion inmunoldgica
(Zarate-Ramos et al., 2002).
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Nuestro estudio se centr6é en el area metropolitana de Zaragoza donde,
segun los datos proporcionados por el Colegio Oficial de Veterinarios de
Zaragoza, hay 72.811 perros y 4.287 gatos censados. La poblacion de gatos
podria ser significativamente mayor, ya que su registro no es obligatorio en la
region de Aragon. Asi mismo, aplicamos tres técnicas serologicas diferentes y
una prueba molecular para evaluar la prevalencia global de la infeccion. Ninguno
de los gatos positivos analizados en este estudio, por técnicas moleculares y
seroldgicas, mostrd signos clinicos compatibles con leishmaniosis; lo que
respalda la hipotesis de que los gatos son probablemente reservorios de L.
infantum (Pennisi & Persichetti, 2018; Ahuir-Baraja et al., 2021; Chatzis et al.,
2014a; Chatzis et al., 2014b; Solano-Gallego et al., 2007). Esto puede ser debido
a la existencia de una infeccién subclinica crénica como sucede en la
leishmaniosis canina (Baneth et al., 2008).

Mediante las técnicas seroldgicas utilizadas en este estudio, se detectd
una positividad del 14,5% mediante WB en muestras de suero felino; lo que es
similar a la positividad informada en estudios realizados en zonas endémicas de
leishmaniosis canina como Mallorca (15,70%) (Millan et al., 2011) o, mas
recientemente, el Noroeste de lItalia (Liguria) (13,20%) (Elmahallawy et al.,
2021). La técnica ELISA fue ligeramente mas sensible que la IFI en términos de
deteccidén de anticuerpos contra L. infantum, en contraste con el estudio de
Persichetti et al. (2017).

En el analisis de WB, se detectaron bandas asociadas con mayor
frecuencia con el diagnéstico de infeccion por L. infantum, particularmente una
banda con un peso molecular de 46 kDa y bandas con bajo peso molecular,
como 14, 16, 18 y 20 kDa. Esto esta en concordancia con lo que otros autores
han publicado (Persichetti et al., 2017, Solano-Gallego et al., 2007). Se
detectaron bandas en 14, 16, 36 y 46 kDa en dos gatos que dieron positivo para
la infeccidn por L. infantum por las otras tres pruebas; y la banda de 46 kDa se
detect6 en nueve gatos con un resultado positivo en gPCR. En seres humanos
y perros asintomaticos, la presencia de las fracciones polipeptidicas de 14 y/o
16 kDa, junto con otras bandas de bajo peso molecular, indican infeccion o
exposicion (Riera et al., 2004; Sobrino et al., 2008; Alcover et al., 2020).

89



En nuestro estudio, observamos bandas de bajo peso molecular en 16
gatos; tres de los cuales dieron un resultado positivo en gPCR, y la banda de 46
kDa se observo en dos de estos tres gatos. En seis gatos que mostraron
reactividad solo frente a la fraccién polipeptidica de 46 kDa, se detecté ADN de
Leishmania en sangre mediante qPCR. Esto demuestra la necesidad de mas
estudios seroldgicos y moleculares para determinar la especificidad de esta
banda y si se puede usar para detectar contacto previo con el parasito o infeccion
asintomatica en gatos y en seres humanos (Aisa et al., 1998; Iniesta et al., 2002;
Riera et al., 2008; Guillén et al., 2020).Tanto el WB, como el ELISA, mostraron
resultados de seroprevalencia diferentes (8,38% y 2,79%, respectivamente),
probablemente debido a la diferente sensibilidad y especificidad de cada técnica.

Las pequenas diferencias en la deteccion de anticuerpos anti-Leishmania
entre las técnicas de ELISA e IFI podrian deberse al tipo de antigeno utilizado y
al método técnico realizado para obtener los resultados. En este estudio, se
aplico una dilucion de corte de 1:80 en la técnica de IFI, siguiendo las pautas de
LeishVet (Pennisi et al., 2015). Sin embargo, algunos gatos fueron seropositivos
por debajo del limite de corte de IFI, pero seronegativos en WB. En una
publicacion reciente, se establecido una dilucion de corte de 1:10 para gatos
seropositivos con titulos entre 1:20 y 1:40 (Chatzis et al., 2014b). A la luz de
nuestros resultados, parece razonable creer que el punto de corte de 1:80 es
adecuado para detectar la presencia de anticuerpos anti-Leishmania en gatos
en areas endémicas.

En el presente estudio, la positividad por qPCR en material sanguineo fue
del 5,6%. Este dato contrasta con estudios realizados en Madrid, que
involucraron a un mayor numero de gatos, donde la seroprevalencia también es
menor (2,8-3,7%), y no se detect6 el ADN del parasito en las muestras de sangre
(Mir6 et al., 2014; Montoya et al., 2018) ni en biopsias de piel (Montoya et al.,
2018). Nuestros hallazgos estan en desacuerdo con un estudio que indica que
la sangre no es una muestra biologica adecuada para la deteccion de la
presencia del parasito en gatos (latta et al., 2019); ademas de que se trata de
una muestra facil de obtener para realizar estudios epidemiolégicos. Aunque la
sangre de animales asintomaticos podria no ser la muestra mas adecuada para
detectar la infeccion por leishmaniosis, en nuestro estudio se encontrd
parasitemia en la sangre de diez gatos. Dos de los gatos positivos en gPCR
también dieron positivo en todas las pruebas seroldgicas utilizadas. Un estudio
publicado recientemente encontré una asociacion significativa entre la
positividad de IFl y gPCR en gatos infectados, lo que muestra que los gatos que
dan positivo en qPCR tienen una probabilidad 11 veces mayor de ser
seropositivos para L. infantum 1gG en la prueba IFI.
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Curiosamente, esta asociacion fue significativa so6lo para la PCR en
sangre. Por lo tanto, los gatos con infeccidén generalizada, es decir, aquellos en
los que se encontraron amastigotes en el sistema reticuloendotelial, como en el
tejido de los linfonodos, no siempre fueron seropositivos para anticuerpos frente
al parasito (Spada et al., 2023). Esto subraya el hecho de que se deben aplicar
tantas técnicas como sea posible para identificar a los sujetos infectados
(Chatzis et al., 2014a)

Consideramos que analizar muestras de sangre para detectar ADN de
Leishmania, puede ayudar a determinar el riesgo de transmision de infeccion en
gatos callejeros. Las diferencias entre nuestros resultados y los de otros estudios
epidemioldgicos, probablemente, se deban a la alta tasa de infeccion en la
poblacion felina ya que se ha demostrado que la positividad molecular para L.
infantum es paralela a la aparicién de una mayor seroprevalencia en los animales
examinados (Sherry et al., 2011).

Dentro de los factores de riesgo investigados, hemos detectado la
asociacion significativa entre el género y la positividad de L. infantum por qPCR,
pero no con el resto de las pruebas realizadas. Otros autores también han
observado una mayor seroprevalencia en gatos machos (Montoya et al., 2018;
Spada et al., 2023), aunque, aparentemente, la infeccion por L. infantum no esta
relacionada con el sexo en perros o gatos (Montoya et al., 2018). La mayor
proporcion de positivos en machos que en hembras podria deberse a diferencias
en el comportamiento, lo que se traduce en que los machos estén mas expuestos
a las picaduras de mosquitos (Liberg, 2000). latta et al. (2019) también
observaron factores de riesgo significativos entre el estado de castracion y la
edad. Lo justifican basandose en que los gatos no castrados y mayores de 18
meses son mas propensos a un estilo de vida libre que los gatos mas jovenes y
castrados; ademas de que poseen instinto depredador mas pronunciado, por lo
que, estos gatos estan mas expuestos a las picaduras de flebotomos, lo que con
el tiempo genera un mayor riesgo de infeccion por L. infantum (latta et al., 2019,
Spada et al., 2023). En nuestro caso, todos los animales estaban dentro de un
proyecto de esterilizacién para ser castrados y eran mayores de un ano.

Al contrario de lo que observaron Spada et al. (2023), no vimos la
asociacién significativa entre el tipo de entorno y la positividad detectada por
técnicas seroldgicas y / o gPCR (Spada et al., 2023). Nosotros pensamos que
esto se debe a que la infeccion por L. infantum esta presente en colonias de
gatos urbanas y periurbanas, y por lo tanto cualquier gato en un area urbana y
periurbana endémica para L. infantum podria estar potencialmente expuesto.
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A todos los gatos del estudio se les realizé las pruebas de FeLV y FIV por
medio de un test rapido inmunocromatografico. Se encontré una asociacion
estadistica entre FIV y seropositividad frente a L. infantum detectada por IFl y
ELISA. En contraste, no se observé ninguna asociacion entre FelLV y el parasito,
independientemente de la técnica utilizada. Estos resultados estan de acuerdo
con los reportados en la literatura (Pennisi et al., 2015; Priolo et al., 2022b). La
asociacion entre FIV y L. infantum se detecta con frecuencia, y la coinfeccion
Leishmania con FIV es mas prevalente que con FelLV, aunque otros estudios no
lograron corroborar estos hallazgos (Fernandez-Gallego et al.,, 2020). La
leishmaniosis felina se ha asociado con enfermedades inmunosupresoras como
las infecciones retrovirales (FIV y FelLV), tratamientos inmunosupresores y
enfermedades debilitantes concomitantes como neoplasias malignas o la
diabetes mellitus (Fernandez-Gallego et al., 2020; Garcia-Torres et al., 2022),
que dejan a los gatos susceptibles expuestos a infecciones secundarias, lo que
puede afectar a su bienestar y reducir su esperanza de vida (Burling et al., 2017).
Sin embargo, otros estudios no lograron corroborar este hallazgo por lo que la
relacion causa-efecto entre diversos factores etiologicos y patogénicos no
siempre es facil de establecer (Pennisi et al., 2015, Pennisi et al., 2013).
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5. CONCLUSIONES:
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5. CONCLUSIONES:

De los estudios realizados, que componen esta tesis doctoral, y, teniendo
en cuenta las condiciones de trabajo, hemos obtenido las siguientes
conclusiones:

e La prueba rapida de inmunocromatografia FASTest LEISH® ha
demostrado ser una herramienta util para la deteccion de perros
seropositivos clinicamente sanos.

e La prueba rapida inmunocromatografica FASTest LEISH® ha presentado
niveles de sensibilidad y especificidad comparables a los de las pruebas
cuantitativas de inmunofluorescencia indirecta y del ensayo por
inmunoadsorcion ligado a enzimas, utilizadas, ambas, en el analisis
comparativo.

« El andlisis de clases latentes ha demostrado ser una alternativa eficaz a
los métodos tradicionales para evaluar el rendimiento diagndstico de las
pruebas serologicas utilizadas en la deteccidon de anticuerpos anti-
Leishmania en perros.

o La aplicacion del analisis de clases latentes ha permitido estimar, con
precision, la sensibilidad y especificidad de tres pruebas serolégicas
distintas (inmunocromatografia, inmunofluorescencia indirecta y ELISA)
utilizadas en la region mediterranea para la deteccién de anticuerpos anti-
Leishmania.

e Nuestros resultados han evidenciado la presencia de infeccion por
Leishmania infantum en gatos de vida libre, aparentemente sanos, en la
ciudad de Zaragoza, detectdndose ADN del parasito en muestras de
sangre y anticuerpos anti-Leishmania en suero, con una tasa global de
infeccién del 15,6%.

o Entre los métodos de confirmaciéon empleados para la deteccioén de la
infeccion en gatos, la técnica de Western Blot fue la que identificd un
mayor numero de animales positivos, seguida de la reaccion en cadena
de la polimerasa

e Segun nuestros resultados, de las pruebas serolégicas y moleculares se
puede considerar que los gatos de vida libre podrian desempefiar un
papel potencial en la transmision y mantenimiento de la infeccién en
zonas urbanas endémicas.

e El hallazgo de un hurdn con leishmaniosis clinica en una zona endémica,
sugiere la consideracion esta especie como un posible reservorio para la
infeccion.
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6. ANEXO:
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Farmacologia y Fisiologia
Facultad de Veterinaria

Asunto: Remitiendo informe  emitide por la  Comision Etica MAsesera para la
Experimentacion Animal sobre procedimiznto de experimentacidn.

Adjunto le remito el informe que la Comision Etica Asesora
para la Experimentacion Animal de la Universidad de Zaragoza
acordd emitir en su reunién de 11 de enero de 2018 respecto
al procedimiento "Situacidn epidemioldgica de felinos
domésticos que viven en libertad".

El céddigo de identificacion asignado al procedimiento es el
PI62/17. Este cddigo puede serle requerido en la solicitud de
prestacién de servicios del Centro donde prevé realizar |a
experimentacion y puede figurar entre los datos identificativos
de las jaulas o sistemas de confinamiento de los animales.

En caso de que la Comisién haya considerado que el
procedimiento presentado, no cumple en su presente forma
con los requisitos exigidos, el investigador responsable podra
corregir los aspectos necesarios, atendiendo a lo indicado,
pudiendo ser presentado nusvamente para su evaluacidn por
esta Comision.

Aprovecho la ocasidn para mandarle un cordial saludo.

El Secretario de la Comision

Jorge Palacio Liesa

Diominga Miral, s/m ¢ 50008 Zaragoza
Tel, +34 O7& 76 2B 47

-
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