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ABSTRACT

Leptospira infects a wide range of companion, domestic, and wild animal species,
shedding the spirochetes into the environment via urine. Dogs become infected by direct or
indirect contact with wild or domestic infected animal reservoirs increasing the risk of zoonotic
transmission of the disease. The microscopic agglutination test has been used as the gold
standard for the diagnosis of leptospirosis but has low sensitivity and is technically complex.
Several ELISAs have been developed based on recombinant proteins of Leptospira for the
diagnosis of leptospirosis with similar or higher specificity and sensitivity levels than the
microscopic agglutination test. Here, we developed an ELISA system based on recombinant
LipL32 protein of Leptospira expressed in baculovirus. The LipL32 protein was successfully
adapted in an indirect ELISA using dog plasma samples. Optimization of the ELISA resulted
in a positive/negative ratio of 7.18 using only 5 ng of rLipL32 per well. Inter-assay and intra-
assay variation showed a CV of 3.96% and 6.98%, respectively, suggesting that the ELISA-
LipL32 is highly reproducible. When tested with field samples the ELISA-LipL32 detected
antibodies in 55/57 (96.5%) plasma samples while a real-time PCR that amplifies a fragment
of the LipL32 gene detected 45/57 (78.9%) positive samples. Our results indicate that the
ELISA-LipL32 has the potential to be used by veterinarians and public health investigators as
a simple, safe, accurate and inexpensive method for the early diagnosis of Leptospira
infection in dogs. Additional studies are still required for clinical validation on field samples

under different epidemiological scenarios.

Key words: Leptospirosis, dogs, ELISA, LipL32
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RESUMEN GENERAL

Leptospira infecta una amplia gama de especies animales de compafia, domésticos y
silvestres, las cuales excretan las espiroquetas al medio ambiente a través de la orina. Los
perros se infectan por contacto directo o indirecto con reservorios de animales silvestres o
domésticos infectados aumentando el riesgo de transmision zoonética de la enfermedad. La
prueba de aglutinacion microscopica (MAT) se considera el estandar de oro para el
diagndstico de leptospirosis, pero tiene baja sensibilidad y es técnicamente compleja. Se han
desarrollado distintas pruebas ELISA basados en proteinas recombinantes de Leptospira con
niveles de especificidad y sensibilidad similares o mejores que MAT. En este trabajo, se
desarroll6 un sistema ELISA basado en la proteina recombinante LipL32 de Leptospira
expresada en baculovirus. LipL32 se adapté con éxito en un sistema ELISA indirecto
utilizando muestras de plasma canino. La optimizacién del ELISA dio como resultado una
relacion positivo/negativa de 7.18 empleando solo 5 ng de rLipL32 por pocillo. La variacion
inter-ensayo e intra-ensayo mostré un CV de 3.96% y 6.98%, respectivamente, sugiriendo
gue el ELISA-LipL32 es altamente reproducible. En muestras de campo, el ELISA-LipL32
detecto anticuerpos en 55/57 (96.5%) muestras de plasma, mientras que una PCR en tiempo
real para LipL32 detectd 45/57 (78.9%) muestras positivas. Los resultados indican que el
ELISA-LipL32 tiene potencial para ser utilizado como un método simple, seguro, preciso y
de bajo costo para el diagnostico temprano de leptospirosis en perros. Se requieren estudios
adicionales para la validacién clinica en muestras de campo bajo diferentes escenarios

epidemioldgicos.

Palabras clave: Leptospirosis, perros, ELISA, LipL32



CAPITULO 1



| INTRODUCCION

La leptospirosis es una enfermedad zoonotica de importancia mundial debido a su
impacto en la salud humana, es causada por bacterias del género Leptospira. y se encuentra
ampliamente distribuida en México (Sanchez-Montes et al., 2015). Se presume que el
principal reservorio de leptospiras son los roedores, sin embargo, muchos otros mamiferos

tanto silvestres como domésticos pueden actuar como reservorio (Picardeau, 2013).

Las leptospiras tienen una estructura tipica de doble membrana donde la membrana
citoplasmatica y la pared celular de peptidoglicano estan estrechamente relacionadas y se
superponen por una membrana exterior. Dentro de la membrana externa, el LPS constituye
el principal antigeno de Leptospira (Adler and de la Pena Moctezuma, 2010). Ademas de
LPS, proteinas estructurales y funcionales forman parte de dicha membrana. Estas proteinas
son lipoproteinas con relativa abundancia en la superficie celular denominadas: LipL32,
LipL21 y LipL41 principalmente (Cullen et al., 2005).

Por otra parte el diagnostico de leptospira se lleva a cabo por diversos medios, el
cultivo microbiologico se puede realizar a partir de sangre, orina o tejidos como higado o
rifion, el resultado dependera de él buen manejo de la muestra y el tiempo, ademas de otros
factores como autolisis de tejidos, pH en el caso de la orina, y el nUmero de bacterias
presentes en la muestra (OIE., 2008). Varios protocolos de PCR para la deteccion de ADN
de Leptospira en material clinico también han sido desarrollados incluyendo algunos que son
especificos para leptospiras patdgenas, sin embargo estos son generalmente realizados solo

por laboratorios de diagndstico o de referencia (OIE., 2008).

También se ha desarrollado una prueba basada en PCR para el diagndstico rapido y
fiable de Leptospira en las muestras de orina de la especie bovina, que mostraron 100 % de
sensibilidad y especificidad del 99% en comparacion con la prueba de cultivo microbiolégico
(Hernandez et al., 2011).



Entre las principales proteinas reconocidas por el sistema inmunolégico LipL32 es
una proteina expresada en gran cantidad en la membrana de la bacteria, reconocida como
un antigeno inmunodominante en la infeccion por leptospira y por ello altamente reconocida
durante la respuesta inmune humoral (Hauk P. et al., 2008). El alto grado de identidad de
secuencia LipL32 indica que las estrategias de serodiagnéstico basadas en este antigeno
serian eficaces independientemente de la serovariedad infectante. La antigenicidad de
LipL32 es reforzada por su alto nivel de expresion en leptospiras patdgenos, siendo la
proteina de mayor expresion de la bacteria y exclusiva de las especies patdogenas (Haake D.
y Zuckert., 2016). Como el caso de el gen LipL32 de especies patdgenas de Leptospira spp.
Utilizado por Stoddard y colaboradores en 2009 para una prueba de PCR, codifica para una
lipoproteina de membrana externa que se considera un factor de virulencia que no esta
presente en las especies no patogénicas, ellos desarrollaron y evaluaron un ensayo de PCR
en tiempo real utilizando este gen, en el que se utilizaron cebadores y una sonda TagMan
gue sélo detecta el ADN de especies patdégenas de Leptospira spp., en este, y fue capaz de
detectar todas las especies de Leptospira patdgenas probadas y ninguna de las intermedias

ni saprofitas.

Con base en lo anterior, se propone la identificacion de leptospiras patdégenas
a partir de una plataforma de la proteina recombinante en baculovirus LipL32 para la
deteccion de leptospiras patégenas por medio de ELISA indirecto para el diagnostico

seroldgico de leptospirosis en animales domésticos.

Hipotesis

Las proteinas de adhesion extracelular de leptospiras son reconocidas por
anticuerpos generados como resultado de la infeccion con leptospiras patégenas y pueden
ser utilizadas como plataforma de diagnostico serologico de leptospirosis en animales

domésticos.



Il ANTECEDENTES

1. Leptospirosis

La leptospirosis es una enfermedad infecciosa causada por las especies
patdogenas de las bacterias que pertenecen al género leptospira (Raja V. y
Natarajaseenivasan K., 2015). Recientemente reconocida como la zoonosis
reemergente mas comun en el mundo (Mythri B.A., 2016). Debido a que la
incidencia de la enfermedad en paises tanto en desarrollo como no desarrollados
va en aumento y el potencial epidémico que representa, leptospirosis es
actualmente reconocida como un importante problema de salud publica a nivel
mundial, aunado a esto y por la gran variedad de sintomas que comparte con otras
enfermedades infecciosas, leptopsirosis es comunmente sub reportada (WHO.,
2018, Vijayachari et al., 2008). Fue descrita por primera vez hace casi 100 afios por
Adolf Weil, aunque también identificada en Europa y Japon, casi simultaneamente,
se creia de naturaleza infecciosa y desde ese tiempo se establecio la relacion de la
infeccion con ciertas ocupaciones donde se tenia contacto con agua (Adler, 2015).

Las leptospiras pueden sobrevivir en el ambiente por periodos prolongados
de tiempo o encontrarse en una amplia variedad de especies animales a los que
utilizan como huéspedes. El ciclo de la enfermedad incluye tanto animales silvestres
como domésticos asimismo es encontrada en todo el mundo con excepcién de
Antartica. Las bacterias son excretadas en orina de los animales infectados
contaminando asi el medio ambiente y continuando el ciclo (Vijayachari et al., 2008,
Adler, 2015). Los roedores son considerados el principal reservorio para

leptospirosis (Picardeau, 2013).

Leptospirosis sigue siendo un problema mayor de salud publica en muchos
paises, se espera que en los proximos afios se vuelva alin mas importante debido

a la rapida urbanizacién y el cambio climatico (Picardeau, 2013).



1.1 Etiologia

El agente etiolégico de la leptospirosis es un grupo de bacterias que
pertenecen al orden Sprirochaetales, familia Leptospiraceae y género Leptospira.
Dentro del género existen dos tipos de especies, aquellas patogénicas y las que no
lo son llamadas saprofitas (Adler and de la Pena Moctezuma, 2010, Vieira et al.,
2014). Su genoma es de entre 3.9 — 4.6 Mbp, distribuido en dos cromosomas

circulares una grande y uno pequefio (Picardeau., 2015).

Leptospira spp. Exhibe una arquitectura de superficie la cual asemeja
bacterias gram negativas, esto se debe a que posee una de doble membrana. Son
largas, delgadas y motiles, de aproximadamente 0.1 ym de diametro por 6 — 20 ym
de largo, con amplitud de hélice de 0.1 - 0.15 ym (Cameron, 2015, Mythri B.A. 2016).
Presentan forma de espiral con extremos en forma de gancho (Figura 1), poseen
dos endoflagelos insertados en el espacio periplasmico los cuales son los
responsables del movimiento en espiral de la bacteria (Adler and de la Pena
Moctezuma, 2010, Cameron, 2015)

Figura 1. Fotomicrografo de Leptospira Spp.(Adler and de la Pena Moctezuma,
2010).

En la membrana externa de la bacteria se encuentra el lipopolisacarido (LPS)

el cual es el principal antigeno de leptospira, tiene alta homologia con el LPS de



otras bacterias Gram negativas, sin embargo, no presenta la toxicidad elevada que
otros LPS exhiben (Adler and de la Pena Moctezuma, 2010).

Ademas del LPS, la membrana exhibe una serie de proteinas también
conocidas como proteinas de membrana las cuales constituyen aproximadamente
la mitad de la masa de la membrana externa de la bacteria y participan en los
mecanismos de virulencia, adhesion, estructura, inmunidad e importacién de

nutrientes, entre otros (Raja V. y Natarajaseenivasan K., 2015).

Las interacciones huésped patdgeno se llevan cabo en la membrana externa
de la bacteria y las moléculas asociadas a esta, principalmente las proteinas de
membrana que se encuentran expuestas en la superficie las cuales son reconocidas
junto con otras estructuras por el sistema inmunolégico (Figura 2) (Cullen et al.,
2005, Pinne et al., 2012). Ademas de tener funciones importantes como virulencia,

estructurales, e interaccion con el medio ambiente (Nascimiento E. et al., 2018).

De dichas proteinas, la proteina LipL 32 es de gran interés debido a que
presenta hasta 38 000 copias por célula, esto la convierte en la proteina mas
abundante de Leptospira spp., constituyendo el 75% del proteoma total de la
bacteria, y es considerada la proteina de membrana méas importante expresada
durante la infeccion renal (Daher E. et al.,2010, Picardeau, 2015, Raja V. y
Natarajaseenivasan K., 2015). Ha sido identificada en todas las leptospiras
patdgenas, y clasificada como una proteina altamente inmunogénica (Murray G. et
al., 2009). Aunque algunas de sus funciones contindan sin precisar, otras ya han
sido detectadas en diversos estudios, las principales funciones que se le atribuyen
a la proteina LipL32 son las siguientes: Funciona como adhesina al unirse a la matriz
extracelular (colageno, laminina y fibronectina), también presenta diversos factores

asociados a hemolisis (Murray G. et al., 2009).
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Fig.2. Arquitectura de la membrana de Leptospira adaptada de Raja V. y
Natarajaseenivasan K., 2015. Nota: OM: membrana externa, IM: membrana interna, PS:
espacio periplasmico.
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1.2 Clasificacion

Actualmente la clasificacion de Leptospira spp. Tiene un sistema basado en
caracteristicas fenotipica donde existen dos especies, L. interrogans en la categoria
patogénica y L. biflexa en la categoria no patogénica o saprofita, y el segundo el
cual esta basado en la homologia genética entre leptospiras donde se dividen en
tres grupos patogénicas, intermedias y saprofitas (Vijayachari et al., 2008,
Picardeau., 2013).

En la clasificacion fenotipica los serovars conforman los serogrupos, los
cuales se vinculan por los epitopos presentes en su membrana (Andre-Fontaine,
2006). Sin embargo, la designacion de serogrupo no tiene estatus taxonomico oficial
y es utilizado solo como apoyo en ciertos estudios epidemiolégicos (Levett, 2015).

La clasificacion fenotipica por lo tanto se basa en los componentes
antigénicos de la membrana los cuales son los encargados de desencadenar la
respuesta inmune del huésped. Sin embargo la clasificacién basada en la relacién
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de su ADN se vuelve mas popular para su uso, y aunque la clasificacion fenotipica
siga utilizandose con fines epidemiolégicos, la existencia de ambas clasificaciones

y la falta de relacion entre ellas cree confusién (Andre-Fontaine, 2006).

Dentro de esta clasificacion que se basa en la relacion ADN o también
conocida como clasificacion gendmica se separan en 3 grupos de la siguiente
manera, seis especies saprofitas, nueve especies patogénicas y cinco intermedias
(Picardeau, 2013). Recientemente se agregaron dos nuevas especies a la
clasificacion, la primera Leptospira mayottensis sp. Fue agregada en el grupo de las
patégenas alrededor del 2014 y Leptospira idonii en las saprofitas en 2013 (Cuadro
1) (Picardeau, M., 2013, Pascale Bourhy et al., 2014., Mitsumasa Saito et al., 2013).

Cuadro 1. Clasificacion de Leptospiras.

Patogénicas Intermedias Saprofitas

L. interrogans L. wolffii L. wolbachii

L. kirschneri L. licerasiae L. meyeri

L. noguchii L. inadai L. biflexa

L. borgpetersenii L. fainei L. vanthielii

L. weilii L. broomii L. terpstrae

L. santarosai L. yanagawae
L. alexanderi

L. alstonii L. indonii(2013)
L. kmetyi

L.mayottensis(2014)

Clasificacion Leptospiras. (Adaptado: Picardeau, M., 2013, Pascale Bourhy et al., 2014.,
Mitsumasa Saito et al., 2013).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bourhy%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25249563
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bourhy%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25249563
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bourhy%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25249563
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bourhy%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25249563

1.3 Fisiopatologia

La transmision puede ser por contacto directo con orina, sangre, tejidos de
animales infectados o indirectamente a través del abrasiones en piel 0 mucosa en
contacto con el ambiente contaminado con leptospiras, suelo, agua, alimentos, etc.
(Daher E. et al., 2010, Haake and Levett, 2015). (Figura 3).

Fig. 3. Transmision de Leptospirosis. (Reproducido de (Ko et al., 2009)).

Las bacterias ingresan al organismo por via cutanea, mucosa, conjuntiva,
por inhalacion de aerosol entre otras (Mythri B.A 2016), se diseminan via
hematdgena donde se multiplican, hasta alcanzar tejidos como higado, rifiones y
bazo, sistema nervioso central, 0jos, tracto genital donde siguen multiplicAndose
(Andre Fontaine., 2006, Haake and Levett., 2015). Son eliminadas del organismo
por el sistema inmunolégico del huésped casi por completo, sin embargo, persisten
en lugares considerados inmunoprivilegiados como la camara anterior del ojo y
tabulo proximal rifidn (Luna et al., 2008, Monahan et al., 2009, Mythri B., 2016).

Existe un gran déficit en informacion sobre los sistemas de interaccion

molecular, asi como celular, el comportamiento de la enfermedad, entre otras cosas



gue permanecen sin precisar (Murray et al., 2009, Marinho M. and Cardoso T.C.

2014).

El curso que sigue la enfermedad es en dos fases, la primera la cual tiene

una duracion aproximada de entre 3-7 dias, es comun encontrar la bacteria en

sangre es la fase conocida también como septicémica o inicial y posteriormente la

segunda fase que se conoce como la fase inmune que puede tener duracion hasta

de aproximadamente 30 dias (Figura 4) (Daher E. et al.,, 2010, Chalayon et al.,

2011).
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Fig. 4 (Fases de la enfermedad y diagnéstico adaptado de Haake and Levett.,

2015).
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Las bacterias leptospira crean un ambiente propicio para su supervivencia,
para lo cual presentan un comportamiento en donde se crea una union o
conglomerado de las colonias de leptospira con una matriz protectora a su alrededor
ala cual se le conoce como Biofilm, y que tiene la funcion de proteger a las bacterias
del medioambiente hostil, ya sea dentro o fuera del huésped, dicho comportamiento
se encuentra en mayor o menor medida dependiendo de las cepas de leptospiras
determinando asi su supervivencia en el ambiente o huésped (Monahan A.M. et al.,
2009). Se sabe que Leptospiras spp. es capaz de sobrevivir semanas 0 meses en
agua o lodo o en ambientes hidricos (Ko et al., 2009).

Otro mecanismo en este caso de defensa que presenta la bacteria es la
unién al factor H del complemento con lo cual logran desactivar la respuesta

inmunoldgica montada en su contra (Monahan A.M. et al., 2009).

1.4 Signos clinicos

Es una enfermedad dificil de diagndsticar tnicamente observando los signos
clinicos debido a que estos se asemejan a una amplia variedad de enfermedades
(Damborg P. et al., 2016), en algunos casos inclusive pueden pasar desapercibidos,
lo que generalmente se le atribuye a la aparente adaptacion de ciertas
serovariedades a sus huéspedes, comunmente en estos huéspedes conocidos
como huéspedes de mantenimiento la bacteria logra evadir al sistema inmune, sin
embargo en aquellos huéspedes donde la serovariedad no esta adaptada, la
bacteria provoca una amplia variedad de dafios asi como los sintomas asociados a

los mismos (Monahan A.M. et al., 2009, Adler and de la Pena Moctezuma, 2010).

El desarrollo de la enfermedad y sus sintomas estan en funcién de la
virulencia del organismo que esté afectando al huésped, la edad del paciente, asi
como la inmunidad de este, y el érgano que este afectado (Luna et al., 2008, Mythri
B.A 2016).
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El periodo de incubacion de la enfermedad es de aproximadamente de 2 a
30 dias, aunque la enfermedad no se produce hasta entre una o dos semanas
después de la exposicion (Ko et al., 2009). Los signos asociados a leptospirosis son
variables, algunos como fiebre, mialgias, diarrea, nduseas, vomito, oliguria-anuria,
meningitis, hemorragias, dolor articular, son los de mayor frecuencia, sin embargo
la amplia variedad de signos clinicos asemeja muchas otras enfermedades, por ello
la problematica del diagnéstico correcto y oportuno de leptospirosis (Oliveira et al.,
2011, Hartskeerl et al., 2011).

En el caso de los animales, fiebre, diarrea, ictericia, vomitos, hemorragias,
fallo renal, pérdidas reproductivas, bajas en la produccion, entre otros (Ko et al.,
2009, Adler y de la Pefia., 2010). Y en los humanos los sintomas se asemejan a los

de dengue, malaria o influenza (Stoddard et al., 2009, Haake and Levett, 2015).

1.5Epidemiologia

Se presume que el principal reservorio de leptospiras son los roedores, sin
embargo, muchos otros mamiferos tanto silvestres como domésticos pueden actuar

como reservorio (Picardeau, 2013).

Hartskeerl y colaboradores en 2011 mencionan que la incidencia de la
enfermedad aumenta debido el efecto a nivel mundial del cambio climatico el cual

es causado por la desestabilizacion de los sistemas naturales.

Varios estudios mencionan que entre 500,000 a 1, 000,000 casos de
leptospirosis ocurren cada afo alrededor del mundo (Abela-Ridder et al., 2010,
Adler etal., 2011, Costa et al., 2015). Dellagostin y colaboradores en 2017 menciona
que en 1999 se estimaban 500 000 casos y el aumento que se observo en 2015
donde llego a mas de un millon de casos y 60 000 muertes por la enfermedad. Pal
M. y Hadush A. en 2017 reportan un estimado global de 1.03 millones de casos y
casi 60 000 muertes. Por otra parte, las incidencias varian segun las zonas

geograficas entre otras cosas, ademas de que se encuentran sub registrada en
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lugares donde la vigilancia epidemioldgica no es aplicada o es deficiente o puede
deberse entre otros factores a la dificultad en el diagnostico (Lehmann J. et al.,
2014).

Entre los factores de riesgo més importantes asociados a la enfermedad se
encuentran el contacto con tejidos, orina o fluidos de animales infectados y la
exposicion ocupacional o recreativa a aguas contaminadas (Vijayachari et al.,
2008).

1.6 Diagndstico

Los dos factores de mayor importancia en cuanto al resultado de la infeccion
por leptospirosis son el diagnéstico oportuno y la apropiada aplicacion de un
tratamiento adecuado (Ooteman et al., 2006, Daher E. et al., 2010). Los problemas
mMAs comunes que se encuentran al realizar el diagnéstico de leptospirosis estan
generalmente asociados a que los sintomas de la enfermedad son compartidos con
una amplia variedad de enfermedades infecciosas, ademas de que existe una
necesidad muy fuerte de tener acceso a pruebas diagnosticas que tengan una mejor
sensibilidad que las pruebas que se encuentran actualmente disponibles (Damborg
P. etal., 2016). Existen diferentes herramientas para el diagnéstico de leptopsirosis,
la enfermedad se puede diagnosticar por medio de la deteccidn del organismo o sus
componentes, el aislamiento o la deteccién de anticuerpos contra la enfermedad
(Haake y Levett., 2015).

El aislamiento o cultivo y la prueba de macroaglutinacion en placa (MAT) son
la prueba de referencia para la enfermedad, son muy complicados de llevar a cabo
y toman periodos largos de tiempo para llegar a un diagnostico, ademas de
necesitar instalaciones apropiadas y medidas de seguridad estrictas (Picardeau et
al., 2014).
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El diagnostico seroldgico es el principalmente utilizado para esta
enfermedad, el método mas aceptado y utilizado como prueba de referencia para la
enfermedad es la prueba de Micro aglutinacion (MAT) que se basa en la deteccion
de anticuerpos contra leptospira (Chalayon P.et al.,, 2011). Otra herramienta
serolégica utilizada comunmente es la prueba de ELISA (OIE., 2014), la cual
también era utilizada con preparaciones de células completas para su uso como
alternativa al MAT como prueba de cribado, actualmente los sistemas de ELISA
basados en proteinas recombinantes son procedimientos muy utiles en cuanto a la
evaluacion de grandes tamafios de muestras ademas de ser mas especificos
aguellos de células completas (Sohini D. et al., 2004). Sin embargo, ninguna prueba

seroldgica hasta la fecha es altamente confiable (Damborg P. et al., 2016).

El diagndstico molecular se logra por medio de la prueba de PCR el cual es
mucho mas sensible que las pruebas de rutina ademas de establecer un diagndstico
mas rapido (Picardeau et al., 2014). Se basa en la deteccion de la presencia de
DNA de Leptospira spp. en la muestra, este ultimo método ademas de ser sensible
alguna de sus presentaciones permite diferenciar entre leptospiras patégenas de
aquellas no patdgenas con el uso secuencias del antigeno especificas (Bharti et al.,
2003).

Aunque existe una gran variedad de método de diagnéstico para la
enfermedad, cada situacién debe ser evaluada por separado para determinar cual

es la mejor opcidén por utilizar de acuerdo con el escenario.

Existen una gran cantidad de situaciones por las cuales no se llega al
diagnéstico certero de la enfermedad, entre las que conciernen a las herramientas
de diagndstico disponibles de cualquier tipo, son principalmente costo, necesidad
de infraestructura para realizarlas, disponibilidad de estas en lugares donde la
enfermedad es endémica, entre otras. Aunado a esto uno de los principales
problemas con el diagnéstico de esta enfermedad es que la respuesta de
anticuerpos solo es detectable dias o semanas después de la aparicion de la
enfermedad y si el huésped presenta la infeccion cronica hay una baja de
anticuerpos a niveles casi indetectables (OIE., 2014), por ello la importancia de
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establecer los mecanismos de accion de la enfermedad para saber entre otras

cosas que prueba es conveniente aplicar de acuerdo al tiempo de infeccion.

Por lo tanto la necesidad de desarrollar mejores pruebas diagndsticas hoy
en dia se vuelve mas importante debido entre otras cosas a la naturaleza de la
enfermedad (Guerreiro et al.,, 2001) y a que en la actualidad ninguna prueba
diagnostica es completamente satisfactoria (Picardeau., 2013).

1.6Prevencién y Control

El tratamiento debe ser implementado tan pronto el diagnostico sea
presuntivo a leptopsirosis y los factores de riesgo o la historia clinica implique una
sospecha de contagio ocupacional o recreativo (Haake and Levett., 2015). En
algunos casos la enfermedad se resuelve espontaneamente (Barthi et al., 2003).
Existen varias alternativas en cuanto a tratamiento de la enfermedad, las bacterias
Leptospiras son susceptibles a una gama muy amplia de antibioticos. Por ello se
instauran diferentes tipos de tratamiento segun el caso, si es agudo si es cronico,
en fase inicial o grave y dependiendo de estos factores se suele utilizar cominmente
antibiéticos como, doxiciclina la cual también est4d recomendada para su uso
profilactico cuando se sospecha que se adquirié la enfermedad o que se pudo estar
en contacto segun la historia clinica , también se utilizan penicilina, eritromicina,
amoxicilina, entre los mas importantes y en casos severos en humanos se utiliza
terapia de mantenimiento e inclusive didlisis (Haake and Levett., 2015, Mythri B.
2016).

Las estrategias de prevencion se encaminan a producir conciencia de la
enfermedad sus mecanismos de transmisién, su epidemiologia y la vacunacién
(Haake y Levett., 2015), va a depender en gran medida de las practicas de higiene
ocupacional asi como personal, control de roedores u otro tipo de fauna nociva en
explotaciones pecuarias, uso de proteccion en personas que estén involucradas ya

sea por su ocupacion tanto como por viajes o actividades al aire libre, vy
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principalmente el conocimiento de la enfermedad y como evitarla se consideran

clave en los programas de control y erradicacion (Mythri B.,2016).

En cuanto a vacunacion estan disponibles comercialmente para su uso en
ganado bovino, perros y cerdos, vacunas generalmente compuestas de células
completas de leptospiras o lipopolisacaridos conocidas como bacterinas, que
generalmente son especificas para serogrupo y no protegen contra las cepas que
no estén incluidas en la formula (OIE., 2014, Adler., 2015). Las vacunas en
humanos han sido reportadas en lugares como Cuba, Rusia, China, donde se han
hecho diversos estudios y estan disponibles (Barthi et al., 2003, Adler., 2015). En
general la duracién de la inmunidad es relativamente corta es por lo que la
vacunacion anual se recomienda en la mayoria de los casos. Ninguna vacuna viva
esta disponible en la actualidad, y se esta estudiando la posibilidad de usar vacunas
recombinantes debido a que esta disponible actualmente la tecnologia para utilizar
DNA vy la disponibilidad de las secuencias de los genomas de Leptospira spp.
(Adler., 2015).

Las vacunas protegen al animal contra los sintomas, sin embargo no
previenen la infeccidn, aunque este parece ser el método mas eficiente en el control
de la enfermedad en caninos (Andre-Fontaine, 2006). Con la estimacion mas certera
de la enfermedad en la actualidad es posible evaluar estrategias de control con un
enfoque en una sola salud (Costa et al., 2015).
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MATERIALES Y METODOS

Localizacion y area de estudio

El desarrollo y la estandarizacion de ELISA-rLipL32 se realizaron en la
ciudad de Mexicali en el Instituto de Investigacion en Ciencias Veterinarias (lICV),
de la Universidad Autbnoma de Baja California (UABC), en el noroeste de México.

Disefio del estudio

Se incluyeron en este trabajo un total de 57 muestras de plasmay orina de
un estudio anteriormente realizado (sin publicar) tomadas de perros callejeros
capturados por el Centro municipal de Control Animal de Mexicali (CEMCA) en
2015. De ese grupo de muestras, 45 dieron positivo en la prueba diagnéstica de
PCR en tiempo real (tPCR-LipL32) de Leptospira LipL32 realizada en muestras de
orina. Se analizaron muestras de plasma correspondientes a las 45 muestras de
orina rtPCR-LipL32 positivas y 12 negativas para detectar anticuerpos contra la
leptospira. Utilizando el ELISA-rLipL32 y los resultados de ambas pruebas
comparadas. Se uso un valor de corte positivo con una OD 20.750 para comparar
los resultados de ambas pruebas. Ese valor de corte corresponde al 50% del valor
de OD medio de las muestras de control positivo resultante para la optimizacion del
ELISA-LipL32.

Los controles positivos fueron obtenidos de los seis sueros caninos positivos
a leptospirosis por medio de la prueba de RT-PCR con las mas elevadas longitudes
de onda y realizando un pool de dichas muestras, para el control negativo se utilizd

suero fetal bovino (SFB).
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Disefio de la proteina LipL32 recombinante (rLipL32)

El disefio de la proteina rLipL32 se baso en la secuencia del gen LipL32 de
la cepa 200901482 de Leptospira interrogans (nimero de acceso de GenBank
JN683904.1), un gen de 474 pares de bases (bp) que codifica una proteina de 158

aminoacidos (nimero de acceso de GenBank AEZ53279) .1).

Desarrollo y produccion de antigenos recombinantes de LipL32.

La expresion y sintesis de rLipL32 se realiz6 por GenScript (Piscataway,
NJ, EE. UU.) Utilizando un sistema de expresion de baculovirus. Brevemente, la
secuencia original JIN683904.1 fue codon optimizada y se afiadi6 una etiqueta 8-His
en el terminal amino de la molécula de ADN. La secuencia de ADN objetivo
optimizada de LipL32 se sintetizd y se subcloné en el vector pFastBacl (Invitrogen,
Carlsbad, CA, EE. UU.) Para la expresion de células de insecto. Se usaron células
competentes DH10Bac de Max Efficiency para la generacion de ADN de bacmid
recombinante y se transfectaron en cultivo de células de insecto Sf9. Los cultivos
de células Sf9 se incubaron en medio de cultivo de células de insectos libres de
proteinas y sin suero Sf-900 Il durante 5 a 7 dias a 27 ° C. Los cultivos celulares se
recogieron y se centrifugaron y el sobrenadante recogido se designé como el stock
viral P1. Se produjo una reserva viral amplificada en P2 para la infeccion. Para la
expresion de rLipL32, la reserva viral amplificada en P2 se optimizé para la infeccion
de cultivos de células Sf9 a 0,5, 3 y 5 restos de infeccion (MOI) y se recogi6 a las
48, 72 y 96 horas después de la infeccion. Los sedimentos celulares se recogieron
y se lisaron utilizando un tampdn de lisis celular adecuado. Los lisados celulares se
incubaron con columnas de Ni-NTA para capturar la proteina diana rLipL32. Las
fracciones eluidas se agruparon, se dializaron y se analizaron mediante SDS-PAGE
y Western blot usando protocolos estandar para las mediciones de peso molecular
y pureza. El anticuerpo primario para la transferencia Western fue un anticuerpo

monoclonal marcado con peroxidasa de rabano picante anti-His (HRP) de raton. La
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concentracion de proteinas se determind mediante el ensayo de proteinas de
Bradford utilizando albumina de suero bovino (BSA) como estandar. GenScript
produjo y entregé un lote de 3,6 mg de rLipL32 con una concentracion de 0,20 mg /
ml y una pureza del 80% estimada mediante analisis de densitometria de la SDS-
PAGE tefiida con azul de Coomassie.

Procedimiento RT-PCR

Se utilizaron los resultados a la prueba de RT-PCR de una serie de muestras
del banco de sueros del ULADI-IICV de un estudio anterior realizado por miembros
del CADE en el IICV (Data unpublished- sin publicar). En el cuadro 2 se indica los

reactivos y volimenes utilizados para cada reaccion.

Cuadro 2. Reactivos y volumen de reaccion para el RT-PCR de Leptospira

Reactivo 400nM/ Reaccion
Master Mix 5u

DNA templete 1l

Primer 1- Forward 0.5 ul

Primer 1- reverse 0.5 ul

H20 3ul

Volumen final 10 |
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Desarrollo del sistema ELISA indirecto rLipL32 para leptospirosis

La proteina rLipL32 se estandariz6 para su uso como antigeno en fase
sélida para la deteccion de anticuerpos en un sistema ELISA indirecto. La
concentracion Optima de antigeno de la proteina rLipL32, las muestras de suero y
las diluciones de anticuerpos conjugados con enzimas, se determinaron a traves de

procedimientos estandar de titulacion de tablero de ajedrez (Naslund et al 2014).

Brevemente, el antigeno de la proteina rLipL32 se diluy6é en tampdn bicarbonato de
carbonato a pH 9.6 a una concentracion de 200, 100, 50, 25, 10 y 5 ng por pocillo.
Después de la incubacion durante la noche a 4°C, las placas estaban listas para
usar. Para realizar las pruebas, las placas se lavaron 5 veces con solucion salina
tamponada con fosfato pH 7.5 que contenia Tween 20 al 0,05% (PBST). Los
controles positivos y negativos se diluyeron 2 veces de 1:25 a 1: 200 y se agregaron
por duplicado a los pocillos apropiados. Después de la incubacion a 37 ° C durante
1 hora, las placas se lavaron como se describi6 anteriormente y 100 pL de
conjugado anti-lgG HRP de perro diluido 1: 5,000, 1: 10,000, 1: 20,000 1: 40,000 y
1: 80,000 en PBTS agregados al individuo platos. Después de otra ronda de
incubacion y lavado, se agregaron 100 pL de solucion de sustrato (TMBS) (Sigma-
Aldrich) a cada pocillo y se detuvo el desarrollo de color con 30 uL por pocillo de
solucion de acido sulfarico 0,16 M después de 10 minutos de incubacion a
temperatura ambiente. Los valores de densidad éptica (OD) se obtuvieron a 450 nm
utilizando un lector ELISA automatizado. Los criterios de seleccion para el mejor
rendimiento del sistema rLipL32 ELISA se determinaron en funcién de la cantidad
de antigeno por pocillo, la dilucién del suero y la dilucién del conjugado enzimatico
que dio lugar a la maxima amplitud de diferencia entre el valor medio de OD del
suero de control positivo. sobre el valor medio de OD del suero de control negativo,

expresado como la relacién positiva / negativo (relacién P / N).
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Precision del ELISA-rLipL32

Se probaron ocho alicuotas de los sueros de control positivo agrupados y 8 alicuotas
de los sueros de control negativo agrupados a Leptospira de los experimentos de
estandarizacion de ELISA-LipL32 en posiciones aleatorias en los 96 pocillos de las
placas de microtitulacion durante 5 dias no consecutivos. A partir de los resultados,
se calculd la OD media, la desviacion estandar (SD) y el coeficiente de variacién
(CV) para obtener la repetibilidad de las muestras de suero analizadas en la misma
placa (variacion intra-ensayo) y en diferentes placas en diferentes momentos (inter-
ensayo). repetibilidad). Se consideré que un valor de CV inferior al 20% produce
una variacién aceptable (Andreasson et al., 2015).

Rango dinamico y linealidad del ELISA-LipL32

El limite superior e inferior de deteccion y la linealidad de dilucién se calcularon para
establecer el rango de trabajo del ELISA-LipL32 que produce un resultado confiable.
Se analizaron diluciones en serie de dos veces de los sueros de control positivo
agrupados desde la dilucion 1:25 (dilucion de trabajo) hasta 1: 6.400. Un conjunto
de los sueros de control negativo agrupados a Leptospira diluido 1:25 y un conjunto
de blancos de PBST se incluyeron en la prueba. Todas las muestras positivas,
negativas y en blanco se procesaron en octuplicados en una placa de

microtitulacién. ELISA-rLipL32 con muestras de campo.

Estandarizacion ELISA indirecto LipL32

Se realiz6 una titulacion en tablero de ajedrez usando la proteina rLipL32
como antigeno de fase solida (Figura 5); los sueros con mas alta densidad Optica a
leptopsirosis por medio de RT-PCR como controles positivos y suero fetal bovino
(SFB) como control negativo. La relacién de la absorbancia de sueros positivos
sobre sueros negativos se utilizé para determinar las concentraciones de reactivo

optimas para el ELISA.
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Fig.5. Formato de tablero empleado para estandarizacion de reactivos de ELISA
rLipL32

De los resultados de RT-PCR se seleccionaron las 6 muestras (9, 10, 21, 23, 29y
33) que desarrollaron la mayor cantidad de unidades de fluorescencia relativa, y se
probaron por medio de iELISA rLipL32 para evaluar el sistema en comparacion con
RT-PCR LipL32.

Se realizo un pool de las 6 muestras seleccionadas para desarrollar una serie de 24
repeticiones para comprobar la repetibilidad de la prueba utilizandolas como control

positivo y suero fetal bovino como control negativo.

Equipo utilizado: PCR tiempo real CFX96 de BioRad para el sistema RT-PCR de
Leptospira, Lector Elisa 96 pozos Eli Read Kontrolab.
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Anélisis de datos:

El analisis de los datos se realiz6 utilizando la version 9.4 de Statistical Analysis
Systems (SAS). (SAS Institute, Carolina del Norte, EE.UU.). Se establecio el
estadistico Kappa para nivel de concordancia entre las distintas pruebas
diagnodsticas empleadas en este trabajo (Martin, 1987). ademas de prueba de
hipotesis por medio de regresion lineal simple de las diluciones dobles de los sueros

para evaluar si existia o no correlacion entre los datos.
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RESULTADOS

RT-PCR para muestras de sangre estudio anterior (sin publicar)

Segun los resultados del analisis anterior (2015) del cual se tomaron 57 muestras
para este estudio. 79 muestras de ADN proveniente de sangre de perros de
CEMCA, de los cuales 60 (75.95%) lograron una amplificacion por encima de la
linea umbral que establece el software CFX96 y por lo tanto fueron consideradas

como positivas (cuadro 3) (figura 6).

Amplification

3000 -
6000 4

4000 4+

RFU

2000 -

Cycles

Figura 6. Curva de amplificaciéon de muestras de sangre probadas por el sistema

RT-PCR para Leptospira.
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Cuadro 3. Resultados del RT-PCR para muestras de sangre de perros

capturados en el Centro Municipal de Control Animal de Mexicali 2015

MUESTRA POSITIVO NEGATIVO

N:79 60 (75.95%) 19 (24.05%)

Las seis muestras seleccionadas de RT-PCR (9, 10, 21, 23, 29 y 33) que
desarrollaron la mayor cantidad de unidades de fluorescencia relativa todos
obtuvieron valores de densidad 6ptica mayores de 1 (Figura 7), con las cuales se

realizé un pool de las muestras para utilizarse como control positivo.

MUESTRAS POSITIVAS RT-PCR

1.8
1.6
14

1.2
1
0.8 m DO
0.6
0.4
0.2
9 10 21 23 29 33 SF

Fig. 7. Muestras positivas a RT-PCR seleccionadas por tener las méas altas

fluorescencias relativas y probadas por medio de iELISA rLipL32 para utilizarse
como control positivo, en contraste con Suero fetal (SF) utilizado como control

negativo.
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Todas las muestras seleccionadas se comportaron de la manera que se anticipd
teniendo valores de densidades Opticas mayores a 1 y el control negativo valores

menores a 0.2.

Estandarizacion del sistema rLipL32

En base a los valores de densidades oOpticas, se obtuvo la mejor relacion positiva /
negativa. El mejor desempefio se logré empleando 5ng/pozo de rLipL32, el suero a

una dilucion de 1:25 y el conjugado enzimatico diluidol: 50,000 (Cuadro 4).

Sin embargo, varias otras combinaciones y diluciones de reactivos también
produjeron relaciones positivas / negativas aceptables para una prueba de ELISA
valida (Cuadro 4). El sistema rLipL32 I-ELISA produjo un ruido de fondo minimo y
discrimina claramente entre los controles positivos y negativos utilizados. Ademas,
durante las diferentes ejecuciones del ensayo no hubo variaciones excesivas dentro
de las lecturas de absorbancia de los controles positivo y negativo que demostraban
una alta repetibilidad del ensayo.
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Cuadro 4. Relacion Positiva / Negativa, experimentos de estandarizacion
rLipL32

PROTEINA CONJUGADO SUERO P/N

10ng 1:25 000 1:25 5.46
5ng 1:25 000 1:25 5.24
sng 1:30 000 1:25 5.48
5ng 1:50 000 1:25 7.9
50ng 1:100 000 1:25 3.6

Con respecto al resultado del andlisis kappa de concordancia entre RT-PCR vy I-
ELISA rLipL32 para las 79 muestras analizadas en 2015, se realizé la seleccion de
57 de las 79 muestras debido a que algunas no tenian suficiente cantidad de suero

para utilizarlas en el analisis (Cuadro 5).

Cuadro 5. Comparacién Resultados RT-PCR con ELISA rLipL32

RT-PCR ELISA rLipL32
Positive Negative Positive Negative
45(78%) 12(21%) 57(100%) 0 (0%)
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Del pool de muestras que se realizaron las 24 repeticiones positivas y negativas, el

comportamiento fue el esperado donde las muestras negativas tuvieron valores

menores a 0.25 DO, y las muestras positivas valores mayores a 0.70 DO.
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Figura 8. Graficos comportamiento controles negativos y positivos

Del pool de muestras positivas que se probaron por medio del ELISA Indirecto
rLipL32 a diferentes diluciones seriadas dobles (1:25, 1:50, 1:100, 1:200, 1:400,
1:800, 1: 1600, 1: 3200). Se obtiene un valor de R? de 0.8068 (Fig.4).
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Figura 9. Regresion lineal simple diluciones dobles de sueros.
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En cuanto al estadistico kappa para concordancia entre pruebas diagnosticas para
evaluar las muestras CONTROL positivas RT-PCR con el sistema IELISA rLipL32
por medio del programa para analisis estadisticos SAS 9.3. Obtuvo un valor de
KAPPA de 1 (Figura 10).

Agreement of PCR and ELISA Table of PCR by ELISA

ELISA
10 PCR NEG POS | Total
POS
NEG 24 0 24
W g 50.00 0.00| 5000
= E 100.00 0.00
o £ 100.00 0.00
a0 3=
5 POS 0 24 24
- 0.00| 50.00 50.00
10 0.00 | 100.00
0.00 | 100.00
0 Exart Agrazment
O Partial Agrazment Tl:lml :4 24 48
NES Pos 50.00 | 50.00 100.00

FCR

Figura. 10. Analisis Kappa RT-PCR — iELISArLipL32

De las 24 muestras positivas para RT-PCR obtuvimos 24 muestras positivas a
IELISA rLipL32, asi mismo para las 24 muestras negativas a RT-PCR obtuvimos 24
muestras negativas a IELISA rLipL32. Confirmando asi que el sistema IELISA
rLipL32 estaba funcionando correctamente en comparacion con RT-PCR como

referencia.
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En cuanto al resultado del analisis kappa para concordancia entre RT-PCR vy |-
ELISA rLipL32 para las 79 muestras analizadas en 2015, la concordancia fue un
valor de kappa de 79 el cual, segun los valores de Kappa de Martin, 1987 es de una
concordancia considerable o sustancial, se propone continuar con el analisis para

explicar dichos resultados.

DISCUSION

Es importante sefialar que la mayoria de los sistemas ELISA indirectos disponibles,
utilizan celulas completas de cepas de Leptospira spp como antigeno de fase solida,
lo cual proporciona alta sensibilidad para detectar animales positivos a Leptospira
spp, pero también los hace mas vulnerables a producir reacciones seroldgicas
cruzadas falsas positivas con otros microorganismos (Boonyod et al., 2005). En este
trabajo, se utilizd un sistema ELISA indirecto que utiliza como antigeno la proteina
recombinante rLipL32 la cual se expresa exclusivamente en cepas patdégenas de
leptospira. Lo anterior, permitié la aplicacion de un sistema de deteccion de
anticuerpos dirigidos contra una regién antigénica Unica para bacterias del género
leptospira y que se anticipa sera capaz de discriminar de animales infectados con

otros microorganismos.

Si bien el sistema ELISA indirecto basado en un antigeno de proteina recombinante
rLipL32 utilizado en este estudio se anticipa sera capaz de discriminar animales
infectados con leptospira de otros microorganismos y establecer un diagndstico mas
certero de infeccidn en un periodo corto de tiempo se recomienda realizar un mayor
analisis para la validacion del mismo para promover su uso como alternativa ala
prueba de MAT.
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ABSTRACT

Leptospira infects a wide range of companion, domestic, and wild animal species,
shedding the spirochetes into the environment via urine. Dogs become infected by direct or
indirect contact with wild or domestic infected animal reservoirs increasing the risk of
zoonotic transmission of the disease. The microscopic agglutination test has been used as the
gold standard for the diagnosis of leptospirosis but has low sensitivity and is technically
complex. Several ELISAs have been developed based on recombinant proteins of Leptospira
for the diagnosis of leptospirosis with similar or higher specificity and sensitivity levels than
the microscopic agglutination test. Here, we developed an ELISA system based on
recombinant LipL32 protein of Leptospira expressed in baculovirus. The LipL32 protein was
successfully adapted in an indirect ELISA using dog plasma samples. Optimization of the
ELISA resulted in a positive/negative ratio of 7.18 using only 5 ng of rLipL32 per well. Inter-
assay and intra-assay variation showed a CV of 3.96% and 6.98%, respectively, suggesting
that the ELISA-LipL32 is highly reproducible. When tested with field samples the ELISA-
LipL32 detected antibodies in 55/57 (96.5%) plasma samples while a real-time PCR that
amplifies a fragment of the LipL32 gene detected 45/57 (78.9%) positive samples. Our results
indicate that the ELISA-LipL32 has the potential to be used by veterinarians and public
health investigators as a simple, safe, accurate and inexpensive method for the early diagnosis
of Leptospira infection in dogs. Additional studies are still required for clinical validation on

field samples under different epidemiological scenarios.

Key words: Leptospirosis, dogs, ELISA, LipL32
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RESUMEN

Leptospira infecta una amplia gama de especies animales de compafiia, domésticos y
silvestres, las cuales excretan las espiroquetas al medio ambiente a través de la orina. Los
perros se infectan por contacto directo o indirecto con reservorios de animales silvestres o
domésticos infectados aumentando el riesgo de transmision zoondtica de la enfermedad. La
prueba de aglutinacién microscopica (MAT) se considera el estandar de oro para el
diagndstico de leptospirosis, pero tiene baja sensibilidad y es técnicamente compleja. Se han
desarrollado distintas pruebas ELISA basados en proteinas recombinantes de Leptospira con
niveles de especificidad y sensibilidad similares o mejores que MAT. En este trabajo, se
desarroll6 un sistema ELISA basado en la proteina recombinante LipL32 de Leptospira
expresada en baculovirus. LipL32 se adaptd con éxito en un sistema ELISA indirecto
utilizando muestras de plasma canino. La optimizacion del ELISA dio como resultado una
relacién positivo/negativa de 7.18 empleando solo 5 ng de rLipL32 por pocillo. La variacion
inter-ensayo e intra-ensayo mostré un CV de 3.96% y 6.98%, respectivamente, sugiriendo
que el ELISA-LipL32 es altamente reproducible. En muestras de campo, el ELISA-LipL32
detecto anticuerpos en 55/57 (96.5%) muestras de plasma, mientras que una PCR en tiempo
real para LipL32 detectd 45/57 (78.9%) muestras positivas. Los resultados indican que el
ELISA-LipL32 tiene potencial para ser utilizado como un método simple, seguro, preciso y
de bajo costo para el diagnostico temprano de leptospirosis en perros. Se requieren estudios
adicionales para la validacion clinica en muestras de campo bajo diferentes escenarios
epidemioldgicos.

Palabras clave: Leptospirosis, perros, ELISA, LipL32
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INTRODUCTION

Leptospirosis is the most widespread zoonotic disease in the world affecting over 1
million people every year. The majority of the reports of leptospirosis occur in adults ranging
20-49 years of age from poor regions of the world and from regions lacking of appropriate
surveillance programs for this disease (Costa et al 2015). In Latin America, leptospirosis are
routinely reported in 24 out of 48 countries but only 18 nations from that region had a
government mandatory notification system, resulting in a limited geographical knowledge of
the epidemiology of leptospirosis and an underestimation of the real morbidity and mortality
of the disease in the Americas (Costa et al 2012). In México, Leptospirosis in a mandatory
reportable disease in humans, however; the information regarding the epidemiological
situation of the disease in domestic or companion animal species is very limited. Pathogenic
leptospiras chronically infect a wide range of companion, domestic, and wild animal species,
shedding the spirochetes into the environment via urine, where the spirochetes can survive
for weeks or months until an incidental host is infected upon contact and penetration through
mucosal membranes, skin abrasions, or lacerations (Ko et al 2009). Humans can become
accidentally infected by contact with contaminated soil or water and from urine of infected
animal reservoirs (Miraglia et al 2013). Dogs are frequently exposed to zoonotic pathogens
and become infected by direct or indirect contact with other wild or domestic infected animal
reservoirs in their immediate outdoor environment (Davis et al 2008). This contamination
might lead to an infection that bring Leptospira into the household, increasing the risk of
zoonotic transmission of the disease between dogs and their owners by direct contact with
leptospiras shed through the urine or present in another common contaminated sources like
water (Gay et al 2014).

Early detection and diagnosis of Leptospira infection must be achieved in order to
establish appropriate control measures (Courdurie et al 2017). For many years, the
microscopic agglutination test (MAT) has been used as the gold standard for the diagnosis
of leptospirosis; however, given its technical complexity, time consuming and the biosecurity
risks associated to maintain pure strains of pathogenic Leptospira to obtain whole cell
antigens, MAT is performed only at reference laboratories where highly trained personal and
appropriate biosecurity procedures are available (Chen et al 2013, Nilofa et al 2015). It has
been demonstrated that MAT has low sensitivity when is used within the first 10 days of
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infection and require the testing of acute and convalescent samples to obtain better sensitivity
levels, limiting the use of MAT only for confirmation of infection with Leptospira once the
antibodies have raised to detectable levels in the patient (Limmathurotsakul et al 2012). To
overcome the limitations of MAT, several ELISA platforms for the diagnosis of leptospirosis
has been developed based on the use of whole cell antigens for detection of antibodies
(Niloofa et al 2015, Kitashoji et al 2015), or by the use of specific antibodies to detect
circulating leptospiras in serum or plasma samples (Courdurie et al 2017, Kitashoji et al
2015). More recently, a number ELISA platforms have been developed based on highly
specific recombinant proteins of Leptospira for the diagnosis of leptospirosis in both humans
(Courdurie et al 2017, Chen et al 2013, Kitashoji et al 2015) and different animal species
such as bovine (Bomfim et al 2005), equine (Ye et al 2014%), swine (Hartleben et al 2013),
and dogs (Ye et al 2014°), with similar or higher sensitivity and specificity levels than MAT.
The use of the adhesion protein LipL32, a highly conserved immunodominant protein
expressed only in pathogenic species of Leptospira (Murray 2012), has been successfully
adapted into different serological platforms for the diagnosis of leptospirosis in humans
(Chen et al 2013) and animals (Bomfim et al 2005, Ye et al 20142, Hartleben et al 2013).

In this work, we hypothesize that recombinant protein LipL32 (rLipL32) expressed
in baculovirus can be adapted as antigen for ELISA, that rLipL32 is capable to bind to
antibodies produced as a result of Leptospira infection in dogs and can be used for the
serological diagnosis of canine leptospirosis. The objective of this study was to develop an
indirect ELISA system using rLipL32 protein expressed in baculovirus as solid phase antigen

for the serological diagnosis of canine leptospirosis in plasma samples.

MATERIALS AND METHODS
Location of the study

The development and standardization of the ELISA-rLipL32 were performed at the
Institute for Research in Veterinary Sciences, Autonomous University of Baja California, in
Northwest Mexico. Mexicali is the capital city of the state Baja California (32°39°48°°N
115°28°04°’W) and shares the international border line with the state of California in the
southwest United States of America.

Recombinant protein LipL32
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The design of rLipL32 protein was based on the sequence of the LipL32 gene from
Leptospira interrogans strain 200901482 (GenBank accession number JN683904.1), a 474
base pair (bp) gene that encodes for a protein of 158 amino acids (GenBank accession number
AEZ53279.1). Expression and synthesis of rLipL32 was performed by GenScript
(Piscataway, NJ, USA) using a baculovirus expression system. Briefly, the original sequence
JN683904.1 was codon optimized and an 8-His tag added at the amino terminal of the DNA
molecule. The optimized target DNA sequence of LipL32 was synthesized and sub-cloned
into the pFastBacl vector (Invitrogen, Carlsbad, CA, USA) for insect cell expression. Max
Efficiency DH10Bac competent cells were used for the generation of recombinant bacmid
DNA and transfected into Sf9 insect cell culture. Sf9 cell cultures were incubated in Sf-900
I serum-free, protein-free insect cell culture medium for 5 to 7 days at 27°C. Cell cultures
were harvested and centrifuged and the collected supernatant was designated as the P1 viral
stock. A P2 amplified viral stock was produced for infection. For expression of rLipL32, the
P2 amplified viral stock was optimized for infection of Sf9 cell cultures at 0.5, 3, and 5
moieties of infection (MOI) and harvested at 48, 72, and 96 hours post infection. Cell pellets
were harvested and lysed using a proper cell lysis buffer. Cell lysates were incubated with
Ni-NTA columns to capture rLipL32 target protein. Eluted fractions were pooled, dialyzed,
and analyzed by SDS-PAGE and western blot using standard protocols for molecular weight
and purity measurements. The primary antibody for western blot was a mouse-anti-His
horseradish peroxidase (HRP) labeled monoclonal antibody. Protein concentration was
determined by the Bradford protein assay using bovine serum albumin (BSA) as a standard.
A batch of 3.6 mg of rLipL32 with a concentration of 0.20 mg/mL and purity of 80%
estimated by densitometry analysis of the Coomassie blue-stained SDS-PAGE was produced
and delivered by GenScript.

Positive and negative controls

For the standardization of the ELISA-LipL32, a pool of blood serum samples positive
to Leptospira interrogans serovar Canicola with a MAT titer of 1:400 was used as positive
control. The serum samples of this pool of sera were obtained from a previous study
conducted in Culiacan, Sinaloa, Mexico (Herandez-Ramirez et al 2017), were 165 serum
samples from household dogs were tested by MAT to detect antibodies to Leptospira

obtaining a 9% seroprevalence. From de same study, a pool of blood serum samples tested
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negative to MAT using a panel of Leptospira serovars Canicola, Ballum, Hardjo, Pomona,
Pyrogenes, Icterohaemorrhagiae, Bratislava, Wolffii, Australis, Grippotyphosa,
Hebdomadis and Shermani were used as negative control for the standardization of the
ELISA-LipL32. Positive and negative serum samples used in this study were previously
tested for Leptospira antibodies using MAT at the National Animal Health Centre in
Tecamac, State of Mexico.
rLipL32 ELISA protocol

The rLipL32 protein was standardized for use as solid phase antigen for the detection
of antibodies in an indirect ELISA system. Optimal rLipL32 protein antigen concentration,
serum samples and enzyme conjugate antibody dilutions, were determined through standard
checkerboard titration procedures (Naslund et al 2014). Briefly, rLipL32 protein antigen was
diluted in carbonate-bicarbonate buffer pH 9.6 at a concentration of 200, 100, 50, 25, 10, and
5 ng per well. After incubation overnight at 4°C plates were ready to use. To run the tests,
plates were washed 5 times with phosphate buffered saline solution pH 7.5 containing 0.05%
Tween 20 (PBST). Positive and negative controls were diluted 2-fold from 1:25 to 1:200 and
added in duplicates to appropriate wells. After incubation at 37°C for 1 hour, plates were
washed as described before and 100 pL of anti-dog IgG HRP conjugate diluted 1:5,000,
1:10,000, 1:20,000 1:40,000 and 1:80,000 in PBTS added to individual plates. Followed
another round of incubation and washing, 100 pL of substrate solution (TMBS) (Sigma-
Aldrich) were added to each well and color development stopped with 30 pL per well of
0.16M sulfuric acid solution after 10 minutes of incubation at room temperature. Optical
density (OD) values were obtained at 450 nm using an automated ELISA reader. The selection
criteria for the best performance of the rLipL32 ELISA system was determined based on the
amount of antigen per well, dilution of serum and dilution of the enzyme conjugate that resulted
in the maximum amplitude of difference between the mean OD value of the positive control
serum over the mean OD value of the negative control serum, expressed as the positive/negative
ratio (P/N ratio).
Precision of the ELISA-rLipL32

Eight aliquots of the pooled positive control sera to and 8 aliquots of the pooled
negative control sera to Leptospira from the ELISA-LipL32 standardization experiments
were tested in duplicates at random positions across the 96 wells of microtiter plates during

5 non-consecutive days. From the results, mean OD, standard deviation (SD) and coefficient
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of variation (CV) were calculated to obtain the repeatability of serum samples tested on the
same plate (intra-assay variation) and on different plates at different times (inter-assay
repeatability). A CV value less than 20% was considered to produce acceptable variation
(Andreasson et al 2015).
Dynamic range and linearity of the ELISA-LipL32

Upper and lower limit of detection and dilution linearity were calculated to establish
the working range of the ELISA-LipL32 that produce a reliable result. Two-fold serial
dilutions of the pooled positive control sera were tested from dilution 1:25 (working dilution)
to 1:6,400. One set of the pooled negative control sera to Leptospira diluted 1:25 and one set
of blanks of PBST were included in the test run. All positive, negative, and blank samples
were run in octuplicates in a microtiter plate.
ELISA-rLipL32 with field samples

A total of 57 plasma and urine samples collected from stray dogs captured by the
Mexicali County Animal Control Center (MCACC) between March and July of 2017 were
included in this work. From that group of samples 45 tested positive and 12 negative to a
Leptospira LipL32 real-time PCR (rtPCR-LipL32) diagnostic platform performed in urine
samples. Plasma samples corresponding to the 45 positive and 12 negative rtPCR-LipL32
urine samples were tested to detect antibodies to Leptospira using the ELISA-rLipL32 and
the results of both tests compared. A positive cut-off value with an OD >0.750 was used to
compare the results of both tests. That cut-off value corresponds to 50% the mean OD value
of the positive control samples resulted for the optimization of the ELISA-LipL32.
Data analysis

Data analysis was performed using the Statistical Analysis Systems (SAS) version
9.4. (SAS Institute, North Carolina, USA)

RESULTS
ELISA-rLipL32 protocol optimization

The maximum P/N ratio with the lowest background noise of the ELISA-LipL32 was
established in 7.18 with a mean OD for the positive control of 1.487 and a mean OD of 0.207

for the negative control (Table 1). These results were obtained using 5 ng of rLipL32 protein
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antigen per well, the serum samples diluted 1:25 and the conjugate diluted 1:40,000.
Incubation of primary and secondary antibody was performed at 37°C for 1 hour each,
followed by 10 minutes of incubation with TMBS at room temperature.
Precision of the ELISA-LipL32

Eight positive and 8 negative aliquots of canine sera were tested during 5 non-
consecutive days for intra-assay and inter-assay variation to evaluate the repeatability of the
ELISA. Results showed an intra-assay CV of 6.98% (4.13-11.20%) and an inter-assay CV of
3.96% (2.12-8.60%). These data suggests that ELISA-LipL32 has the capacity to generate
highly reproducible results with low variation.
Dynamic range and linearity of the ELISA-LipL32

The higher mean OD value detected during the intra-assay and inter-assay
experiments was 1.670, corresponds to a positive pooled plasma sample diluted 1:25 and it
was established as the upper limit of detection. The lower OD detected was 0.195,
corresponds to the positive pooled plasma sample diluted 1:6,200 and it was regarded as the
lower limit of detection (Figure 1).
Dilution linearity

To obtain the dilution linearity of the ELISA-LipL32, the mean OD of 2-fold sample
dilution series were plotted and a regression curve (R?) calculated. The results shown a
linearity curve with an R? value of 0.9901 (p < 0.001), demonstrating that rLipL32 is capable
to allow the reliable determination of antibody levels in diluted plasma samples within the
OD dynamic range established for this method (Figure 1).
Comparison of the ELISA-LipL32 with an rtPCR-LipL32 in field samples

The ELISA-LipL32 was capable de detect antibodies to Leptospira (OD > 0.750) in

55/57 plasma samples collected from stray dogs while the rtPCR-LipL32 produced a positive

amplification result in only 45 corresponding urine samples. The two samples tested negative
with the ELISA-LipL32 were also negative in the rtPCR-LipL32. The results show that the
ELISA-LipL32 was capable to detect 10 additional cases than the rtPCR-LipL32 method,

making this ELISA a more efficient serological method compared to the rtPCR targeting the

LipL32 gene for the early detection of Leptospira infection using plasma samples.

DISCUSSION
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Accurate detection and diagnosis of a Leptospira infection is important to the prompt
initiation of the antibiotic therapy and to minimize the spread of the disease. A delay in the
diagnosis represents a significant challenge for human and veterinary public health
authorities facing the possibility of an epidemic outbreak of leptospirosis, especially in
regions where the pathogen is emergent. MAT is considered the reference serological method
used to diagnose leptospirosis. However, because of the low sensitivity of the test MAT is
considered a poor gold standard for comparison of other diagnostic tests for leptospirosis
(Limmathurotsakul et al 2012). MAT procedure is laborious, expensive, requires of stocks
of live leptospiras and must be carried out in specialized reference laboratories with high
level bio-containment facilities; consequently it is rarely used in most developing countries
(Chen et al 2013). PCR based molecular methods are very sensitive and specific for the
diagnosis of Leptospira but, given the short period of the bacteriuria in infected dogs, the
usefulness of this technology for early diagnosis of the disease is limited to the first 10-12
days after infection (Ko et al 2009). Additionally, rtPCR diagnosis of Leptospira requires
well equipped laboratories which might be beyond the resources and capabilities of clinical
and diagnostic laboratories in many developing countries. Antibody detection by ELISA for
the diagnosis of Leptospira is widely used and the rising number of reports for leptospirosis
world-wide resulted in an increased demand for rapid, safe and affordable diagnostic methods
for the accurate detection of leptospirosis (Ye, et al 2014; Suman 2014). The development
of recombinant proteins is one approach suitable for the safe production of high quality
ELISA reagents given that are easily expressed, produced and standardized with high degree
of consistency between batches without the biosecurity risks associated to the extraction of
leptospiral antigens from pure microbiological culture preparations (Chen et al 2013; Ye et
al 20149).

Here, we developed an ELISA based on a baculovirus recombinant LipL32 protein
with potential application as diagnostic antigen in an indirect ELISA system for detection of
antibodies in dogs plasma samples. The LipL32 protein was chosen as a test antigen for the
ELISA because it is an immunodominant protein exclusively expressed for pathogenic
species of Leptospira (Bomfim and Koury, 2005; Ye et al 2014°; Murray 2012). The cloning,
expression and purification methods for the production of the rLipL32 protein described in

this work resulted in a technically simple, cost effective production of a highly reliable, very
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stable and noninfectious antigen for ELISA. The rLipL32 protein strongly bound to the
ELISA plates generating minimal background, thus producing an effective differentiation
between the positive from the negative controls tested showing an ample P/N ratio of 7.18.
Considering the working dilution of the rLipL32 protein antigen for the ELISA optimized at
5 ng per well, a batch of one milligram of and 80% purity rLipL32 protein like the one
evaluated here, would be enough to test approximately 100,000 duplicate plasma or serum
samples for detection of antibodies to Leptospira, making the ELISA-LipL32 an inexpensive
platform to the accurate detection of leptospirosis in dogs and possibly in other animal
species.

Dilution linearity experiments resulted in a strong correlation (R? = 0.9901; p <
0.001), determining to which extent the response of the diluted sample is linear through the
working range of the test with no effect over the precision (Andreasson et al 2015). The
linearity strength of the ELISA-LipL32 system presented here, will be of great value for the
analysis and characterization of the antibody response from animals living under different
epidemiological situations such as urban or rural setting, stray dogs or household dogs, age,
gender, vaccination status, antibiotic treatments and others variables that might help to
achieve the field validation of the ELISA-LipL32 in the future.

The ELISA-LipL32 was capable to detect antibodies to Leptospira rLipL32 in 10
additional plasma samples then the rtPCR-LipL32 method based on urine samples. This can
be explained because of the fact that after infection, Leptospira rapidly proliferates in the
blood stream developing an acute phase that lasts for 10-12 days, when molecular diagnostic
methods are capable to produce a positive result (Ye et al 2014%). On the other hand,
antibodies can be detected in blood as early as by the 6™ to 10" day post infection, which
coincides with the clearance of Leptospira from the blood stream. Antibodies will continue
to rise and reach peak levels 3-4 months after infection (Suman 2014) thus, more cases of
leptospirosis can potentially be detected by using serological than molecular methods.
Finally, the high rate (>80%) of plasma samples tested using the ELISA-LipL32 developing
an OD >1.00, added to the 45 urine samples that resulted positive to the rtPCR-LipL32
method, strongly suggests evidence of active infection in the stray dog population with
possible shedding of Leptospiras into the environment via urine indicating a potential risk

for human and household dog’s exposure to the disease Gay et al 2014).
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The results of the present work indicate that the ELISA-LipL32 may be a reliable tool
for early diagnosis of leptospirosis and has the potential to be used by veterinarians and public
health investigators as a safe, accurate and inexpensive method for the early diagnosis of
Leptospira infection in dogs, to study the epidemiology of this disease and to evaluate current
sanitary strategies for control and prevention of leptospirosis. Further studies oriented to
achieve clinical validation on field samples under different epidemiological scenarios are still
required.
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Table 1. Optimization of the ELISA-LipL32 using MAT positive and negative control serum

samples.

Mean OD?  sSD¢

Ccve

P value

P/N ratio®

Positive
Control 1.487 0.1067

N =40

7.1762

<0.0001

Negative
Control 0.207 0.0127

N =40

6.1429

<0.0001

7.18

8CV = Coefficient of variation
bMean OD = Mean optical density
°P/N ratio= Positive / negative ratio
9SD = Standard deviation
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Chart 1. Linear dilution performance of the ELISA-LipL32

1.6

14 | 136
1.2 y =0.97567 x-17.56519
= 2=0.9901  p <0.001
Q 1
n
N
2 08
= 6
2 06
< >
(&)
g : ' 25
© I I ' : : . 0.18
0.2 I

1:25 1:50 1:100 1:200 1:400 1:800 1:1600 1:3600 1:6200 Neg Neg  Blank

m Plasma dilution

Two-fold serial diluted plasma samples were tested using the optimized ELISA-LipL32, the
results showed a strong dilution linearity (R?> =0.9901, p <0.001) in diluted samples with no
effect over the precision of the test. The mean OD at dilution 1:6400 is just above the mean OD

of the negative control and blank samples.
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3.2 Prevalence and geographical distribution of Nosema apis and Nosema
cerenae in apiaries of Northwest Mexico using a duplex Reatl-Time PCR with

melting-curve analysis
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Table

ET-PCE N apis N cerenae
Average Ct of positive | 23.99 901

conirols

Average Ct of No amplification | No amplification
negative controls ohserved ohserved

Ct range of field Low 1419 Low 1860
samples High 3138 High 38.10

3 Table 1. Cycle threshold of amplification of positive confrols, negative controls and field

4 samples obtamed by the duplex ET-PCE. assay for N apis and N cerenae



Figure

A{RFU)T

Figure 1. Melting-curve analysis of N. apis and N. cerenae. Duplex Eva Green RT-PCR assay
optimization for N. apis and N. cerenae showing specific melting temperature (Tm) peaks of
77.5°C (Tmrange 75.3 °C to 78.4 °C) for N. cerenae while for N. apis average Tm peak was
80.5 °C (Tmrange 78.6 °C to 81.1°C) from DNA reference controls provided by CENAPA and
field samples from bees of Northwest Mexico.
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Figure 2. Overall prevalence of V. apis and N. cerenas n field samples using the duplex Eva
Green BT-PCE. assay. Infection due N apis showed to be the dominant microsporidian infection
in apiaries of MNortlnwest Mexico.
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Figure 3. Prevalence and geographical distribution of N, apis and N. cerenae in four major
regions of Northwest Mexico using the duplex Eva Green RT-PCE assay. The Mexicali
agricultural valley accounts of over 80% of the apianies of the Northwest region of Mexico and
resulted with the higher prevalence of both N apis and N cerenae.
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Prevalence and geographical distribution of Nosema aprs and Nosema cerenae in apiaries of

Northwest Mexico using a duplex Real Time PCR with melting-curve analysis

Abstract

In Mexico, beekeaping is an important socioeconomic activity i many miral regions currently
facing various health situations, being the presence of infections diseases the main problem of
beekesping in our country. The aim of our study was to optimize a duplex Eva Green RT-PCE.
assay along with melting-curve analysis to detect and differentiate N apis from N cerenae
infection in honey bees at four locations in Northwest Mexico. 7635 samples from 76 apiaries
were tested using a ET-PCE. and melting-curve analysis. Infection was detected i all the four
geographical remons ynder study. Crwverall, 87.32% samples resulted positive for N, apis, 12.68%
for N. cerenae and 10.20% resulted co-infected with both microsporidians. The Mexicali valley
resulted with the highest prevalence of N. apis with 56.68%% positive apianes wiile Ensenada
shown the lowest prevalence with 7.89 positive apianes. The highest prevalence of N cerenae
was detected In Mexicali with 15.79% while Tijuana and San Luis Fio Celorado shown the
lowest prevalence with 1.32%, respectively. Our work indicate a wide spread of nosemiosis in all
the four geographical regions with a marked domumion of N. apis. The RT-PCE. assay resulted
highly specific and accurate for the detection of N apis and N cerenae and could provide a rapid
and accurate diagnostic tool for the sinmiltaneous detection and discrimination of both
microsporidians. It can also be used for clinical diagnostics and disease surveillance and to
evaluate the effectiveness of the measurements for control and prevention of Nosemiosis in the
Northwest comer of Mexico.
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Nosema apis, Nosema cerenae, real-ime PCF. melting-curve analysis, prevalence, Northwest

Mexico

Introduction

Nosemiosis is an infection of honey bees caused by the microsponidian pathogens Nosema apis
(N, apiz) and Nosema cerenae (N. carenae). Both pathogens are cause of economic losses in
managed colonies and have been recognized as major factors conmbuting to the reduction of
honey bee populations worldwide (Charbonnean, Hillier, Rogers, Williams, & Shutler, 2015). N
apis and N. cerenae infect and nndtiply in the epithelial ventricular cells of adult honey bees
mainly through the ingestion of contaminated honeyeomb matenal, water, by trophalasis,
accummilation of honey in the hive and the presence of crushed infected bees may also infervene
in the transmission of nosemiosis.

Approximately 3-4 days after infection. large amounts of mature spores develop producing tissue
degeneration and cell renewal impairment, beimg the two main factors responsible for high rates
of mortality during Nosema infection (Dussanbat et al., 2012). Chronic nosemiosis reduces
honey production, colony survival, bee longevity, brood rearmg and pollen collection leading to
Colony Collapse Disorder (CCDY), a syndrome characterized for a dead colony with absence of
adult bees. no visible dead bee bodies and a live queen m the live. While dysentery and crawlmg

bess are the main symptoms of mfection with N apis, N. cerenae produces high mortality of
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bees, depopulation and colony collapse that may undergo without any apparent symptoms
(Paxton, 2010).

In Mexico, beekeeping 15 an important socloeconomic activity I many miral regions, honey and
the by-products ebtained from the beehive represent an altemative source of work, an additional
direct income for the family economy of beekeepers and participation in the local honey
production chain. However, beekeepers face vanious problems, being the presence of infectious
diseases in their hives the main problem of beekeeping in our country. Nosemiosis was first
reported mn apianes the Yucatan Peminsula in Southeast Mexico in 1980 and simee then,
nosemiosis has been confirmed in other regions of the country (Guerrero-Molma, Correa-
Benitez, Hamiduzzaman, & Gueman-Novoa, 2016). In the Northwest region of Mexico,
beskeaping has become a growing activity mainly developed in the Mexicali and San s Rio
Colorado valleys, where 85% of the producers are located. and the rest distributed i the
mumicipalities of Ensenada and Tijuana. Together, they contribute with approximately 3.0% of
the national production of honey (SEFOA 2009). Durmg the last decade, commercial pollination
has become the top mcome source for Baja’s beekeepers. However, despite of the rapid
development of beekeeping in Baja, information about infectious diseases affecting honey bees
is not readily available and the potential impact on reduction of honey production or colony
survival still to be determuned.

Nosemiosis is routinely diagnosed by observation of spores using light micToscopy, however, N.
apis and N cerenae are morphologically stnmlar umder light microscopy with small ulira-
struchure differences based on the mmber of polar filaments (Bourgeois, Rinderer, Beaman &
Danka. 2010} so; a reliable procedure for the quick and accurate identification of Nosema species
is needed to establish infection prevalence rates and geographical dismbution of nosenuosis in
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our region. The use of molecular techmiques such as real-time polymerase chain reaction (F.T-
PCE.) along with species-specific primers are capable to the accurate identification of Nosema
species in complex sample matrices containing nmltiple sources of DNA from different
microbial species. The combined use of the melting-curve analysis (Tm), which consists in the
determination of the melting pomt temperature of any given DNA fragment. 15 widely used to
differentiate microbial species based on the different melting point of their PCT. amplified
product (Burgher-MacLellan, Williams, Shutler, MacKenzie, & FRogers, 2010) Thus, this
methodology s sensitive, quick and accurate for the diagnosis of Nosema species m honey bees.
The aim of our study was to cptimize and evaluate a RT-PCE. system targeting a fragment of the
165 nbosomal gene of N. apis and N cerenae along with the melting-curve analysis to detect
and differentiate N apis and N. cerenae infection in honey bees and determine the prevalence of
the two Naosema species n three locations of the state of Baja Califormia and one location from

the neighbor state of Sonera in the Northwest comer of Mexico.

Materials and methods

Geographical location of apianies and bee samples

The presence and identification of N. apis and N. cerenae i honeybee colonies from the most
representative geographical remons of Northwest Mexico was investigated between march and
June of 2015, comesponding to spnng and early summer seasons and the peak of seasonal
actvity of honey bees in the region. Based on the mmmber of registered honeybee keepers
incleded in this study, a stratified randomized design was applied resulting in the selection of 76
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apianes and a total of 763 samples collected from the three main geographical regions of Baja:
Mexicali (317 45" 0" M. 115° 15" 0" W), Ensenada (30° 00N, 115 30" 0" W), Tijuana (32° 31’
307N, 1177 00" 0" W) and San Lumis Rio Celorado (327 287367 N, 1147 43" 45" W) from the
neighbor state of Sonora. From each apiary, 10 hives were sampled and 30 to 300 adult bees
collected, placed in 50 ml condcal tubes contamming 70%s ethanol, transported to the Parasitology
Laboratory of the Institute for Research in Vetennary Sciences (TICV) at Autonomens University

of Baja Califorma (UABC) and stored at room temperature imtil processed for DNA extraction.

Intestinal tract recovery

The intestinal tracts from bees were processed for DNA extraction following the procedure
descnbed by Fries (2013} with some modifications. Briefly, groups of ten bees were randomly
selected and intestinal tracts removed by pulling the last 2 abdominal segments, the material was
placed n a sterile 1.5 ml conical fube contaming 0.5 ml of DNase/FINase free water and
homogenized for 60 seconds using a 1.5 ml pestle srnder. flash freeze in Liqmd Mitrogen for 60
seconds and heath shock In a water bath at 63 °C for 3 muimates, followed by another round of
mechanical disnption with pestle grinder. This procedure was repeated four times for each
sample. After adding an additional 0.3 ml of DNaseBNase free water to each tube and vortex,
homogenates were cenfrifiged at 16,000 x g for 3 minutes at room temperaturs (BT) to
precipitate microsporidian and other cellular material. the supematant was discarded and the
pellet resuspended in 200 pl of DNaseFNase free water and stored at -20 °C umtil DNA

exfraction.
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DMA extraction

Extraction of DNA was performed from intestinal tract homogenates using the Wizard Genonuic
DNA Purification Eit (PROMEGA . Madison WT) following mammfacturer’s guidelmes. Bnefly,
using a sterile 1.5 ml conical tube, 100 pl of intestinal tract homogenate were added to 600 pl of
nueclet Iysis salution to phus 10 pl of 20 mg/ml Proteinase K gently mixed by pipetting up and
down and incubated at 37 *C for 30 mimites. After cooling down for 10 mimites at BT, 200 pl of
profein precipitation solution were added mixed by vortex, incubated on ice for 5 minutes and
cenfrifuged at 16,000 x g for 4 mimtes. The supematant was then transferred to a new, stenle 1.5
ml conical fube containing 600 pl of isopropanol and gently mixed by inversion centnfiged
again at 16,000 x g for | minute to precipitate the DINA, after discard the supemnatant, and adding
another 600 pl of BT 70% ethancl to wash the DNA tubes were centnfiuged at 16,000 x g for 1
minute at BT. After aspiration of ethanol the fubes were air dry mto a Class I cabinet for 15
minutes and DINA resuspended in 100 pl of DNA rehydration selution overnight at 4 °C and
stared at -20 °C until RT-PCE. testing.

Eva Green RT-PCE. adaptation and optimization

A single tube, duplex BET-PCE. assay was adapted and reaction conditions optinized from the
procedure reported by Fries et al. (2013) and Martin-Hemandez e al. (2007) for the accurate
detection of N. apis and N. cerenae. The assay amplify a 312 base pair (bp) fragment of the 16
small submit nbosomal gene (165 rEINA) of N, apis (GenBank: DQ235446.1) using the positive
sense oligomucleotide: F¥-GCATGTCTTTGACGTACTATGTA-3" and the negative sense
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oligomucleotide 3-CATAGTTGITICACATTTTAAACG-5" which produces an amplicon of
estimated Tm of 78.6 °C to 81.1°C. For N. cevenae a 221 bp fragment of the 165 rENA zene
{(GenBank: DQ329034. 1) was amplified using the positive sense oligomucleotide: 5'-
CGACGATGTGATATGGAAAATATTAA-3 and the negative sense oligomucleotide 3'-
CGGTTTTTTGTTTGAGAATGA-5 which produces an amplicon of an estimated Tm of 75.3
°C to 78.4 °C. The Tm for the amplicon sequences of N apiz and N. ceranae were caleulated
using the OligoCale tool (Kibbe, 2007) and the oligomuicleotides were synthetized by Bio Basie
Inc. (Markham ON, Canada).

ET-PCE. reactions were performed in a BioFad CFX 96 Comnect thermal cycler (BioFad
Hercules, CA). The RT-PCE. procedure for N, apis and N. cerenae was optimized by testing each
set of chgonucleotides at 100uM, 200 nhd, 400 oM and 800 o wath 1 pl 2 pl and 3 pl of
template DNA. Denaturing, annealing and extension temperatures as well as reaction time were
calculated to each set of primers and amplicon using the Bio Fad CFX software. For the duplex
ET-PCE. annealing and extension temperatures were optimized using a gradient from 52.0 *C to
§0.0*C. Cnee the ET-PCE. conditions were optinized samples were tested in a 20 pl reaction
contaming 10.0 ul of 2x Eva-Green Forget-Me-Not Universal Master Mix (Biotium, Freemont,
CA} 1 pl of 400 nM of each forward and reverse oligomcleotide. 2 pl of template DNA and 4
ul of DNase/FINase free water. The positive and negative DINA reference controls for N apis and
N. cerenae were provided by the National Center for Animal Health Monitoring Services
(CENAPA Cuemavaca, Mexico). Positive and negative controls were tested m triplicates and
DINA samaples in duplicates. An additional non-tenaplate control confaining 1% master mix m
DNase/PNase free water were also added in duplicates as negative controls at random block
locations in each test mn. Thermal cycler conditions for sinmiltanecus amplification of N apis
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and N. cerenae included an initial denatunng cycle of 96 °C for 3 numites followed by 39 cycles
of denaturing at 95 °C for 10 seconds, ammealing at 59.0 °C for 30 seconds and extension at 72 °C
for 15 seconds. To ensure reaction specificity, a melting-curve analysis was included mn each nm
and plotted as the derivative change in fluorescence divided by the change in temperature (—
E'(T)) versus temperature (T) to show mdividual melting curves with peak melting temperatures.
Temperature for melting curves started at 63 °C to 95 °C with increments of 0.3 °C (Burgher-
MacLellan et al., 2010). Samples were considered positive when the thresheld eyele (Ct) value
was =40, the curve i the amplification plot showed an exponential ncrease. and a specific
meling curve temperature matching with those of the positive N apis o N. carsnas confrols in

the same nm were obtaimed

Prevalence rates were calculated as follows:

Prevalence (%5) = [(mumnber of positive samples) / (number of samples)] « 100

EResults

Feal-time PCF. and Tm optimization

The best performance of the single plex or duplex Eva Green ET-PCE assay was obtamed
mixing the two sets of cligomaclectides at a concentration of 400 nhi with 2 pl of template DINA
in a final volume of 20 pl in 1x Eva Green master mix per reaction. The average threshold cycle
(Ct) of amplification for the positive controls of N apis was 2399 whereas for N ceranae the

average Ct for was 29.01. None of the negative reference contrels or non-template controls
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developed any cbservable curve of amplification. The Ct value of DNA field samples ranged

from 14.19 to 31.38 for N. apis and from 18.60 to 38.10 for N. cerenae (Table 1).

Sensitivity of the duplex real-time PCE.

The analvytical sensitivity of the Eva Green duplex ET-PCE. assay was determined by testing
serial dilutions of the DNA reference controls of N. apis and V. ceremage. A linear relationship
was caleulated between the amplified plasmid DNA and the threshold evele (Ct) obtaimimg a

regression coefficient (R.7) greater than 0.99 for both of the pathogens (Data not shown).

Specificity of the real-time PCE.

The assay was specific since no other curves of amplification were observed during the test nms
and the amplified curves developed for the DNA reference controls or the field samples
considered posifive were within the estimated range for melting peak temperatures. ET-PCE
amplification fragments for N. apis and N. cerenae were easily differentiated by their specific
Tm values. For N apis the average Tm was 20.5 °C and for N cerenae the average Tm was 77.3

°C (Figure 1).

Prevalence of N. apis and N. cerenne

A total of 765 DINA samples extracted from bee pooled intestinal tracts were tested using the

duplex Eva Green RT-PCE. assay for N. apis and N. cerenage. Infection was detected in all the

four geopraphical regions wmder study. Crverall, 668/765 field samples resulted positive for N
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apis for a remional prevalence of 87.32 %; while for N cerenae 97763 field samples resulted
positive for a regional prevalence of 12.68 %0 and 78/765 field samples resulted positive for both

pathogenic microsporidians for a regional prevalence of 1020 % (Figure 2).

Geographical dismbution of N. apis and N ceranae

By geographical location. N apis was detected in 43/76 aplanes in the Mexicali valley for a local
prevalence of 36.38 %o, followed by Ensenada with 1276 apianes and a local prevalence of
15.7%%%, Tijuana with 5/76 apianes for a 6.58 % local prevalence and San Lms Bio Colorado
with 676 apiaries and 739 %z local prevalence. The cummlative apiary prevalence of N apis in
all four geographical locations was 86.84 %. N. cerenae was detected in 12776 apiaries in the
Mexicali valley for a local prevalence of 15.79 %4, Ensenada with 2/76 apianes and a local
prevalence of 2.63 %o, Tijuana with 1/76 apiaries and 1.32 %a local prevalence and San Lis Fio
Colorado with 1/76 apianes for a 1.32 % local prevalence. The cummlative apiary prevalence of
N. cerenae for all four geographical locations was 21.06 %% Additionally, the results shown
simultanecus infection of N apis and N. cerenae in 576 apiaries from the Mexicali valley for a
co-infection prevalence of 6.58 %4, 1/76 apianes from Ensenada for a co-infection prevalence of
1.32 %, 1/76 apianes from Tijuana for a co-infection prevalence of 1.32 % and 2/76 apiaries
from San Luis Bie Colorado for a co-infection prevalence of 2 63 %. The cummlative co-
infection prevalence of N. apis and N. cerenae for all four geographical locations was 11.84 %

(Figure 3).

Dhscussion
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In the present study we report the successfinl adaptation of a highly specific and sccurate duplex
ET-PCE assay based on Eva Green chemistry and the use of the melting-curve analysis,
allowing a clear identification and differentiation of both N apis and N. cerenae. The
optimization of the primers and the resulted amplicon developed in the assay presented here,
along with the use of a melting-curve analysis, produced a clear differentiation of 3 °C of each
amplified PCE. product, resulting in a plot with two separate, well defined amplification curves
specific for N apis and N cerenae, establishing an aceurate discrimination between both
microsporidians and making this assay a strong, accurate and reliable tool for the diagnosis of

Nosemiosis in our region (Figure 1).

The diseases produced by N. apis and N. carenae have been recogmzed worldwide as semous
health problem with mpertant economic implications for the bee ndustry. In order to propose
confrol measurements in an infected region it is imperative to determmne the type of Nosema as
fast and accurate as possible. Since N apis and N, cerenae spores are morphologically very
similar, discimination between one and other using standard microscopy technigues is very
difficult (I. Fries et al., 2013). The use of PCE. based techmiques to detect and discriminate
between N. apis and M. cerenas overcome the low specificity of microscopy and have been
widely used for the detection, discrinination and diagnosis of nosemiosis (Chen et al., 2008).

The results of our work indicate a wide spread of nosemiosis m all the four geographical regions
incleded in the study with a marked dominion of N apis as the more abundant of the two

Nosema species with a 86.84% prevalence over 21 (6% prevalence of N. ceranae infection. with
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the simmiltanesns presence of N ceremae in a little over half of the apianes tested for a 11.84%
coinfaction prevalence. These results differed widely from previous studies for prevalence of
Nosemiosis in Mexico, reporting up to 100% of N cerenae infection in a recent retrospective
study that oniginally suspected of N. apix as the domimant microsporidian responsible for
infection in Mexican apiaries. This study was based on Nosema identification using a PCE. assay
and a set of pnmers very similar from those used here. The study report N. cerenas as the
dominant microsporidian infaction apianes and has been present in Mexico at least since 1993
(Guemero-Molina et al, 2016). The results of cur work however, are similar fo those reported in
Sweden in a study that included 319 samples positive for microsporidia spores detected by
microscopy followed by confirmation of species using molecular detection technigques. The
results of this work showed 83%: prevalence for N apis and 17% prevalence of N apis and N.
cerenae co-infection (. Fries, and Forsgren. E.. 2008). Several other non-published studies of
Nosemiosis in Mexico presented at honey and bee meetings, consistently report N. cerenas as

more prevalent than N, apis.

Deespite the knowledge of the presence of Nosema spp. infection in apianies of the states of
Jalisco and Yucatin in Central and South Mexico since the 1960s, cnly a few studies has been
reparted the presence and identification of N. apis and N. cerenae n the rest of the coumtry, their
geographical distmbution or basic epidemiclogical information of the disease n Mexico (Emesto
Guzman-Novea et al | 2011). This sitnation is crgnated mamly from the lack of 2 modem
diagnostic capacity, lack of technical information and education by beekeepers about health
problems affecting bees and the economic impact related to the presence of infections diseases in
the apiaries (E. Guzman-Novoa, 2000; Emesto Guzman-Nowvea et al., 2011). The problems
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associated with the management and control of infections diseases in Mexico's beskeeping
industry addresses the importance of the availability of modem diagnostic tools for accurate

detection, 1dentification and control of these diseases.

Besides the dominance of N apis infection observed in our study for all the four regions
conforming the MNorthwest comer of Mexico, it is important to mention that 4976 of the apianes
tested positive for N, apis were located in the neighbor agricultural valleys of Mexicali (43/49
positive apiaries) and San Tws Rio Colorade (676 posifive apianes) with a cunmlative
prevalence of 64.47%. These two locations form a continueons agricultural valley divided by the
Colorado Fiver and grown nmltiple crops of grams, produce, forages and fruts, harbonng and
sustaming approximately 85% of the total apiaries of the region The climate in this area 15 hot
and dry with average high temperature of 31.2 °C (range 20.4 °C to 42.3 °C) and average low
temperature of 14.9 °C (range 5.7 to 25.6) being July the hottest and December the coldest
months of the year with an average rainfall of only 71 mm_ Climate conditions are also an
important variable to consider for the presence of erther species of Nosema m the Northwest
remon of Mexico. In this regard the results of our study are also completely opposite to several
studies reporting a domimance of N cerenae infections in regions with warmer climates and
presence of N. apis at higher prevalence in regions with colder climates, especially North
Amenica and Europe (I Fries, and Forsgren, E., 2008; Kibbe, 2007; Martin-Hemandez et al .
2007: Willizms, Sampson. Shutler. & Fogers, 2008). The higher prevalence of N. apis detected

in this warmer region of Mexico 1t is also a vanable that require of firther studies to be clanfied
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Prevalence of Nosemiosis in honey bees may vary from one region to another and from season to
season. Despite N. apis has been reported worldwide, it is not considered a serious health
problem for bees in temperate climate regions. However, epidemiological studies of Nosemiosis
from different countries and continents mdicate a clear dominion of N. cerenae over N apis
prevalence in Apis mellifera populations (Ansari, Al-Ghamdi, Nurn, Ehan & Alateal, 2017).
Infection with N apis and'er N. cerenae can be present in apianies with no evident symptoms of
disease_ leading to the decrease n colony size and honey production, affecting the profitability of
the bee industry (Milbrath et al., 2015). This situation 15 widely ignored or imderestimated by
beekespers in our region mainly because of the insufficient training in basic biosecurity
procedures for bee keeping. According to the available reports, during the last 5 years techmical
assistance programs from state and federal agricultural offices covered only 39.5% of registered
beekespers in the region (SEFOA, 2009). Recently, registered beekeepers from the four
geographical locations included m this study begin to get more imvolved i health and biosecunty
aspects related to the bee industry, being this the first report of prevalence and gecgraphical
distmbution of N apis and N. cersnae in apiaries located in the Northwest comer of Mexico
which were used to propose several disease control measurements for the improvement of bee
industry of this region, including technical assistance and basic blosecunty strateges fo
beekeepers. Finally, it 15 inperative to conduct more detailed epidemiclogical studies in order to
estimate the nisk factors assoctated with the presence of N. apis and N cerenae and their impact

in the economic aspects of the activity.

Conclusion
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The duplex Eva Green real-time PCE. assay presented here is highly specific and sensitive for the
detection of N. apis and N. cerenae and could provide a rapid and accurate diagnostic tool for the
simultanecus detection and discimmation of both microsponidians. The assay can be useful not
only for clinical diagnostics and disease surveillance but also to evaluate the effectiveness of the

measurements for control and prevention of Nosenuosis in our region.
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IV CONCLUSION GENERAL

Con base en lo anterior, se concluye que las pruebas de rutina para
diagndstico serologico para leptospirosis disponibles en la actualidad, si bien son
suficientes para detectar animales infectados, presentan numerosas desventajas y
complicaciones, dentro de las cuales se encuentran costos y riesgo. Sin embargo si
existe la disponibilidad de herramientas de escrutinio serolégico con tecnologia
capaz de diferenciar animales con leptospirosis de aquellos infectados con otros

organismos.

Se recomienda la exploracion de alternativas de diagnostico distintas a las
que utilizan los antigenos de células completas. Y se propone ELISA indirecto de
rLipL32 como una alternativa viale para el diagnostico seroldégico. Se requieren
estudios adicionales para la validacion clinica en muestras de campo bajo diferentes

escenarios epidemiolégicos.
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