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RESUMEN  

Las enfermedades de transmisión vectorial son de importancia global en la salud pública 

y veterinaria. En años recientes muchos estudios han reportado un aumento en la distribución 

y el rango de hospederos y vectores de los patógenos de transmisión vectorial. Esto incluye 

la emergencia y remergencia de enfermedades como la peste y algunas bartonelosis. Los 

objetivos de este estudio fueron: (Capítulo 1) evaluar algunos factores que determinan la 

estructura del ensamble de las especies de pulgas en los carnívoros silvestres de la Reserva 

de la Biósfera Janos (RBJ), Chihuahua; (Capítulo 2) determinar la prevalencia y la filogenia 

de Bartonella spp. en los carnívoros silvestres y sus pulgas; y (Capítulo 3) analizar la 

presencia de anticuerpos contra Yersinia pestis en carnívoros silvestres. Durante el otoño del 

2013 y la primavera 2014 se tomaron muestras de sangre y pulgas de 66 carnívoros silvestres 

pertenecientes a 8 especies, de los cuales se colectaron 540 pulgas de 7 especies distintas. 

Las especies dominantes de carnívoros fueron el coyote (Canis latrans) y la zorra del desierto 

(Vulpes macrotis), mientras que las pulgas identificadas principalmente fueron Pulex 

simulans, P. irritans y Echidnophaga gallinacea. La estacionalidad, la especie de los 

hospederos y la competencia inter-específica fueron los factores estudiados que explican el 

ensamble de pulgas de los carnívoros. El 10.6% de los carnívoros y el 9.5% de las pulgas 

procesadas fueron positivas a Bartonella spp., siendo B. rochalimae y B. vinsonii berkhoffii 

las especies identificadas. Los resultados señalan que las especies de Bartonella encontradas 

en este estudio pueden representar un riesgo incidental para animales domésticos y humanos. 

A pesar que no pudimos demostrar la presencia de peste (Y. pestis) en este estudio, los eventos 

epizoóticos no pueden ser descartados como una de las posibles causas de la disminución de 

las poblaciones de perritos de la pradera en el noroeste de México. Por lo tanto, estudios 

adicionales son requeridos para descartar la presencia de la misma.  
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ABSTRACT 

Vector-borne diseases have grown in importance as global health in humans and animals. 

In recent years, several studies have shown that some vector-borne parasites have expanded 

their distribution and the range of vectors and hosts, which in turn have resulted in the 

emergence and reemergence of diseases such as plague and bartonellosis. The aims of this 

study were: (Chapter 1) evaluate the drivers that determine the assemblage structure of fleas 

on wild carnivores from Janos Biosphere Reserve (JBR), Chihuahua; (Chapter 2) determine 

the prevalence and phylogeny of Bartonella species in wild carnivores and their fleas, and; 

(Chapter 3) asses the presence of antibodies against Yersinia pestis in wild carnivores. Sixty-

six carnivores belonging to eight species were sampled for blood and 540 fleas belonging to 

three species were collected during fall 2013 and spring 2014 seasons. Coyotes (Canis 

latrans) and kit foxes (Vulpes macrotis) were the predominant host species, while Pulex 

simulans, P. irritans and Echidnophaga gallinacea were the most abundant fleas in wild 

carnivore hosts. We found that the abundances and assemblages structure of fleas of wild 

carnivores were explained by host identity, season and interspecific competition of fleas. We 

detected Bartonella species in 7 carnivores (10.6%) and 27 fleas (9.5%). These positive 

samples were clustered into Bartonella rochalimae and Bartonella vinsonii subsp. berkhoffii. 

Our findings support the fact that the presence of Bartonella species in wild carnivores raises 

the issue of their potential risk for humans and domestic animals. Although we could not 

demonstrate the presence of plague in this study, plague epizootic events cannot be discarded 

as one of the possible causes of the prairie dog population decline in Northwestern Mexico. 

Hence, further studies are needed to confirm the presence or absence of plague in JBR. 
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1. INTRODUCCIÓN 

 

En los últimos años un gran número de enfermedades infecciosas emergentes y 

remergentes (EIE) han sido reportadas en todo el mundo (1,2). Muchas de ellas al ser de 

índole zoonótico representan un grave riesgo de salud pública con grandes implicaciones 

económicas (3). De manera particular, Jones et al. (año) estimaron que el 60% de las 

enfermedades infecciosas emergentes y remergentes que padece la humanidad son 

zoonóticas, y que de estás el 71% provienen de la fauna silvestre (2). Los mismos autores 

señalaron que en la década de los 90´s el 28.8% de los eventos de enfermedades infecciosas 

emergentes correspondieron a enfermedades vectoriales. Esto coincide con el hecho de que 

en las últimas décadas muchos parásitos de transmisión vectorial y sus enfermedades han 

presentado un cambio marcado en el rango de hospederos y en su distribución geográfica (4). 

Estos saltos taxonómicos y geográficos de los parásitos están determinados por factores 

ecológicos y evolutivos de la interacción parasito-vector-hospedero, como son el rango 

geográfico de traslape entre especies de vectores y hospederos y la relación filogenética de 

los hospederos (5).  

Aunado a esto, se sabe que el aumento en la incidencia de enfermedades emergentes y 

remergentes está asociado al desarrollo de las sociedades modernas, la movilidad de 

poblaciones humanas, la destrucción de los ecosistemas y la consecuente modificación de los 

patrones de transmisión de los agentes infecciosos (1,2,6,7). La intensiva destrucción de los 

hábitats a nivel global ha creado un complejo paisaje caracterizado por cambios en las 

coberturas (actividades agropecuarias, asentamientos humanos, etc.) que fragmentan los 

hábitats y la distribución de especies animales y vegetales, dando como resultado la 

simplificación de los ecosistemas y la composición de las comunidades naturales. Estas 

alteraciones en las comunidades de especies silvestres pueden afectar la dinámica de las 

enfermedades, cambiando los patrones de transmisión de patógenos y en algunos casos, 

desencadenando la emergencia y/o reemergencia de enfermedades infecciosas (8).  

A pesar de que el fenómeno del aumento de las EEI está en gran parte explicado por los 

cambios antropogénicos acelerados, es importante resaltar dos aspectos importantes: 1) 

detrás de cada EEI de transmisión vectorial existe un sistema parásito-vector-hospedero 
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particular; 2) las interacciones parásito-vector-hospedero típicamente involucran muchos 

hospederos, vectores y parásitos (9,10). Tan solo en los carnívoros silvestres, se tiene registro 

de entre 955 y 980 especies de parásitos encontrados en 159 especies de hospederos, de las 

cuales 73 especies de parásitos son de transmisión vectorial (11,12). De manera más 

específica, se reportaron 158 bacterias en 72 especies de hospederos y 147 artrópodos en 61 

especies de hospederos (11). Entre las bacterias y los artrópodos reportados en carnívoros 

silvestres se encuentran Yersinia pestis y algunas especies de Bartonella, así como especies 

de pulgas de los géneros Pulex y Oropsylla. Junto con los carnívoros y otros hospederos, 

dichas especies forman parte de complejos sistemas parásito-vector-hospedero con 

implicaciones en la conservación de especies y la salud pública (13).   
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2. REVISIÓN BIBLIOGRÁFICA  

 

Aspectos epidemiológicos y ecológicos de la peste  

Debido a su alta morbilidad y mortalidad, la peste corresponde a una de las enfermedades 

más devastadoras de la historia humana (14,15). La peste es causada por la bacteria Yersinia 

pestis, un cocobacilo gramnegativo transmitido principalmente por vectores. Y. pestis 

evolucionó a lo largo de los últimos 1,500 a 20,000 años a partir de la divergencia de Yersina 

pseudotuberculosis, un patógeno entérico frecuente en los roedores (15,16). 

Se cree que los orígenes de Y. pestis provienen de las estepas de Asia Central, desde 

donde se esparció a través de las rutas comerciales infectando ratas y pulgas (principalmente 

Rattus rattus y Xenopsylla cheopis) hasta alcanzar niveles pandémicos en varias ocasiones 

(17). Se reconocen tres pandemias de peste en la historia de la humanidad, todas ellas 

causantes de millones de decesos. La primera pandemia o peste de Justiano (541 al 602 D.C.) 

tuvo sus inicios en Egipto, la segunda pandemia o la Muerte Negra inició en Sicilia en 1347 

y se extendió hasta el siglo XVI (17,18). La tercera pandemia, aún vigente, comenzó en la 

provincia China de Yunnan en 1855 y tras menos de cincuenta años se diseminó por todo el 

mundo. Solo en la India entre 1898 y 1918 se estima que murieron 12.5 millones de personas 

a causa de la peste (18,19).  

En América, la peste fue introducida en 1899 a través de tres barcos que llegaron a costas 

de Paraguay, Brasil y Estados Unidos (San Francisco) provenientes de Europa y Asia, desde 

donde llegó a esparcirse hasta Argentina, Cuba, Trinidad y Tobago, Venezuela, Perú, 

Ecuador y Bolivia (18). En Norteamérica, siete años después del primer caso reportado en 

San Francisco en 1900, la peste fue considerada endémica de Estados Unidos y empezó a 

ampliar su distribución hacia el este. Hasta la década de 1960, la peste se caracterizó por 

epidemias emergentes que dejaban relativamente pocos decesos (18). Sin embargo, a partir 

de 1940 el número de casos de peste aumentó década a década, pasando de nueve casos entre 

1944 y 1953 en California, Nuevo México y Arizona a 125 casos de 1984 a 1993 reportados 

en 18 estados situados al Oeste del río Mississippi (20). En lo que respecta a México, solo 

fueron reportados casos en Mazatlán y Veracruz, en 1903 y 1920 respectivamente, no 

obstante, no se ha reportado un caso de peste en humanos en los años posteriores (21,22). En 
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años más recientes, la OMS reportó que entre 2007 y 2010 se han presentado 15 casos de 

peste en EUA, 52 en Perú, 17 en China y 3,983 concentrados en 6 países de África (OMS 

2009-2012). 

A pesar de que en el siglo XX y lo que va del XXI la prevalencia de la peste ha 

disminuido a nivel mundial (14), en algunas partes del mundo se han observado cambios en 

la ecología y la epidemiología de la enfermedad que señalan que la peste no es una 

enfermedad erradicada y que continúa siendo riesgo de salud pública. Esta bacteria presenta 

algunas características evolutivo-ecológicas que, en cierta parte, explican las remergencias 

de la enfermedad en los humanos y en otras especies. Una de ellas es que presenta factores 

de virulencia, una capacidad evolutiva que le permiten evitar las defensas de los mamíferos 

hospederos (14), entre ellos se encuentra la Fracción 1 (F1), un antígeno de la superficie 

similar a la capsula y el T3SS (por sus siglas en inglés: Type III secretion system), dos 

factores que inhiben la actividad fagocitaria de los macrófagos y otras células inmunes (23–

25). 

La otra consiste en la capacidad adaptativa de la bacteria para infectar a nuevas y 

distintas especies, lo que permite que el rango de la peste se expanda durante brotes locales. 

Aunque la mayoría de estas expansiones son temporales, ocasionalmente se establecen 

nuevos focos de infección de Y. pestis entre poblaciones inafectadas de roedores silvestres y 

sus pulgas (17,18). Se sabe que durante la pandemia en curso (tercera pandemia) se han 

establecido nuevos focos enzoóticos con ciclos activos y estables de la enfermedad en cada 

uno de los continentes del mundo, con excepción de Australia y el oeste de Asia (14,17,18).  

Una vez establecidos, los ciclos enzoóticos de Y. pestis pueden mantenerse estables hasta 

que se presenta un nuevo cambio en la ecología de la enfermedad, resultando en una posible 

emergencia o reemergencia en la incidencia o prevalencia de la enfermedad en humanos, o 

bien, continuar su avance por medio de la infección de nuevas especies (26). Un ejemplo de 

ello fue la reemergencia de peste presentada en la India en 1994, la cual surgió tras más de 

15 años sin reporte alguno de la enfermedad después de que ratas con pulgas infectadas 

fueron atraídas a Bombay por la llegada de grandes cantidades de ayuda en granos y comida 

ante la necesidad que género el temblor de 1993 (14,18). Otro ejemplo, refiere a la ampliación 

de la distribución de la peste por Norteamérica, la cual se cree que se difundió rápidamente 
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desde San Francisco hacia otras regiones al pasar de ratas de ciudad hacia poblaciones de 

roedores silvestres que habitaban en las afueras de la ciudad, estos a su vez, llevaron la 

enfermedad a nuevas poblaciones de roedores y pulgas que se distribuían más al este, norte 

y sur de Norteamérica, lo que resultó en la conformación del área con peste enzoótica más 

larga del mundo (14,17,27). 

 

Vectores y hospederos silvestres de la peste  

La peste se ha registrado en al menos 200 especies y subespecies de mamíferos, incluidos 

en 73 géneros (14,28). Sólo en EUA se ha identificado la peste en 76 especies de mamíferos 

(17). Aunque los hospederos más importantes son roedores, como ardillas y perritos de la 

pradera (17,28), mamíferos carnívoros como el coyote (Canis latrans), zorras (Vulpes 

macrotis, V. velox), mústelidos (Martes americana, Mustela vison y Mustela nigripes), 

mapaches (Procyon lotor), tejones (Taxidea taxus), linces (Lynx canadensis y Lynx rufus) y 

pumas (Puma concolor) también pueden ser infectados (20,29–32). En México hay indicios 

de la existencia de un foco enzoótico de peste en roedores en Coahuila (33). Se sabe que en 

estos focos enzoóticos la enfermedad puede mantenerse latente y logra emerger y remerger 

en epidemias o epizootias, generalmente, a través de la picadura de pulgas infectada con Y. 

pestis. Existen más de 30 especies de pulgas que pueden transmitir la peste, no obstante, cada 

una presenta distinta eficacia como vector. Mientras que la pulga de gatos y perros 

(Ctenocephalides spp.), y la de humanos (Pulex irritans) son vectores mucho más deficientes 

que la pulga de la rata oriental (Xenopsylla cheopis) y la pulga del perrito de la pradera 

(Oropsylla hirsuta), dos de los vectores competentes para la transmisión de la peste 

(17,28,34). 

 

Aspectos epidemiológicos y ecológicos de Bartonella spp. 

Bartonella es un género de bacterias Gram-negativas trasmitidas generalmente por 

vectores que infectan de manera intracelular a células endoteliales y eritrocitos de hospederos 

mamíferos (35). Las especies de Bartonella son reconocidas como EIE y son de importancia 

para la medicina veterinaria y humana (36). Dentro del género Bartonella se han reconocido 

entre 30-40 especies y subespecies, de las cuales al menos 13 son consideradas como agentes 
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zoonóticos (37). Entre ellas se pueden mencionar a la enfermedad del arañazo del gato 

causada por B. henselae, enfermedad de Carrion causada por B. bacilliformis, Fiebre de las 

trincheras causada por B. quintana y endocarditis causada por B. vinsonii and B. clarridgeiae 

(38). 

Aunque entre 1980 y 1992 se identificaron muchas de las especies de Bartonella spp. 

(39), estudios de ADN señalan que este género de bacterias ha infectado a los humanos desde 

hace aproximadamente 4000 años (40). La infección es de distribución mundial, solo en 

Estados Unidos se reportan cerca de 22,000 casos al año de enfermedad por arañazo de gato 

(41), lo que la convierte en la bartonelosis más común. En México, desde que se reportó por 

primera vez en 1960 (41), solo se han diagnosticado casos esporádicos, sin la presentación 

de epidemias (42).  

 

Vectores y hospederos silvestres de Bartonella spp.  

Debido a la gran cantidad de especies de Bartonella, los sistemas parasito-vector-

hospedero dentro de este género de bacterias resultan muy diversos. Distintos estudios 

señalan que existen patrones de co-especiación entre las especies de Bartonella y los 

hospederos (43). Entre las asociaciones bacteria-hospedero están las B. bacilliformis y B. 

quintana con el humano como reservorio primario, B. washoensis con las ardillas, B. 

rochalimae y B. vinsonii sub. berkhoffii con canidos y B. clarridgeiae y B. henselae con 

félidos. En términos generales, estudios previos han identificado seis especies y una 

subespecie de Bartonella en al menos 19 especies de carnívoros silvestres, 6 cánidos, 6 

félidos, 5 mustélidos, 1 prociónido y 1 vivérrido. Varios estudios han encontrado evidencia 

serológica de B. henselae en felinos silvestres. En California se reportó en pumas (Puma 

concolor), gatos monteses (Lynx rufus) y felinos exóticos (Acynonyx jubatus, Felis spp. y 

Panthera spp.) (44), mientras que Rotstein et al. (2000) reportaron prevalencias de 18 y 28% 

en pumas de Florida y Texas, respectivamente (45). En un estudio más amplio que incluyó 

muestras de gatos monteses y pumas de vida libre y cautiverio en México, Chile y Estados 

Unidos se encontró una prevalencia de B. henselae que fluctuó entre 0 y 33% (46). Un estudio 

más reciente encontró entre 10 y 40% de prevalencia de Bartonella sp. en pumas y gatos 

monteses capturados en California y Colorado (47).  
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Los coyotes y otros cánidos por su parte, son sospechosos de ser los principales 

reservorios de B. vinsonii subsp. berkhoffii y B. rochalimae (48). Lo anterior se apoya en las 

altas prevalencias de B. vinsonii subsp. berkhoffii encontradas en coyotes (Canis latrans) 

(26,49,50) y zorra isleña (Urocyon littoralis) (51,52). De igual forma se ha podido aislar B. 

vinsonii subsp. berkhoffii en coyote (49,53,54), zorra gris (Urocyon cinereoargenteus) (53), 

y la zorra isleña (52); B. henselae y B. koehlerae en mapache (Procyon lotor) (55) y B. 

rochalimae en zorra roja (Vulpes vulpes), zorra gris, zorra isleña, mapache y coyote 

(52,56,57). Adicionalmente, existen algunos reportes de la presencia de Bartonella en 

carnívoros silvestre de Asia, Europa y Australia. En Japón, dos estudios reportaron una nueva 

especie de Bartonella en tejón japonés (Meles anakuma) y una cepa cercanamente 

relacionada con B. washoensis en marta japonesa (Martes melampus) (58,59). En España se 

identificaron B. henselae in a gato silvestre (Felis silvestris), B. rochalimae en una zorra roja 

y un lobo (Canis lupus), y Bartonella sp. en tejón europeo (Meles meles) (60). Finalmente, 

B. clarridgeiae fue detectada en zorra roja en Australia (61).  

Hasta este momento los reservorios hospederos de Bartonella son mejor conocidos que 

los vectores predominantes. Al menos un hospedero reservorio es conocido para cada especie 

de Bartonella (35). Mientras que las especies de Bartonella suelen ocurrir en interacciones 

hospedero específicas, se sabe que la riqueza de especies de Bartonella es normalmente 

mayor en sus vectores (62). Existen muy pocos estudios de Bartonella en pulgas de 

carnívoros silvestres (61,63,64). B. rochalimae y B.v. subsp. berkhoffii han sido reportadas 

en 42 P. simulans, una Ctenocephalides felis y una C. inequalis colectadas en zorras grises 

de California (63). B. alsatica se encontró en Spilopsyllus cuniculi obtenida de gato silvestre 

y una nueva especie de Bartonella sp. relacionada filogenéticamente con B. rochalimae fue 

detectada en Pulex irritans colectada de zorras (64). Por último, B. henselae y B. clarridgeiae 

fueron encontradas en pulgas C. felis que infestaban zorras rojas en Australia (61). 

 

Papel de los carnívoros medianos en la ecología y transmisión de las enfermedades 

Aunque se ha señalado que Y. pestis suele estar mantenida primariamente entre roedores 

silvestres y sus respectivos vectores (17,65). Algunos carnívoros medianos, como coyotes, 

zorras y mapaches, pueden ser hospederos reservorios de estos parásitos, lo que sugiere que 
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pueden ejercer un papel ecológico en la dinámica de enfermedades (66). Los carnívoros 

medianos, como los coyotes y los mapaches, resultan de importancia en el estudio de la 

ecología de las enfermedades debido que son especies abundantes y tienen una amplia 

distribución en Norte América (67,68). Adicionalmente, existen otras características 

ecológicas que les confiere a los carnívoros un papel importante en la dinámica de 

enfermedades. Entre ellas se puede nombrar a la interacción depredador-presa que determina 

el control de especies, como los roedores, que son considerados hospederos reservorios de 

muchas enfermedades (69); la rápida capacidad de adaptación que presentan algunas especies 

a áreas perturbadas por los humanos; así como su amplia movilidad (13,66). Los coyotes, por 

ejemplo, pueden llegar a recorrer largas distancias que van de los 80 hasta 300 y 500 km (70). 

Aunque no se ha comprobado, existe la hipótesis de que los coyotes y las zorras puede 

ser transportadores (vectores) de enfermedades y/o vectores infectados al depredar presas 

infectadas o al adquirir un vector portador de un agente infeccioso (71–73). McGee et al. 

(2006) (29) demostraron que tras la epizootia de la peste de perritos de la pradera cola negra 

(Cynomys ludovicianus) ocurrida en Texas en 2004, existían zorras (Vulpex velox) y un 

coyote (Canis latrans) con Oropsylla hirsuta, una pulga propia de los perritos de la pradera. 

Esto indica que, al perder su hospedero habitual, O. hirsuta puede usar de forma oportunista 

a canidos silvestres como hospederos transportadores circunstanciales. Consistentemente, se 

ha señalado que tras una epizootia de peste aumenta el número de pulgas con Y. pestis libres 

en el medio ambiente a medida que la mortalidad de los hospederos aumenta (74). Existen 

reportes que señalan que algunas especies de pulgas tiene la capacidad de usar un hospedero 

alternativo si su hospedero primario no está disponible (75). Esto suele ocurrir en el caso de 

las epizootias, donde aumenta la probabilidad de que las pulgas al abandonar los animales 

muertos, muerdan a otras especies que no infestan normalmente como a carnívoros y 

humanos (28). 

Aunado a lo anterior, muchos estudios han señalado que algunos carnívoros pueden ser 

buenos centinelas de algunas enfermedades vectoriales, entre ellas la peste, borreliosis, 

bartonelosis y anaplasmosis (13,76,77). El papel de los carnívoros como centinelas hace 

referencia al hecho de que algunas especies poseen un sistema inmune que los protege de 

patógenos presentando pocos o ningún signo de la enfermedad. De esta manera el sistema 
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inmune responde generando anticuerpos que además de atacar la infección, pueden ser 

detectados en pruebas serológicas, sirviendo como indicadores de que el microorganismo 

está o estuvo presente en el medio ambiente (78). Al respecto, Brown et al. (2011) (79) 

encontraron una correlación positiva estadísticamente significativa entre el porcentaje de 

coyotes seropositivos y el número de casos de peste en humano.  

Es probable que el acarreo o transporte de la peste por parte de algunos carnívoros 

silvestres pudiera estar ocurriendo en la RBJ. Esto se apoya en que existen datos publicados 

de la dispersión y del intercambio faunístico entre E.U. y México (80), y a que la RBJ se 

encuentra a menos de 100 km de la frontera con Nuevo Mexico, donde se ha reportado la 

presencia de estas enfermedades en fauna silvestre y en humanos (14,20,81).  

 

Importancia del estudio de enfermedades en la Reserva de la Biósfera Janos y en la 

conservación de especies  

Los cambios en la dinámica de enfermedades no solo resulta importantes para la salud 

pública, sino que también pueden conllevar a amenazar la conservación de especies silvestres 

(13). Como se comentó previamente, un cambio en la ecología de una enfermedad puede 

resultar en la trasmisión del parásito patógeno dentro de poblaciones silvestres que no habían 

sido expuestas previamente y que por lo tanto no poseen un sistema inmunitario efectivo 

(82). Ejemplos de esto, son las extinciones locales de perritos de la pradera (Cynomys 

ludovicianus) causadas por la bacteria Yersinia pestis (83) y las epizootias de moquillo en 

distintos carnívoros silvestres de América y África (84).  

En el caso particular de los carnívoros silvestres un estudio de revisión encontró que 

existían al menos 52 parásitos que podían ocasionar distintas enfermedades en 34 especies 

de grandes carnívoros (85). De estas enfermedades, 31% se debían a enfermedades 

ocasionadas por bacterias, entre las que se encuentran las enfermedades vectoriales causadas 

por Yersinia pestis, Francisella tularensis, Borrelia burdogferi y enfermedades rickettsiales. 

Al respecto, es sabido que los felinos y algunas especies de mustélidos son muy susceptibles 

a la peste, especies presentes en la RBJ (81,86).  

Los perritos de la pradera (Cynomys spp.), por su parte, corresponden a uno de los 

géneros más importantes en el estudio de la ecología y el impacto de Y. pestis. Desde los 
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primeros reportes en 1938 (C. gunnisoni) y en los años 40 (C. ludovicianus) (87,88), los 

perritos de la pradera han sufrido epizootias de peste con mortalidades cercanas al 100% 

(71,89) lo que ha llevado en ocasiones a la extinción local de poblaciones (89). 

Históricamente, los perritos de la pradera eran especies abundantes, pero en las últimas 

décadas sus poblaciones han sido diezmadas debido básicamente a tres factores, la pérdida 

de su hábitat (pastizales templados), a programas de erradicación y a epizootias de peste (90). 

Sin embargo, además del riesgo de salud pública (entre 5 y 14% de los casos en humanos en 

EUA se asocian a perritos de la pradera) (14,91), la gran susceptibilidad que presentan los 

perritos de la pradera a la peste puede tener consecuencias en la conservación de muchas 

especies (71,89). Esto se explica a que los perritos de la pradera juegan un papel ecológico 

clave en la inducción de la biodiversidad a través de la creación y mantenimiento del hábitat 

o como presa de varias especies (92,93). Un ejemplo es el hurón de patas negras (Mustela 

nigripes), una especie en peligro de extinción que enfrenta una doble encrucijada, ya que 

además de ser susceptible también a Y. pestis (94), su dieta se conforma en un 90% de perritos 

de la pradera (95).  

Gracias a la construcción de madrigueras y a la actividad de forrajeo que evita el 

crecimiento de vegetación arbórea y arbustiva, las numerosas colonias que conforman los 

perritos de la pradera contribuyen a la conservación y mantenimiento de los pastizales 

templados (96,97), uno de los hábitats más amenazados del mundo (98). La Reserva de la 

Biósfera Janos, Chihuahua mantiene 220,000 ha de pastizales nativos, una de las áreas de 

mayor importancia para la conservación en México y en Norte América (99), donde habita 

el mayor complejo sobreviviente de colonias de perros de la pradera (100). Debido a los 

reportes cercanos de Y. pestis (Arizona, Nuevo Mexico) (14,20,81) y a la existencia de 

intercambio y dispersión de fauna silvestre entre la frontera con EUA (por ejemplo, 

carnívoros medianos), las poblaciones de perritos de la pradera de la RBJ corresponden a un 

complejo poblacional susceptible a epizootias de peste con impactos en la conservación y la 

salud pública.  

Finalmente, la Reserva de la Biósfera Janos ha sido reconocida como un área prioritaria 

para la conservación de la biodiversidad en Norte América (101,102). La RBJ alberga varias 

especies de importancia en la conservación, incluyendo 13 especies de carnívoros, como el 
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tejón y la zorra del desierto, las cuales están amenazadas en México (103,104). La vegetación 

de la RBJ está representada por una combinación de pastizal, matorral-pastizal, matorral 

mezquital y bosques templados (102,105). Sin embargo, la vegetación nativa ha sufrido un 

rápido y extenso cambio caracterizado por la pérdida de cobertura de pastizal y por la 

expansión del matorral. Estos cambios se deben básicamente al sobrepastoreo, la agricultura 

extensiva y la disminución de los perritos de la pradera (105–107). Es bien sabido que los 

cambios de las coberturas del paisaje debida a la influencia humana, están ligados a cambios 

en las comunidades y poblaciones de carnívoros silvestres (108). Y como se detalló con 

anterioridad, adicionalmente estos cambios en el paisaje traen cambios en la ecología y 

dinámica de las enfermedades. Por lo anterior, resulta de gran importancia el estudio de la 

ecología de comunidades de los carnívoros silvestres, así como la dinámica de enfermedades 

transmitidas por vectores.  
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CHAPTER 1. Drivers of abundance and assemblage structure of fleas (Siphonaptera) 

of sympatric wild carnivores in northwestern Mexico  

 

INTRODUCTION  

Fleas are wingless insects included in the order Siphonaptera, which comprise 2500 

species belonging to 15 families (1). They are highly specialized blood-sucking ectoparasites 

in a wide range of hosts including birds and mammals. In addition to their role as 

ectoparasites, fleas have medical relevance as vectors of pathogens that infect humans and 

animals (2). Carnivores are the second most important mammalian hosts of fleas (3), and 

several studies have suggested that wild carnivores may be potential reservoirs or have a role 

in the transmission cycles of flea-borne infections such as plague, bartonelloses and 

rickettsioses. For instance, mephitids and wild canids are suspected to be reservoirs of 

Bartonella rochalimae (4), which have been associated with bacteremia in humans (5). Also, 

wild canids were identified as a potential carrier of Yersinia pestis (the causal agent of plague) 

among prairie dogs colonies (6), and Rickettsia felis, the causative agent of an emergent 

rickettsiosis, has been reported in fleas collected from beach martens (Martes foina) (7). 

Furthermore, many flea species that are important as vectors of flea-borne diseases (Pulex 

spp., Oropsylla spp. and Ctenocephalides spp.) have been recorded in various mammalian 

carnivores such as wild felids, canids, mephitids and mustelids (4,6,8–10).  

The drivers of patterns of community structure and composition of fleas have important 

implications for human and animal health (11). The community structure and composition of 

ectoparasites are determined mainly by host factors and the off-host environmental 

conditions. Host factors are included on different ecological levels of organization 

(individual, species and community), such as host sex and age, body condition, host species, 

body size, host abundances and diversity (3,12,13). However, many flea species found 

particularly in carnivores have often accidental associations instead of host-specific and are 

explained by ecological factors rather than phyletic factors. Fleas could switch between host 

species  due to  the  exploration  or  exchange  of  burrows  or  could  reflect  predatory-prey  

relationships (3,14,15).  
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On the other hand, the fact that fleas spend most of their life-cycle off-host, including 

their larvae stage in which rarely are parasites, explain the strong relationship that they have 

with the environment (16). Environmental factors include habitat and climate, and 

consequently the season of the year. Several studies have reported a relationship between 

either development rates of flea larvae or abundances of fleas and temperature and rainfall 

(17–20). Finally, fleas may be influenced not only by environmental and host factors, but 

also by the characteristics of interspecific interactions, such as competitive exclusion 

between sympatric flea species (21–23). 

The drivers of patterns of abundances and assemblage structure of fleas have been 

studied mainly in rodents (12,24–26) and domestic carnivores (17,27), in contrast, these 

patterns are poorly understood in wild carnivores. To our knowledge, there is only one study 

on habitat as a driver of flea assemblages in skunks (8). 

For these reasons, the aims of this study were to: (1) investigate the flea assemblages in 

different wild carnivore species, (2) analyze flea abundances change among seasons, habitats 

and host identity, and (3) examine the interaction between the abundance of different flea 

species in wild carnivores.   

 

MATERIAL AND METHODS 

Study area 

Sampling was carried out at five locations (El Cuervo, La Bascula, Monte Verde, Rancho 

Ojitos and Rancho San Pedro) within the Janos Biosphere Reserve (JBR) in Chihuahua, 

Mexico (30o 51´50´´N, 108o 30´09´´W) (Figure 1). JBR is in a transition zone between the 

Sierra Madre Occidental and the Chihuahuan Desert, which comprises a mosaic of 

grasslands, mesquite shrubland, oak forest and riparian vegetation. The climate is arid-

temperate. Mean annual temperatures vary with altitude from a mean annual of 15.7oC in 

plains at 1200 m above sea level to a mean annual of 11.8o C at 2700 m above sea level. A 

rainfall gradient occurs from a mean annual precipitation of 381 mm to 581 mm, with 77% 

of that precipitation falling from April through August (28).   
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Hosts sampling, flea collection and identification 

Wild carnivores were live-trapped and fleas collected during fall 2013 (October-

November) and spring 2014 (May-June) using box traps (Tomahawk Live Trap Inc.WI) and 

leg-hold traps (Victor Coil Soft CatchTM). Sixteen trapping stations were placed at 0.5-

0.8 km intervals along a 10 km transect at each of the five sampling locations. The traps were 

baited with canned sardine, chicken and commercial lures. Traps were set for nine 

consecutive days per site and checked at least once a day. Each individual was chemically 

restrained with an IM injection of ketamine hydrochloride and xylazine hydrochloride, 

according to the recommended doses for wild carnivores (29). Animals were identified, 

weighed and sexed. Each carnivore was visually examined and inspected systematically for 

fleas by combing for 10-15 minutes. Removed fleas were placed in a cryovial containing 

70% ethanol and stored in liquid nitrogen. Fleas were placed individually in single petri 

dishes for examination using a stereo microscope and identified morphologically using 

published taxonomic keys (30,31). All procedures for handling carnivores were carried out 

in accordance with the guidelines of the American Society of Mammalogists (32) and were 

approved by the Ministry of Environment and Natural Resources of Mexico (Permit FAUT-

0250). 

 

Habitat classification  

The habitat classification was based on 1:250,000 scale landcover GIS database from 

the National Institute of Statistics and Geography of Mexico (33) and satellite images 

available in Google Earth (34). Habitat was determined based on the most common land-

cover types within a 100-m radius of each trapping sets. A total of four habitat types were 

distinguished: 1) grassland, 2) shrubland, 3) grassland-forest ecotone and 4) oak forest.  

 

Data analysis  

Incidences-based rarefaction and extrapolation were used to evaluate sample efficiency 

of flea assemblages across wild carnivore species (35). This procedure was based on species 

richness (q=0) and estimated by sample coverage using iNEXT package (36).  
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Cumulative relative abundance was plotted to visualize changes in host species rank of 

the flea assemblage. Relative abundances (RA) were estimated by calculating the abundance 

of a given species divided by the total abundances of flea assemblages for each wild carnivore 

host. Morisita-Horn index based on relative abundances were used to compare the similarity 

coefficient between flea assemblages of each carnivore host species. Similarity coefficient 

was performed in R software (37), and a dendrogram  was created using UPGMA clustering 

of Morisita-Horn similarity values in Past software (38). 

To determine if host and environmental factors had an effect on flea abundances we used 

generalized linear models (GLM) with quasi-Poisson distribution and log-link function to 

account for overdispersion in response variables (39). The response variables were the 

abundance of flea species at a given individual host. The explanatory variables were host 

identity (carnivore species), season and habitat. We performed the analysis on three flea 

species (Pulex simulans, Pulex irritans and Echidnophaga gallinacea) which were dominant 

species at host species.  

In order to identify interspecific relationships between flea species in wild carnivores, 

we conducted two statistical tests. First, Spearman’s rank correlations were performed to 

assess the intensity and direction of the linear relationships between the abundances of Pulex 

simulans, P. irritans and E. gallinacea. The non-parametric correlation coefficient was used 

because none of the analyzed datasets are normally distributed. Second, logistic regression 

models with binomial distribution were used to evaluate if the presence/absence of a given 

flea species may be explaining the presence/absence of the other species. A P-value < 0.05 

was considered statistically significant. Generalized linear models and correlation 

coefficients were performed using R software (37).  

 

RESULTS 

Carnivore and flea assemblage 

Sixty-four wild carnivores belonging to eight species of seven genera within five 

families (Canidae, Felidae, Mephitidae, Mustelidae and Procyonidae) were sampled for fleas. 

In total, 540 fleas were collected, representing two families (Ceratophyllidae and Pullicidae), 

six genera and seven species (Table 1.1). The incidence-based and coverage-based 
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rarefaction procedures suggest that the flea richness was well represented for the eight 

carnivore species with a sample coverage of over 90% in all cases. The flea assemblage was 

dominated by three flea species. Echidnophaga gallinacea was the predominant species in 

bobcats (Lynx rufus), raccoons (Procyon lotor) and badgers (Taxidea taxus) with a relative 

abundance (RA) range between 53.9 and 81.4%. Pulex simulans was the most abundant flea 

on coyotes (Canis latrans), gray foxes (Urocyon cinereoargenteus) and skunks (Mephitis 

spp.) with a RA range between 61.5 and 81.97%. Both P. simulans and E. gallinacea were 

represented in all wild carnivore species. Finally, P. irritans was the predominant species 

and almost strictly associated with kit fox (Vulpes macrotis).  

The other four species found in this study were less represented in wild carnivore 

assemblages with only one Orchopeas sexdentatus flea collected from a coyote (Canis 

latrans), one Oropsylla montana collected from a striped skunk (Mephitis mephitis), one 

Euhoplopsyllus glacialis collected from a gray fox (Urocyon cinereoargenteus) and two 

Thrassis aridis fleas collected from a hooded skunk (Mephitis macroura) and a bobcat (Lynx 

rufus) (Figure 1.1 and Table 1.1). 

 

Flea species composition 

Morisita-Horn abundance index of the flea assemblages across carnivore hosts revealed 

three clusters with a high degree of similarity within each group (>90 %) and a low degree 

of similarity between groups (<50-10%) (Figure 1.2). These three clusters are consistent with 

the findings of the flea dominance by host identity mentioned above, being P. simulans, P. 

irritans and E. gallinacea the species that explain this clustering pattern (Figure 1.1).  

 

Abundance analysis  

The GLM shows that the abundances of some flea species are explained by season and 

host identity (Table 1.2). P. irritans and E. gallinacea abundances were significantly higher 

in spring than in fall season (Figure 3). For host identity, the abundance of flea species varied 

between carnivore host species. Bobcats, raccoons, badgers and kit foxes show statistically 

higher E. gallinacea flea abundances in comparison with coyotes. Although, gray foxes and 

striped skunks showed the highest abundances of P. simulans, only kit fox had significantly 
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lower abundances compared to the coyote hosts. In contrast, the abundance of P. irritans 

fleas was significantly higher in kit fox than coyotes.  

We found a significant negative correlation between flea abundances within wild 

carnivore hosts. Hosts with high loads of P. simulans had low loads of P. irritans or E. 

gallinacea fleas (Figure 1.4). Additionally, the logistic regression model showed that the 

presence of P. simulans is more likely to occur in wild carnivore hosts in which P. irritans is 

absent and vice versa (Table 1.3). 

 

DISCUSSION 

Our results revealed that the patterns of flea assemblages of wild carnivores in JBR were 

structured by host identity, season and interspecific interactions. Regarding host identity, we 

can distinguish some trends of the flea assemblages. Of the seven-flea species collected in 

carnivore hosts, Pulex simulans, P. irritans and Echidnophaga gallinacea were considered 

dominant species and Euhoplopsyllus glacialis, Orchopeas sexdentatus, Oropsylla montana 

and Thrassis aridis were considered rare species. Interestingly, the former group of flea 

species are classified as generalist and cosmopolitan, whereas the latter are host-specific fleas 

from rodents and lagomorphs that may be found in wild carnivores as accidental associations. 

Several studies coincide with our findings that the fleas belonging to the Pulex genus are 

the most abundant and prevalent on wild canids and mephitids in the United States as well 

as Europe. This patterns have been described in kit fox (Vulpes macrotis) (40) swift fox (V. 

velox) (6,10), Island fox (Urocyon littoralis) (41), gray fox (U. cinereoargenteus) (42), 

coyotes (Canis latrans) (43), and two species of skunks (Mephitis mephitis and Spilogale 

gracilis amphiala) (8,44) from the US and in red foxes (V. vulpes) from Spain (9) and 

Hungary (45). The Pulex genus comprises six species (46), but only two of them, P. simulans 

and P. irritans, may infest wild carnivore hosts. In concordance to our findings, P. irritans 

is usually the predominant and the most prevalent flea on the Vulpes genus, while P. simulans 

is typically the most common flea on gray foxes and coyotes (2,6,10,40,42). As we might 

expect, we found that P. simulans had a broader host distribution than P. irritans. While P. 

simulans was found in all carnivore species captured in this study, P. irritans was almost 

restricted to kit foxes. This finding was consistent with a previous study that concluded that 
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P. simulans is more adaptable to variety of hosts and habitats than P. irritans in North 

America (43). In addition, our results also agree with the hypothesis proposed by the same 

author that the abundance of Pulex species change by latitude distribution, with P. simulans 

usually being more abundant than P. irritans on coyotes in the southern part of their 

distribution.  

On the other hand, the sticktight fleas (Echidnophaga gallinacea) are cosmopolitan fleas 

apparently associated with poultry. However, the wide range of hosts indicate that this flea 

is more likely a generalist flea that utilizes a variety of hosts (47). There are several records 

of E. gallinacea flea in wild carnivores, including all the species captured in this study (48–

53). However, in contrast to our findings, the presence and/or dominance of this flea is 

usually uncommon in flea assemblages of carnivore hosts (2,8,40,54). There are only a few 

studies that have reported E. gallinacea as the dominant and most prevalent flea species on 

carnivores, including ones involving at least three wild carnivore species from Africa (55–

57) and two mephitid species from the US (58).  

Although our findings clearly show that host identity is an important driver of flea 

assemblage structure, the dominance of the different fleas could be additionally explained by 

interspecific interactions among flea species. It is well known that there are different potential 

interactions when two or more parasites coexist in a single host and that may result either on 

facilitation or competition (59,60). The significant negative relationship between the 

abundances and/or the occurrence between the three most abundant fleas on wild carnivores 

in JBR suggests competitive exclusion interactions. Specifically, we found that individual 

hosts with high loads of P. simulans usually had low loads of P. irritans or E. gallinacea 

fleas and vice versa. In addition, the presence of P. simulans explained the absence of P. 

irritans. These results contrast with reports on two species belonging to the genus Oropsylla, 

which showed a positive relationship between the abundances of two flea species in black-

tailed prairie dogs (61). The previous authors suggested that the findings regarding the 

facilitation interactions among fleas might be related to host immune suppression (“top-

down” regulation). Also, the apparent competitive exclusion among fleas found in this study 

may be explained by the direct interaction, through physical or chemical communication, or 

by indirect interaction, through resource exploitation (“Bottom up” regulation). However, 
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these hypotheses have been mainly tested in endoparasite systems (60,62,63). Although 

several studies have described an apparent competitive exclusion among ectoparasites, such 

as fleas, ticks and lice  (21–23,64–66), only two studies were based on experimental 

approaches and contribute to understanding the effects and mechanisms mediating the 

interactions among them. The first one found that the removal of dominant tick species 

impact directly the abundances of chiggers and lice in sengis (Rhynchocyon spp.) (64), while 

the second study found that larvae of different flea species shows competitive interaction 

which may be driven by resources exploitation (23). Further experimental studies are needed 

to test the mechanism mediating the apparent competitive exclusion among fleas of wild 

carnivores in JBR.   

As far as we know this is the first evidence of Orchopeas sexdentatus collected from 

coyotes, and Thrassis aridis collected from a striped skunk and a bobcat. However, these 

two-flea species are primarily parasites of woodrats (Neotoma spp.) and kangaroo rats 

(Dypodomys spp.), respectively (67,68). In addition, T. aridis has been collected from hooded 

skunks (Mephitis macroura) in Mexico (69). E. glacialis is a flea that usually infests 

lagomorphs (70) but has also been collected from gray foxes in Mexico (71) and in the US 

(40). Oropsylla montana, a flea typically associated with ground squirrel hosts, especially 

Spermophilus variegatus (72), has also been commonly found on skunks from north America 

(8,30,58). All these rodent hosts have been previously recorded in Janos Biosphere Reserve 

(73,74). Hence, the accidental associations of rodent-specific fleas in wild carnivores may be 

driven by ecological factors, such as the exchange of burrows by burrow-dwelling hosts or 

predator-prey relationships (3,14,15).  

We found non-significant differences of flea abundances between the different habitats. 

Various studies have found that the habitat is an important driver for explaining the flea 

assemblage structure on striped skunks (8) and small mammal hosts (75,76). However, the 

changes in the patterns of flea assemblages among habitat types within host species are often 

explained directly by both the habitat selection of the hosts and environmental factors (76). 

This is consistent with our findings, because the lack of this relationship between flea 

abundance and habitat type might be explained by the fact that the three distinct assemblage 

clusters of fleas in wild carnivores were grouped by host identity instead of habitat. The 
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similarity among all clusters was low and these clusters were composed of different carnivore 

species found in distinct habitats. Only the cluster characterized by P. irritans dominance 

was specifically associated to kit foxes, a carnivore species which is in turn almost always 

restricted to grassland habitat. Similarly, previous studies have found that the segregation 

patterns of flea assemblages in small mammals is better explained by host factors, such as 

host identity, instead of habitat types (25,77). In addition, similar to other studies (76,77) we 

found the abundance and assemblage structure of fleas on wild carnivores in JBR to be related 

to environmental factors explained by seasonal changes. This relationship between fleas and 

season is often driven by climatic variations, such as temperature and rainfall (17–20). Our 

results show that the higher abundances of fleas were associated with the rainy season. 

Although this relationship may vary according to flea species, consistently in most of studies 

the rainfall was positively correlated with flea abundances (17,24). 

Almost all the flea species found in this study have been identified as potential vectors 

of different flea-borne diseases. Among these fleas are Echidnophaga gallinacea, 

Euhoplopsyllus glacialis, Pulex simulans, P. irritans, Orchopeas sexdentatus, and Oropsylla 

montana, all of which have been found naturally infected with Yersinia pestis, the causative 

agent of plague (40,78,79). In addition, Pulex flea species and E. gallinacea have been 

reported to be naturally infected with other vector-borne disease agents that are associated 

with bartonelloses (4,42) and rickettsioses (80,81).  

In addition, previous studies have found that the maintenance and transmission of flea-

borne diseases is positively related to prevalence and abundance of fleas on hosts (82,83). 

Hence, our findings may be of relevance regarding flea-borne disease risks. Furthermore, the 

human settlements and farming activities are increasing in Janos and nearby areas, (84), 

which in turn may affect the dynamics at the wildlife-livestock-human interface. For 

instance, a previous study showed that domestic dogs occur at high densities in settlements 

of JBR and have free roaming activities that may increase encounters with wild carnivores 

(85). Therefore, the knowledge of flea composition and flea infestation of wild carnivores in 

this region is important to know not only because identifies the potential flea vectors that 

may be a risk for the cause health and veterinary concerns but it also provides information 
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needed to design and implement programs to manage these disease for purposes of human 

health or wildlife conservation.  
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Table 1.1. Flea infestation patterns of wild carnivores from northwestern Chihuahua, 

Mexico. 
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Pulex simulans          

% infested hosts 64.7 80 100 75 50 40 71.4 21.4  

Number of fleas 62 7 16 50 5 14 45 8 207 

Pulex irritans          

% infested hosts 5.9 - - - - - - 92.9  

Number of fleas 2 0 0 0 0 0 0 161 163 

Pulex spp.          

% infested hosts 27.8 - 33.3 12.5 25 60 28.6 14.3  

Number of fleas 13 0 6 2 1 4 12 17 55 

Echidnophaga gallinacea          

% infested hosts 5.9 80 33.3 50 100 100 14.3 50  

Number of fleas 3 35 3 8 13 21 1 26 110 

Euhoplopsyllus glacialis          

% infested hosts - - - - - - 14.3 -  

Number of fleas 0 0 0 0 0 0 1 0 1 

Thrassis aridis          

% infested hosts - 20 33.3 - - - - -  

Number of fleas 0 1 1 0 0 0 0 0 2 

Orchopeas sexdentatus          

% infested hosts 5.9 - - - - - - -  

Number of fleas 1 0 0 0 0 0 0 0 1 

Oropsylla montana          

% infested hosts - - - 12.5 - - - -  

Number of fleas 0 0 0 1 0 0 0 0 1 
          

Total 81 43 26 61 19 39 59 212 540 
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Table 1.2. Results of the generalized linear modelling analyses of the effects of carnivore 

host identity, habitat type and season on Pulex simulans, P. irritans and Echidnophaga 

gallinacea flea abundances.  

 
P. simulans 

  
P. irritans 

  
E. gallinacea 

Source of variation Estimate   SE p 
 

Estimate SE p 
 

Estimate  SE p 

            

Intercept 1.069 0.432  0.017* 
 

-19.552 4.517e + 03 0.997 
 

-2.183 1.039 0.041* 

L. Rufus -0.828 0.860 0.340 
 

-17.381 7.531e + 03 0.998 
 

4.079 1.006 0.000* 

M. macroura 0.555 0.702 0.433 
 

-17.243 1.156e + 04 0.999 
 

2.427 1.364 0.081 

M. mephitis 0.799 0.491 0.109 
 

-16.183 5.178e + 03 0.998 
 

2.267 1.139 0.052 

P. lotor -1.379 0.978 0.164 
 

-16.737 9.079e + 03 0.999 
 

2.498 1.018 0.018* 

T. taxus -0.607 0.648 0.354 
 

-18.450 6.786e + 03 0.998 
 

2.824 1.026 0.008* 

U. cinereoargenteus 0.462 0.533 0.390 
 

-1.292 1.001e + 04 1.000 
 

-0.468 1.850 0.801 

V. macrotis -1.687 0.828 0.047*   3.716   0.920  0.000*  2.526 1.036 0.018* 

Habitat (Forest) -0.298 0.556 0.594 
 

 0.113 1.023e + 04 1.000 
 

-0.406 1.032 0.696 

Habitat (Grassland) -0.403 0.504 0.428 
 

17.922 4.518e + 03 0.997 
 

-0.556 0.788 0.484 

Habitat (Shrubland) 0.050 0.462 0.914 
 

16.492 4.518e + 03 0.997 
 

-0.244 0.699 0.729 

Season (Spring) 0.637 0.405 0.122 
 

0.659   0.221  0.004* 
 

1.140 0.414 0.008* 

*significant p-values are indicated in bold font 
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Table 1.3. Logistic regression analysis for the relationship between the presence/absence of 

flea species in wild carnivore hosts 

Source of variation Estimate      SE p 

    

Intercept 0.974 0.397 0.014* 

Pulex irritans -2.529 0.826 0.002* 

Echidnophaga gallinacea -0.523 0.572 0.361 

*significant p-values are indicated in bold font 
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Figure 1.1. Flea-host association in wild carnivores in Janos Chihuahua, Mexico 
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Figure 1.2. Degree of similarity among flea species assemblages in wild carnivores from 

Janos Biosphere Reserve. Tree was created using UPGMA clustering based on species 

abundances of Morisita Horn similarity values. 
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Figure 1.3. Seasonal variation in abundance of E. gallinacea (a), and P. irritans (b) in JBR 

between fall 2013 and spring 2014. The values are means + s.e.m from sixty-six individuals 

belonging to eight wild carnivore species. 

 

 

Figure 1.4. Relationship between P. simulans abundances and (a) P. irritans and (b) E. 

gallinacea abundances across eight wild carnivore species in Janos Biosphere Reserve, 

northwestern Mexico. Plots show the abundances of flea species in each individual host. 

Lines represent linear correlation of the relationship between flea dominant species. 
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CHAPTER 2. Prevalence and phylogenetic analysis of Bartonella species of wild 

carnivores and their fleas in northwestern Mexico (see next page) 
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Eco] ]e~ith 
r'JOk 1I1 1 m7It l 0 l9l_0 1 7_ 1 11~_ l 

EcoHEAlTII 

OrigiJwl Contributiol1 

Prevalence and Phylogenetic Analysis of Bartonella Species 
of Wild Carnivores and Their fleas in Northwestern Mexico 

,\. M. Lópcz_l'érez, l L Osikowicz,' Y. Bai.? l. MOlllenieri ,l A. Rllhio, 1 
K. Mo rt'no,1 K. Gagt'/ G. Suzán, ' and M. Kosor l 

Cru~sM ;¡rk 

'[)ep<m amrnlO de Emlogloa , Fllutlll Sj¡'~rr~ y A~jmab ,¡.. Lab.Jmmrio, F,1WI:ad dr ltldicinll V('l","jMrj~ y Zoournill. V~j"'I",id,ul Nacimull 
A"¡,j""",,, ,jt Mhi"" c.P. 0<:5/[1 Cillda" d, AIt.";"'. AIt.";'" 

'DM.;;on o[ \furor-BarM" lAR",,,,, .... MtI7> [0 1" /)jUa5l' Úlnlm! ,,~d f',.""""r;';n, Pon C"Uiru, ca 

Abstraet: Th~ ho, ¡-parasj¡('-\'~ctor rdationsrup of & non,'J/(I spp. syst~m in ",ild rnrnivol"!." and thcir t1~a s 

fmm OOrThwC<T ~rn M .... io ... Wll< in ll<':'l rigaTM. Si~ T y- ~ix c~rni vMr_~ hclcmging 10 "ighl 'Pé'cir_~ wcr~ ,;;,m[lINl , anrl 

285 Ik a\ bd onging lo Ihree \pc'Cies wen· collecteu uuring \pring íApril- May) anu b U (Oclolx-r- Nowmlx·r) 

>easCHIS. w,· J d l'Ck d HUI" ¡u"dIu spe,,;¡ es i1l 7 c;il Ili"orcs (lO.6%) amI 27 Ileas (9.5%) Ihruu ¡::h á ther blou¡) 

",h ule 0 1 !'eH... Uf th~ 27 Hmúmelkl -positi ve flCdl , l";'·1It)·-11'."0 Wln YuIe.( ,imulúr¡;, lIuw "",·,e Pu ltt\: ini/<ln; 

and onoe was Edlidti~p'''lg~ galIÍtI~(e<l . The girA gene and ITS region Soequencfs alisnm~nt rev~al ed si" and eight 

g~n("/ic II:lnams of Bal";oH ~II(1 sf'p., resf'cxtiwly. Th.:-sc ~' anan ts ... 'cre d llst<'I"M imo Bamml'l'(I forllalima,., 

oortvrwl/a l'illS0H ii sub,p. IJr rkh<Jffii and anolhcr glO¡lOlypc, which likdr r~prcs l'Tl ls a novd spccic\ uf Barwllcl/¡¡ 

\PP. Althuugh e"pl,-iml"lll J! infcclion sludics are requir~u lu pruve lhe v~(wr rok ul p, ,imula"" our re;ults 

s u ¡::¡::~ót lhat thi~ flea ma r p lay au liHlx ¡[laat !Ole i1l lhe Hu ,l<mdu, tnmmiSSlo lL "lhe n,,; ult s indicatoo possibk 

bosl-~ f'ed fic rd aliomhips bet ... 'em Barro rl dla genolypoes and lhe fa milies o f lhe cMnivo!'es . bul furtha st udi ~s 

are neeucd to venir this finuing. The p~nce o i zoonotic specioes of Darro rldl.1 spp. in .... ild carnivores mises 

!he iSSll~ of thcir poTcntial r isk for hllmans in fmgmmt<'d cxosyst~ms. 

Kc ywords: n.1ftMell~, f'ro!:Valen c~, f'hylogeny, wild a mivores. tl eas, Me"ico 

INTRO DUCTION 

&rt()ne/Ja speQe-s ar e- vector -borne an d gr am-negalive 

h:U" t .. ri" 111:11 inf"rl 11", .... yll u,,, 'yl"S :III tI "11( lnl h .. I ,~ 1 ,,,11 , n f 

1 1I~ 11lI 1IaJ hosls (lloulo uis d al. 2005; Cholllel d al. 2oo~) . 

Th <,;>, ha,e been recognized as emergt'nl and re-emergenl 

rr ..... mn ;' .' ''I'pltm,..,O"'r m.o,,"I, Th, Im l·", ,., ,,; .... '" oh ;, . .. d .. (~~ . " O . ' OO] ' 

;103'1).011.1216-2) ,",n.,in> ;up¡; :~m","rl m",,;:d. which " . ... ü.b!~ ,~ " "bu· 

,iud u,""" 

pa lhog~ns and a re of increa; ing concern for veterinary and 

hu man health (Breilschwerdl el al. 20 10 ; Lanlo; el al. 

20 14). To dale, aboul 3C1-4 0 ;pc;:ie; and sllbspeQ(,; o f 

&rúmdJ" 1:\"" '" h:w" lw,." d i'Sn il ... d , nf wh id 1 .JI I.,,,sl 1, 

~n: w llsidern i LOOHol i( p~ l ]¡ogt:Il S (Va vssit: I'-T,lUssal d ,¡jo 

1009; Kosoy el al. 20 12). Amon g Ihese, six IJartO/lellrl sp"

eies and one subspt'c ies h,¡ ve bt'~n reported in two d omt'5lic 

carnivore spt'cies and in al leasl 20 wild carnivo re sp eeies 

worldwid(' . Por c:tam pJc, dome-stic and wild fcJids are- lhe

" "" n ,'''Sf' rvno rs ,., ( R. !w,j.,eÚl tO, IIIt' c l" " ol iv" "1:\" ,,1 ,.,( GIl 

su alch d iseJse (Cho llld d ,11. 2006). 111 ~dJ il io ll lo 
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domes tic cats., this IJ.1rtO/le/Ja speClt'S has been found in 

Sé'v/'rn l fr e/' r:lIlgi ng and mrri\t' wild t¡' l i d~ ~ Il eh a ~ pllmas 

(Pullla cOI/color), bolxat.~ (L}'l1x ruf¡¡ ~), cheerahs (AciI/Otl}'X 

jllbatus ) and others (Yamamoto et aL 1993; Chome! et aL 

2004; Molia et JI. 2004; llev in~ et JI. 2( 12). Cuyote (Crmis 

Inrrans) and o ther wild canid; ,l re sl1spect oo to be the main 

reservoir of B. 1-1l/sol/ii subsp. berkllOffii ,md B. rodUl/inwt' 

(CholTIel ~ Il d Kasten 2(10), which have been as.-;ucia teJ 

wilh i'nd()(a rdi t i ~ ,me! haCli'r¡>mi'l, r''';rl'o ively, in hllln nns 

(Eremeeva et al. 1007; Mogollon. Pas'lpera el al. 2009) 

Serological and molecula r e\' idence of D. 1'. subsp. berHlOffii 

intútinn has h!'!'n r"pnrlft l in cny,)te, gra}· fnx ( rlrnryiln 

rillt'rroargmref/s ), island fox (Urocyoll litorolis) and badger 

(Taxidea t.1."(¡I~ ), while B. roclllllimat' infection was reported 

in wolf (Canis lupus ), coyole, gU}· fux, islJml fox, red fox 

( \' Ulpe.i I'ulp,; .~) an d rneconn (Prr'KyI171 IMor) (r:hang r l al 

2000; Henn et aL 2007 , 2oo9a ; Schaefer et al. 2011; Quinn 

et al. 2012 ; H I"~ lIb ~ lId GoIIJo- lIker 2013). 

A,rns' Ih!' lmct i'Tin's ran g", h"'l SI)¡>citicit v (l f Rar 

rOl/ella ; P CclCS i; often ob:;crved in mamma!s. Howcver, 

lillle is k llOI"1I auoul plo-dolllill<l nt vectOI·S 01 vectol 

¡r;lll~nJis.-;ion to nmmmJlian huSlS andlor to people (eho 

md el al. 2009). Difierenl art hropods, s llch 'lS sandfl ies, 

l1<"as, ticks , mites ¡¡nd lice, are consid<"red potential v<"ctors 

fur &ulonellu sp~ . ill[o-dioJls (TS<li el ,11. 2011 ). Huwevel·, 

pr¡>v i flll ~ ~uui i l', ~ llggf>!; t thm flell" ar¡> Iht' mfl~t impnn ant 

\·ec tor invohed in the natuTdI c}cJe of Dartonella spe.:: ies in 

<v ild L.u ni"on:s (Sleler· LIIlLl. el al. 2UU6; G,lbr ie! el .11. 
2009; \tlillilll 1'1 al. 20 1ó ) In cnntmst t(l the nft!'n hll:;t 

speci fic relationships obsaved b~ t\Veen Bar/ol/eIJa species 

and mammahan oosts, a van ely of IJ.1rtollel1a speci<"S can 

inft>Cl one O f more spt'cies of arthropods ("r~ ai el al. 201 1). 

" lt h(lllgh kT1Owlc-dgr ni Ihe- h (l~ t-vcc tor-ramsi r r inlr rac

tion is ver} important tu llnderstanding the ecologica l 

J ynalLl ics uf tli se~ s<"s, few stuJi<"s J¡,n e sp<"cifi L,I11 )' ex¡¡milled 

Rflrtrmelln ~ pec: ie:- in 111'11 ' h(lm willl carnivnre:i Fnr in 

stance, previous studies on l1eas in (¡¡mivores r~ported B. 

roclwlilllllC allJ B. v. subsp. be/kllO/Jii iJl PII/ex Silllll/¡W~, 

Ctcmocephulides felis ami C. iruX¡lIil lis (GJbrie! el al. 2009), 

B. alsatica in SpilopsyllJis nmiCJIli from ¡¡ \vi ldcat and 

lln i d <'111 i{i ~d Bartollella genotyp<" in Pulo: irrila/ls (Marqu<"z 

el al. 2(09 ), ,md B. IJeme/m: ,IIl J B. c!urridSfÍllf iJl OCIIU· 

cepholides felis (Kaewmongkol et al. 101Ia). 

[n North America, most studies intended to delect and 

itl<" lll ify· & rlolld/u species iJl wI1J Glfl Jl I'OleS h ~ve be<"n 

conducted in the- USA, while in Mex ico lherc W'JS onlr one

study on d~ t ec tion of ant ibodies against B. herlselat' in 

c'lpti w bobcats and a pu ma (Chome! et al. 2004). 

The ob¡ect ive of lhis studr was lO invest igate preva· 

lenet' and gi'n t'tic .-l iv/,r.;ity 01" Rar tlme/la ~pt',~i t'~ in wild 

camivores and simultaneouslr the pre"Jlenc~ and ~asona l 

dynamics of these bacteria in their t1eas in nor thw<"stem 

Mexico. 

M ATERIALS AND M E.THO DS 

Stud ), Arca aud Samplc Collectioll 

\\'02 cojJectoo blood and l1eas irom wild carn ivores during 

faH 21) 1] (Octoher- .\lovember) and spring 21) 14 (Apn l

M~y ) in f¡ve locations within ¡he lanos ~ i o;;phere Reserve 

(JRR) in nmthw¡>~I t'rn () f r:hihllahllil, Mi'xiw VI Il" 'i ¡ '.'i iY'"\" , 

108"Jo'09"\\'). Sampling sit<"S WeTe cakgor iz~d as Grass· 

l¡¡uds (El Cuervo, E¡iJo S~ u Pedro), Grasslamls/Slu·ubhmds 

(Montl' Vl'rd!'), Shmhl alllls (Ran ¡:hn Ojitos) :md Il ipanan'! 

Oak I:orest (Rancho San Pedro) . 

Sixte~n trapping stations wer~ set at 1).5· to I) .H·km 

im ervals along a lO ·km u,msect at <"Jeh of lhe live sampling 

location s. Each st,n ion contained one box trdp (Tomahawk 

Live Trap Inc. JO" x. 50" X 70" o r (jo" x 20" x 23") and 

une leg· !Jold trJp ( ;11.75 or ;13 Victo! Coil Soft CalLb™) 

",ith at le-asl 30 meters of dist,mcc between them. The- tmps 

\Vere ba ited with ~a r dine, c hi(k~n and commercial lures, 

sudl as Coun Diggel· [, Coyote Urino- alld tlubcal GlauJ 

(Ki'ihrl'l ,\ Traps wCl"r ~ct kIT ninr Cfln'i re ll tivr d'l )'S prr 

site and ched.ed at least once a dal' . Onc~ caplured, each 

individual was chemicaHy res trained ",ith an 1M in,iect ion 

nf k"tn mint' hrdmchl" ridt' (Ane,k"l ~ ) <l ml x)"¡n~inl' 
hydrochloride (Procill<l» , according to the recom mcndcd 

doses for wild camivores (Kreeger et al. 20(2 ). Animals 

\Ve re idenl ilied, weighed, sexed and ear ta gged. Blood 

sampk; were collect oo (2- 6 mi) from ceph,dic or femoral 

veins.. Blood \Vas transferred into microtainer lubes with 

EDTA ,mtl slúl"ed iu liqu id Jl itrogeJl iJl lhe Ilekl. II "'¡¡S l ~ le r 

tran ~tf.rre.-l to n 70°(: fret'Zt'r Il n tillah(lTll! flry rl'~ting. F.1.h 

camivore \\',IS visuaUy ~ ."(,lm ined and i nsp~ct ed for fl eas b), 

fl ea ~olllui ll g fO l· 5-W lll in. AI111eas H~ ll luvtd \Ve l o- phKeJ 

in a rrynvial cnntaining 7tl% I't han ,,1 and ~ t nred in liquid 

nitragen . Flca; werc identiticd morphologic,dlr at lhe 

Division of Vector· Borne Di seas~s of the Center for Dis~ ase 

COlll rol ~md Prev<'111 ion {CDC) in I;ort CollillS, Colomdu, 

OS,' ... In m llrr ro rr.-l uce th r chancro; Ih ~ l tleas mighr hr· 

come contamillated ",i th BartollelJ,1 DNA from other 

SOUI" LeS, IJ¡e~ IVO- Ie It \l luved frum n:s~eLl i \e I'i¡¡ls using 

fnrcl'ps c1l'an"d ",ith DNA .>\way® :md plncl'd individ ll all)' 

in single- petri d ishe-s for c."(amination using a sterco 
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lIli ~roseo f'~ anJ publisht"tl la.\Ollo ll JiC k ~>'s (HuiJlJanl 1%:;; 

Fllrman and Catts 1982). 

All procedures for trapping and handling carnivores 

followed lhe guid eJ ine~ 01 lhe American Sociel)" uf M~m 

n1<l logists (Sikes and Gannon 2011) and \Vere approved by 

lhe Anilll ,tI ( ,¡re CuJl]mi ll ~~ of lht' Vet~ l ' i ll arr Sd lOOI 

(l : NAM) amI hv lhf' Mf'x iC:lIl St>u l'la ry n i" Fnvimnlll f'n l 

and Natural ¡~ esources (Pemlit FAUT-0250). 

Bartolull(l Bacteria Culture from Animals 

In urder to culture &lnone/la spp. baCl f.'ria, whulf.' bluud 

(O.OS mI) or blood 1:4 diluted in a brain heart infusion 

lIlediullI I'.\¡S f'lat ed Ull blaill he,ut infusioll Jg~1 phi tes 

slIppl¡>nwn [f' t1 wi[h ~% rahhi[ hlood (RIll " H¡>c/rnl n id 

inson Microbiology S~slems, Cockersville, .\oID). A sup

plemelll uf S% lungiw ne a ~ a solubili7.e r W<1 S u:;ed lO 

rcd ucc fllngal contamination. Platcs werc incubat ed at 

jS"C fOl 7- 2:; days ÜI .In .. ~ I'O¡'i c a llllusphert' of S% carboll 

ili(widr, PI;l1e, wer!' monilored fo r h;¡rt erial grnw/h ;l1 Im~1 

once a week aft er initial plating. Bacterial colonies were 

tf'nt a[iw ly itl f'n titl l'd as Hal'1nncl/a ~pf'[ il" on 1111' tmsis of 

colony morphology (Kosoy et al. 1997). Selected colonies 

were harvested from subsequent sllbcult ures and slored in 

l [)'}ó Gl)"ccrol '11 - 80'1:. 

UNA Extraction ami PolYllll'ra.<;e ( :hain ~l'action 

IPCR) 

DNA was I'x lmclt'fl fmm nninml hlond "l mp l l'~ amI clI l 

tures. For culturing, a heavy suspension oi each isolate was 

pb ced in a heat block ami boiled at ~s"C fOf IS mino UNA 

was C'X lracted Irom blood fo llowing Ihe QIAGEN Q [,\mp 

LJlood and Tissue Kit I'rotocol (Qiagen, Valencia, CA) . 

Fil1 ,tl ly, e,¡ ~h IIea w~s trilurated il1 ste rile tu bes wll t ~i ll i llg 

lOO ~tl of glycerollO% and 2.5 mm oi sterile glass beads in 

a IllL\t'1 milJ at 20 bealsls for S mili . The rt:Sult illg lIe .. 

tri lllrntt> ·,,'ns ct>nlri li lgetl al 14,000 rpm fnr 1 min "!'h t' 

supernal ant was transferred lo a ckan m icro- tube amI 

incubat ed al 95 e C for 10 mino Cultures were conlirmed as 
Banonel/n spp. hy I'C R ,¡mplillcalion of BnrlOltd/a-specillc 

sequellces of tht' 16S- 2iS IRNA illteq;eniL sf'acel' (lTS: 

'\2'i F lIOOR ) (Dini" I't al. 2(07) amI ci trntt> svn lhnst' gt'nt' 

(gitA ) primers (78 1F-I13 iR ) (Norman et al. 1995). Pc a 
w~s perfo rm ed un blood and Ileas lliO ing ¡he ~ ~me n~ 

primc"TS llsed on Ihe cll llmcs, bll t lhe glr.'1. primers we-re 

diffe rent (44 JF- 121OR) (l}illeter et al. 20 11a). The I'CR 

mnrl i i i c:1 t ifln ~ .,,'1'(1' pnfo n1wd in n 2_'i jl l renct ifl n 1l1ix[ll T1' 

&lrrrm~//o. S~ri <'~ in Wil,1 C.Il rn iw"lr..,.; ~ n rl Thcir Fk~ ~ fmm Mnir.o 

cOll taill lJlg ll udeas~ fnx walel, 1 pI e .. eh of JO ).IM fUI"I"al'J 

and re-verSC" prima , 12 .5 pI of GoTaqR Green ~¡'¡ Sl cr Mix 

(Promega, .\1 adison, \VI) and 2.5 pI DNA. The i'CR was 

carried out in a T.I K .I I~ a Thennal Cyd er Dice lP600 (T.I

Ka¡{a Bio. Tokyo, lapan), using the follo\Ving parameters: 

ITS ( ;125 s, 1 l OO.ls): a J -lll ill dm 'ltll r.l tioll al ~SDC, foHoweJ 

hy'i_í q-¡: II'S of 3n s al 9'i°í., 3n s al 1'>1'>0í., antl 3n s al 72°í ., 

and ended with 72cC for 7 min; gltA (44JF-1 2 1OR): a 2-

min df.' na tumtiun ~ t 95"C, follo\Ved by 38 cycles uf 30 s al 

95°C, 30 ;; al 48°C, and 2 min al 72°C, and ended wi lh 

72"C fOI' 7 lJI in; gllA (n l f - I137R); J ] -llI in dellatUl'dlio ll 

ni 9_í cC, followl'd hy T'i c)'clf's of ,n ~ al 9'i°í ., 'I n ~ al 'i 1 Oí ., 

and 30 s at 72eC. and ended with 72 eC for 7 mino AH I'CR 

,lI l1pl ilj ~ a l io ll f'J'lxt:Sses wer~ colllf'leted u)' holding lhe 

fC'act ion mixture- al 72'1: for 7 min. To veri t)· Ihe prc~ncc 

of amplicons of applOpriate size, PCR products were fi rst 

electrophoresed in 1.5% elhidiulll brumide-stain t d .lgarose 

gels and the amplican bands were then visualiled by using a 

UV lisbt suulce. 

Scqucncc Anal}'scs 

Amplicons of a proper sile wae p urifi ~d Ilsing a QIA· 

quick I'C R Puritication Kil (Qiagen , Germantown, MD) 

and ~quenced in bOlh dirc-ct ions llsing an Applie-d 

Biosystems Model 3130 Gendic Analyzer (Applied 

IJ i05ystems, /; os t ~ 1 Cit:" CA) . S~4ueJIL i lJ g leaetlO l1S I'.' ere 

c,¡rried out in a PTC 200 I'elt ier th ~rma l cycler (MJ I~ ~ 

search, Watertown, .\01.11.) using the 5.1me primers for PCR 

nso;a}"' al a [I)fl ¡:t'n lml ion nf '1..1 )1 M. C)"clf' llil rn n1t'll'rS lilr 

the sequencing re.Jclions were 9(i"C for 1 min, 14 cycles of 

~ó"C fOI IU S, SUDe fu r 5 s alld óU~C fOI 1 m ino Se4uen~es 

wef(' ana/yled using MEGA6 (Tamura ct al. 20 13 ) [O 

de l<'rmine the consensus of sequences for the amplified 
wgion of lhf' g/lA an (1 11'> s 23 ~ ITS. T hp sfflllt'n(:t's ni 

this stll.:ly and the known Bar/Otlel/a speci ~s retrieved from 

the Gen LJank \Vere aligned using Clustal W. The un

weigh[ed pair gro llp mcthod with ari /hm Nic medn by 

Kimura's 1- paramder distance method and bootstrap 

cak ulalioll I'.' as caJ'l ied oul witl! 1000 repli(...ll iOlls. A ~ r i 

terion of ~96% homology to gltA W,IS used to deti ne 

gro ups. The novel sequences obtained 111 Ihis , lud" were 
sllhmiUp¡J lo ( ;pn Hank 

Slat ¡s i ¡cal Anal ysis 

Fisher ·s er;act l<'st was used to t'Valuate Dartonella spp. 

pr¡>\in]¡>nc(> ¡W;OC io1[ im1S ,lmong hf1~ [ ~r¡>c i f's, n¡>a ~pf'ci ¡>~ 
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tle·a sex, SCd.son and goognlphic location for c-ach Bar/mIel/a 

spO'c iO's. A P ~ a l ut: < 0.05 ''' ~ s comiJtwd st a l is t ica U ~ s i~. 

niflcant. Tht.' an<l I}·st:S Wt.'H· pt.' rfo lllled in R soft wn rt' (R 

Core Tt'<Ull 20 14). 

R ESULTS 

Bartolldla Prcvalcncc in Animals 

L>uring the tlVO surVt'ys {fall 201 3 and spring 20 14), bloo<l 

:;amplc:<; W ('J"(" (ollcctN"! fm m fifi wild carn ivorcs reprc:;rn! · 

ing O'ight species irom ti vt.' families (Canidae, I:dida(" 

MO'f'bi lidde, .vl us lt:lid ,le .mJ I'IO ~ ioniJ 'It:) , i lldud in~ LO)" 

ot i'~ (C.ani.llrltrrlr!.I), ki t t()X~ ( ""ulp~ macrolis). groy f()xi'S 

(Urocroll cillereoargel1 leus ), bobeats (Lyl1x rujiIS ), r.lCeoons 

(pfl)~yo/l lu/or), slI·if'ell skulJks (Meplúlis meplúti, ), booded 

skunks {M /:phitis maroura) ami badgers (Taxirlt:u tu xus) in 

JBR located in the northwcstern Mc-xico (Table 1). In total, 

seven samples were posltive for mfeetw n wilh [Jartonella 

speaes ¡hrough either blood culture or PC R on blood 

nN,\. Raw17tt'lIa i :;o l ~ te" wrre ohtil in('d fr om hlood ()f two 

strip("d skunb and one coyot(" . Bilrtollella DNA was 

,IJll pliliO'd b~ ITS iJI fOlu &.\J Jlplt:s (OHt: co )" olt:, t 1'1'0 ki t [oÁt:S 

nnd nn i' IHlndi'd skll nk). Of t h ~i', nnl)' thi' hnn tl!'d ~ k l Ln k 

w~s positive by both mol("cular targets. No Bar/ond la D:-.rA 

\V as del<'d t"J iu blood w llt:e ted [10m gL'.l y fOÁes, bol.ILats, 

mcwons nnd un dg("rs. Five (7.6%) of these samples wer t.' 

positi\'e fo r B. rocl!alill/ae, and th(" two oth(" r (3.0%) w(" re 

positi\' (" fo r IJ. Y. berkhoffii (Table 1), 

L>i frO' ren~e in tbt: f'1O', alO'lLCt: of B. rodmlill1 llc in hosts 

Ix-twec-n seas.on; wa; marginall r s i~n i fica n t , having onl)' 

positive sa mpb during fall . No ; ignilieant di tt elenees were 

fUU lLd in pft:I'~ It: IKe of B. roc/U/limac .md B. v. vcr/dwffii in 

c,lrnil'ores octween host species, sex, sc-ason and Jo c~tions 

(Table 1). 

Ik tcctiun uf Ha rtmwllt¡ DNA in l' lea ... 

A total of 185 /leas that bdonged to thr("e species wer (" 

w llt:e ted hom tbe 66 ~ ,LL n i l'o rt:s amI lO'skd iuJ ividuall )"·. 

Pulr.>: s imulm1.~ was th!' most ahLl ndant Hea in (o)'ot 1', grn)' 

fOÁ and skunks, ..-hile E. g<¡lIillaCfi1 was the dominant 

spO'c iO's in bolx~ t, J ~ LWOn and b'ldgO'f. ¡:¡ lL;¡lIy, Pulex irri· 

Il/tl" was th!' d"mina nt Spt·cJi'S in kit fnx, hi'ing stne/I)' 

associated with th is host (Tabl(" 2). 

IJartoneJ/a species wele ddeck d by rrs and/or gltA 
targe! in 27 (95%) ne'J ~, induding 22 (81.5%) P. ~im Zlhms, 

three P. ¡rriMm (11 .1 1 %), on~ Puln spp. (3.7%) and one E. 

gallÍtw Ct"a (37% ) Fiftcen (55 .6%) of the 27 BarlOlldla 

j>CR'f'0sitil't: IIeas WO'ft" f'ositil't: fur B. ro(h lllimlle, 1I 

(40.7% ) wt.'re po:, itive for B. v. bakhoffii, Jnd 1 WJ S posit ive 

for BarrOlldla sp. The prev'l lcncc of B. rochalimat and B. v. 

berkhoffii in /leas varied signifi cantly among th(" fi y(" host 

spt"Lies, ,,, itb tbe bigbest pJO'I"IIO'HCt:S 101· B. rudwlimuc 

flCc Ll rr ing in He:l" frmn skLln ks fLlld fo~¡>s <ln([ f(H R. v. 

berkhoffii in fl ("as fm m coyot es (Table J ) . The preval(" ne(" uf 

B. v. bnkllO!fii diITO'fell lJoti(t:'lbl)"· alllong l1 O'a s pt"~ i O's, with 

P . . \imulans lli'ing llli' (mi), flt'fl spi'li i's f" lln d / (1 Iw ]lositiv!'. 

Th(" pr("valenc~ of B. rocllalillllle in t1eas vari ~d significa ntly 

among locatiuns bu t at least one l1ea of each speeies 

identified was found to be positive for ¡his BarlOneJ/1l 

"r r ri e:; . Nn significan t oi ifiá rfl( rs wrr(' ffIL lIl oi in prrv~ l rncr 

of fJ. rodwlimac and B. v. berHwffii in n("as betwt:en seasons 

~ JJli 110''' S O'.~ (Tablt" .1 ). 

Scquence Analysis 

Thi' in teTn, / iom Ilf'twel'n hnsts, pnmsiti's ilnd vt'(1nrs, alnng 

with the specifi c rc-su lg obt,tined for both molecula r targc-ts 

(lTS and gltA ), ar(" shown in Fi~. 1 and in supplementary 

table (SI) . Seq ut ncing analysis of ITS (Hg. 2, vm iants J

VIlI ) and gJt.'1. (I:ig . . 1, v,nü nts IX- XIV) idrll1 il ir il r ight and 

si;( gen(" tic variants, respecti,el r, in blood and Ileas from 

,,, ild L.lrnivoft"s. SiÁ rrs SO'4uelkO's aud tluee sItA sO'4uelKes 

W!'TI' novel var ian h . The ni'\\' gi'n i'tie vilrinnt' '." !'TI' suh 

mitt~d to G~nB,\Il k with accession number.; KT807800· 

KTIW7807, KXló<J I<J4. 

l'hylogene¡ic analy~i s of ITS showed all variallls d uo 

tered into thr("(" distinct grou ps (1:i8 . 2). Th(" fi rst gfOup 

consisted of tour , .nlants (I- IV) of lJ sequenees obtained 

fro llL E. ~ullirlu cctl (1 ), P. irri/(lm ll) , and P. 5ÍmululIs (6) 

l1eas, aOO from coyote ( 1 l , st ripc-.:[ skunk (1), hoooed skllnk 

( 1) and ki t iox (1), all of which c1ustered with B. rOc//(llilllae 

(,)¡(J- <J ':i. 6% SilLl il,¡f it y) . llJ tlLis ~mup, onO' sequelLcO' ob· 

tain!'d fm m :1 P . .<;i mulrlnS tl!',1 efl lleeti'd fmm a gmy ((IX was 

id ~nt i ca l to a st r-.lin pr("viOllSlr described in a dog from 

California (GenUank aec. no. DQ67ú4 !l7) (J lenn d aL 

2oo9b). The other thrt e varian Th weIT novel and were as' 

sign("d with GmBank ~c cess ion nllmbers KT807800, 

KT80780 1 and KXI G9 j 94. The second group eontain ("d one 

~t:Hd l~ 1"I¡j'llLt (V) ""ilb oHI~ OHe sequenLO' obt,li lJed fro ll! ~ 

P. ~ imu1a IlS collected fm m a L rufrls It W,IS 9') . j % similar 

to a str-Jin pr~viously isolated from ~not ht:r bobeat from 

Califom i;¡ (Gentlank a ~ ~ . no. KP4J74':i7) but distant frulI! 

alt othrr Rartrmclla grnotvprs (Fig. 2). Thr cln~:;l spr(irs 

to this presumably no \d genotrp(" is B. 'Iemelae with 91.8% 
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!Jtl rtMid/~ S~ci~s in Wild Carnivores and Thrir l'kas from Mexico 

B. focllUlimae B. V. berkho;{II Bartone/la Sp. 

S71'6.4'" Sl (86.A.] 65 !!lBS» ) 

3'· (4.5 %) 

D Unlnfcc.ted hosts with uninfccted f l ~as 

• lIninfHr.,,¡ hn.<t< wilh inl"","'¡ 11 .. , 

O Infected hcst. "'¡th uninfecte.j fte~$ 

El Infected ~osts Vl ith 'nfe =ted neas 

0(0%] 

l'ig. f . Vrnn di.1grams oí infCCWl!llninftct~d (arruvare OOSls (N = ti6) and th..ir neas with B. >: bm:/lCJifii, B. ro:h,1/imoU and B<1rto"d/a sp. 80th 

rnw nllmOCrs o f inli- ctoo individllals and prevalencc (%) ar.-: indicatoo. "' r kas ""-'Te not testoo 

sim i!.u il)"', ,1 lt:ve! uf di,t:I'gt:IlCt lYf-' i( J. ll )" Cúllsitlel ed 

indicative o f a d ill erent species ( La Seola el aL 200J). The 

lhird group ind uded lhree v,l rianls (VI·VIII ) of nine ;ce . 

qucn(es obt,l in c-d from coyole (1), strip c-d skunks ( 1) and 

P. simuwn> (7) lleas w ll t:Lktl fm lll gl'ay fox ,lIld LO)'OltS, 

and d usler ed with B. v. subsp. berkhoffií (97.8·98.7% 

sim ilar ity). In th is gro up. a varian l (VII I) represen ted by 

UnL' sequenü' w,,:; lu und in " 1'. 5imu/rms frum " bad¡;cr Ihat 

I'.' ~ S i dt:ll ti~ ~ ] tu a sln ill oblauled 11 1 a do!; froll! lht: USA 

(Gell Oallk aec. no. DQ Cl597GJ ) (Kord iek alld Ureitsehwerdt 

1998:,. 

IJh)'!"gi111'Ii<: mm!ysis Illlse.-! nn g/ tA shrJ".<{I't! a 1"la! n f 

si .~ 1' ~ r i,,,r lS uf 21 st:q uerKes cl uskl't:d rrr lo lwo d isCrr rd 

groups ( Fig. J ). lhe fin t group dusCered with B. rodll1li· 
lIrae (99.6% simihrit y) and conlained IWO varianls (IX and 

X) 01 12 serpft'nrl's "hl;] il1 l'rI 1'ro m Slri p!'(! skun k ( 1) nnd 

hrm.!l'.! skunk (1) r: nrnivnri"'< am! P. irri ta ti.' (3), P . . ,imuJatl ., 

(J) and Pulo:. spp. (1 ) /leas collected fTOm kit fox, gray fo.\, 

badger and slriped skunk. Th~ s ~ varianls were identicallo 

prc-viously dcscribcd &rrollelln stmins isoJated from a hu· 

m;] n in Ihl' C¡SA (¡-;l'n Klln k 11 <:(:. no. DQf,¡n l<¡ ~ ) (Erl'llll'!'va 

el aL 2007) and from" dog in California (Genllank aec. no. 

[)(;IG76488 ) (IJenn el a l. 2007; 2009b ). The second group 

d llstc-r oo with R v. suhsp /Jerkh(JfJii (98.5 and 99.6% 

si" , ¡!:I ,; I'y") (FilO -1 ) .1'1<1 ;" d ",II',j rm " ' ." ';:0 ,,1 , (Xt. XIV) n ( 

1! st:q uerr~ es frorn coyote (1) ~Ild stri¡Jtd sk urrk (1) Gil · 

fHvores, .urd P. simu/l/m (lO) l1e,ls' 111 lh is gm u!-" o rr <c 

variant (XIV) -.vas represented by fi ve sequences obtain ed 

from o n[' coyote and ¡ivc P. ~mu/mls colJectcd fm m coyote 

Thesc lin' scq uc nces wcr c- idenlical to a slmin prcviously 

fourrd irr ~ dug frorrt tire C'SA ( Gt: IlI:!~llk ,, ~ ~ . !lU. 

CI'OOJI 24) (Guy et al. 201.1 ) and were very sim ila r ( 99.G% 

identity) to Ihe str.Tin detected in a human patient from 

Eu ropc (Gellll"nk acc. 110. AF143445) (ltoux el al. 2000 ) 

Tbe oC ber Chree v.u .... rrt s I'.' el <" rr ove! .lIld wer <c assig.rl t:d 

Genllank aceession numbers KT807804·KT807806. 

DISCUSS!ON 

' I" hi, is Ihl' lirs l rl'p" rl nf l hl' isn lalinn nf H. rod!(/Jimrw an d 

B. ¡'illSlll/ii subs l-' . berkJwffii fm fll strif-'ed SkUllk, tI ,e pn:s· 

ellce of D. rodhl JilllClc in kit fo ;>; and hocxled skunk and Iheir 

¡leas, aOO the lirst cvidc- nce 01' R (OchalilllClC and B. v. subsp 

b.:rkh()ffii in fl cas collectt't[ [rom American badger 

[;our ~J l llr vOI ' t: sf-' ei.it:s k Slt:li POSilil,t: (w )" u le, slr'ipt:d 

skunk. badga and gra)' fox) and were iniec l ~d with 111'0 

&rt(J llella sp~c ies, B. rocllCllilllCle and B. v. subsp . berkJJOffii , 
whi!!' hflO'-!I't! sklln k ;]nd kil l; ,x Wl'ri' inleclPd n n l)' wil h H. 

rocha/ir/ lil e. Tbe reLll r ~t:l )· bigh f-'rev alellLe uf B. fQc!ra/ima e 

and n. v. subsp. berklr offii in skunks and their !leas sug· 

ges l ~d Ihat skunks are potenl ia] reservoirs of bOlh species. 
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KT801800 PS( l ), Kf(2) ] 7 .... 
DQ61G481 PS(1) ] II I - ]\.Tft 
B. rochalimoo FNfi'546fi 

KT801801 COY (1) ] 1Il ;O' 
KX169194PS(5), EG(1), 55(1)' , HS(l) ] IV +-- ,¡iI' __ 
B. clamrJg9iat> AF1679S9 

B. washcensis AB674256 

B. quintana L35100 

B. phoceen!'lis AY5",5123 

Batton~le sp.KF437497 ~ 

KT807803PS(1) ] v - ~ 
B. h6nselae BXB91699 

B. kallhlllrooAF312490 

B, YÍn:;onJi arup'In:;is AF142952 

B. lI/nsoniJvlnsoniiL35102 ~ 

KT807802 PS(¡;jJ, COY(l)" ] VI """"'; 1\."" 
l VII~- .D KT801807 SS(1)" 

B. vinwnii berllhrNfii 00059764 • 

B. lIin$Ol111 be/1(hoffii 00059763 ~ 

DQ059163PS(1) ] VIII .,----..... 

B. biJcillifotmis L26364 

B. bovis AY11663B 

B. binleslI AY 11/lfi'O 

Brucellll meUlmsis X95890 

O.OCO 

Fi¡;. 2, Unv. ei¡;hloo ¡:>au SI oup 111l1:IKXl v. ,lh alltlunctJC IlJ~Ul llCO."l.useJ Oll d¡:!Jlll'11l'lic \'ariallls O-VII!) of lhe 16S-23::i 1 R."A I"),::i 1 "WOll uf 
thm.' Bm"flmella :;.pcdcs in wild cami\un' and th .. '¡r l!cili; hum northlTIl Mexico. Each grnUI}~ is indicatcd by rumml nurr.era[¡ and its GcnBank 

n(.c~<inn nllmht'r, \\~rh nn,'Ñ ~P1<'ric. \';1n:.nls in hnld(M,"!. 1)r.w';nll <1<jJicts r~ oo~r fnm i li~~ nn íl i,!o.:k arrl1W.< in,licll tc rhcir IIr'I)()ty!'<' a~o;r)(". i a r ion 

(Canidac = 1, II, TlI and VI; Mephitidoc = IV 3nd VJT; Musldida~ = ]\O' 3nd VII I; Fclidu = V). CnpiMllcrt.." rctcr Ika ~p«ks ( T'S, p,,{n 

si,mJ,w>; P,pp, P" lex ,;pp.; PI, .Pub ¡,ritlJ/l$; EG , Edlidnoplwga g<lllin<lcea) or carni\'Or .. >p<'"Cies (AB, Amc.'Tican badScr; OC, Iloocat; COY, 

lO)'OI~; GF, u fa)' fux; H:" He>oJ.,j sklmk; Kt', Kit [M; s::.:, Slll¡:>l"':! skllnk). ,\'u",/",'1'> in jmrt,a/",se; ar.· tlIl' nUjjw..~ of !.e<fllrm:cs oblai llt,"\l. [nJlu 

blood and ileas lrum \\'¡¡d camivor~s. and aólai.ik.; are !he isolall\l ItrJ.itl.'i. lh.' dl'mln.ogrJ.nI wa:; OJIlIótructoo with 1000 n.'plications Uling MEG .... 

Ií <nn",~rc (Tnmum ct nI. 21l) ' ). 

111 ... luw pln,tlelKe of B. ruclltlli/ll¡Je IJI COyot es froJII Chi

huahua was consistent with othe.. studies in California, in 

whi ch a range of O- 9.5% pr (' valcnc~ was reported (Chang 

i.1: ,11. 21J00; liell ll d al. 2W~;I ) , 111 ~oll l l ~~I, tlie p l ~I-'~I"'"Le 

of B. 1', subsp. berklloffii in coroles was .ny low (5.9%) 

CümpHel! .... ith a pre.ious study in Coasla l C.1 1ifornia that 

fuu llJ 2~% of ~oyolt.'S teskJ '''''<'1 e inft:\.teJ wllh B. y , subsp, 

;erkhoffii (Chang el '11. 2000). Such obs~rvat ion mighl be 
Tl'1;¡¡ed In m ulr ip le fa ctnr.;, sueh n, nninml nge;, s¡>n,,,ml l 

Jyn,IJ II iLS, anJ the speLit.'S of al tllmpod ct:top<I msiles found 

on these coyoles. 
Sc-veral molecular stlldies h,l\'(' shown that the preva

l~JI('" uf B. rodmlillJ<le and B. 1-'. suln,~, berklwjJij iJlf~d io lJ 

dilTe. s betwt:en specit's of (oxes. The oVt'ralJ prt'valence 
(1333%) of R rochrlJimat in kit fox ('; from J,mos gra5S

¡,lJIds \V~5 bi gbel than tlie 5.'1% (j/ 51 ) ,uld 1.6% (1 .'62 ) 

obsuved in the i~ l and fOK from Santa ROja I.;land and in 

¡he ~d 1m !f nm S¡Xlin, re' pe.::l ively (Sch :wft'f pI nI. 201 1; 
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/_ DQ68.1195 PS(3) , PI(3), P.~rr (1) , HS( I) 

100 e rocllólJ/rrlllc 004176484 

D0676488 PS(2),EG(1),SS(1)' Jx ---
e. cl3rridgci98 KJ170236 

L ____ B. bovi, KJ909832 

Bartonlflla sp. KF2.:1E525 

~ 

r--"1 iX"iL----S W3shoen~isAF050108 
L _____ B. quJnlRIIB Z1001 .. 

KT807804PS~ I) .SS(lr ] :\'1 ___ _ 

• KT807S0SPS(I~ ] xn ~ 

Kn07S06PS(4) ] xm ~ ~ 
~ CPOO3124 PS\4 ~, COY(1 )' ] XIV 

B. ~insDnii ¡¡rupsnsis AF214557 

'" 
L _____ B. t,¡.rtlesii AF204212 

L----S,ph~isAY515126 

L __________ S, t,¡jcif!ifcrmi$ U280¡O 

L -----------------------Sr.x:.>// .. m"'il,msi:; CPOO1189 

o.~~ 

Fig. ~. Unwcighted pair group method ",ith arithmctic mean trcr ooscd on sr..: genetic variants (IX- XIV) oí g/tA gene fragment of two 

furtoudl.l sp«>c-s in ",ild carnivore and thcir ¡kas from northcrn Mnioo_ Each gmoW is indicated by 1\J"um ",mrrra/; and its GenRank 

ao::~sion numbtt, with novd g.':ndic v"riJnts in bokifilcr. Dralo.lng depiru the oo,t familie" ,,00 b/,¡d <Iffi)WS indicate their gmoty~ association 

(Cauida.- = lX, XI I, XII I aud XIV; Mephitida.- = IX, X amI XI; Mustc't. J ae = X), Cupillll Iej¡fl', rdo.'!· fl~ 5ped~s (J' ::', p"le.>. ¡imul",,>; Psl'l'

Pulo: ,pp.; PI, Pu/cx irrirar.;; EG, &i¡jl/nOp/¡tlgu gallina;:ca) ur camivor~ sp<'Ci~ (AB, Amt'Ti¡:JIl badgi.'I"; BC, Bobeat; COY, Co,"I)t~; GF, Gr.r.r fax; 

HS, H0[)(kd ,kunk; KF. Kit lax; ss, Stripcd ~kunk) . • r..'umbcrs in partm¡/¡c= ar,' the numlx,- 01 ~uCIKC:; ubtainl\l in bluod and ¡ka.-; ITum wild 

O1mivnT\'~ ~ n,IIt':Ni;k; ~r~ Ihe: i,;{~~t",1 ~T min,,- Th~ d~ndmgr~m ,,'~~ CIH\<;TmCIOO ·Nilh m í() r<'¡)lic_;¡fion~ ,,~in¡; MF.(; I\ Ií ,;n/1W:lT,' (T~m"r~ <'1 ~I 

10\3 ) 

Gcrribgoitia et al. 2012), hm ¡¡·ss Ihan half 01" Ihe preva

Ictl ~<:' rcvol led iu &,_1,. [u.~<:', (12%) [1'01 11 C~l i rUl ll i~ (Hctlu 

et al. 1007). 

As ¡,n <1S wc know, li!tlc r[';careh has bccn don[' lor 

hOS1- I"'I"Jsilt'- vntor rcl;ltilirlslllf' to utlJelslallJ Burtor/el/u 
spp. sy,tem in a particular wild camivore specics and its 

¡ka; (Gabriel C'I ,1 1. 100'); Ka['wmongkol Ct al. 20 1 la ). Thcsc 

prcvious slud ics rouml distiull &lrlondltl sVp. I"'llerus 

among two rox ;pecies and theiT !leas. A1l1ong these, Ihey 

h,1\'[, reportcd fOl\T distinct paucms: (1) bactcr['1llic host 

Ihat haroorcd /leas infccled wilh Ihe same BnrtOtlclln spc· 

Lin; (2,J) b~Llcrclll ic hu~ts lh;ll Lall ied IIcg;llivc I1c~ s UI 

posit ive /leas tha t carried olher BartolleJJa species~ and (4) 

non·hac tercmic h051s tha t can h'lrbor BartOtte/ln'posilive 

!leas. lu ba<..krellli~ h~ts, IV'" fuuuJ lh.1l fOUT of tITc scveu 

bacte r~mic hosts (coyote [11, hooded skunk [1 1 and st r i p~d 

Skllnk 121) harhomj at ka;t onc P. simulrms infl'Clcd with 

lh", salllC Burlu/ldlu g<:' lIo1yl'c. Fwlhenllore, t}¡t:S~ ~au lc 

bacteremic camivore hosts also haroored nOll-in(ected P. 

simulmls ,md E. gnllinrlCt'r1 Heas T hese non-in¡i:ctcd He<15 
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A M . wpe-.:-Páez et al. 

Ta bk l . Carnivon Abundana s and Comp3ri50n of &rtrm d la Inkctions in Carnivores IktWl"en Host S¡:>c>cies, SeU"!, Sea50flS and 

l.ocat ions 

R. rm:Mljmll ~ R v. hu H I,lfiii 

H ust abundarx:cs Pusiti .. ,· hL>\t s (% ) P valtiC ' P(}sitiv ~ bust~ ( % ) 

H OS I spcdc:s 

Rf1(l g~r , 
Rohcm ; 

C..o}'lJtc 18 

Gray fox 7 

HL>Udcd skunk 3 

Kit fox 15 

Raccoon , 
Stripoo ~h nk , 

H m l ~x 

Ft'rn~l ~ 27 

MAle w 
&a~("In 

F ~II 3; 

Spring 31 

l.ocat ion 

8 Cuervo I I 

Ojitos 11 

Montevcrde 8 

San Pedro 23 

La Bá!cu13 12 

Tot31 56 

' (> v., ln .. h., ... .1 "n Fim .. r ... ... , ,~" 
tM, ,,,, ~ :oUy ~ .,., ; t; r, n ' 

O 

O 

I (5.5) 

O 

I (33.3) 

2 (1 3.3) 

O 

1 ( 12.") 

2 ( :'.4) 

, (:'.:') 

.. ( 14.') 

O 

1 (9.1) 

1 ( IU) 

O 

1 ( 4.3) 

2 ( 1&.7) 

5 (7 .&) 

could 1><: explained by recent host switching from a non
harl¡on-mi[ hnsl ( ;tlli Í'rn-/. ¡O1 al. 2 Il L~ ) nr hy' r nm vector 

competence. We could not classit)- the host- parasit e---vector 

n-fal i nn~h ir~ nf Ih ¡o lhret" nl hf'f ha rl t'T ¡o mi[ hnsts, h¡ormts ¡o 

their !leas were not testea by BartolleJJa pea. In this s!udy, 

1'." 10 t1id ttol ¡¡mi ,Hly LJKten:lllic hos l h~J LJurt:tl l-'Osilivc /lcas 

with o ther Barum ellrl :;p ('cic; \\/e did no t fmd cvidence- iOf 

w inÜ.·ctioll uf d itTert'nl Barton ella , peLie; in individual 

animals. These res lTlt s cont ras! with some st lTdit' s that ha ve 

rcpOJ·IC\.1 L ~ ses of Loinfec llon in rodclJl s ~ lJd lbcir !lcas 

(Abbot el al. 1007; Bir tles et al. 200 1; Kosoy et aL 1004; 

Telfet el .11. 1007; Gu IJéJft.'¿ el al. 2I)H ). tl ut OUJ tesulls aJ'e 

consistent with most Stlr\" e}'s performcd in populations o i 

I'." ild ~ Jmi vo t es .Itltl/or lbeir f1t.-,ls tb,1I ,¡Iso bad no n idem e 

of ¡his patt cm s (Chang ('\ al. 2000; Kacwmongkol ('\ ,11 

20 1 la; Genikagoitia el al. 20 l!; Sato el aL 20 l!; llai el al. 

2( 16 ). A5 far 'IS w(' know, thcr(' arc only thrce sUldics that 

0.609 

LO 

0.749 

O 

O 

1 (S.6) 

O 

O 

O 

O 

1 ( 12.S) 

O 

O 

O 

(2.9) 

(U ) 

2 (8] ) 

O 

2 ( ~~.O) 

0.803 

LO 

0.743 

found two diffe renl BClfto/lella species or stmins in preda

t"ry' animal nr th ¡oir Ilt·;]s: " 111' in ;] ' -"}'n1P (Ht'Tln t'1 al. 

l009a ) and another in Plilo: sfllHllans fle,ls colled ed from 

gra )' frlx t's 111 m apl1<'nr In 11<' cninft'(1 ¡od wilh H. rnrhaJi/luw 

and B. v. berkhoffii (Gabriel et al. 1009). The third study 

found IIvu d iff~ J ' ell l gelJOlypes of H. wuslwe/lsis ilJ a Ce

diopsyl1a i/1(ltYjua/is !lea colkc!cd from a red fox (Bri nkcr

hoft !.'t al. 1010). Two plau~ i bl e explana tiollS for ¡he bck of 

finding &rtollt'J/a coinfec!ion in wild carnivort' s ,md/or 

lltciJ' Ileas (Quid 1><:: ( 1) lbc eITnt of 'l Wlllf-'elJti ,e eAdusiolJ 

belween the different Bartonellll species or genot)"pes; or (1) 

lltc U JJli ~ J esl lJ Jla l i olJ of lltc co iJl f~Ll ioll J'J lc due lo lbe 

detec tion 'I:;S<l )' te(hnique that is usually fo(uscd on the 

prC\.lominall l genol)' f-'c illslt'ad of lo ..... abund~ n l gello lypes 
(Glll iérrez N al. 20 14) However, more- r('S(',nch i5 ncoocd 

to undersland the coinfec tion ra tes of /JartOllella and their 

ecological bases in wild carnivores and ¡heir ¡leas. 
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nMtOrld/~ $¡x'ci ~s in Wi ld Carnivo~s and Thei r Fk ... s from Mexico 

T:!ble 2. A," Abundan(c~ aIKI Barwnclla ~pp. Ink n ion in Fka~ FnJm Eight Wild ('..arni ',,(Jr~ Host~ . 

Aca s pcd~s Infecud fkas/t1ea abundan( ~s 

Badgcr Bebeat Co,' ot~ Gra,. fex 

p. >imu{um 2nO 116 8/43 4J22 

p. irTUans 0:0 om O/O 010 

[' .. Iex spp 0;4 om 0/7 OIS 

E grl /lj",u;crl 1:20 0./12 Ol J 01 ] 

Total 3:34 111 8 SlSJ 4/3 1 

Fin.IUy, 11 llull-badt:ICmic hust s (CO)'Ult: [J ]. lJ~ tl gc l 

[2]. bobcat [1 ]. gra)" fux [3], ki t fux [1] and striped skunk 

[1]) were carrying P. simulans (13 ), 1'. irrim"s (3) and E. 

gaJ/inaci'.tl ( 1) pnsitivl' tll'IIS. lnt/'fl'Stingl}", Wi' " hs/'Tvl't l twn 

P. simullillS tleas collected irom the same sray fu.-;: with IwO 

di fferent IJrlrtollellli species, n. rocllli/imflc and D. \'. subsp. 

berkl/offti 

Dt:sf-' itt: tbt: f,ld t!tat &rlrm ellu speci t:s have 1Jt:t:1l 

prt:viOusl)' l<"pol'ttxl fm m .uJ<dysc, o f senuil ~nJ lJluod frulll 

r;lccoons (Henn et al. 2009a; Sato et al. 20 12; I-I w,mg and 

Gottdenker 2(13 ), American blldger ((J uinn et al. 2( 12) 

dnd gra}' fnx!'s ( I-l i'nn i't ni. 2007; Schnt'fl'r i't ni. 2ri I2), Wi' 

did no t find IJartollclla species in these three species. The 

snull sample si:.:e may explain these resulrs , However, be

Gl US<' w/' fnuml Si'VI'Il Hartmwlla PCR 1'H"itivl'S in lli';]s ( P. 

!i1 muJan.< [nI II nd F.. !:l1/JitlllCfm [11) taki'n fmm t hfl'i' grav 

foxes and two badgers, some other possible explanati ons 

fo r thesc observ,llions might be made, indud ing 1) the lack 

of suflk iently scnsitive- blood culture- and l'C n mcthods for 

tld t:\.tlJlg lu lV levels of badt: I't: mia; or 2) J sbúll d ur-t liou o f 

b .. ete remia which is possibl)' associa ted with non -reen oir 

ho m (Hemt el '11. 2007; Brei tschwerd t et al. 2(10). This 

'l'c" I1 (1 h,.'P(lth~ i s """u ld hi' in u lIl lrast with thi' idl'lI th at 

fu:>..t:s ilOm tbe genus Uro('yUII al t: compe lt: ll t lesel'l'uit's fOI 

B. v. subsp. berkhoffii lSchaefer d al. 10B). For Ihis reason, 

it is 1ikdr tha t the bio logiGlI ~xplanat ion ¡ies in in trinsic 

b CtOTS nssn, iat i'd with th/' 111'<1' fot llld ill fl"- ting thl'S/' ani 

Im ls, lt b,IS lJt:t:1l suggt:sltxi tb,lt tbe Burlo/l ellu SIJlJ . sc

quences obtained fm m Ileas collec ted from non-bacteremic 

hos!s mil ,.' rd Icct more than jusI a recent blood meal on 11 

bllClcremie host (Gllbriel ct al. 2009); it could be explained 

by tllt: rt:protluc t iull o f tlw b.ILteri'l in tbe tlea gu t (Higgins 

et '11. 1996; Bouhsira et al , 2013 ) or by a previous encounler 

oi these infected Il eas with another positive host (Gutién ü 

1'1 al. 2ri l'i) . Hn WI'Vl'f, funlll'r stllt lies will 111' llt'CI'S '><1r.,. tn 

prOl- t: al! d n:se h)' f-'otl lt:ses. 

HooJcd skunk Kit fax Racroen Slrip ~d skunk 

4112 U/3 01:; 3;27 

0,10 315-1 010 0:0 

0.'0 117 010 OH 
OlJ 0/1 6 0112 0,'7 

4l lS 4/80 0/ 17 3137 

Silllib l' lu uur IiJllbllgs, tbert: is a growiug ll ulllbcr uf 

studies ",hefe the ilKonsistencies between lhe Bartollc/Ja 

phyloge-nelic tre'es based on use of differe-nt markers \Vere 

n¡lSl'Tvl'íI . h IT I'xample, rPpnfting mnll'¡:u lnr (Ii't l'¡:tic lll nf 

IJartollclla species in tieh from I'em, ililleter et al. (20 11 b) 

iound B. nxlh1/illlflC in a tick by ITS and B. quill ttWfl and B. 
eJizabt'rhlU' from ¡WO separate nuoC PCRs [rom lhe- same 

tiLk. Tbis GIU bt: t:xplaiutxl b Y' J LOc.\ istence of diffetmt 

Su r/ollel /u spc~ i t:s iu uut: illsed , bu t abu IJ)" lbe possilJllit), 

of recombination e.ent s, _\.1cKee el al. (20 16 ) a rgued that 

the IlIter gene u ans[er and recombination evenlS could 

nlll found r a1tl'm s nf Hmtrfl!ella Spi'OI" m ph,.'lngi'ny. T hl'Sl' 

authoTh wrote: "t he events may no t represent invasion b}' 

an enti rel .,. separ-..te species of Bartonella, but rather the 

glt A gi'nl' that ha' umli'Tgnn/' IHllTlnl ng"lls rt'Olm llinatinn 

in t" a sl'jmmtl' gi'nnm l' a(tPT I:ni Tl ft'{1 inn ,)f twn sr l'l: il'S 

within an individual mammali an or arth ropod hos!." More 

in tensiveI}' , this phm o meno n has bé'en explored by Bllflct 

ct ,11 (2013 ) who explained contnls¡ing phylogenies as an 

evid~JILt: of 1,ltt:1 gellt: 11'.msft'1 bd ween d ilTt:It: ll t Sarlollel/u 

species. O n the other hand, the cultu re-positi.e, but PCH. 

negative specimens migh t be relat ed to the cohesion and 

IIggTl'gdti ol1 /i¡ ¡:¡ " rs nf Hartmwl/a sr l'Cies (R"y I't al. 20ri l ). 

Sibuilicallt I- JJJJ tJOIlS Jll f-'It:valeuct: uf B. Y. berkJwHii 

were observed between Ilea sf'<Xies fro m wild carnivores. Of 

the three flea species that were colJected in this slud )', P. 

·amulan" wn ' mnst 11 11mi'TnJ 1S II ml Im (1 the higl1l',t Hta 

IUlleI/u sf-'p . prt:v,lleuce, SJlnila r (i ud in~ Wt: l t: lef-'L' l tt:tI b ~' 

Ga briel et al. l l 009), who ddeo..1.ed 9J% of the 41 Bartollclla 
PCR-positive jJ [';.I S liS P. simlllalls in gray foxes. 'Ibesc re

Sll ltS and th L' fa et tha¡ positive host; harbored P. simulatlS 

tlt:~ s in rt:Cted with tbe s.J 11I t: Su r/ollella gt: llo t}'pe mJ iGltt: 

that this Ilea may p lay an important role in both , 

in traspecific ,md in terspecifi c transmission of Bartollclla 

spp. iTl wild Glrnivnrt'S fre lnl Nnnh Anli'fiGl Hnwl'vl'r, 

iUl tl lel' illl't:stigJ tioll5 a le n:q uiled to du~ idJte tbe lmllS-
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A M . Ló pe'l-PéIT"z el al 

Tablc 3, Fn.'qu ~ncr uf PCR-Pusit iw React iull!i lor & lTfune//¡¡ Spcci~s in Fl~JS From \Vild Gam i'. ure; by bust, Fk a Sp~cics, Flea Sex, 

s.:,~.<;(] n ami 1 Clt'llt i<l n_ 

Fb ~h"ndanc~ 

He s! 

Dad ger ,. 
Holxat 18 

Co)'ük 53 

Gray fax 3l 

Hooíled ~ k lln k , S 

Ki! fox 80 

R3oXoon " SIJ il",j ókunk 37 

AlO¡¡ s pcci~s 

P . . amulau' '" 1'. ¡"iMIl' " P" /e.,, sp. 29 

t.. gúllinuwJ 74 

AlO¡¡ s~x 

F~nal~ '" Mal<! .. 
Soeason 

1'a11 '" Spring \70 

l ucat iun 

El Cu~rvo " la Riscula '" Monteva de .. 
Ojito! 50 

San l-'~JlO "3 
To tal 285 

'p value bv. !lerl On F~ht'J ('X;lCI !~SL 
"1' -:: U. lJ~ 

R. r,y /wli rnlll' 

PMit i ~',' n Nl ~ (%) P ,'a l ll~' 

0_0 15" 

2 (5.9) 

O 

O 

3 (9.7) 

4 ( 26.7) 

4 (S_O) 

O 

2 (504) 

0. \ 73 

10 (7_1l) 

3 (5_6) 

1 (3.4) 

I (l A ) 

0.579 

9 (4_7) 

6 (6_4) 

LO 

1> ( ,5.2 ) 

9 (5.3 ) 

0.010' 

6 (lO ) 

O 

O 

4 (8.0) 

S (4.9 ) 

15 (5.26) 

mission mc;:hanism(s) of B. Tcx ha l ima{' and B. l ' . suosp. 

vcrkllOffi i. OJl lbe otliCI' b,md, lbe Iintl iJlg of Bm lu /ldlll sPf-' . 

D:-.IA in onl)' one of sewnt)' . four E. ga /Jillacca fl eas lt'sted 

was consistent with several studies from Africa which re· 

pOl led lbal JlOJle uf mOJ e than lbnx lllullhetl n"'Is of lhis 

speci ~s wer~ BartOttella spp. positi ve (Loftis et al. 2006; 

Sackal N al. 2008; Leulmi et '11. 20 14 ) , Thcsc rcsults mal' 

J",flecl lbal E. Xall i/lu reu fl t:~ s 'In: les;; (oJll pt:1t'Jl I ~Il t! poor 
vectoTs for BarlOllella tr,msmis;ion 

Imere;¡ingly, dcspitc the j,KI tha¡ canid;, mephitids 

~ntl JJlustd ids I lI~ y be iJl feclt:t! b )' B. rudwli/l1u e amI B. \', 

sllbsp. berkhoffii , our results sllggest associa tion rela tion· 

ships oNwccn hos¡ lamil}' ,m.:l gene·tic varia nts stnlins. 

R. v. /, f'f'khnffi i Rtlrmtl~lIa ~ fI 

P()~i tiv~ tl eB (%) P V~l,,<, l P<l~i t iv~ tl <'A ~ (%) P vah l ~ ' 

0.01>:>' 0. 17S 

1 (2.9) O 

O 1 (5.6) 

1) (1 5.1) O 

1 (3.2) O 

0 O 

O O 

O O 

1 12.7) O 

0.0 (13' LO 

" (iU'i) 1 (O.Il ) 

O O 

O O 

O O 

LO 0.3230 

R (4.2) O 

3 (3.2) ( U ) 

0.209 O.AA 

2 11 .7) , (0.9) 

9 (5,3) O 

0.085 0.637 

O O 

4 (8.7) O 

1 (2.3) O 

O J (2.0 ) 

6 15.1)) O 

II (3. 9) 1 (0.'1 ) 

Va riams l. 11 , J1I , VI, IX, XII , XJ1I and XIV wcrc canidae 

bos t - s p",~ i li ~ . \'~ I ' i~ Jl ls I\', \' 11. \' 111, X amI XI '''Cl t: ideJl

tified in mephitids and mustelid; . By contrasto variant V 

was associ'ltc.:l with Id ids. Only one sequen,e obtained in 

blood froJil J hooJn l skuJlk \V~ s ind uJ n l in va ri'lIlt X, 
",hieh was mainll' assoc ia t ~d wi th canids, !\evertheless, the 

rrs scquence 01 ¡his S,lmc ho;¡ W'lS clustcrcd with 11c'15 and 

blood St:4ut: IKes [mili JlleplJlt iJ s. '111 '" liJld ing lbal Bar
IO ltella spp. sequences irom musteJ ids were clus tered with 

mephitids ma}' be atuibu tcd to the lact ¡h'lt thcy show a 

d uSt: I' ph )'log"'Jlel ic J'",b tlOllship th ~ JI (¡miJ s ,md fd itls 

(Nl'abtura and Bininda·Emonds 1( 11) and were previ. 

ousl, ' considerc.:l to belong to the same famil}' (Mustdidae) 
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Finally, the low genet ic d islances among the genotypes of B. 

mdUllimlle an d R. v. sllh,p. Iwrkhnffi i nhta iTl pd in this q lld }" 

may rdlect a ¡"('c C"nl spli t bNwccn Ih C"5C" Bartollella 51nli ns 

/Jartonella spp. bacteria mal' infect a number of mamo 

malian r eservoir~ alxl a host ~pec i lici l y of Bartollclla spt'cie:; 

is oft en observcd to each hosl species (Chomcl ct al. 2009) 

I'reviou5 studies iound slronga evid,mee of host- parasit e 

w spni.ll iOIl of B1/rlorlel/u witb .1 stronh assoLi.ll io ll 01,· 

Sé'rv¡>i! het w¡>en ,pecilic Rartllllella ~t ra in ~ an oi cert;lin m 

dent hosls (Ying et al. 2001; Koso}' et al. 200.'1; Cast le el al 

2004). In addilion, some authors r<1'ortoo coevolutionary 

llil!tPTTl' hptwl'pn hat and rOl If'Jl1 hnsts amI HIlrtlmd/a 

genolHX'S (Lei and Olival 20 14) and a c!ose association 

between Ausl ralian man upials, their /leas and BartOttella 

species (K,lewmongkol el al. 201 Ib). Une hypothe:; is pre· 

ViOll , I,.· rxpost~d to r"óp lain lhr hO' I. ~peci l i c ity rrlat irmships 

is the limited host r,mge of Iheir veclon (Vayssier.Taus;at 

el al. :.!UlN ). li owt'H·I , .dl the positi\'es /le~ s ill Ibis stud ), ,u e 

w nsidl'fet l tml,.· gl'Tl pm list (Tnlllh 19R'i; Fads PI nI. 201 'i) 

For Ihi s reason, the 11105t likcl }" explanatiom for Ollf fmd· 

illgs I·t'g,m lillg tht' hos t . spt'~ l flCit y lelld t' lIcy Imq rel;¡ tt' to 

i n t r in~ ic factors uf host:; und bacteria, such as immune und 

viflllcn ce facto rs (V;l}ssier.TallSSat el al. 1009). Finall}", it is 

important to note that because of the modest sample size 

lh t'St' limlin!;S ,li t.' not (úllIplt'ld )' cond usivt' ,mJ fUl lht:1 

sl l ld ie~ nre needel"! lO ( flnlirm Ihi ~ eviden(l'. 

The /Ja rto/lella slrains found in this study may be 

lmllsll ll tt t'd dll lúlIg d lffn<'lIt wllt! camivoles .\IIt! t'ven 

im:il ll'ntnll y t" d,,!;, and hllllm m . \\'1' ident ili t'tl tv,,", H 

rodlal imae and two B. Y. subsp. berk/lOffi i genotypes Ihat 

were Identical to strains previously reported in dogs. Whlle 

\'arl;111t X w~s identicaJ to ~1 ~tr,ün isolated h om a d ~ml,l ged 

aortie vaJve from a dead dog (Henn et al. 2007, 1009b), 

\'ariants I1 , VIII and XIV were idctl t icaJ to di lTerent strains 

pl ' <, ~ i uu sJ ~ repor teli ill bJo<x1 flOlIl tlu't'<' Jlt'<l lth y' liogs 
(J..: nn !ick nnd HTf'its , hwprdt 1991'; Hl'nn pt nI. 2009h; \'Il )" 

el al. 2(13). In addilion, two BarrO/leila genolypes repork d 

ill tbis stutl ~ IV t'I t' silll ilar to st rains pl· t' ,·io ll s1~ J esu ibt'd in 

humans. Une of them (vuriant IX) wns 100% identicaJ to a 

; train iw la ted from a hum an CHe of bacleremia, fever and 

splenomegaJy (Eremeeva el al. 2007). Despit e the fael that 

th t' varia nt XI V W,lS idell ti c,ll lu ,1 13. v. su[,sp. va khuffú 

5train isolat oo from a subdiniml infection in dog; (Cl\ )" 

el al. 20U ), Ihi s genotype had 99.62% similarity compal'ed 

with .1 Sll"a lll pl t'v iousl)' dt' It' Llt.'t! flOm a hUlllall ~ d St' uf 

('J1(IOC;lfdilis (Rol\x el al. 1000). These lindings sllggesl that 

Bartonella st rdins iound in wild c,lrn ivoTe; and their /leas 

from Jl.IR are m,nntaU1<XlnaluralJy in th is region and furo 

Bartond /,7 Spí"cie~ in 'Vild Cami 'lOres and Thcir Fk as froro Mcr;co 

ther sludies are needed to iden ti fy pOlential eross.species 

transmi'sinn nnd pnssihl f' znnn ntic f'Vf'Tl t, . In JRH ilnd 

nca rby ;Ireas, human S("ulemenlS and iarming acti viti es ;l re 

increasing (Ceballos el al. 2(10); therd ore. contacts be· 

tween wildlife, domest i ~ onimab amI human:; may increase. 

Por inslance, in som(' h tlm;lIl settk menls al JBR. domcstic 

dog; occur at higb demilies and have iree. roilming aClivi· 

ties that 11Iay illu<'<l st: <'llL oulltns with wiJd camivúl"es 
(All11 llna 20 11» . In lhis en",. nn exml1 ple flf polentia l ris [; of 

exposm e to Bartomlla infedion in hllmans and domeslie 

dogs may come from Pulex spp. thal al'e generalisl /leas and 

'UI' infe.:: li'd in Ihis nrt'a wit h znonnt ic &rlmwl/a ' trnins. 

The ¡SR ha s sll ffcred ('xtcnsive and rapid ehnngl's in 

landseape conl¡guration eharJ cter ized by native grassland 

loss w ver and exp J.n~ion 01' shrulJb nds, d ri .... en lJy o .... er · 

gnl?ing, in t cn~ivr agriclI lt llr(' ane! loss fl f k"Y'lonc spcc:ics 

(Fr~d r ickwn et '11. 1006; Ceballos el al. 1010; Marlinez· 

Es!t'vt"z el al. 2UlJ ).'111t'st.' cli.lIlbt.'S h;n e afilOded tli t' distr i· 

lm tinn. ah ll nt!nncl' ¡md di\,prsil,.· nI' wildlile spt'cies (CI' 

ballos C"t ;11 1010), which in tmn, mny modi fy dise<lse 

t!yn d.IlIKs. ,1ITntilL!) d ist'<lse l"isk to all illl,lls ,md hU Ill ~ IIS 

(l)aszak t t nI. 2000; Ket'sing et al. 2010J. In this slud)', the 

imemd ions between kit fO.1{('s, BartOtld la spp . and Ikas 

appear to be particularly sensiti\'e. \\'h ile P. irrirans /leas 

\"~ I ' t' les tlic!t'd to ki t rux hústs. kit fox<,s ha ve bt'elL llIa inly 
a ,"~oci ;ll e e! ",i th g,n, ~lan oi , lh e mO~1 thrf'fllenffl hahira l in 

J[lR (López . Pérez el al. . in preparation). Finally, along ",ith 

this work, I" <'(t'nt stud i<,s in tbis ft.'giolL b;¡vt.' repol ted se\,· 

I'ml 'mrm"ti, ngl'n ls sllch ;lS l.~ptrJ.\p¡m ¡'Iwrr/lgum, han 

tavirus, and o ther Bartolle/Ja speeies in wild life (yloreno· 

Torres et al. :.!UI4; ¡{ubio el al. 21) 1<1 ; Montid. Arleaga et al. 

1015; RulJio el al. 1015; Pern:i lxl tz ·Gonz~ l ez et ,11. 2(16). 

The,r ti noi ings ~lIpporl th(' hlet that JRH is a St lloiy ami thm 

need s further invest igalions on disease dynamics al the 

ill lel f.K t' uf wilJ liilO, dOIllt's ti ~ all ll ll ,lls .UlL! IlllllI<lns. 
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CHAPTER 3. Can a declining population of black-tailed prairie dogs (Cynomys 

ludovicianus) in the Janos Biosphere Reserve of Mexico be explained by epizootic events 

of plague? Using wild carnivores as sentinels for plague surveillance 

 

INTRODUCTION 

Sylvatic plague, caused by the gram-negative bacterium Yersinia pestis, is a flea borne 

disease associated with rodents that was introduced to the west coast of North America from 

Asia in 1899 (1,2). Seven years after the first human case was reported in 1900, plague was 

considered endemic in the United States and began to expand its distribution, eventually 

crossing 2,250 km in 40 years to the eastern Great Plains (3). In Mexico, there were reports 

of  human cases in Mazatlan and Veracruz in 1903 and 1920, respectively (4); however, there 

were no cases reported of human plague in later years (5). Although the mechanisms of the 

plague expansion in North America are poorly understood, it is known that subsequently new 

plague foci became established in wild rodent populations in several western states of the 

United States (3,6). In addition, in the early 1950´s some evidence was found indicating the 

establishment of plague enzootic foci in rodents from Coahuila, Mexico (7) but the status of 

these foci is at present uncertain and no human cases or rodent epizootics have been reported 

from this region in recent decades. It has been speculated that these plague foci are 

maintained and amplified by two transmission cycles. The enzootic cycle is thought to 

involve partially resistant hosts (maintenance hosts) characterized by a heterogeneous 

response to plague infection. Alternatively, the disease may spread from the presumed 

maintenance hosts supporting this enzootic cycle to an epizootic cycle involving amplifying 

hosts that are highly susceptible to plague and typically experience high mortality among 

their populations when exposed to the disease (2,8). However, this hypothesis has been 

supported by little evidence and consequently has been questioned during the past 10-15 

years (2,9). Although, other hypotheses have been proposed to explain the persistence of 

plague, such as long-term persistence in fleas, hibernating hosts, or soil (8), the spread of 

plague among rodents and other highly susceptible mammals is well-documented and known 

to be of importance to both human health and wildlife conservation. Among the mammals 

this generalist pathogen may infect are prairie dogs (Cynomys spp.), a genus of hosts that 
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appears to be among the most susceptible, as indicated by the high levels of mortality 

observed in Y. pestis-infected colonies of these animals. The black-tailed prairie dog 

(Cynomys ludovicianus) covered over 30 million ha of North America, but their populations 

have been decimated to less than 2% in the past hundred years (10) due to habitat loss, 

eradication programs, severe droughts, and plague epizootics (11,12). Since the first reports 

in 1938 (C. gunnison) and the 1940´s (C. ludovicianus) (13,14), prairie dogs have suffered 

plague epizooties with near 100% mortality that has led to the local extinction of some 

populations (15,16). Plague represents an essential concern for prairie dog conservation 

efforts, which in turn poses a conservation concern for other species due to its ecological 

roles these animals play as keystone species and ecosystem engineers (17–20). In these roles 

prairie dogs are important for creating and maintaining grassland habitats, serving as essential 

prey for several species of mammalian carnivores and raptor birds, giving refuge in their 

burrows to many species and increasing regional biodiversity (21–24).  

The Janos Biosphere Reserve (JBR), located in the state of Chihuahua, Mexico, consists 

of 220,000 ha of native grassland and is one of the areas of greatest importance for 

conservation in Mexico and North America (25). In this Reserve remain the largest complex 

colonies of prairie dogs (26), and  the only significant complex left in the arid grassland 

system of the American Southwest and northwestern Mexico (27). However, over the last 

two decades the area that remains actively occupied by black-tailed prairie dog in JBR 

decreased more than 95% from the 55,258 ha of prairie dog colonies previously reported 

(28). Although black-tailed prairie dog conservation in JBR faces threats such as habitat loss 

and natural droughts, the decline of colonies could be a result, at least in part, of epizootic 

and enzootic plague (29). Consistently, the extinction of some prairie dog colonies in JBR in 

areas without agricultural activities has been recognized (12,28,30). In addition, there is 

evidence of enzootic and epizootic plague activity in the border state of New Mexico which 

has reported a total of 251 human cases during the period from 1965–2012, a figure that 

comprises 53.6% of human cases for that period in the US (6). Others studies have detected 

plague positive fleas in Luna County, New Mexico (31), which is located only 100 km away 

from the closest prairie dog colonies in the JBR.   
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It is expected, geographically and ecologically, that there is an enzootic cycle of plague 

in JBR that could explain the decrease of black tailed prairie dogs in the region. In order to 

detect the presence of Y. pestis bacterium in JBR our group has conducted several surveys 

on different taxa, including molecular and serologic approaches in rodents and their fleas 

(32–34). Some of these wild hosts and ectoparasites have a key role in the dynamic and 

ecology of plague. Although not important as hosts for maintaining plague in nature through 

the infection of feeding fleas, their habit of preying on plague-susceptible rodents means that 

wild canids often become infected.  Once infected they can produce detectable antibody 

responses that can persist for many months, which makes these animals good sentinel hosts 

for Y. pestis (35,36). For this reason, and to continue assessing the potential presence of this 

pathogen in the JBR, we initiated a study to detect the presence of antibodies against Y. pestis 

in wild carnivores from this area. The results of this study, which did not find serological 

evidence of plague in JBR, are described in this manuscript. Additionally, we describe the 

various plague surveys conducted in JBR and discuss whether the negative results obtained 

should be considered conclusive regarding the role of the disease on the population ecology 

of black-tailed prairie dogs in JBR.   

 

MATERIAL AND METHODS 

Study sites and trapping 

We captured carnivores during fall 2013 (October-November) and spring 2014 (May-

June) in five trapping locations (El Cuervo, La Bascula, Monte Verde, Rancho Ojitos and 

Rancho San Pedro) within the Janos Biosphere Reserve (JBR) in Chihuahua, Mexico (30o 

51´50´´N, 108o 30´09´´W) (Figure 1). Sixteen trapping stations were placed at 0.5-

0.8 km intervals along a 10 km transect at each of the five sampling locations. Each station 

contained one box trap (Tomahawk Live Trap Inc.WI) and one leg-hold trap (Victor Coil 

Soft CatchTM) separated by at least 30 meters. Traps were baited with canned sardine, chicken 

and beef and commercial lures and were open for nine consecutive days per site and checked 

at least once a day. Each individual was anesthetized with an IM injection of ketamine 

hydrochloride (Anesket®) and xylazine hydrochloride (Procin® 2%), according to the 

reported doses for carnivores (37). Animals were identified, weighed, sexed and ear-tagged. 
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Blood samples were collected via venipuncture of cephalic or femoral and a small volume of 

blood was applied onto a Nobuto filter paper strip and dried.  

All procedures for handling carnivores were carried out in accordance with the 

guidelines of the American Society of Mammalogists (38) and were approved by the Ministry 

of Environment and Natural Resources of Mexico (Permit FAUT-0250). 

 

Laboratory Tests  

For the extraction of the serum, Nobuto ® strips were placed in a buffered solution of 

phosphate at pH of 7.2 to 4 ° C for 5 hours. All serum samples were tested for the presence 

of antibodies to Y. pestis Fraction 1 (F1) antigen by the passive hemagglutination (PHA) and 

inhibition tests (PHI) (39). A titer of > 1:16 was considered positive. All samples were 

processed in the Division of Vector-Borne Diseases of the Center for Disease Control and 

Prevention (CDC) in Fort Collins, Colorado, United States. 

 

Data analysis  

We performed a systematic review of all published literature available to identify studies 

with data on plague epidemiology, ecology population and distribution of black-tailed prairie 

dogs from Janos Biosphere Reserve. Data were extracted from a variety of databases-

PubMed, and Google scholar using a combination of the search terms: abundances, density, 

distribution, prairie dogs, Janos, plague, Yersinia pestis. We include all reports, theses, 

conference proceedings and articles that studied abundances and distribution area of the 

black-tailed prairie dogs inhabit Janos complex and no publication date or publication 

restrictions were imposed. The search limits were as follows: language (“English and 

Spanish”) and species (“Prairie dogs, Cynomys ludovicianus”). 

 

RESULTS AND DISCUSSION  

We captured sixty-six wild carnivores belonging to eight species of seven genera within 

five families (Canidae, Felidae, Mephitidae, Mustelidae and Procyonidae) during October-

November 2013 and May-June 2014. All serum samples were negative for Yersina pestis 

(Table 1).  



 

75 

 

In addition to our results, we analyzed the data of three other previous studies on plague 

ecology and epidemiology (Table 2) and a total of four studies on population ecology of 

black tailed prairie dog in JBR spanning 25 years (Figure 2). 

Although we have not been able to demonstrate the presence of plague in the current or 

previous studies, the presence of certain factors, such as the lack of a systematical surveys 

and/or physiological response of the animals could have affected the results which implies 

that our studies may be inconclusive. Furthermore, the time lapsed since an area’s last 

epizootic, as plague is much more difficult to detect during interepizootic periods when Y. 

pestis is circulating at low levels among enzootic hosts or perhaps in other unknown 

reservoirs. A total of four studies have attempted to find the presence of Y. pestis in JBR. 

Two of them were based on molecular approaches and focused particularly on fleas from 

prairie dogs and from small rodents. The other two studies relied on serological tests 

performed on samples collected from rodents and carnivores. It is well known that these 

approaches can detect infections over variable windows of time, with the molecular detection 

of Y. pestis DNA in fleas reflecting actual active infections and the detection of plague 

antibodies in carnivore serum providing evidence of past infections. The values for both 

molecular detection and antibody titers over these times depend on the immunology of the 

host species and the diagnostic methods.  

Molecular diagnosis methods are based on the ability to detected the presence of bacteria 

DNA, which is linked to the bacteremic levels in the target host species (40,41). The 

incubation period for plague is 1 to 4 days in mammals (42), and detectable bacteremia 

occurred within 24-48 hours after infection in rodents (43) and carnivores (44). Susceptible 

infected hosts die within 4-20 days (15,44). However, many species of mammals are resistant 

to plague and fail to develop sufficient levels of bacteremia to infect feeding fleas (8). It is 

recognized that a flea must feed from an infected host with at least 106 cfu/mL bacteremia 

level to contract the infection (45). In addition, the extrinsic incubation period for plague in 

fleas (i.e. the time from when the flea first becomes infected until it can actually transmit), 

including early transmission phase or transmission by blocked fleas, ranges from 1 to 31 days 

(45,46). Although at least 28 flea species are capable of transmitting Y. pestis in North 

America, the transmission efficiency among these may be highly variable (47) and the 
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prevalence of infection in fleas can be very low, even in regions with epizootic events (48). 

For all these reasons the probability of finding fleas positive to plague is relatively low and 

most likely to occur during or within a few weeks after an epizootic has occurred.  

On the other hand, serological tests detect infections over a wider window of time than 

molecular methods. For this reason, antibodies against Y. pestis are preferred for 

epidemiological researches or for a retrospective confirmation of the disease (49). However, 

the only previous study that investigated the presence of antibodies against Y. pestis in JBR 

was carried out in black-tailed prairie dogs (32). Because mortality of black-tailed prairie 

dogs range from 90 to 100% during plague epizootics (15), the probability to detect 

antibodies in this target host is very low. In order to improve the probability to confirm the 

presence of plague in JBR system we need to focus on more resistant hosts, such as 

grasshopper mice (Onychomys spp.) or carnivore species. Stapp et al. (9) reported that the 

emergence of serologic evidence of Y. pestis infections in Onychomys leucogaster coincided 

with epizootic die-offs of black-tailed prairie dogs. But as they reported, the detection of 

antibodies against Y. pestis could only be done over a year-long window of time after the 

epizootic event.  

Several studies have found evidence that carnivore species may serve as sentinels for 

plague. The ability of carnivores to play such a role relies on the fact that although capable 

of becoming infected, they are mostly resistant to Y. pestis-related mortality and display no 

obvious or only very mild signs of disease despite producing detectable and specific antibody 

responses (44,50). Carnivores may acquire Y. pestis infection by ingesting infected prey or 

as a result of being bitten by infected fleas (44,51). For this reason, it is hypothesized that 

sampling a few rodent predators may be equivalent to sampling hundreds of rodents for 

evidence of plague infection (52). Still, even using carnivores as sentinels, the duration of 

the antibody response in these animals only persists for several months and the prevalence is 

often < 5% during inter-epizootic periods (52). Experimental infection studies of plague 

found that antibody titers persist for at least 219 days in mustelids (53), 330 days in dogs and 

cats (44), and 100 days (50) and 8 months (51) post-inoculation in other wild carnivores. 

Despite the fact that serological tests represent the best approach to determine if plague has 

spread to JBR, we only could detect the infection if it occurred less than one year previously. 
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Therefore, combining previous results based on the ecology of plague with those obtained 

using data on the population dynamics of black-tailed prairie dogs in JBR (Figure 2) allows 

us to understand why all the epidemiology results obtained in JBR are inconclusive. For 

instance, field-based and modeling approaches have reported epizootic outbreaks with 

durations of 2 to 10 months (14,54–56). As reported above, considering the antibody 

response durations of 1-12 months and assuming a contact with bacteria at the end of the 

epizootic event, it is probable that we have no more than 22 months to detect plague 

infections in resistant carnivores or rodents once the die-off of prairie dogs starts. Finally, 

when we compare the window of time of plague detection with the inter-epizootic periods of 

1-13 years (2,57) and the black-tailed prairie dog population dynamic in JBR, it is evident 

that the population data are based on nonrecurring surveys. Those results were obtained from 

four surveys over 25 years (26,28,30,58) and they are too dispersed in time to know exactly 

what is the year when the populations of prairie dogs collapse, or how their populations were 

decreasing. Therefore, the question of whether plague is causing a decrease in the prairie dog 

population in JBR remains unanswered. 

Furthermore, there are important ecology and epidemiology conditions that contribute 

to the understanding of this system. Natural cycles of plague are often characterized by short 

epizootic events in susceptible wild rodents, such as prairie dogs, and interspersed by long 

periods of latent quiescence (2). Although the mechanism to explain interepizootic periods 

remain unclear, one hypothesis suggests that Y. pestis is maintained enzootically between 

epizootics in resistant rodent hosts (2,8,59). Previous studies have suggested that Peromyscus 

maniculatus and Onychomys leucogaster species could be considered enzootic hosts of 

plague (2,57,60,61). Both species are present in the Janos ecosystem (62,63). In addition, the 

flea community in rodents and carnivores from JBR is composed of species that include, 

Echidnophaga gallinacea, Euhoplopsyllus glacialis, Oropsylla hirsuta, Oropsylla montana, 

Orchopeas leucopus, Orchopeas sexdentatus, Pleochaetis exilis and Pulex spp. (34) (López-

Pérez prep.). All these flea species have been reported to be naturally infected with Y. pestis 

in prairie dog complexes and might play a role in spreading plague (11,64,65). Yet, some 

evidence suggests that instead of species assemblages, it is the population ecology of some 

species of rodents that could determine the presence of plague (66). The abundances of 
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enzootic hosts could be one of the possible explanations of the absence of disease in Janos 

systems. For instance, previous studies report that P. maniculatus and O. leucogaster are 

more abundant in regions where plague has been reported (22,66). In contrast, these two 

species tend to be rare and less abundant in Janos desert and grasslands (62,63). However, 

previous studies found that the abundances of O. leucogaster are dynamic across areas of 

plague activity (59,61), being higher during small lapses of time before the epizootic events 

and decreasing post epizootic.   

In conclusion, although we have not detected any evidence of Y. pestis in our surveys, 

there are many hints that still suggest the existence of an enzootic-epizootic cycle of plague 

and that this disease could provide a viable explanation for the population decrease of black 

tailed prairie dogs observed in JBR. In order to retest our hypothesis, a systematic multiyear 

study, such as a long-term ecological research (LTER) project is required, including an 

integral approach of epidemiological surveillance of plague in resistant hosts and a close and 

systematic monitoring of prairie dog populations. Prairie dogs are considered good sentinels 

for plague because their diurnal behavior and large body size make observations easy to 

detect the presence of plague by the massive die-off (14). We suggest that these monitoring 

and surveillance efforts must be implemented and conducted as soon as possible in order to 

better understand the rapid decline of black-tailed prairie dogs in this area of high 

conservation value. Disease management strategies for prevention and control of plague such 

as vaccination of prairie dogs (67) and vector control (68) could be applied once there is 

evidence of Y. pestis in the area.  
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Figure 3.1. Location of sites where plague surveillance in rodents and carnivores were 

sampled in Janos Biosphere Reserve, Chihuahua, Mexico. 
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Table 3.1. Wild carnivore sampled in five localities of Janos Biosphere Reserve 

Species  Locations 

Cuervo Bascula Ojitos Rancho 
San Pedro 

Monte 
Verde 

Total 

Canis latrans 3 5 2 7 1 18 

Lynx rufus 1 0 3 1 0 5 

Mephitis macroura 0 0 3 0 0 3 

Mephitis mephitis  0 1 1 6 0 8 

Procyon lotor 0 0 2 2 0 4 

Taxidea taxus 3 1 1 0 1 6 

Urocyon cinereoargenteus 0 0 0 7 0 7 

Vulpes macrotis 4 5 0 0 6 15 

TOTAL 11 12 12 23 8 66 

 

 

Table 3.2. Studies conducted on plague in Janos Biosphere Reserve, Chihuahua, Mexico. 

a BS, Bascula; CV, Cuervo; MV, Monte Verde; OJ, Ojitos; PV, Pancho Villa; RS, Rancho San Pedro 

 

 

 

 

No. Collected 

dates 

Target species Individual 

tests 

Sitesa Design methods Reference  

1 2007 Prairie dogs 182 BS, MV, CV, 

PV, OJ 

Extraction of the serum 

from Nobuto ® strips and 

PHA serologic test 

(32)  

2 2009 Fleas from 

prairie dogs 

349 BS, MV, CV, 

PV, OJ 

DNA extraction from 

fleas and PCR 

(33) 

3 Mar 2013                  

Oct 2013 

Fleas from 

rodents  

760 OJ, CV DNA extraction from 

fleas and PCR  

(34) 

4 Oct-Nov 2013 

May-Jun 2014 

Wild 

carnivores 

66 OJ, BS, MV, 

CV, RS 

Extraction of the serum 

from Nobuto ® strips and 

PHA serologic test 

This study  
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Figure 3.2. Changes in the distribution areas (solid line) and abundances (dashed line) of 

black-tailed prairie dog colonies in Janos Biosphere Reserve, Chihuahua, México, in the 

years 1988 (26), 2000 (58), 2005 (12,30) and 2013 (28).  Bold with asterisk indicate the 

years in which at least one plague surveillance was performed (see table 2). 
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4. CONCLUSIONES GENERALES 

 

En el capítulo 1 se concluye que el ensamble de las pulgas de los carnívoros silvestres 

de la Reserva de la Biósfera Janos está compuesto por dos grupos de especies caracterizados 

por aspectos ecológicos, como la abundancia y la amplitud de nicho. El primer grupo fue 

caracterizado por tres especies dominantes (Pulex simulans, P. irritans y Echidnophaga 

gallinacea) reconocidas por ser cosmopolitas y generalistas en la selección de hospederos. 

El segundo grupo correspondió a cuatro especies raras caracterizadas por ser especies 

especialistas asociadas a roedores y lagomorfos, cuya presencia en carnívoros se explica por 

la interacción depredador presa. Finalmente, se concluye que la estructura del ensamble de 

pulgas en los carnívoros silvestres esta explicada por la identidad de los hospederos, la 

estacionalidad y la competencia intra específica. 

 A partir de los resultados obtenidos en el capítulo 2 se sugiere que mientras P. simulans 

puede jugar un papel importante en la transmisión de las Bartonella sp. entre los carnívoros 

silvestres, E. gallinacea parece ser un vector no competente de dichas bacterias. 

Adicionalmente, se observó una relación entre los distintos genotipos encontrados de 

Bartonella sp. y las familias de los carnívoros hospederos. La presencia de especies de 

Bartonella sp. previamente reportadas como zoonóticas indica un riesgo potencial para la 

salud pública en la zona de estudio.   

Por último, los resultados del capítulo 3 concluyen que a pesar de los resultados 

negativos obtenidos en cuatro aproximaciones distintas durante 2009 y 2014, incluyendo el 

presente estudio, estos no son concluyentes con respecto a la ausencia de Yersinia pestis en 

la Reserva de la Biósfera Janos. Por lo tanto, no se descarta que la disminución de las 

poblaciones de perritos de la pradera de cola negra (Cynomys ludovicianus) pueda deberse a 

eventos epizoóticos de peste. Para dar seguimiento a este estudio se recomienda un monitoreo 

ecológico a largo plazo que incluya el estudio sistemático de la dinámica de la población de 

los perritos de la pradera, así como el estudio epidemiológico de Yersinia pestis.  
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