
 

 

 

 

 

 

UNIVERSIDAD NACIONAL AUTÓNOMA DE MÉXICO 

POSGRADO EN CIENCIAS BIOLÓGICAS 

FACULTAD DE MEDICINA 

BIOLOGIA EXPERIMENTAL 

 

 
CARACTERIZACIÓN DE LA RESPUESTA INMUNE EN PULMÓN DE RATONES BALB/c 

DESPUÉS DE LA INFECCIÓN INTRANASAL CON LOS MORFOTIPOS MICELIAL Y 

LEVADURIFORME DE Histoplasma capsulatum 

 

TESIS 

QUE PARA OPTAR POR EL GRADO DE: 

DOCTOR EN CIENCIAS 

 

PRESENTA  

JORGE HUMBERTO SAHAZA CARDONA 

 

TUTORA PRINCIPAL DE TESIS: DRA. MARIA LUCIA TAYLOR DA CUNHA E MELLO 
 FACULTAD DE MEDICINA, UNAM 
COMITÉ TUTOR: DRA. INGEBORG DOROTHEA BECKER FAUSER 

FACULTAD DE MEDICINA, UNAM 
DR. EDUARDO GARCÍA ZEPEDA 
INSTITUTO DE INVESTIGACIONES BIOMEDICAS, UNAM 

TUTOR INVITADO: DR. ARMANDO PÉREZ TORRES 
FACULTAD DE MEDICINA, UNAM 

 
 

MÉXICO, D.F.         DICIEMBRE 2014 



 

UNAM – Dirección General de Bibliotecas 

Tesis Digitales 

Restricciones de uso 
  

DERECHOS RESERVADOS © 

PROHIBIDA SU REPRODUCCIÓN TOTAL O PARCIAL 
  

Todo el material contenido en esta tesis esta protegido por la Ley Federal 
del Derecho de Autor (LFDA) de los Estados Unidos Mexicanos (México). 

El uso de imágenes, fragmentos de videos, y demás material que sea 
objeto de protección de los derechos de autor, será exclusivamente para 
fines educativos e informativos y deberá citar la fuente donde la obtuvo 
mencionando el autor o autores. Cualquier uso distinto como el lucro, 
reproducción, edición o modificación, será perseguido y sancionado por el 
respectivo titular de los Derechos de Autor. 

 

  

 





 

 

 

 

 

UNIVERSIDAD NACIONAL AUTÓNOMA DE MÉXICO 

POSGRADO EN CIENCIAS BIOLÓGICAS 

FACULTAD DE MEDICINA 

BIOLOGIA EXPERIMENTAL 

 

 
CARACTERIZACIÓN DE LA RESPUESTA INMUNE EN PULMÓN DE RATONES BALB/c 

DESPUÉS DE LA INFECCIÓN INTRANASAL CON LOS MORFOTIPOS MICELIAL Y 

LEVADURIFORME DE Histoplasma capsulatum 

 

TESIS 

QUE PARA OPTAR POR EL GRADO DE: 

DOCTOR EN CIENCIAS 

 

PRESENTA  

JORGE HUMBERTO SAHAZA CARDONA 

 

TUTORA PRINCIPAL DE TESIS: DRA. MARIA LUCIA TAYLOR DA CUNHA E MELLO 
 FACULTAD DE MEDICINA, UNAM 
COMITÉ TUTOR: DRA. INGEBORG DOROTHEA BECKER FAUSER 

FACULTAD DE MEDICINA, UNAM 
DR. EDUARDO GARCÍA ZEPEDA 
INSTITUTO DE INVESTIGACIONES BIOMEDICAS, UNAM 

TUTOR INVITADO: DR. ARMANDO PÉREZ TORRES 
FACULTAD DE MEDICINA, UNAM 

 
 
 

MÉXICO, D.F.         DICIEMBRE 2014 



0.. . .. 111 .... Avlla Martmoz 
on.:IO, Generol do Admin .. tración Eo-cola'. UN"'M 
Pro . onu 

COOfWJNACJÓN 

M<t po<rno!c inklrmar • """" _ el ~ de i!ooIogioo ~ __ Y _ ... del 

p~ en C_ B<>'O\¡Icas en..., oesb> ""' ...... <:IeI d ... 03 '" _tIfe '" 201. ""'_ 
el '""""" __ lo _t;Jo:)n '" "" e'_ P8'> 0IJlen .... el gta<IO '" DOCTOR ~N CI~NCLAS del 
Komno S"'HAZA C"'RDON'" JORG~ HUMBERTO con n..-o eje cuenta 5Gl.Si15G coe 10_ 
-. ' CA,R"'CTERIZACIÓN OE LA. RESPUESTA, INMUNE EN J'UlMOfj OE RA,TONES 
BA,lBIC DESPU~S DE LA. INFECCIÓN INTRA,N ... SAL CON lOS MORfOTIPOS MICEll ... l y 
LEYA.DURlfORME DE HI.~ c_ulotum" __ """' .. d"""'><)n '" 110 01'1 .... MA,RIA, 
lUCI ... T ... YlOR O ... CUNliA, E MEllO: 

-_. 
ORA. $.A,IIA. HUERT A, Y~PE.z 

ORA MAAiA DEl Roclo II€YES MONTES 

ORA I~EOORG DORomEA BECKER f ... USER 

OR JUUO GRANAOOS ARR IOU. 

OR AA IAA.NOO PEREZ TORRES 

A,TENTAMENTE 
' POR MI RAZ.A H ... Bl ... RÁ El ESPilllT\J" 

ca lIn,--"Of .24"" _ ,,,, 21) ,4 
<P 

!1MC-o~ { 
011 .... M"'RI ... DEL COIIO ... IIIZMENOl AARIAGA 

CooRDINAOORA DEL PROGRAM ... 

1'"_'" ~. ('_", <IrI r.,........ .. c_ 8~ [ dof",., B. In p_ e""""" <le ~ Cd. l'''''<n'W>II 
n.lqp<"*lc_.,, (· P OJo4<IO Mb._ D F T<I ~l1OOl IInp, 1''I00I ___ ,,,, 



AGRADECIMIENTOS INSTITUCIONALES 

 

 

Al Posgrado en Ciencias Biológicas de la UNAM por permitirme terminar satisfactoriamente en 

tiempo y forma el Doctorado en Ciencias. 

 

Al Concejo Nacional de Ciencia y Tecnología (CONACYT) por otorgarme la beca con referencia 

245151 durante los semestres 2011-1-2015-1, para la realización de mis estudios de Doctorado. 

 

Al SEP-CONACYT por el financiamiento del proyecto de Doctorado, referencia 166052. 

 

A los miembros del comité Tutor, Dra. Maria Lucia Taylor da Cunha e Mello, Dra. Ingeborg 

Becker, Dr. Eduardo García Zepeda y Dr. Armando Pérez Torres por sus valiosas contribuciones al 

proyecto y por el tiempo que dedicaron para analizar y aportar una crítica constructiva a este trabajo. 



AGRADECIMIENTOS PERSONALES 

 

A Norela y Paulina, por el tiempo, por soportar la distancia y la ausencia. 

A mis padres (Humberto y Noelia) 

A mis compañeros y amigos del laboratorio, Antonio G, Antonio R, Amelia, Tania, Claudia, 

Lisandra (ya PdS), David, por su compañía y sobretodo su calidez humana. 

A Daniel, Eugenia, Laura, Dra. Rocio R, Dra. Francisca, Erika, Esperanza, Elba, Gaby, Saúl, Erik, 

Carolina, Ana C, Natalia. 

A mi tutora principal, la Dra. Maria Lucia Taylor, por su paciencia, el tiempo dedicado a la 

elaboración, escritura y revisión de proyectos, artículos, presentaciones y tesis, por compartir sus 

conocimientos, creer en mí y sobre todo por hacerme sentir como parte de su familia. 

Al Dr. Armando Pérez Torres, Tutor, Maestro, Amigo, Hermano, por los conocimientos 

transmitidos y sobre todo las buenas charlas compartiendo un café. 

A los cuates del sexto, Enrique, Evelyn, Iván, gracias por compartir un pedacito de ustedes conmigo. 

A todos los que hacen parte del Posgrado en Ciencias, la Dra. María del Coro Arizmendi, Dra., 

Yolanda López, Lila Espinoza, Lilia Jiménez, Armando, Rocío Flórez, Maria de Jesús, Patricia 

Oliva, Rocío Chávez y Erika Rodríguez. Gracias por su poyo y disposición de servicio, sin ustedes 

sería muy difícil. 

A la Universidad Nacional Autónoma de México. 

A México lindo y querido. 

 



 

DEDICATORIA 

 

Ayer, hoy y siempre, el motor y la vitalidad que impulsan mi vida 

Norela y Paulina 

 

 

 

“Saber mucho no es lo mismo que ser inteligente. La inteligencia no es sólo información, sino 
también juicio, la manera en que se recoge y maneja la información.” 

 

“La ciencia es más que un simple conjunto de conocimientos: es una manera de pensar” 

Carl Sagan 

 

 



INDICE 

Resumen            1 
Abstract            2 
 
CAPÍTULO 1           3 
Introducción            4 
Planteamiento del problema          6 
 
CAPÍTULO 2           7 
Hipótesis            8 
Objetivo general           8 
Objetivos particulares           8 
 
CAPÍTULO 3           9 
Artículo requisito: Sahaza JH, Pérez-Torres A, Zenteno E, Taylor ML. Usefulness 
of the murine model to study the immune response against Histoplasma 
capsulatum infection. Comp Immunol Microbiol Infect Dis. 2014;37(3):143-52. 10 
 
CAPÍTULO 4           21 
Artículo científico enviado: Suárez-Alvarez R, Sahaza JH, Berzunza-Cruz M, 
Becker I, Curiel-Quesada E, Pérez-Torres A, Taylor ML. Dimorphism and 
dissemination of Histoplasma capsulatum occur in the nasal mucosa and cervical 
lymph nodes of bats and mice in a short-time after intranasal-infection with 
mycelial propagules. Innate Immunity. 22 
 
CAPÍTULO 5           45 
Artículo científico enviado: Sahaza JH, Suárez-Alvarez R, Estrada-Bárcenas DA, 
Pérez-Torres A, Taylor ML. Profile of cytokines and granulomas development in 
the lungs of BALB/c mice after Histoplasma capsulatum intra-nasal infection with 
mycelial propagules. Comp Immunol Microbiol Infect Dis. 46 
 
CAPÍTULO 6           64 
Otros resultados obtenidos aun no publicados       65 
Determinación de citoquinas en sobrenadantes de homogeneizado de pulmón de 
ratones BALB/c a diferentes tiempos después de la infección intranasal con 
propágulos fúngicos del morfotipo-L 65 
  Perfiles de IL-1 y TNF-         
  Perfiles de IL-6, IL-17, IL-22 e IL-23      65 
  Perfiles de IL-12 e IFN-        

http://www.ncbi.nlm.nih.gov/pubmed/24766724
http://www.ncbi.nlm.nih.gov/pubmed/24766724
http://www.ncbi.nlm.nih.gov/pubmed/24766724


  Perfiles de IL-4 e IL-10        66 

Evaluación del curso de la respuesta inflamatoria en pulmón de ratones BALB/c 

obtenidos a diferentes tiempos después de la infección intranasal con propágulos 

fúngicos del morfotipo-L 67 

Figuras 1 a 5          68 

 

CAPÍTULO 7           73 

Discusión            74 

Conclusiones            77 

 

CAPÍTULO 8           78 

Literatura citada           79 
 

ANEXOS            83 

Artículos publicados o enviados no asociados al trabajo de tesis     84 

 

Anexo 1 

Artículo publicado: Estrada-Bárcenas DA, Vite-Garín T, Navarro-Barranco H, de 

la Torre-Arciniega R, Pérez-Mejía A, Rodríguez-Arellanes G, Ramirez JA, 

Humberto Sahaza J, Taylor ML, Toriello C. Genetic diversity of Histoplasma and 

Sporothrix complexes based on sequences of their ITS1-5.8S-ITS2 regions from 

the BOLD System. Rev Iberoam Micol. 2014;31(1):90-4. 85 

 

Anexo 2 

Artículo enviado: Sahaza JH, Reyes-Montes MR, Canteros CE, Taylor ML. Study 

of temperature sensitivity and doubling time of Histoplasma capsulatum yeast 

phase using clinical strains from different regions of the Americas. BioMed 

Research International. 90 

 

 



1 

Resumen 

La infección respiratoria con el hongo dimórfico Histoplasma capsulatum resulta de la inhalación de 
propágulos infectivos de la fase micelial (morfotipo-M) presente en los suelos contaminados. Las 
manifestaciones de la enfermedad son variables y dependen del estado inmune del huésped, el 
número de propágulos inhalados y la cepa fúngica. Se dispone de pocos datos en relación con la 
respuesta inmune pulmonar del huésped después del primer contacto con el morfotipo-M de H. 
capsulatum. Para abordar este planteamiento, se detectó en homogeneizados de pulmón el perfil de 
10 citoquinas (IL-1, TNF-, IL-6, IL-17, IL-22, IL-23, IL-12, IFN-, IL4 e IL-10) por el sistema 
MagPix y se estudió la cinética de formación de granulomas en cortes histológicos de pulmón de 
ratones infectados por vía intranasal con el morfotipo-M o el morfotipo-L (fase levaduriforme) de 
dos cepas virulentas de H. capsulatum, EH-46 de México (del clado filogenético LAm A) y G-217B 
de Estados Unidos de América (del clado filogenético NAm 2). Los datos de las citoquinas fueron 
determinados desde el tiempo 0 hasta 28 días post-infección, mientras que los granulomas fueron 
estudiados primariamente en tiempos tardíos post-infección, 14, 21 y 28 días. Según el morfotipo y 
las cepas fúngicas utilizadas, los niveles de citoquinas pro-inflamatorias en los homogeneizados 
pulmonares de los ratones infectados mostraron que, en general, sus concentraciones más elevadas 
se asociaron con los ratones infectados con el morfotipo-M de la cepa EH-46, a excepción de la IL-
22 que reveló niveles elevados durante las primeras horas post-infección con el morfotipo-L de la 
misma cepa. Mientras que las citoquinas anti-inflamatorias, como IL-4 e IL-10, mostraron niveles 
similares independientemente del morfotipo pero distintos entre las dos cepas. En muchos casos, la 
respuesta inflamatoria mostró un comportamiento similar al de las citoquinas en los tiempos 
estudiados post-infección, resaltando nuevamente las diferencias marcadas por los morfotipos y 
cepas fúngicas en el desarrollo de la respuesta inflamatoria y, por ende, en la resolución de la 
infección. Los resultados destacan que la infección inicial con el morfotipo-M generó una respuesta 
inmune más intensa que la infección inicial con el morfotipo-L, especialmente con la cepa mexicana 
EH-46 (LAm A). Muchos de los trabajos (publicados y enviados) anexados a esta tesis junto con 
datos adicionales no publicados reportados en el presente manuscrito apoyan fuertemente los 
resultados antes mencionado. En conclusión, diferencias tanto en la respuesta inmune mediada por 
citoquinas así como por la respuesta inflamatoria (granulomas) en pulmón de ratones frente a la 
infección por H. capsulatum dependen de la cepa fúngica utilizada, así como de la plasticidad 
morfológica asociada al dimorfismo de H. capsulatum durante la primera etapa de la infección 
fúngica. 

 



2 

Abstract 

Respiratory infection with the dimorphic fungus Histoplasma capsulatum results from inhalation of 
infective mycelial phase (M-morphotype) propagules present in contaminated soils. The 
manifestations of the disease are variable and depend on the immune status of the host, the number 
of inhaled propagules, and the fungal strain. There are few data regarding to the pulmonary host 
immune response after the first contact with the M-morphotype of H. capsulatum. To address this 
issue, profiles of 10 cytokines (IL-1, TNF-, IL-6, IL-17, IL-22, IL-23, IL-12, IFN-, IL4, and IL-
10) were detected in lung homogenates by the MagPix system, and the kinetic of granulomas 
development was studied in lung tissue sections from mice infected intra-nasally with the M-
morphotype or the Y-morphotype (yeast phase) of two H. capsulatum virulent strains, EH-46 from 
Mexico (belonging to the phylogenetic clade LAm A) and G-217B from United States of America 
(belonging to the phylogenetic clade NAm 2). Cytokine data were determined from time 0 until 28 
days post-infection, whereas granulomas were studied primarily in delayed post-infection time, 14, 
21, and 28 days. Depending on the fungal morphotype and the strain used, pro-inflammatory 
cytokine levels in lung homogenates from infected mice showed that, in general, their highest 
concentrations were associated to mice infected with the M-morphotype from EH-46 strain, with the 
exception of IL-22, which revealed high levels during the first post-infection time with the Y-
morphotype of the same strain. Anti-inflammatory cytokines, such as IL-4 and IL-10, showed 
similar levels irrespective of the morphotype but different levels between the two strains. In most 
cases, the inflammatory response showed similar behavior of the cytokines in the post-infection 
times studied, highlighting again particular differences of the fungal morphotypes and strains in the 
development of the inflammatory response and in the resolution of the disease. Our results highlight 
that the initial infection with M-morphotype generates a more intense immune response than the 
initial infection with the Y-morphotype, especially with the EH-46 (LAm A) Mexican strain. Most 
of the papers (published or submitted) attached to this thesis together with additional unpublished 
also reported in the present thesis support strongly the afore-mentioned results. In conclusion, 
differences in the immune response mediated by cytokines or by the inflammatory response 
(granulomas) in the lung of H. capsulatum-infected mice depend on the fungal strain used, as well 
as on the morphological plasticity associated to H. capsulatum dimorphism in the first step of the 
fungal infection. 
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CAPÍTULO 1 

 

Introducción 

La histoplasmosis, micosis sistémica de amplia distribución en las Américas, puede ser considerada 
como una de las infecciones pulmonares fúngicas más frecuente a nivel mundial. Es causada por el 
hongo dimórfico Histoplasma capsulatum var. capsulatum (H. capsulatum). Es una enfermedad que 
afecta principalmente el sistema fagocítico mononuclear y tanto su severidad como sus formas 
clínicas dependen de las condiciones inmunológicas del huésped, del tamaño del inóculo y de la 
virulencia de la cepa fúngica. En la mayoría de los pacientes la infección es autolimitada y sólo deja 
calcificaciones residuales en pulmón (forma benigna). La forma clínica grave es más común después 
de la exposición masiva y prolongada a los propágulos fúngicos infectivos independientemente del 
estado inmune del individuo. La infección se adquiere por inhalación de las partículas infectivas 
aerosolizadas, particularmente, microconidios y fragmentos de hifas producidas por la fase micelial 
(morfotipo-M) del hongo, la cual se encuentra en suelos contaminados con excretas de murciélagos 
y aves (fuentes de micro-nutrientes importantes para el desarrollo del morfotipo-M) (Tewari et al. 
1998). 

Tradicionalmente, se ha sugerido que en los macrófagos alveolares se presenta el cambio dimórfico 
del morfotipo-M a levadura (morfotipo-L, parasitario y virulento) (Gildea et al. 2001), condición 
necesaria para el establecimiento y progresión de la infección. Así el pulmón constituye el órgano 
blanco primario donde las células fagocíticas asociadas a la respuesta inmune innata, principalmente 
los macrófagos y células dendríticas (CD) alveolares, son las responsables de captar los propágulos 
infectivos e iniciar además la conexión con la respuesta inmune adaptativa (Newman 1999). Esta 
última, es primordial para definir el destino final del parásito fúngico. Sin embargo, datos recientes 
sugieren que la primer línea de defensa del huésped contra H. capsulatum involucra el sistema 
inmune asociado a mucosas del tracto respiratorio superior e inferior, la cual es la vía de entrada de 
este patógeno, ya que el cambio dimórfico de H. capsulatum puede darse desde el contacto inicial 
entre los propágulos infectivos del morfotipo-M y los componentes de la mucosa nasal a las 2 horas 
post-infección intranasal de ratones machos BALB/c y murciélagos machos Artibeus hirsutus 
(Sahaza et al. 2014a; Suárez-Alvarez 2010; Suárez-Alvarez et al. 2014). 

El papel de la respuesta inmune innata en el proceso infeccioso por H. capsulatum no ha sido 
suficientemente explorado (Medeiros et al. 2004; Patiño et al. 1987). Mientras que la activación de 
la respuesta inmune adaptativa protectora de tipo Th1, responsable del montaje de la inmunidad 
mediada por células CD4+, ha sido preferencialmente estudiada con el morfotipo-L (Allen et al. 
2006; Allendöerfer et al. 1999; Deepe y Seder 1998; Medeiros et al. 2008; Wheat 1996). Tanto en la 
histoplasmosis experimental y clínica, así como en otras enfermedades fúngicas, la respuesta Th1 en 
modelos murinos se caracteriza por la producción de las citoquinas IL-12, IFN-γ, TNF-α y GM-CSF 
que son esenciales para la activación de macrófagos que se encargan de eliminar las levaduras 
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intracelulares (Allendoerfer y Deepe 1998; Allendoerfer et al. 1997; Cain y Deepe 1998; Clemons et 
al. 2000; Gildea et al. 2001; Huffnagle y Deepe 2003; Newman 1999; Willians et al. 1978; Zhou et 
al. 1995). TNF-α parece jugar un papel crítico en la inmunidad protectora de ratones C57BL/6 
contra la histoplasmosis inducida por el morfotipo-L, ya que es necesaria para la persistencia de la 
respuesta de defensa (Deepe y Gibbons 2006). 

La respuesta Th2 caracterizada por la producción de IL-4, IL-5 y IL-13 se asocia con una 
exacerbación de la enfermedad y modula la severidad de la infección. En hongos patógenos de 
humanos, la respuesta Th2 es importante en el desarrollo y/o mantenimiento de la inmunidad 
mediada por Th1 (Mencacci et al. 1998). Por lo tanto, en la histoplasmosis, para una buena 
resolución de la enfermedad es crucial el balance Th1/Th2 ya que la exacerbación de Th1 o la 
tendencia favorable hacia Th2 puede intervenir en la etiopatogénesis de la enfermedad. 

Recientemente, se ha dado importancia a un grupo especial de células T colaboradoras (Th17), las 
cuales están asociadas a la inmunidad adaptativa contra una gama de patógenos, principalmente, por 
la producción e inducción de IL-17 e IL-23, respectivamente. Se ha demostrado que IL-17 posee 
propiedades proinflamatorias y puede regular el equilibrio entre la respuesta Th1/Th2 (Matsuzaki et 
al. 2007; Ouyang et al. 2008; Romani et al. 2008). En el caso de H. capsulatum, se detectó IL-17 en 
granulomas hepáticos de ratones con histoplasmosis experimental (Heninger et al. 2006). Deepe y 
Geebons (2009), reportaron que IL-17 podría ser necesaria para la eliminación de H. capsulatum, 
puesto que se detectó una sobrerregulación de ésta en pulmón, durante la infección aguda de ratones 
C57BL/6 inoculados intranasalmente con el morfotipo-L del hongo; además, anticuerpos 
monoclonales anti IL-17 fueron capaces de alterar la respuesta inflamatoria, retardando la 
eliminación del hongo durante la infección primaria, pero no así durante la infección secundaria. 
Experimentos adicionales revelaron que IL-23 podría prolongar la supervivencia de ratones en la 
ausencia de IL-12. Este efecto protector fue dependiente de IL-17. Por lo tanto, el eje IL-17/IL-23 
favorece la inmunidad durante la infección con H. capsulatum (Deepe y Geebons 2009). 

Por otro lado, la infección de los macrófagos por H. capsulatum induce la formación de granulomas 
en diferentes tejidos. Como ocurre en otras infecciones, los granulomas son necesarios para contener 
el crecimiento del hongo, prevenir la diseminación sistémica y proteger los órganos del daño tisular 
inflamatorio generalizado (Mukhopadhyay y Gal 2010). Se ha demostrado que existen diferencias 
en la respuesta celular y la formación del granuloma en relación con el tejido afectado, cuando se 
inoculan ratones con el morfotipo-L de H. capsulatum por vía intramuscular o intravenosa (Berry 
1969a; 1969b; 1969c; Heninger et al. 2006). La reacción del tejido pulmonar en la infección por H. 
capsulatum puede ser dividida en tres tipos principales: el primero es un infiltrado alveolar 
mononuclear con pequeños focos inflamatorios y necrosis variable, descrito en la histoplasmosis 
pulmonar aguda; el segundo es una reacción tisular que se compone de capas de macrófagos, en el 
intersticio pulmonar, repletos de numerosos organismos, como se ve en la histoplasmosis 
diseminada; y el tercer tipo es la forma más común de la enfermedad pulmonar relacionada con H. 
capsulatum, la cual se observa como una inflamación granulomatosa necrotizante característica de la 
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enfermedad pulmonar crónica (Goodwin y Snell 1969; Heninger et al. 2006; Mukhopadhyay y Gal 
2010). 

La resolución de la infección por H. capsulatum requiere de la participación de células y moléculas 
efectoras del huésped. Los macrófagos, las CD y los linfocitos T son los actores celulares esenciales 
que actúan en armonía con efectores generados por mecanismos de señalizaciones resultantes de las 
interacciones de moléculas de superficie del patógeno (PAMPs, del inglés pathogen-associated 
molecular patterns) con receptores de reconocimiento presentes en las células del huésped (PRRs, 
del inglés pattern recognition receptors) (Deepe y Geebons 2009). Los productos de estos eventos 
son, en general, mediadores químicos de la respuesta inmune y células activadas. 

En el modelo de H. capsulatum, a pesar de saber que su ruta de entrada primordial es la vía 
inhalatoria y que afecta principalmente los pulmones, se desconocen las consecuencias y aun 
muchos de los mecanismos y moléculas que interactúan en el reconocimiento inicial del morfotipo-
M y durante la transición dimórfica en las primeras etapas de contacto del hongo con el huésped, así 
como la naturaleza del granuloma debido al morfotipo-L el cual se generó por la inhalación inicial 
de propágulos del morfotipo-M de H. capsulatum. 

 

Planteamiento del problema 

A la fecha, son pocos los trabajos que han utilizado la ruta inhalatoria y los propágulos infectivos 
del morfotipo-M, que simulan la infección natural autolimitada de humanos, utilizando un modelo 
animal de histoplasmosis. Asimismo, son escasos los estudios comparativos de la respuesta inmune 
frente a un estímulo intranasal con el morfotipo-M o -L de H. capsulatum. Por lo tanto, los eventos 
primarios de los mecanismos de defensa asociados a la respuesta inmune hacia propágulos de los 
morfotipos -M o -L pueden diferir en tiempo y forma después de la infección por vía natural, sobre 
todo considerando que el morfotipo-M debe efectuar en los tiempos iníciales de la infección su 
cambio dimórfico. Se supone que estos eventos de la respuesta de defensa deben suceder desde el 
primer contacto del patógeno con el huésped y se pueden prolongar hasta días y semanas después de 
la infección. Con base en estas inferencias, consideramos prioritario diseñar un modelo experimental 
con características muy cercanas a la infección natural del humano que permita precisar aspectos 
importantes de la interacción huésped-parásito en la histoplasmosis, asociados a las moléculas de la 
respuesta inmune y al proceso inflamatorio involucrados durante las diferentes etapas de la infección 
inducida por uno u otro morfotipo de H. capsulatum. 
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CAPÍTULO 2 

 

Hipótesis 

El morfotipo fúngico y la cepa de H. capsulatum utilizados para generar una infección intranasal de 
ratones BALB/c influye sobre el curso e intensidad de la respuesta inmune en la histoplasmosis 
experimental. 

 

Objetivo general 

Caracterizar en pulmón el curso e intensidad de la respuesta inmune de la histoplasmosis 
experimental en ratones BALB/c, durante y después de la inoculación intranasal de propágulos 
fúngicos, microconidias y/o fragmentos de hifas (morfotipo-M) o bien de levaduras (morfotipo-L) 
de distintas cepas de H. capsulatum. 

 

Objetivos particulares 

 Inducir en ratones BALB/c la histoplasmosis pulmonar utilizando los morfotipos M o L. 

 Evaluar el curso de la infección experimental durante cuatro semanas. 

 Evaluar el perfil de citoquinas en homogeneizados pulmonares de los ratones infectados. 

 Identificar el curso de la respuesta inflamatoria, por medio del estudio histopatológico, en los 
pulmones de los ratones infectados. 
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Artículo original enviado 

Suárez-Alvarez R, Sahaza JH, Berzunza-Cruz M, Becker I, Curiel-Quesada E, Pérez-Torres A, 
Taylor ML. Dimorphism and dissemination of Histoplasma capsulatum occur in the nasal mucosa 
and cervical lymph nodes of bats and mice in a short-time after intranasal-infection with mycelial 
propagules. Innate Immunity. 
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Abmut 

1k p<=t r~",l{, ""'=ibt for tbt iirst t~ th~ rol~ of ,lit na>al nmcosa (N).I) and 

,mical lymph ~, (CL."l as irutial <ikS fa.- Hísloplruma capsulalUm <limorrtuc 

u",,;,tion and ;1' .ub5nJt1t1l1 di'>ml.1lIaliOll. &m and UIl"" \\<f~ inttana",lly infttl~ nith 

H cap.ularum m:utial prop3gu1 ... and kilkd al lO. lO. 40 DI:n and! 2_ 3 haft ... mfttl1on. 

11>< 1'<1-1 and eLN w= morulOfÑ fO! !M fia¡gal Pf=Ct- Yraw; compatibk wilh H 

CIJ¡""lnrum w..-~ <l<-1t'CI«I ,ü thin ,,'11 and CL" clttJdr:itic cdls al 1-t<>-,-h f'O't-inftttiOfl 

ming imollmohi>locMfiIi'lIY H caprulnrum l\'a, i>olalÑ by :ulmf~ al 2ST fioro 1M eL" 

oib.l' and of 0IIt ~ 3ft..- infee¡iOll. ~ fungal ¡",la,.,; """. m.- '"""" a, 1M ooginal 

.!rain inocul\UlI ba>t<l OIIlhrir RAPD-PCR pallmJ.S _ Non! RT-PCR a,,,,:,~ W<ft Ik,i~ 

10 00<,<' fungal <timorplusm m ing tbt c;p!""";OO of ruy""lial ,~c (AlSE) and Y" '" 

'prclfic (J'PSJ) ~_ Thj, .mat'gy ~UppOf1«1 tht fa, ' fun., l <limo<pbi;m und<f m ,in> 

cOlIditioru. which btgan in lb<- m I a11 h post-inketiOll (. tim<' point whnlJ/SS aod l'P SJ 

'prcific g..,.." w= ~xpr~>t'd) and was Corup~ffl1n 1 h (> l;m. p<l1ll1 "Mn only m. l'PS5 

lI""",ripl' w ...... <ltlteltd). in botb bals and mi"". 

K~~"H.t'd, 

DimOlphi\.lll. dj, ... nin:llioo. H cap<ulatum. myceful propaguJ", . .-..;pi.-alO1}' IJa<t ~;.:, 

Iutrodnrfi .. n 

Hi<lOpla<ma c"P,~IQIIim i, tht ttiologic agt1lt of tht re'pirato,,, and s;-.;tnnic 

~anulomat"'" myc<>Ii, hi"opl"""",i •. "hich ha, difT .. ""t dioical pr=miOllS that 

<Itptod 00 h<>ll m>ctptibilit)' and th. cOllditions prevailing in tht inf.crioo Pf"""". t 
H capmlarum ;, • dim<>rphic filllg\ls ni<lt>pr.ad in lht world. In sptcial 

m\·rrOlllD<1ll>. it grm\-.; a> l;aproo.. my",,~al (M }-l'ha", and rr""""'" iof.cri,.., prop;!g\ll«,. 

O1Jioly micrOCOllldia and ""'-lll bj"ruJ fragmnlb. Ooc~ .=liHd :md inbalffl by bo.m. 

tbt>t propaglll..., CJll C<""" Jll iof'CriOll a,,,,,,iatffl ,mb • tnild-lo--"" .... dinical c"",""" 

01"'11)' iD Illmn"",,,w,,,1<'d ind!üc!ua1, 01 in m>eqJtibl. ptISOD' wllo w<>fl in piar..., "ith 
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.. hlgh ri,k of inf~tioo 

!t has b=t propo~ !har aft..- inhabtioo. ID< inf"'l1Y~ M-ph.a"" propagule> 

'=lIllUlal~ in ¡un" aly~ti and rom"t'f1 to tbt H cap.ulalllm y~a't {Y}-ph:J", wilhin 

.h'rola.- macroph.Jg .... U"l.ll1y_ imruUllOCOll~ ... l OO.,t. ar~ abl~ to r=I,~ thi, [),P" of 

inW:Ti",,- Undt,- SOIl~ cirCU>lmance>, h<nuyrr. ¡1m p:nas;t .. can orultiply ",lhin th .. hostil .. 

inu-x .. llular lillCfOjlb.gt micro .. "","""",,!. al10wing 1M fiJO"", 10 J'M'M ,,-¡¡Inn al,.."l .. 

Olacroph:.!ge;,. l .. ad!ng 10 m"cropha~ OOtructiOll and tbt ,ub~uml di;,stmimuion of il' y 

phastlJ 

H mprulalllm ,r,:tlops in diff..-<n¡ ho!.t ( .. 11; indnding macrophagrs. ,,",utrophik 

<ltnclr:itic <.lb (IX\). and rpitbtlial «11, .l-1 In geutrat ~"ing and pr",""uTion of H 

capJulmum anligm, to I -l)'mpho01.' ¡, 01= .¡Tt<tú'. in OC, than in m.crophages .. 

"""''>3fY 'lop lo trigg"-Iht adaptú ... itnnruut ..... pon"'_lU 

A =;"""-1 OC rubpor<JJaTioo in tbt hmg' "ilh [lit pbmol}pt CDl1+. H80'. 

CD!1b'_ LyóC", CD105+ h;¡, bttn ~n"" 10 k =pomiblt fo.- lb. phagoC}to.'¡' of H 

cap'Nlflrum )"3m in C57BLó mic~' ~nltty. M\lIk1ll ~¡ a!." foond tIla¡ IJamitiOll of 

«,nidia 0'1_1'00 .. ) to y.m" (l.' -ph.>..,) "'3< JhtriotNl in hum= """ nmrino ""llUfO<! luuf 

OC>. 

Giv ... ¡mI H rapsrdalmlt inf",,¡S lhe bos¡ Ihrough tht aifway",. tht na",1 mucosa 

\.'0').1). n,,,a! moci3lNlly1lljlboid tis5ut ()I.-\.Ll}:md cM\'ieal lympb oodts (eL") roold 

pm:icipa¡~ 'h th~ fiJ>{ ,,~ in ~al cap!Uf~ and di,""'-linatiOll whicb lil.:ely oc"",", Ihrough 

th...- romtiml1\-o OCs 1001 aro localod ,tral~gtcally in 1m, );"),1 and eL"! . 

Tht ""''' of mi, 'tod:- wn~ 10 ~ tht Jole; plarod by tht ~L NALT. and 

CL" during tht ~arl\' bou,--, of H raprularum ;ntranasa! uú",,¡iOll o f Iwo diff""ml 

malllllla!ian b",,,- as wdl", 10 ad\1~ olhn m1l1alliost"s an:!Iootic sno. fO! H cap,,~/alUm 

hl-Io-Y nlOfJ'liolyp~ lJa",ition and il< >I.wqu.nl dis~lIlinatio"- [lwoobly v.itbm [)C,. FO! 

this PWPO" . pioo...-nng ,tra~gi ... w ..... implml<1l1od ming 001;, (nanlfa! \\ild h",O and 

mi"" (\abarate")" ~1a! hos¡) "' lIlodtls. ., w~ll ., tht OXpr"'''OII of m 'o 

mOfJllio¡yp~ PJOtoin r.pt'Clfic ~ for H cap',üarum. U58 (mold-sptttlic) ~xpre>S<'d only 

in lb. fim.,-al M_ph:!~ll." and YPSi (yO.>I-phast- r.pt'Clfic) fip.-r'...d ouly in ID. Y-ph:!,.. u 
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H i ,{opltnma ~"p!llIOllm, 

1ht EH-53 ,moiu ",hieh wa, i""la!~d frOlll a pabre! inf""IO'<! III a can li1 ¡j", ,!a{~ of 

Hidalgo_ JI,J~,,,ro _ ,,-as ",l"'t«! rOl ¡j,.. ,md)' Tbi, ,ttain \\," chafJc{Ml .... d as IAm A 

phylog..,ffic ,~,~, by K;",,~a ~t al." and ;t " co",idt-r..d " rd<'lm<~ of "Uf laboGlIOl)' 

r~",arch {~:Ull . 11 " depom...:! III th~ H caps!llanlm CullUJ~ COU"",,'OIl ot th~ F'Ulgal 

lmlllUllOlogy LaOOnlory of ¡J,.. Dq>mn>el:U of Microbio]ogy and Parasilo1ogy_ &11001 of 

Mmcm •. UNAIVI (mndu>!epb ' -' ll<'X.unammx ). wmeh ¡, .... gi"<'fO'd in ~ <bIaba .. of 

11" W"dd Dala C.mr. foI- l\1icfOOfgam,n" (\VDCM) llIm munkr LIH-UN.-\'lI.! 

WDCM8 ¡ 7. TI,. "I-pl"". of th" EH-53 ,tralO "'" rulmr.d at 18"C In 1ll;"Cobiotic-~gar 

(BiO"011. IkeIOl,-Didrimoll. M..,,,co Df. l\!X). 1M Y -p""'" wa, m.31!l1,m"j al 3 Te in 

br;,in-b~,," infí"'OIl brolb (B:!!) (BioxOI1) 'uppl'''''1l1.d ,,~th 0.1 ' , L--0"'~u", "nd 1', 

gln""", 

A"'nl/J/ lllodd. 

Bal> w .... ",I.el...! brean,,", cf IbM.- po<>ibl. " 'OIUliOl1M'i Ilblory witb d,. patbog.., H 

mp,,,lorum 0\'''' Ih. eoUf'i~ of milliom of y""'" '" ..rn.-...! habilal> in n .. ,m.-•. whn.a, na,,', 

mi"" n,...! m laboratory ",>al" did nol oexhibil 1m. ,mgular eharacl"-¡sti< . Adnll mal. 

Tad/Jl'idn brn5ihlms;s OOl> w". eap""",,d m d" '-El Sali"." eaH. lI.-I",tttl:in municipalil'i. 

,tat. of Hidalgo. Ma;"". ,ütb a ehimpl..-",n nu,1 -u"'. nu, b" 'Jl'C'" \\"''' eoo",n OO>rd on 

il> lngh ''''''<'Ptibihty 10 H cap,,,lanun iufrettOll and dur lo jl> brha\lOl lo form L,,~. 

eoloui ... " Bal> 'H .... rr"",pon.d alin fmm d,...- ,bd l'" 10 th. Fungal lmmnnology 

LaboralOl)'. lJ")JA .. T\ !. wh .... m.y w .... hou..d and maul1an ... d fOl '" >hon p..-iod wilh 

eOINpI...-al1 1"" .. "ud acidififfi wal .... umil .-.qlllr.d fOl diff..-.m a,,,,}",. Eighl-w ... k .. old 

"",l. BALB'c nuer w .... maal1an"d al d" animal f"",l il'" of m. Sehool of M...!icn.... 
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libimm. Both animal modo-l, wer~ Ir~at..d in ""cOfdallC~ wilb d ... ",gg.-;tiom ofth~ Ethi" 

Commin.., ofd ... Seh001 of M...uclll<'. UNAI\ t 10 projt'Cln~: 112-1009 (apprm-..d 0Il 

J>lmary 05. 1010) an<I o.t9-1011 (;.pprou,! 011 June 1-4. 1011). and follrnlUlg Ih~ 

r""ommer,datiOll' of 1M Animal Car~ llld U", e ommin..., oftl ... 1.J;.JA .. T\! aud d ... "kxican 

Official Guido- (NO».! 061-Z00-I999). 

F ,,,,gal ¡l/ocl/lmll 

lvlycdium culnOU<! in myeobiotic-.gar w~, trall,f=<'<l to non-."p!'!.",."'...! BHI-agar 

pb,,,, .00 inrubatrd al 18"C fOl -1 w..,h. Af'i.,- iocubatiOll couidta aud h)]lha. ,u.,.., 

h",y<,>¡rd by g."dy w",b..ing tb.. fullpl culnn ,urDe. nid, ,1..n1. _<alin._>olullOO (SS). Th. 

fullga! .'u>~",io" l\., .. fIll...-W tlu-ough Whaull.lu gradt -10 fil!<I pa~r (Gnlt-ra! El~uie 

H.althcar. Bio-Seirllcrs Corp. Pi""at:lway. NJ. USA) {o homogrnizr {M moculnm. aOO 

¡JI.." crmrifugrd a{ SOO g- IS miu Afi...- rrmm-Lng {lit "lptllwall!. {br prlk{ w", ""prndrd 

in l mI SS and oos...-ud w,,!...- Ligll! miCfOOCopy for W prrstnCr of 1lIICfocom<l1a aud "'ll.lU 

byphal fragmrnK 1br mycrlial pr<>pagnl ... úabihty ~~'", {..,{rd wi{h !r)p.1n bl"" (0.05'.) 

ando (o ronfum W üabili{y. a 'amplr wa. Cl~rurW m t>O\Huppl.m'1l1.d BHI-.1gar a{ }SoL 

Th. prop.,gnl.s 5u'prmiOll wa, e",. fuU)' prr-par.d m SS atld adjm{w lo 0.5 <>plica! dr",il)' 

unir. .lId tbr do-.ir..d I!>OCUlulll wa, 'luamifiw wilLi a nrnlOC}l<>mrIr-r. n ... fnllga! inoculum 

(S x lO' myerha! propagnl.,/IOO ~) wa, proc""",d a, nlO>l IKlnloOg.,,..,u,!y a, p"""b! •. 

eomaining 'Xl". 1lIIcroconidia and lO". "'1.111 myedia! fr.!gmrn"- approX1ln:1I"¡y. Al! 

procwUJ"" "...,.. p...-fonnW 111m ,Triel biosaf.{y aud ",·ril. colldi{ioo •. 

Im,moa,al illfeaioll 

Foun",," arum .. l1, of .xh 'p""i ... wr-r. ¡"f",,{w w¡!h <11. 'IDO""' mrm;ouw >I"ndardizw 

U1oculUlll> (20 fIl) di'prll,w m .xh 31lllll.l1" ., n",Tri! a{ tll!""'-;¡!' of approl[lHlJldy 30 •. 

wlli! eomplrring lOO fIl. Bal> and 1lII"" w= rnlhaniz.d approprialdy. a> rrronllnr"dw by 

thr Animal Ca,.. and U", COIlUll1n ... or w UNA .. '\!. al lO. 20. ~o mi" .lId 1. 2. 3 h po;{

inf""I;"". ,,1\-1 (indudin~ In. NALT) ,00 eL1\[ w...-. har,""'lw lo monilor ti ... funga! 
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inft'Ctioo. Each ti""" "'"lpk ,,-,., "",,hM ¡]n ... rimrs in SS pnol 10 auy '''''y_ ~ 

illf""liOll ","'y' wnc .. Jlfoc~,;ffi m duphcJI~ for ~ach ,rud,ed time "NOIl-llIf""rd ""in,,,l, 

W"H "",d a, "")lali..-.' comrol>. 

Ftmgal ratJurillgfrolll illf«ied "" ¡1IIQ/, 

SaJim..-wlUlion-walhed fraglll''''' of mI and CLN from b.'I' ""d mic. w..,-. incubatw 011 

lll'irobiOlic -agar (BioxOll) fOl 3-4 w"rk, .t 28°C. 10 f1cilil:Ur fw,gal gTO\\lh aod 

ioouificat;OII =ordrnjl lo Ta)ior ..,- al" ~oomic DXA frOlll .""h l\1-phaS<' of ti", 

,",COH'rw nUlg.l11';oblr, wa, rnlualffl by RAPD-PCR a, ~rikd by Taylor rT aL" and 

Cam<ro<> el al. " 10 confinll lb.. pol)nlOlphic D:-<A-parrem of H ropsu/amm 

Na ... ,] nme",", and eL" .ampl ... ¡akMl .1 1~ dlff..,-ent p">I-mft'CtiOll lunes ,mdiffi. ',..ff 
fix"'¡ ,,-ilh -t •• pacafOflual<khy<k in 0.1 I\¡ Tri<-HC1 (pH 7.--1) buff..- foc S h. and th .. , 

wa'¡'~d in th~ = buff..-. ~ ''''''''' ea\"ity and it, bouy fr:ull"werk. mduding ti", 

1lJ"'I'har)ll&"al doct w= di,,,,,,~d ah..- d,,, rMllO\-:U of ti", '>Oft 11""," and bot,,,, of ,h~ 

aIl1IIlJh It<-,m. n,~ ~",ul,ing bouy block l\-'I< <k<:akifi~d by imnt='OIl in lOO. EDTA 

Pf'1""r<! in 0. 1 M pll{),pll.:"..-buff~rr<! ",lill~ (pH 7.2) fer 2 Wtth. A11 'l~<:illl"" w..-~ 

paraITUl-.. llb..dd..d 'o 00'''''' ti""," ""tion,. Stn:ll frontal "",iOll.' w= "",d 'o loc3hz. ,It<

N.-\LT in th" NM foc uch ,rudir<! 3rulllaL All ti""," ""tion, w..-~ proc~,~ fer ptnodie 

""id Schiff (PAS). h"""'lox,1in-<'O>Ul (H..H). and UlllllllllOhi'lochrmi,{[y (!He). 

Iktunoll 01 H. arp!lllal1lnt alld De. ill ,\:J1 Ulld CLl" ,una", by ¡He lI,illg 

illlntIlIlO¡Nro.,'iduu ,raillillg 

Ti",,,, "",iom (3-¡llll) w..-~ nlOuntr<! 0Il "",itinly-ehargr<! ,h'¡'" Sup..-fro<.' plmO> 

(Shandon !oc. Pin,bt..-g!t. PA. USA). dt-waxr<! with x,i~lle. r~hydrJl r<! l\~,h 0.1 M Tri,

Hel (pH 7.1) buff..-. and nut..d with 0. 1 M citr.lt~ buff..- (pH 6.0) fer antign' rffi'i~nL 
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n,.. =1;o", \u ..... proc~,"'" ",in .... COUHlltioo.alllllllllUlOpt'fOxida", """hod 10 cktrcr H 

~ap,ulal!rm as de\;c~d by E,pino", -A,~l ... . 1 aL" and P ..... z-TO<Te<; .1 al'" wjlh millor 

modificat;o", . A ,~ific H capsulanlm ",!>bit hypnllllllllu", =tun dilUlO'<! 1:50 in Tri,

Hel (pH U) wa, u"'¡ as Ik primar)" amil>od)', and " b.O!inylalM goal alll;-[Jbbi¡ IgG 

(Z)m..d Laboral"';", !OC. San Fraaci=. CA USA) ", ~ "",ondar)' amibody_ Fmally_ a 

,rr"PlaYidin-biotill-hor=aill,h p<foxida", eompl.", an ~h,,-bubazol. (Z)m<'d) 

cMOIllOg.n ",lutio1l. , ud h,,<hoga. pt'foxi& w ..... dJ"Od 10 [ .. Hal lh. r.""tion 

Do"bl. "airung wa> al"" prrfort1X<l lo <k¡",¡ H ropslllamm and OC, in ~ un,.. 

ti,,~ "",ion. Aft..- MalDlng r"" H capmlamm. Jl<'foxida", wa. block...! ag:lIll a, dtscribM 

by Pmz-T""", .¡ al" n .... L • ",rond immlUlOptffixida,. ,taining \Ya, perfonnt<! lo 

ioouify 1M DEC-205 r.c<plor "" OC •. ~.al 31,ti-DEC-20S monodonal I-.'LDC-1.t5 

(SnOf'" Co .. Oxford UK) dilU!td \:.to '" Tm -HCl (pH 7.2) wa. ll>ffl "' 11" proll:"-} 

anlibody."d a biOflllylalM g<>al ""li -ral IgG (Z,lllM) wa, ll,..d ", d" "",ondu-v antibody 

Aftnward,. th~ m "1'laúdin-biotin-h"""",di,h pnoxid,,.. eomplex wa,' ¡>rOC""'M a. abo,..' 

"",,,,i,,,,,,d. n''''g 3.3 '--di:u1l1lloonlZidinr (Z}m .. d) a, du-""",g~lI. 

.'\11 !HC ,!ideo; wn~ eOUlll.,-.;lainM witb I\hyn ', ltnru1<>xylin fo.- 30 , an<! IlIOUIll..d 

m lh hydfO,olubl~ r"",,, (B,ocaf~ M..dieal Co .. Coueord. CA. USA) 

St<:ti01l' of tb~ pn--ipancr .. alie l,mph !>OCk fr01ll a di''''-l11ll.11ffl hi>1opla""",,. 

romaining }''LDC-U 5-po<itin cortieomtdllllar inlcrdigilaring OC, wn~ mM"' po>itin 

eom",l, "'''''el)'!He "''''y fo.-~ &I",tion of H cop:;"Iarum and OC •. '''''p<'CIi, 'dy. 

N .. gali,'~ rontrol, for a11 ti""" ""tio", ""'ytd ,,... ..... l~al..d a. abono mmg rabbil 

non' '-'Il >mJIll a. 1M prim:lCy anlibody 

Pho1<>mierograph, wn .. laken wilh an alllollutie 0l,1npn. SC 35 e= COIlIl<'C1td 

1<> a BX 50 llllcro<irop<' (Ol}lltpll' Am .. "can I"e.. Mumi FL USA) . 

E,pr,."ioll 01 H. rap!ll/aw1II p"a,~,puifk gm" by r,",-'<,ne tro",rriptioll-po(,'u,era, ,. 

d,ail, renrtioll (RT-PCR) 

TOlal Re"A from m.. :'-JlI.! and CL" of .. ""h infrcttd aUllll.1l al m.. dlff...-rul po>l-infrction 
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ti""",, ,rudi..d \\...,-~ rxlr.>C!..d ",in" lh~ 1R!zO¡" ~.gnll (Im-;trog<1l Lil~ Trchnolo~",_ 

San Di~go_ CA USA). Bridl y_ 1 mi TRIzo! \\, .. .;oddffi 10 10 mg of :'&1 or CL.'< 'alJ.lpl .... 

"lid ~""h ,mpt""otI was tnCubalro al room !~!UH fo.- 20 Dlill. Hlnrxmg ~,~. S ll111'

n...." 100 ~l chlorofOllll Wtl~ "."tly 1lU.,,<<<I al room trmp<'f:ltuf. fO[ 3 !lllll. Each ,,,,,,.,1. 

\Va, crntrifí'grd al 12.000 g -15 ruin al ·pe aad th. w,t..,--",Iubk pha ... wa, =ou'rtd 

followrd by ti", addil10ll of 500 ~l ¡'opropanol. Sa",ple!. Wtl~ illcubalrd al room 

I~mp.r.mlf' foc \1} Illlll and e.ntrifu~ 31 12.000 g-IO mio al .t'e TI,. "lpm"'tant wa. 

retllOY..d and taeh pdkt wa< ,m~n<kd in 7,', 'Ihaool. S.'mpl., w= again c .. ntrifug"" al 

7.500 g-5 mm al ~oC """ "aeh pt'U", w,,, ~d d",;ol\-ffi UI l3 Id of milli-Q ,,-altl. and 

finall)' incuhalt<! al 60°(' for 10 mm 1M Ri'ilA from "aeh ''''npl. ,,"a, iluorometricall.y 

qu:uuifi..d and inun..dmdy proc..,,,,i. 

Purifi..d R.""IA """!lb (1 )Jg) from m., Nl\! or CL"'. lahn al ~""b inf""lioo hn",. 

W~H ,,~ for cOXA 'l'lllb..,,, and amplificatÍon of ~""b H copslIlalllm pha"-'p""tfic 

grne wilh 1M S~mpl ID ÜU<'-SI~ RT-PCR Sy>!~m (lnmrogm). Ba~ 01' pr~lOl" 

.-.porT' for JISS" .nd ¡'PSi' g<"ll<'S, w~ dt>1gl",d l\Vo stf<, of 'p""ific prull~'" (10 prnol fo.

~ach prm>er), wilb ~ach sn rorr~,pondl1lg !O a p:utic"h! nUlg,lnlOlphol)'p<'. Th~ ~I-pha .. 

'p""ific (f-ISS) prlll"''''' l\!SS-F\VO (5- -GGGnCnCGAACITCCITG-J") aud MS8-

REY (S" -TGAAG.-HATGCGGTACAACA-3") g~,,~r:It..d • 153-bp fragmnu of 1M .\fSS 

gn",_ which ~'l<C><k. • prrdicI~d ll -kD. mucru.-al prOlr11l """~,,,)ry for byphal cdl waU 

fortllJtÍon" Tht Y-ph"", 'p""ific 

TITGCGGCACCTGC.-\.KCCTAT -3") 

(YPS3 ) 

,,'" 
YPS-FWO 

YPS -REY 

(S' 

(5' -

CGGC1TCGTGTIATCGTCGC-3") gn, .. :u..d. 130-bp fragm<"lll oflM 11'S3 grne which 

mcC><k. a 100kDa prolnnlocaliz..d m Ih~ y .. a>! cell w"U-"-" 

n ... following thnlllocyding condl!ion. w .. ~ ",..d fe.- cO"A '}l ,,""'i, .nd 

amplificatioo : 01 ... cyd~ "1 SO'C for 30 nun and """ cyek al 9~oC for l m;n. follow..d by 

35 cyd ... al 9.j°C fe.- 15 •. 5S"C fu.- 30 •. 72"C fe.- IIll1lL "ud a flll.11 ""'t<"ll>lOO cyd~ al 

71"C fo.- 7 llUll 

RT-PCR of Jl-actin from th~ NM "nd CL" "Ul!pl.., of .. ach anllml "' .... proc..,""¡ 

a. "",iti,'~ control, of 1M a,,,,y Wilh ti"" .. """PI.., and 1M foUowing prm",,, (10 pmo! 

~acb) "' .... ,,>«1 F\VO (Y-CCA .. -\CTGGGACGACATGG-3') .00 REY (5' -
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GGTGGTACCACCAGACAGC-3} " fueh ~n.r.I1..d a 64S-bp fragn,.ll!. Re,,"'" ."t""'IM 

from exh 1\ \- or Y-pha,. of H ~apSllI(!nmJ EH-53 ,mill . n;t,bl. rulrur., w .. < pmce<,>r<t 

only a,,, control lo ,¡andardiz. lhe oplimal condino", lo <kt~! th • • "pr."iOll of lb.- i\l- or 

Y-pha ... ,¡><'Cilic g""" for .aeh 'noq>hO!)~_ In mdiúdual mlnl.-..... I\ !illi-Q walrr "ndlor 

R.!'JA from th. Nl\1 or CLN of noo-inW:lw animal, pr"""'....! by dI, ~-St'1' RT-PCR 

Sril= 'Uf' uw a, ll"g:ai,-. control,_ 

n,. amplification product, wt"fe d'""lmpbor • ..-d DO 1.5', agarOS<' in !X TAE huff...

al 100 Y fOI 50 WlIL A 123-bp D:>!A lad&r (Gibeo. Lifr T"dlOO!Ogi.S. Cachbad. CA. 

USA) w", u"'! as a Dlol'"<:ular 'u. marker. n", band, w..-. ú"",liud a. <kscribt<! aooye 

Ftmgal ru u""rillg ftOlll i"f~cud nI/iR/ni, 

fu •• H mp,,,!anrm mycdial culrur", grO\\n 01' mycobiouc-~gar w"-~ ,,,,,btrd frum Ih~ 

CL'J of two hat, killrd at 1 and 3 h aod of o,," mou", kill«l at 3 h po,t-inf",tiOll_ H 

ropslllamm U-'I< idmlifi~d by il, typ,cal1llJC1o- and nllC1omoq>hology and ~ach ,t'CO'I .... ro 

i""lal~ w"' oonfururd lo b.. d,~ '>al'''' a, Ih~ OIlgmal mocuhun (EH-53 'train). a, ~\l&.ncNl 

by compari"", of d"';l RAPD-PCR pol)mofphie p.rr=" (data lmt .<I,om,)_ 

Hi,{Ologicol fill dillg, 

n,~ N.-U.T from Ih~ bal' alld llU"~ w.,-~ i<kntififfi "' l1lg tr:u''>I-..--....1 o.cakifiNl 

,-",,,,,,,harinx ",ctiOll' 'tainrd by PAS aOO H&E_ and fungal "dI, compltibl~ with H 

ropmlalllm y"a>I ' wer" ob"'lyffi iu th" eilialffi p"".oo,tratififfi cohllnllar ""ithd ium 

a"'>CLllrd wilh Ih" N.-U.T_ iu ba!'; al 1 h and in mi"" al 3 hpo>t-11lf"ctiOll (Fi""Il'. lA. E)_ 

H capslllnmm ,,,a't-lih e. U, ',""Ir ob>n\-NI by llie in Nl\llloll-a"ocmffi lo 

N.-U.T_ U1",:m..- ha" al 1 and 3 h (Figur~ lA) Of mie" al 3 h (figUf~ l E) p">t-inf",tiOll_ In 

gm..-aL f",,-.,- munb.,-<¡ of Y~"'t -lik" "dh wer" ob>n\-"d 111 d,,, ,,'1\1 ""ithdi.,l ",,11, of bal~ 
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Ihan UI tho,"" of llljC~_ In ""'" c."', . y .. a'l-lik " .. n, ,,"" .. ob~-rd LIItr.1c .. Uul....-ly_ al!hough 

¡JI .. )' w= occa"o!1.1lly foulld arracdlubcly_ Lik .. w;>t . inlr.lcdlular ,,"d 'o.- arracdlubr 

yu,,-lih "dI. w..-.. ob<. .... -rd by lliC UI 1M CIN «<!i"m ofbal<; al 1 aod 3 h aod in mic .. 

JI 3 h p",,-inf..criOIl (Figur .. le). S .. ,,=! y .. a>t-Iih cdl, ,n''-.. found in 1M C';lopla,m of 

pba~OCjl ... localro in m.. paracortical z"""' of eL", U11ich IlIoOSt lihly corr"'pond 10 

im..-digiming OC, (Figur .. 2D). 00001 .. me ;¡aoning. ro.- H r r.psulafllm "nd OC,_ 

prmld«l 'uppon fory .. a" pbag"010Ü' by OC. (Figur .. 2D). 

NlUll..-om imracdllllar :lnd .. "ttacdlular ) ..... " ,,-..-.. ob>t1u·d Ul pn;pallc .... allc 

l,nJpb no<J.. ,,,,,ion. from a clinical ca, .. of a DIal hi'¡opla'dl}O',;' Iha! \,""s ll...d a, po'>iti, ·~ 

control fo.- H mpSlllarum illf~lio!l. Bt5i&<.. !HC of th,mu, =ti",,, confirtn«l th~ 

u",fula~" of ti", as",y 10 &I~I OC, 111 ti""",. 

In all mc ",,"y'. control, with no.-Illa! ""'1Il1 w...-~ alwa)", n~~,ri\"~ 

DeluriOIl of H. mp",!allllll p!,a'~'l"ciji~ gmn by RT-PCR 

Fir,r. lb. ~"pr~"ion of ~3Ch nXl'l'ootyp~-,po-eific g'''' wa, " .. ndardizffl min!!" Re"A of 

~ach H mpslllamm mO'l'hotyp~ eulrur~. (h'..-alL Coocrl'lr.1tion ofth. 10lal R."A \\"' .. 194 

I'g 'm1 fo.- d1~ "'-pha", clllrur~ "nd ns I'gm! for "" Y-pI", ,,, C\llrur~. RT-PCR w", 

prrlonnr-d 011 th~ 10lal Re"A e"1faClffl from ~ach of d1~ lllO'l'botYJ""' lo grn...-:u. Ih~ cOXA 

fo.- ph""-'po-eific g~ll'''. Afi.-r f,"",lun!!" Ih~ cOXA pr<><IucB 011 a~ar"", !!"d 

d~lropbo.-~",;.. W !llO!pooty¡,,", of H mp:;ulalllm w.-r~ c",úirurd ty d1~ oo.~fY3tiOll of 

1M rorr...,poodlllg cONA band, of ti", l\\"o pha"'-'po-eific ~rI''''': M5S a 153-bp produCl 

'po-eific lo d", M-Ill"'l'bolyp.·: oad YPS3. a 23O-bp prodllCI """ific 10 ,11. Y- tn",pho{yp~ 

(dala nol >hO\m). 

Aft",ward,. RT-PCR as",;", w"'~ cOIlduClffl ",ith I;"U'" frall int"'lffl bm "nd 

lIUC~. In bm NI\[ 11 ... cONA b:md maldling 1M .lfSS g ... '" (? I-pha",) wa, &I~!abl~ from 

--\0 min lo I b aft"'-Ih~ in["'t;OII (f'gtlrt 3A). wh=", 1M b.nd cOff~lpondin~ lo tl", n'53 

g..-.. (Y -pha,~) w", 001". &t,"", .. bl~ aH", 1 h po'>l-inf~lion ,,"d ,rn",inffl &t~!abl~ fN up 

10 3 h p"'I-lIll",tiOll (F!gur~ 38). In IlIlC. ~1\t lb. band maldllllg 111. USE cO:"<A was nol 

&t~labk dllflllg 1M I1Ilrial "ag~ of m¡",rion (figur~ 4A). bllt wa, !-.'.-~alffl from 1 10 2 h 
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po>!-iof,""ttoo (FiguR' -lB). wl...-n, tI", baod rorreo;pondrng 10 d ... rpS3 eD:"A w: .. al", 

fmuld ah...- 1 h po'>r-inl",tioll and rrmainw <kt~labl~ dUIUlg dl~ """y"d ",,>1-infretion 

ti" .... (FigllR' 4B). 

~g:uding lb" pha",-,p<'rific tr:lnscrtpl ""I'f"";OIl' in d ... eL" of borh hab ."d 

IllIC"_ d,,, 153-bp band COfU",ponding lo th" JJSS cONA u,", Ilt'l.-..,- dt¡"ctabl" In any of 1~ 

aoimaJ,,,-1Im analyz"d al diff..,-rnt po>t-infO'CIlO!llim", (Figu,,, 3C D_ and Figur<" 4(:). In 

<""lr.m. 1M n o-bp ha"d cOIT"'ponding lo 1M fPS3 cDNA wa, <kt..crabl" al 1 3lId 3 h 

JX>'>t-infrettOll in both b :u. (Figur" 3C D) "lid miu (F,gllrr -te). 

lk N8-bp band corr.."polldlllg 10 ~ ~-actin eD"'.-\. (pof.üi,·" CO!11JO]) wa, <",""aIro 

in all .".) ... lb" RT -PCR ""'y pnform .. d "~lh milli-Q wal..,- a.lId R.."\'A frOlll ItI" ti""", 
of non-infre¡"d ",wua!. ' J .. ¡"m.llieallv jiddW l",g.lti, -~ f",u1I'_ 

Ho" [eo;po"", lo M-moOfpOO1jV of H cap.ulamm ha, ~." ,earedy """lyz..a &,pil~ 111<

fael dlalIngli, t"T al _" [rponM Ih:lI1jV 1 inl...-f...-ol' ,~,potl'''-~ g~"'" Wt"l" iooueM dUfmg 

inf..,I;"" of llllIrine .lh=br lllacropliag~, wilh rotlldi:! but 1101 wilh y"a,,,- ",hich ,ugg""" 

mal difft"lnll ho" mnal" ;"lI1nu", ,,,,potl"" coold ~ ~"ociaIM witli "",eh of 111<- H 

cap.ularum mo[pho'J'P"'_ Ho\\""'-t"l_ Ih" inl""'''li"" bt"Tw,""" H_ ~ap.ulamm mOfJlho1j~ 

:um 1).., ho" ,-,..,pot,,,, ''''iOClaTM witli d,,, uppt"I ''''pirJlO'y 1J>e1 ha, .""~." explorM_ 

n." ~'!\! '''P«'''''''' tl,,, fi"l "''' of""'l M.",,, ~g:u,," <'1"'" of .lir-bornt pJlhog",,, 

mIo tl", Upp<'I alld lowt"l f~'p=lory lJae"_ M"'I of 111<- NIV! di'play' cylindneal

p"'ltdo'lr.ltifi~d alld Cili31M "Pithditun with cahcifOllll cdi>. In Th~ l'unina propria_ 

"",croplug"'_ ll<'\Jlrophik and OC, :1ft pr~''''''_ Th" ;'l1...-:1ChOn ~"'-""" dú-""" 

microofgan¡,m,:um ¡j",.", plu""",teo; . in rombination wilh tl,,, oy"",ll ;'llllluno!og;e.1 >Ial" 

of"'" 00"_ can &fine "'" dirueal COl""" of Ih" inf..,tion_ n,,, llppt'f airw"y"_ panicular!y 

"'" highly ,""",ul" mI. IuH .ln llllpona'" prol..,tiy~ funetion TI"" inc!u&, humidificJuOD 

and h"aling of in,pirN atI 10 37°C." TI¡., ?-.:1\! lIlay al", pr""'nI optim,! co"diti"", mal 

facililJl" "'" M -IO-Y morph01jl'" Ir.lmiti"" of ""rtam dimorphic fungo! palhog.", . ,ueh a, 
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H capsulamm. n,;, {"""it;oll " a crucial ... ,-"11 fo.- 1M úrul.nc~ and tb. "1['\1",1 of ~ 

fui,,,,,, III homl~ 1ll1Ia- and ""traedl"l ... 1"", rm-;fOIlIl101){'_ la tlli, ,rudy_ mol~ 

IllO"tbod, Wel. ad<h",,...j al ",.lU:llwg ID.. dimOlJ'hic {ra",ilion and ,uk«turnr 

dj" .. nilllmoo of H. cap51ilamm aft"-llllJal""al m&ctioo mlh" myediallllocultun m "itber 

ha!< oc mi" •.• "P"'ring lo &1mn1l .... in oo!h aoimal mo&l,_ 1M rol., pLay .. d by m.- mI. 

NALT. and CL" m r .. ,pon..- lo d ... chalkng .. w¡lh a palhogm dirrcdy a<sociar.d ID Ih .. 

r"'plfJ!Of}' tr.Ict. 

hl mire. ti,. N..lJ. T ¡, wdl-knoml. ,,~. whn-.a, in ba{,. Ih .. NAL T \Va, <kscribrd ior 

Ih. fu;! tim .. by Su:irrz-. .unr<z el ,l. '" 11 has an a~="" ,imitar 10 a pairffi 1)1nphoid 

ti,,,,,e dimibmffl OIl botb ,iok. ofm.- n.a,al "'Pnul~ wi!hin m.- angl. fortnM kl\\-~ th" 

palat. -boll" ."tI d ... low..,--romn 

Doubl. !He <kmol"tratM Ihal H capsulamm y~",I-lih c~U, w""~ pr~""llI wilhin 

¡Jl~ "w.vllhdial OC, of mi "nd Ih~ par.lcortical OC, of !h~ CLY m oolh hal< and IllIC~ 

Unfomul.lldy. !h",,~ .,.., f~w ,tudi~, of hi>topla'>lllO'>¡' conduct~d in OOl> modd: \\"hn-~a, 

¡J,. rnic~ modd ha, h<-eo. 1llO[~ explor.-d.* Ir ¡, importanllo highlighl ¡Jm ¡J¡j, ¡, !h~ OIdy 

,rudy ~lJI ha, nnploy.-d hm~, 3ll ~xperun.,lt"l modd for H mps"lamm dinlOlphi,m and 

di"mu,lJtiOll. Th~ finding' h"".", <kscriW ,ugg<-<;I diff"""", ... ""tw~ Ih~ two allunal 

IlIOdel, ... ~ding til~ lin,.. [~qut[rd for 1M dirnorphic rramitiOll aud .,uh=t""m 

di"mlirution of th~ nUlgt" . as wdl a, th~ :llllOunt of fungal cdl, pr~""'1 in 1M Nl\1 

NAl.T. "!Id eL" hO'1 .,,,-iro!un~m,. which rould indllc • . ,light di'iCfrp3llC~' in ti",ir 

UnnnUl<" [~'pon'" to hi>topla'>lllom llll~tion. n,.", m",rrpanci~, could "" '''';OC;''lrd with 

• ,pt'Cial ba! :md fung'" rdaliomhip Ul "atur~. which ha, fa,-orrd 1M inl"'Play ""tw...." lbi, 

I::ind of wild hO'1 "ud 1M patilOg.., H mp""lal!rm." Undr-r thi, . "'''Ilption. ha!> h.ln ¡"..., 

abl~ !O ["""h'~ th. H capsulamm ml~tiOll Ihrough 3 mor~ .fI~ti\". r..,pOI'''' al th~ fir>1 

colllaet with th~ fung'" tbJl could diff"" trom!h~ ,mc~ dr&n", Illt'Chani'il'''- To 'uppon 

thi, >lal.",.,,1. lo\\" inflJmmalcJfy ""pon"",, han h<-eo. rrpon~d in ti,~ Iw'g' of inf""t~d 00" 

dlJI ,ha\\" hi>lologic>1 finding' ""d culmr . .. mkncr< of H mp""la7lim inketiOl~ a, 

rrpon.-d hy Taylor ~ al." 

n", [re",'~fy of H mpS"laNmJ. 011 mycobiotic -aga.-. frOlll tM CL" of ba" :uw 
1llI"". kill.-d "' 2-10-j h ~lW j h 1""1 infreti",~ r"'pt'CI"..,ly. okmOll,rralrd !h~ '"CC"" oftM 
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inf..,üom proc~s, aud COIliim,rd th~ YlJbility of m.. inocula. a, w~U "' th~ OCCUlTrncr of 

fungal di"",m;nallOlI in ,""'. m-o amma! mo&k Alloough Ih. H mpmlawm M -IO-Y 

trall,ition and furtI= di,,,,minatton ¡, ""umrd lo occur wilhin alnolar macropm g",j" 1M 

prr'it'lll ,mdy sllO',", lhal panicular , ;1 ... of d,. uppt'f r.'pir:lIOfY !r.lcl m",,- al"" ~ lll\"oh-"'¡ 

10 both proc.",,,_ ~ dimoq>hic Ir.lm1l100 of H mp""lomm h." ~'" "idd} srudird in 

"m, millg ,p<'rial cultuJ. mrdi."~J howr,..'1. ,h. finding. or m.. curraU ,,,,.arch 

comribUlr "~lh ,~w dala on m.. in ,.tro rumorphi,..ll alld , ,,b<.<t¡lIml Y .. 3m di"<'IlUIl.1liOll of 

thi~ p~lhogell In infe<:ted Jro..,t~_ Blsides. w trnX' requiJffi fO! in 11m dim()fjJhic tJ:lmitiOll 

wa, ,hOfTer t1W1 in "'1Oth.r ,rudy ~rfom...d ~ ~:tptfim~tllal condiliom mm" H 

mpSl/larum and ewrurffl ~h'..,lar or pn1loneal m,.elC{,pha,,~'· 

n", IIM<JlUyocal e"l'f,""ion by RT-PCR ","'y' of moq>hotYI~ -,!'<'Cifie .I!SS and 

YPS3 g ..... ,. Ull\!- or Y-pha .... H cap:;"lamm C\1lmr~s. dt1non"':l1ffl lhal boili mark .... 

Wtf~ wlooubl..dly ,!'<'Cilie foc Ih";'- r .. ~eliye mO[pholype" ,upponing lh~ fmdiug tllal 

fuugal Cl~rur .. did 1\01 eotllaln a UllXnn of botb H mpmlamm IllOfJlllOlype". \mee a 

,uuque a"d """ifie eD",A b"".¿ wa, r~H.lffl for ""eh morpl1(1)ve culn ..... 

RT-PCR anal",,,", .1'0 demot"tralffl ti"" tbr- m0rph01)-pe-,!'<'Cifie J!SS ,,"d 1'1'S3 

1' ..... , wtfe exp.-",ffl in inf~tffl bal< ,,00 mice. alben \\1tb 'iOIll~ differ...,e,,", in Iheir!Un..

pom"- Thu, . Ul ba'\ lhe J!SS tram.enp' \\.,l> dtl.-clable from ~o min umil I h JlO't-inf"'UOlI 

in me !'<1\!. ,ugge,rinl' !hal ti", mycdial prop'l'ul~, of 1M !'tu'gu, per>i'lffl during thi, 

pniod of lin",. In\'"",l;- lh~ í1'S3 tr:m=ipl wa> dtt""abl~ only al I h .ft .. tI,e mf",tiou. 

",gg .. ring!ha! tbr- !'tulgal y"a'I-Iik~ ed¡' ~ar.-d al tbi, lin .. ,,"d per>i""d ,u~u...,tly. 

In rolllr:I>1. I¡'" exp.-e"iOlI of Ih~ J!SS IT.mcript< in 11", Nl\! m" ddayed m nllce and 

di"'ppear.-d "hol'~tber al 1 h po>l-mt"ctioo. wMn, Ihe ~:tpr~"iou of tbe }1'S3 gene wa, 

,;milar lo WI ob>tfyed in bat<. In rome<]uence. oor finding' "'gj1,,",1 ¡J"" 1M dimo[prne 

tran,i!10l1 of H mp:;"lamm <>ceu" e",li...- in ba" tballlll !lUce ""d. funhermore. ,h~ fm.l 2 h 

aft...- infeetion rould be pr~ .. al""'''''''',: rin", ror tb~ nu'ga11llOfJl1lO'YP"---1I:l1I"üon 

proc,,",' . ",ruch "'J< eompl~l.-d al 3 h I"»1-inf""lion. ,utdtr tbe [n ,,1m eondiliOl" u .... d 

hl1..,-.,'ILngl}'. I¡'" J!SS gene ",as no IOIl~r npr .. ..,.,¡ 111 I¡'" ~1\! frOlll ~ilh ... bm or 

mi"" during I¡'" lal,,",' inf"'ÜOll tU,,,, analyzffl. \ugl'",üng ,llat ,U ti", m}'cdial ¡>lopagt~~. 

m:.l Wtf~ abl~ 10 ero" I¡'" mi "'..,-., ronnned lo lh";'- Y-morphoIJve prior lo tb~tr am\'31 
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10 th~ CLl'Ij. ~ idnl1ifiCJI;OIl of only Ih. Y-plu<;t in CLN m,,~.,," !hJt phagOCjl~ 

'''OCL1!..d with 1M ,,"!>.! aud NAL T. ",\1311,. 1M De.. tran,pon d ... fiUlgl" through lb. blood 

and ljUlph.uc ,-..,,,,[, tha! drain th.", ti,,~. lo"-,,d, tl", CL". 11I"s. >001. rxtra- or 

U1u"edlular y"",t cdl, that \,...,.., nO! Jlfoc ... >«l in Ih. CL"I could confin,,", lo ~ UJ",pootd 

by hnllatic and or l'rl1lphatic routr,. Ihu, facilitating ti,. 'pr •• d of Ih. Y -motphol)p<' 10 

Otile! ho,' ti"""". 
Th. rol. "fOC, m 1M [",o~lioll. lIampofl. proc,""ing. and far. of H capsula1!rm 

)m bttn ,meliw. "",1 ti,. im<factioll of Ihi, fun:?", w¡lh tb. OCs ¡, achi.nd m.aillly by''''' 

Uf" Ial. amigrn-5 mol..rul. of ti ... im. grin (,mil}"_' which '''''':?lUZ .... , 20-kDa protM1l 

i<kluifit'd" cydopbilin A 011 Ih. H cap~"lamm ,..,,, ,urlac,,' lb" ullnxtion of 1M OC 

101I-lih ''''''Flor -1 {TLR-l ) \\llb tlli, fw'3'" w,,, flm docum''llI.d by Af",-alli rt aL" ,,-ho 

drtrflllinrd mallh. 'ip" prol.in induc,", ,i"lIaling llu-ollgh TLR-!_ Sru-gi'l aL'" al", fowld 

all 1tll..-aclion of TIlt-2 "~lh H cap.ulalUm 

Th • .,......-nl"! findin". ,ugg"'" mal oc, "rr m. i.kal candidateo; lo be in\"ol--.d in 

th~ mobihz.atiOll of Ih~ UUl>"" from th<- };."f>,! of inf~l..! .rumal, lo th ..... eL"\' n,~ 

i.k'lllification of mlucdlular ye"'I-lih e~ll, ,,~thin lhe Slw.,p;thdial ",Id inl..--.titial OC, of 

th~ };.'I\! " , wdl "' WitlWl th~ inl..-di",ytin" OC. of m.. eL" Ul bom :mimallllO<kJ. 

pro,-¡oo "ddilional ,uppon fo.- lru, ,tal<1ll' 'llI. Although otbrt- """,haru,m, are un-oh-..! in 

tll~ di"el.llinallou of H cap,ularum-" -'· a DC-ba",d m<'Chani;m ap¡>eJf<¡ lo be m.- "",i""l 

mUl. fo.- ti", patllO""" lo aniY~ al Ihe eLN_ wh..-e il can milial. ;1' di,,,,,ninaI1Oll 10 

",,-....,.1 olh"" o.-gan,_ 

Gi--'fl lhe m,-ol--,"''''I of tI,.)JJ\..! and NALT Oh>.n-ffllll this ,rudy_ il would be 

nll..-e,ting lo show th'l! .. ti .... NI\! or N.liT ale fleh mlj"'phoid li,,,,e alld could g.n."'lr 

ao. eff..criy • .kf~lI'" [""pou",. he.:au,.. th~y h.l\"' all lh. nr,,.,,,,,y d.",.UI' rrquifffllo 

moulll a eomprt'lIl local il.llllnonr [""pon ... _ n,. dfrrti,-.. ",,, of thi, drf .. ". wo,,1d &,p.,1d 

011 ru\"...-... faclOf<;_ includin" th~ fungal illOCl~um tll~ ,-irul .. ",. of Ih~ H capslIlamm >!fa in 

m.- anin",llllOdrl lb. mUl. of inf~l1o,~ and lil. whol. inllll\lIlOlog:;eal "al. ofth. ho"_ 

n,. eurr""l finding' do 1101 .",clu'¡" Ih. da,,;e mUl. inyoh-rd III H capmlanrm 

inf~liOll . m whieh """,,olizrd inf.cti,-. M -pha,.. pmpagul", haH a dj¡-r<:l amn.l foul~ ul10 

th"IWlg,_ wh..-. th. thillOlpbiC lfall.\iliOll:u1d inili:niOll of rn.\=lJlion hJs hm.l ,UggNffl 
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10 <>CCUL'·' How~-er_ nUlg,¡ dimoq>hi'lll and di",ruill.1!ioo m inf,""l..d aotIIlJI, Dla)' al,o 

OCCUf Ul d ... "N!I.! ,,-¡{hout 'l<'<:~"anly r~uirillg !ha! ti", nmpl Pfop."ul", :urin lo ti", 

hUlg, 

In additioa W~ would lik~ lo underlw ¡]¡:u om Uldi~,lO'" EH-53 H capmlalllm 

'lfam d a"ififfi pr~\",ou,ly", LAm A pb"logrnrtic ,pt'C'~' . wa, abk 10 induc~ th~ 1'1'S3 

tr.n'>cript .:nb...- in fiUlgJI ClIltuJ~ Of in inf"'t..a 11"''''. a. !ktrctM by RT -?CR a,,,,),, in th~ 

pr~'it'!lt .rudy_ Ik>i&._ th~ punfi..d 'ip,) prOl~m frOlll EH-53 ,tr.wl ha, bttt, <!etrctM by 

W~",m-blot , .. nal..d wilh .mi--H ~ap;lIla nu" h,unan "mibodl~, (C-urid-~,ada E "lid 

Taylor l\fi.. p<f'. cornm). Th .... find",l':' ar~ rd~,-:tn1 b<,:'U'i<' "",lh...-~ 1PSi tr.lIl<;Cf1pl 

llOf ,1> pro, ... " ha, ~n prn~ou<ly identifi~d m H cap5111alllm L\.m A phylo~!I.tic 

'p<'C" .'. 
hl condm io,,- 01)[ r~,ul!, of moq>hologtC3L inummol"'tocl~caL aod mol<rular 

'''3}'\_ ptrlomled 011 tM ti,,,1tS of iof'""t~d bOl!, "nd mic~_ ,ugg~,t th~ foUO\\"1ng: fir>t_ m 

thr inf,""tN ho>t_ H capsularu", 1"" a!t...-natin .itrs fo.- imtiJüng ü. dimOlphic tr:Ill,itiOll 

,nd di"mun;otlOlL induding dI<' ~1\¡ aud CL"': "",ond fungal dimoq>hi"" aod 

di"nllllliOtlOIl !O internal o.-gam initiat~ rarh...- than prn~ou>ly [.-ponN in thr ht~ra!Uf~: 

and liu.ally dI<' tim~ r~u,,~d fo.- H capsulamm dimorphic transirioo Wl<kr our In '7nl 

iof,""tiOIl ConditiOll'_ which 1llI1l11'" thr nanora! rontt of puhnOllary hi'¡opla,IllO'."_ wa. 

,han...- dl.3ll lhost [rponN by "",,¡ OIM ,rndi"" ~,-fom"'¿ unckr IlOIl-lIanu-al cOllditioll. 

",eh as u,ing nOll-appropnatN !l{I',!S. IlO!l- illf,",,!i, -~ H caps"la7llm propagul""_ and 

illa"eura¡~ f{lU!~ of fun""lmf~tiOll 

Fuudi uJ: 

n.;, r~areh wa, ,uppor!~d by l\Vo gr:um frOlll COX-\CYT-M=co (Rtf...-~tle~ ~umb..,-<; 

18250 1 "ud 166(52)-
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H . capsulatum v east - like cells in the NALT of oats and mice after infect ion w ith myceli al propaqu les. (A } ln 
oat NALT at 2 h, PAS staininQ; ( B ) in mouse NALT at 3 h, H& E sta ininq. Arrows indicate y east - li ke ( el ls . Bar.; 

= 10 ~m . 

199 x80mm ( 300 )( 300 Dpl) 

H. cap,"lotum .~ast- lik~ c~l l , in <h e NM and CLN of b." and mKe at 3 h post -infectton ", ith m.cel,.1 
p rop.~" I~,. (A) In bot NM; (6 ) ,n mouoe NM; (C) .,rth in botCl.N ph.qocyteo; (O) within mouoe ClJ'j 

pacacortic.1 OC. ~II tooou~ oectIDn. wer~ I He ,,",in~d : th~ ye.,t -like cell, w~,e oboef\led in ,~d cofe, u, in ~ 

am,noettovl""rbazole .0 chromoqen; wheru. OC. WN~ ob ,e tved on bmwn color uoonq ~ , 3 ' -d i .monob~n"d in~ 
a, ch romoqen . Tne IHC ,"ction. wero co un .. <>ta in ~d wit n M.yer'. hem,tcx vlin . Tne oe lected NM .ectlom 

dod not endo.e NALT O .. ue . Arrow. ond ic.ote ve .,t-like eoll •. 6." _ : 0 ~m. 
:36,: l9mm (lOO , J OO OPI ) 
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Re prese"tative expression of t oo MS8 a"d VPS3 phase' , pec ifie qenes i" NM a nd e LN af infect e<! bats at 
differe"t t imes after i" fedio n . RT· pe R was use<! to id e ntify t he H. ca psulatum p hase' , pec;fic qenes in eaeh 

tiss ue sample a nd the resulting cONA, were resolved o n aga rose gel e lectrophoresi, (deta il, a re p,-"vided in 
the Material s a nd Methods section) . Ge l ~I edrophore,i , of bats NM : (A) from 10 to 4 0 min; ( B) frcm 1 to 3 
h . Gel e lectfophoresis of bats e LN : (e) from 10 to 4 0 min; (O) from 1 to 3 h. M: molec ular ma rl<e r ( l23· bp 
ONA ladde r); NIC : Non· infede d cont ro l. NM o r eLN f\ ' actin cONAs were used as a n intem a l co nt rol fo r RT· 
peR a,,,,, v, . Arrows indicate the a mpl ified pnxl ucts of eaeh RT· PCR reaction correspondi nq to the cONA for 

, 

the MS8 ( lS3 · bp). VPS3 (n O·bp ). and f\ ' a ctin (648' bp) qe nes. 
160x99mm (300 x 300 OPI) 

M" "" J..di. M" rPSJ , .a«ia 
,.......-.-..~~ ~ • , • 

• , • • • • • • • , • • • , • • • , • • • • • • , • , • , • • .. 
- - - -

\ 
-' ... 

Repres.entative expression of (he MS8 a nd VPS3 phase ·wecifk qenes in NM and eLN of infe<;ted miee a t 
d,fferent 1lrne'S alter intedion, RT-PCR was used to identify me H. ClIPSulat um phase-sDee,fH: Qenes in eaeh 

llssue sample and the result,ng eONAs were resolved on agarose gel eIectrophoreSls (deta,1s are provKled '" 
the Matenals aFld Methods sect.on ). GE-I ell'!Ctrophores ;s of m,ee NM: (A) mm 10 to 40 m,n; (8 ) mm 1 to 3 

h. Gel e lectropho res is of miee CL.N: (e) from 1 to 3 h post-intect ;"n. M: mo lecula r m a rl<e r (l23-bp ONA 
iadder); NIC: Non·infl'!Cted control. NM or CLN f\-actin cONAs we re used aS a n ontern,,1 cont rol tor RT-PCR 
assavs. AlTOWs ,ndicate the amplified products of eaeh RT-PCR reactlon eorrespood,nq to the cONA for the 

MS8 ( IS3-bp), VPS3 ( 230-bp), and ji'act ;n (648'bp) <lenes. 
160x99mm (300 x 300 OPI) 
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ABSTRACT 

Few data are available concerning the host pulmonary response to the dimorphic fungus 
Histoplasma capsulatum after the earliest contact with infective mycelial propagules (M-phase). To 
address this problem, we report the profile of cytokines detected by the MagPix system in lung 
homogenates from mice that were intra-nasally infected with the M-phase of two virulent H. 
capsulatum strains EH-46 from Mexico and G-217B from the USA. Cytokines that are primarily 
involved in the innate response, such as IL-1 and TNF-, show increase in their concentrations of 
up to 16- and 26-fold compared with the control group at 14 days and 6 hours post-infection with 
the EH-46 and G-217B strains, respectively. Among the cytokines associated to the innate-adaptive 
interface, the highest levels of IL-6 and IL-17 were found on the 14th day in lung homogenates of 
EH-46 infected mice. The levels of IL-22 were variable in lung homogenates at all assayed post-
infection times for both strains studied, while an early increase in IL-23 levels detected between 12 
and 24 hours, was only found in EH-46 infected mice. Regarding IL-12, IFN- IL-4, and IL-10 
cytokines which are primarily involved in the adaptive response, the greatest increases were 
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associated with EH-46 infected mice. Histological panoramic view of mice lungs revealed, only in 
the EH-46 infected mice, evidence of incipient granulomas at the 14th day and numerous well 
developed granulomas distributed in several lung-lobes at the 21st day after infection. Thus, mice 
lung defense against H. capsulatum mediated by cytokine and inflammatory responses depends on 
the fungal strain used and its morphological plasticity during the first step of the infection with M-
phase. 

Keywords: Cytokines; H. capsulatum; mycelial propagules; intra-nasal infection 

 

1. Introduction 

Histoplasma capsulatum causes the most important systemic mycosis in the world. Both the 
severity of the disease and its clinical spectrum depend on the immunological status of the host, the 
inoculum size, and the virulence of the fungal isolate. In most patients, the infection is self-limiting. 
In natural conditions, aerosolized infective propagules of the mycelial morphotype (M-phase) from 
this dimorphic fungus can produce a respiratory infection when inhaled by humans and other 
mammals. In the host environment, H. capsulatum changes to its parasitic and virulent yeast 
morphotype (Y-phase), which is found preferentially within host phagocytes [1,2]. 

H. capsulatum has evolved to primarily attack the lungs. There are few studies that have used 
the inhalation route and M-phase propagules to simulate a natural infection for the development of 
experimental histoplasmosis. The major events of the inflammatory mechanisms associated to the 
immune response against M-phase propagules are unknown, especially during the initiation of the 
fungal dimorphic transition in the infected host; instead, host interaction with the Y-phase has been 
more thoroughly studied. 

The innate response to histoplasmosis can be mediated by cellular players, such as 
neutrophils, macrophages, dendritic cells and natural killer cells [3-9]. In contrast, the host 
molecules of the innate response are less studied in histoplasmosis. Innate mechanisms can destroy 
H. capsulatum or limit its infection blocking disease development [10-12]. The host immune 
response is primarily displayed against the Y-phase, because the dimorphic transition from the 
infective M-phase to the parasitic Y-phase takes place in the first hours of the host-pathogen 
interaction. This transition could occur in the mucosa of the upper and lower respiratory tract, 
including the nasal- and bronchiolar-associated lymphoid tissues as has been suggested by Sahaza et 
al. [13]. The cellular immune response, mediated by T cells and their subsets, activates the major 
host defense mechanisms in response to the Y-phase, which remains throughout the entire course of 
the adaptive immune response [5,14]. 

The infective propagules of the M-phase (conidia and hyphal fragments) of H. capsulatum 
has been rarely employed in either in vivo or in vitro assays to study the first step of the host defense 
mechanisms against this pathogen [15,16]. Due to the few data available on this subject, our 
laboratory has developed a model of pulmonary disease in BALB/c mice using M-phase propagules 
and the natural route of fungal infection (intra-nasal), which mimics the course of pulmonary 
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histoplasmosis in humans, to characterize the major host events associated to the curse of the 
immune response to the initial inoculum with M-phase that is able to induce a self-limiting 
infection. 

The major aim of the present study was to assess, over four weeks, the profiles of cytokines 
production and granuloma development in the lung of mice after intra-nasal fungal challenge with 
H. capsulatum infective M-phase propagules. 

 

2. Materials and methods 

2.1. Histoplasma capsulatum inocula 

 Two virulent fungal strains were used: EH-46 (Mexico) from the H. capsulatum Culture 
Collection of the Fungal Immunology Laboratory of the Department of Microbiology and 
Parasitology, School of Medicine-UNAM (www.histoplas-mex.unam.mx), which is registered in the 
database of the World Data Centre for Microorganisms under the number LIH-UNAM WDCM817, 
and G-217B (USA) from the American Type Culture Collection (ATCC-26032). EH-46 and G-
217B strains were previously phylogenetically classified as LAm A and NAm 2, respectively, as 
reported by Kasuga et al. [17]. 

 The strains were cultured for 3-4 weeks at 28 °C in potato-dextrose-agar (PDA, Bioxón, 
Becton Dickinson, Mexico City, MX). The M-phase of each strain was harvested in saline solution 
(SS) and centrifuged at 800 x g-10 min at 4 °C to remove large mycelium fragments and 
macroconidia. Microconidia and small hyphal fragments were suspended in SS and counted in a 
hemocytometer, and the inoculum of each strain was adjusted to 3 x 106 infective propagules/mL. 
The inoculum viability was tested with trypan blue (0.05%) and cultured in PDA at 28 °C. Biosafety 
standards regarding the secure manipulation of H. capsulatum, which require a Level 3 Biosecurity 
Laboratory, were in place in the Mycology Unit, Department of Microbiology-Parasitology, School 
of Medicine, UNAM. 

 
2.2. Animal infection 

 Isogenic male BALB/c mice (6 weeks-old) were kept under optimal environmental 
conditions and fed ad libitum with mouse chow (Purina de México, Mexico City, MX) and acidified 
distilled water. 

 The mice were intra-nasally inoculated with SS-suspended H. capsulatum inoculum (3 x 
106/40 L), after intramuscular injection with a mix of ketamine-xylazine (v/v) to facilitate the intra-
nasal fungal infection process. The anesthetized animals were held in the supine position, and 40 L 
of the fungal inoculum was placed on the nares to encourage animal instillation. Six mice, per each 
H. capsulatum strain, were processed at 0, 1, 3, 6, 12, 24, and 48 hours as well as at 5, 7, 14, 21, and 

http://www.histoplasm-mex.unam.mx/
http://wdcm.nig.ac.jp/CCINFO/CCINFO.xml?817
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28 days per time point post-infection. Non-infected control mice were inoculated similarly with 40 
L of SS for each time point tested. A total of 216 animals, including infected and control mice, 
were processed at each time point post-infection, and they were euthanized according to protocols 
approved by the Ethics Committee of the School of Medicine, UNAM (project number 049-2011). 
The recommendations of the Animal Care and Use Committee of the UNAM and the Mexican 
Official Guide (NOM 062-ZOO-1999), in agreement with the international rules of the Guide for the 
Care and Use of Laboratory Animal National Research Council, were strictly followed. Lungs from 
each animal tested, at different time points post-infection, were aseptically removed. Moreover, the 
lungs of each group of infected animals and non-infected animals (controls) were destined to 
different procedures, cytokine determinations and histological studies. For histopathological 
procedures, mouse lungs were processed after intra-cardiac and intra-tracheal perfusion with 10% 
buffered formalin. 

2.3. Cytokine determination 

 For this procedure, lungs were homogenized in 1 mL SS using an Ultra-Turrax T8 
(IKA®Works, Inc., Wilmington, NC, USA). Each homogenate was centrifuged at 14 000 x g-15 
min at 4 °C and, the supernatant, was harvested. Then, 0.2 mL of protease inhibitor cocktail 
(cOmplete mini protease inhibitor tablets, Roche Applied Science, Mannheim, DE) was added. The 
proteins were normalized and, subsequently, each homogenate was frozen at -196 °C until required. 

Cytokines in lung homogenate supernatants were quantified using a MagPix magnetic beads 
platform (Luminex xMAP, Austin, TX, USA). Panels containing magnetic beads covered with 
fluorescent dyed conjugated to a monoclonal antibody specific for each target cytokine were used to 
quantify IL-1, IL-4, IL-6, IL-10, IL-12p40, IL-12p70, IL-17, IL-22, IL-23, TNF- and IFN- 
cytokines according to the manufacturer’s instructions (Milliplex MAG, Millipore, Billerica, MA, 
USA). 

 
2.4. Histological procedure 

Formalin-perfused lungs, of infected and non-infected mice, were paraffin-embedded, and 
tissue sections (3 m) were processed for histological observations using periodic acid Schiff (PAS) 
staining. Transverse sections, which provided an overview of several lobes of the mice lung, were 
semi-microscopically photographed using a Canon EOS T5i adapted to a Stand-Multiphot with a 
macro-lens HL-1X. 

 
2.4. Statistics 

All data were statistically analyzed using STATISTICA version 6.1 (StatSoft, 
www.statsoft.com). Analyses were performed using the Kruskal-Wallis test with multiple 
comparisons of mean ranks for all mice groups studied. Differences in cytokines production 

http://www.statsoft.com/
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between infected and non-infected animals (controls) were used for the statistical comparisons and, 
P values ≤0.05 were considered significant. 

3. Results 

Overall, cytokine measurements in lung homogenate supernatants revealed substantial 
differences between EH-46 and G-217B H. capsulatum strains used for the infection assays. The 
lowest detection limits of cytokines were 32 pg/mL for IL-23 and 3.2 pg/mL for the others cytokines 
tested by the MagPix magnetic beads system. 

 

3.1. Cytokine determination in mice lung homogenate supernatants at different time points post-
infection with M-phase fungal propagules 

 
3.1.1 IL-1and TNF- profiles 

IL-1 production, at the studied time points after intra-nasal infection of mice with the EH-
46 strain showed a progressive increase, with high levels from 6 hours up to 21 days. The highest 
concentration of IL-1 (16-fold greater than the control group) was reached at the 14th day post-
infection (P ≤0.01), while the G-217B strain did not show significant concentrations at any time 
point post-infection (Fig. 1A). 

The TNF-levels were lower in mice infected with the EH-46 strain compared with those 
infected with the G-217B strain until 12 hours post-infection. After this time, from 24 hours to 14 
days post-infection, TNF- levels induced by the EH-46 strain were continuously higher than those 
detected in mice infected with the G-217B strain. In contrast, for the G-217B infected mice, the 
production of TNF- was high, with significant increases of 18- and 26-fold at 3 hours (P ≤0.05) 
and 6 hours (P ≤0.01) post-infection, respectively, when compared with the control group. After 24 
hours post-infection, TNF- levels did not show significant differences. Both strains caused the 
decrease of TNF- in mice after 21 days post-infection (Fig. 1B). 

 
3.1.2. IL-6, IL-17, IL-22, and IL-23 profiles 

An increase in the levels of IL-6, to 40- and 49-fold greater than the control group was 
detected in mice infected with the EH-46 strain at 3 hours (P ≤0.01) and 14 days (P ≤0.01) post-
infection, respectively. Whereas, in mice infected with the G-217B strain, IL-6 showed an increase 
of 35-fold compared with the control group at only 6 hours post-infection (P ≤0.01) (Fig. 2A). 

Regarding the IL-17 levels (Fig. 2B), only mice infected with the EH-46 strain increased the 
production of this cytokine, slightly between 12 hours to 7 days post-infection, and considerably at 
14th days post-infection (42-fold greater than the control group). 
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In mice infected with the EH-46 strain, the production of IL-22 was variable throughout the 
post-infection period assayed. However, significant differences (P ≤0.01) in IL-22 levels were found 
from 6 to 12 hours and from 48 hours to 28 days post-infection times. In general, the increase in the 
levels of this cytokine was not more than 5-fold greater than the levels obtained for the control 
group (Fig. 2C). Mice infected with the G-217B strain produced also a variable level of this 
cytokine during the assayed post-infection time; however, the production of this cytokine in mice 
infected with the G-217B strain was always lower than that detected in mice infected with the EH-
46 strain. At 28 days post-infection the levels of IL-22 production remained detectable, for both 
strains used, and were significant for mice infected with the EH-46 strain (P ≤0.01) (Fig. 2C).  

A significant increase of IL-23 between 12 and 24 hours (P ≤0.05) post-infection was detected 
only in mice infected with the EH-46 strain, corresponding to 154- and 109-fold increases compared 
with the control group, respectively (Fig. 2D). 

 
3.1.3. IL-12 and IFN- profiles 

IL-12, represented by the production of the peptides IL-12p40 and IL-12p70, showed a 
sustained increase throughout the post-infection time points in mice infected with the EH-46 strain. 
High levels IL-12 peptides were noted from 6 hours up to 21 days post-infection, with significant P 
values at several points in their profiles (Fig. 3A,B). The maximum production of IL-12 peptides 
occurred at 24 hours and 7 days post-infection; at these time points, both IL12-p40 and IL-12p70 
were approximately 15-fold increased compared with the control group. In contrast, very low levels 
of both IL-12 peptides were detected in mice infected with the G-217B strain, with IL-12 p40 and Il-
12p70 increasing only 5- and 2-fold compared with the control group, respectively (Fig. 3A,B). 
Decreases of IL12-p40 level, after 14 and 21 days post-infection, were detected in mice infected 
with G-217B and EH-46 strains, respectively. 

Regarding IFN- production, only mice infected with the EH-46 strain showed a significant 
level (P ≤0.01) of IFN- with a concentration 200-fold greater than that of the control group at the 
14th day post-infection. The mice infected with the G-217B strain never showed significant levels of 
IFN- which was always lesser than 2-fold with respect to the control group, at all time points post-
infection assayed (Fig. 3C). 

3.1.4. IL-4 and IL-10 profiles 

IL-4 levels detected in mice infected with the EH-46 strain (Fig. 4a), showed significant 
differences at 24 hours, 5 and 7 days post-infection (P values ≤0.01). Besides, significant increase in 
levels of IL-10 were only detected in mice infected with the EH-46 strain (Fig. 4B), from 6 to 24 
hours post-infection, with 9- to 11-fold more than in the control group (P values ≤0.01), and at 5, 7 
and 21 days post-infection, with 16-, 20-, and 15-fold more than the control group (P values ≤0.01), 
respectively. Whereas, in mice infected with the G-217B strain neither IL-4 nor IL-10 reached 
significant levels at any post-infection time assayed. 
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3.2. Histopathological observations 

Panoramic overviews of lung sections of infected mice showed incipient granulomas at the 14th day 
after EH-46 infection (Fig. 5A) and numerous well-developed granulomas distributed in several 
lung-lobes at the 21st day after infection (Fig. 5B), while granulomas decreased in number at 28th 
day (Fig. 5C). In contrast, G-217B infected mice showed a diffuse peribronchiolar and alveolar 
inflammatory infiltration at the 14th, 21st, and 28th days post-infection (Fig. 5D,E,F). As expected, no 
tissue responses were observed in non-infected control mice (Fig. 5G,H.I). 

 
4. Discussion 

In the present study, in a model of male BALB/c inmunocompetent mice, we mimic a natural 
pulmonary histoplasmosis infection using the intra-nasal route and infective M-phase propagules of 
two different virulent strains of H. capsulatum: EH-46 (LAm A) and G-217B (NAm 2). Fungal 
infective propagules are able to cross several host barriers and can endure different types of stresses 
that are involved in H. capsulatum dimorphism and dissemination before the arrival of infective 
propagules to the host lungs [13]. We evaluated cytokine productions in lung homogenates of the 
host at different time points post-infection, such that both innate and adaptive immune defense 
mechanisms are engaged throughout the assayed period. 

Our results emphasize that the LAm A EH-46 strain from Mexico induces a higher cytokines 
response than the NAm 2 G-217B strain from the USA with regard to their production, appearance 
and persistence in the lung tissue. Differences in the pathogenicity process and animal mortality 
associated with H. capsulatum strains from North America (USA) and Latin America (Brazil), have 
been documented by Durkin et al. [18]. Recently, Schoffelen et al. [19] reported distinct cytokine 
patterns in human cultured peripheral blood mononuclear cells infected with different heat-killed 
cryptococcal species, emphasizing that Cryptococcus gattii induces a marked inflammatory cytokine 
response. Both of the above-mentioned reports support our findings with regard to the differences 
detected in the cytokines response using either the LAm A or the NAm 2 H. capsulatum strains. 

Another interesting aspect of our findings is the role of the infective fungal morphotype 
associated with cytokine profiles in the early host lung response to the infection. It is likely that, 
when the host response is first induced by the infective M-morphotype, the outcome of the H. 
capsulatum infection varies over time and depends on the host cells involved, the cytokine profiles, 
the type of fungal strain, and the changes in the fungal surface components associated with the in 
vivo fungal dimorphism. Obviously, under natural conditions, the first line of the host defense 
against H. capsulatum involves the production of cytokines that are initially stimulated by the 
pathogen-associated molecular patterns (PAMPs) of the infective M-morphotype, which remains as 
soon as the fungal transition to the Y-morphotype occurs. The time and course of the infection 
depend on how long the pathogen takes to complete the morphotype transition [13]. 
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Due to their pleiotropic activities during the host immune response, we categorized the 
studied cytokines according to their closest association with the innate (IL-1 and TNF-, innate-
adaptive (IL-6, IL-17, IL-22, and IL-23), and adaptive (IL-12, IFN-, IL-4 and IL-10) responses. 

Regarding the IL-1 and TNF- profiles, and in compliance with their possible involvement 
with the innate immune response and with the innate-adaptive interface response, our data revealed 
that both cytokines were produced continuously from 24 hours to 21 days, primarily in mice 
infected with the EH-46 strain. Both cytokines produced during this time interval, might be involved 
in the development of lung granulomas as we observed in our histopathological findings and in 
accordance with prior reports, suggesting a role for TNF- in the formation and maintenance of 
granulomas in H. capsulatum infected mice [20-22]. 

Although the IL-6, IL-17, and IL-23 cytokines are considered to be primarily engaged in the 
innate-adaptive interface response to different pathogens, they have rarely been studied in H. 
capsulatum experimental infection [23-25]. Overall, these cytokines play an important role in 
controlling the progression of the clinical course of histoplasmosis [23-25]. Our results with respect 
to the profiles of these cytokines along the experimental course of mice infected with M-phase 
propagules of EH-46 H. capsulatum strain emphasize that IL-6 and IL-17 are at their highest levels 
at the 14th day post-infection, while high levels of IL-23 are observed from the beginning of 
infection. Interestingly, IL-23 was one of the assayed cytokines that reached the highest level of 
production compared with the control group. The implication of this finding, in the histoplasmosis 
infection course needs to be further explored. With respect to the IL-23/IL-17-axis over the course 
of our experiments, the increase in IL-23 prior to the enhancement of IL-17 is a new event that must 
be considered in further studies examining the course of histoplasmosis infection with M-phase 
propagules and cytokines production. 

IL-17 levels were increased, considerably, at the 14th day post-infection only in mice infected 
with the EH-46 strain, which is in agreement with the Mycobacterium infection process, in which 
IL-17 is necessary for infection control and granuloma formation in the lungs [26,27]. However, an 
early response of IL-17 during the first week of the mice infection with H. capsulatum yeast cells 
has been reported by Deepe and Gibbons [23]. 

Although Th17 cells are the major CD4+ T cell population responsible for IL-17 production, 
this cytokine is considered one of the most important cytokines engaged in the interface of the 
innate-adaptive response, because it is produced by different cell populations of the innate and 
adaptive immune systems [27,28]. 

IL-22 has been reported to be important to protect mucosa epithelia and to repair lung 
epithelia damaged by pathogens [28,29]. IL-22 can be produced by several types of cells [28], and 
its participation via the IL-23/IL-22-axis is important for inhibition of fungal growth in infected 
hosts [30]. Although, in histoplasmosis infection the IL-22 was never previously considered, the 
present results indicate, for the first time, that this cytokine is present in mice lung homogenates at 
all post-infection time tested. In our point of view, the persistence of this cytokine throughout the H. 
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capsulatum infection process using two different strains may be associated to any type of event 
triggered by the host response, either in the defense or tissue repair processes. 

Among Th1 pro-inflammatory cytokines, IL-12 is necessary to generate a protective 
immunity against H. capsulatum infection due to its role in the synthesis of IFN- by CD4+ T and 
NK cells [31]. As for other cytokines, their increase during the infection process could depend on 
the type of fungal strain used, because the levels of IL-12 production varied in the lung homogenates 
of EH-46 and G-217B infected mice, however, in contrast to other cytokines its level remains 
detectable up to 28 days post-infection times. 

IFN- was the cytokine that presented the highest levels, showing up to a 200-fold increase 
on the 14th day, revealing its importance in controlling H. capsulatum infection. Obviously, this is in 
accordance with its role in murine histoplasmosis, because IFN- is the most potent activator of 
phagocytes at the site of infection and it can inhibit intracellular growth of H. capsulatum [7,21,22]. 

Concerning the Th2 anti-inflammatory cytokines evaluated in the present study, IL-4 and IL-
10 are most likely involved in the regulation of the pro-inflammatory response according the type of 
H. capsulatum strain used. It is feasible that modulation of the Th1/Th2 balance could be associated 
with the more intense inflammatory response developed by the EH-46 strain. 

With respect to the development of granulomas under the experimental conditions in the 
current study, it was found that both H. capsulatum strains also differ in the number, size and 
distribution of pulmonary granulomas. Granulomas in processing were primarily observed in the 
lungs of EH-46 infected mice from the 14th to 21st day post-infection, and at 28th day the semi-
microscopic photography showed a decrease in the number of granulomas, suggesting the beginning 
of the infection self-limiting process. Interestingly, these data correlate with the highest levels of IL-
1, IL-6, IL-17, and IFN- detected on the 14th day post-infection using the EH-46 strain. This 
finding is in agreement with reports described in experimental tuberculosis studies, which have 
determined that IL-17 and IFN- are necessary during the granulomas organization [27]. 

 

5. Conclusions 

Host recognition mechanisms mediated by the immune response against H. capsulatum 
depend on different PAMPs exposed on the surface of the fungus, firstly on the infective M-phase 
and, subsequently, on the parasitic Y-phase derived from the dimorphic process that must be 
triggered during the early time points of infection. Thus, the production of cytokines necessary to 
control Histoplasma infection in susceptible hosts must be modulated by the high morphological 
plasticity of this dimorphic fungal pathogen. 
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Figures 

 

Fig. 1. IL-1β and TNF-α profiles. Cytokine levels (pg/mL) were detected using a MagPix system in lung 
homogenates from mice intra-nasally infected with M-phase propagules of EH-46 or G-217B H. capsulatum 
strains. Each cytokine level represented in the figure was previously subtracted from the basal level given by 
MagPix readings of lung homogenates from non-infected mice (control). (A) IL-1 and (B) TNF- detection 
was performed at different time points post-infection (h= hour; d= day). Significant P values are presented in 
the figure (details are provided in the Materials and methods section). 
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Fig. 2. IL-6, IL-17, IL-22, and IL-23 profiles. Cytokine levels (pg/mL) were detected using a MagPix system in lung homogenates from mice intra-
nasally infected with M-phase propagules of EH-46 or G-217B H. capsulatum strains. Each cytokine level represented in the figure was previously 
subtracted from the basal level given by MagPix readings of lung homogenates from non-infected mice (control). (A) IL-6, (B) IL-17, (C) IL-22, and 
(D) IL-23 detection was performed at different time points post-infection (h= hour; d= day). Significant P values are presented in the figure (details 
are provided in the Materials and methods section). 
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Fig. 3. IL-12p40, IL-12p70, and IFN- profiles. Cytokine levels (pg/mL) were detected using a MagPix 
system in lung homogenates from mice intra-nasally infected with M-phase propagules of EH-46 or G-217B 
H. capsulatum strains. Each cytokine level represented in the figure was previously subtracted from the basal 
level given by MagPix readings of lung homogenates from non-infected mice (control). (A) IL-12p40, (B) 
IL-12p70, and (C) IFN- detection was performed at different time points post-infection (h= hour; d= day). 
Significant P values are presented in the figure (details are provided in the Materials and methods section). 
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Fig. 4. IL-4, IL-10 profiles. Cytokine levels (pg/mL) were detected using a MagPix system in lung 
homogenates from mice intra-nasally infected with M-phase propagules of EH-46 or G-217B H. capsulatum 
strains. Each cytokine level represented in the figure was previously subtracted from the basal level given by 
MagPix readings of lung homogenates from non-infected mice (control). (A) IL-4 and (B) IL-10 detection 
was performed at different time points post-infection (h= hour; d= day). Significant P values are presented in 
the figure (details are provided in the Materials and methods section). 
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Fig. 5. Panoramic overview of mice lung sections at 14, 21 and 28 days after H. capsulatum infection. (A, B, 
C) EH-46 strain; (D, E, F) G-217B strain; (G, H, I) non-infected mice (control). Arrows show: (A) incipient 
granulomas at the 14th day post-infection, (B) well-developed granulomas distributed in all lung-lobes at the 
21st day, and (C) granulomas in remission at 28th day after infection. PAS staining, Bars = 0.5 mm, (d= day). 
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CAPÍTULO 6 

 

Otros resultados obtenidos aun no publicados 

Siguiendo el mismo protocolo descrito por Sahaza et al. (2014b), se utilizó el morfotipo–L de las 
cepas, EH-46 y G-217B, para realizar un análisis similar y comparar los resultados de ambos 
morfotipos. De modo similar a la utilización del morfotipo-M, las mediciones de citoquinas en los 
sobrenadantes de homogeneizado de pulmón infectados con el morfotipo-L revelaron diferencias 
sustanciales entre las cepas de H. capsulatum utilizadas. Igualmente se comparó la respuesta 
inflamatoria (desarrollo de granulomas). 

 

Determinación de citoquinas en sobrenadantes de homogeneizados de pulmón de ratones 
BALB/c obtenidos a diferentes tiempos después de la infección intranasal con propágulos 
fúngicos del morfotipo-L 

 

Perfiles de IL-1 y TNF- 

En los tiempos estudiados post- infección intranasal de ratones con la cepa EH-46, la producción de 
IL-1 mostró variaciones. Se detectaron niveles altos de IL-1 desde 1 h hasta 7 d. La mayor 
concentración de IL-1 (14 veces más que el grupo testigo) se alcanzó en el séptimo día después de 
la infección (P ≤0.01), mientras que la cepa G-217B no generó en los ratones concentraciones 
significativas de IL-1 en cualquier tiempo posterior a la infección (Fig. 1A). 

Los niveles de TNF- para los ratones infectados con la cepa EH-46 presentaron valores bajos a 
excepción de las 6 h donde se detectó un incremento de hasta 25 veces más (P ≤0.01) que el testigo 
de esta citoquina, mientras que en los ratones infectados con la cepa G-217B los niveles de TNF- 
fueron bajos durante todos los tiempos post-infección (Fig. 1B). 

 

Perfiles de IL-6, IL-17, IL-22 e IL-23 

Un aumento significativo en los niveles de IL-6, 28 veces más que el grupo testigo (P ≤0.01), fue 
detectado en ratones infectados con la cepa EH-46 a las 3 h post-infección. Por el contrario, en los 
ratones infectados con la cepa G-217B, la IL-6 no reveló valores significativos en comparación con 
el grupo testigo (Fig. 2A). 

Los niveles de IL-17 mostraron una cinética similar para ambas cepas estudiadas, sin embargo llama 
la atención los niveles iníciales, tiempo 0 y 1 h, para los animales infectados con la cepa EH-46, los 
cuales fueron 8 y 6 veces más altos que el grupo testigo, respectivamente. En general, los niveles de 
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IL-17 para la cepa EH-46 fueron considerablemente más altos a los encontrados para los ratones 
infectados con la cepa G-217B (Fig. 2B). 

En los ratones infectados con la cepa EH-46, la producción de IL-22 varió a lo largo de los tiempos 
post-infección. Sin embargo, destacan el incremento de 16 y 11 veces en relación con el grupo 
testigo a las 3 h y 5 d post-infección, respectivamente (P ≤0.01). No se encontraron diferencias 
significativas en niveles de IL-22 en los ratones infectados con la cepa G-217B (Fig. 2C). 

IL-23 presentó principalmente un aumento importante en sus niveles en el día 21 post-infección (23 
veces más que el grupo testigo) en los animales inoculados con la cepa EH-46. Sin embargo, esta 
citoquina fue una de las pocas que desarrolló niveles altos en los animales infectados con la cepa G-
217B, detectándose a las 24 h y 21 d post-infección valores de 34 y 21 veces más altos que el grupo 
testigo, respectivamente (Fig. 2D). 

 

Perfiles de IL-12 e IFN- 

IL-12 está representada por la cuantificación de los péptidos IL-12p40 e IL-12p70. En ratones 
infectados con la cepa EH-46, IL-12p40 mostró un rápido aumento en sus niveles durante la primera 
hora después de la infección (29 veces más que el grupo testigo) que decayó luego de 24 h post-
infección, volviendo a incrementarse significativamente entre los 5 y 7 d post-infección (15 veces 
más que el grupo testigo, P ≤0.01). Con la cepa G-217B no se detectaron concentraciones 
significativas en los homogeneizados de pulmón en cualquier tiempo posterior a la infección de los 
ratones (Fig. 3A). Con relación a IL-12p70, en los animales infectados con la cepa EH-46, su 
producción máxima fue a las 24 h y 5 d post-infección, siendo sus niveles de 14 y 10 veces más que 
el grupo testigo (P ≤0.01), respectivamente. En contraste, niveles bajos de IL-12p70 fueron 
detectados en ratones infectados con la cepa G-217B, sólo aumentando 7 y 8 veces más que el grupo 
testigo a las 6 y 12 h post-infección (P ≤0.01), respectivamente (Fig. 3B). 

La producción de IFN- sólo fue detectada en los ratones infectados con la cepa EH-46 que 
mostraron niveles significativos (P ≤0.01) de IFN- con incremento de sus valores 6 y 11 veces más 
que el grupo testigo a las 48 h y 7 d post-infección. Los ratones infectados con la cepa G-217B 
nunca mostraron niveles significativos de IFN- en todos los tiempos post-infección ensayados (Fig. 
3C). 

 

Perfiles de IL-4 e IL-10 

IL-4 presentó niveles detectables sólo en ratones infectados con la cepa EH-46, que mostraron 
diferencias significativas en los tiempos 0 y 1 h así como en el día 5 (3 veces más que el grupo 
testigo) post-infección (Fig. 4A). 
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Aumentos significativos en los niveles de IL-10 se detectó en ratones infectados con la cepa EH-46 
a las 24 h (24 veces más que el grupo testigo) y a los 5 d después de la infección (10 veces más que 
el grupo testigo) (Fig. 4B). 

En ratones infectados con la cepa G-217B ni IL-4 ni IL-10 alcanzaron niveles significativos en 
cualquier tiempo post-infección (Fig. 4A y 4B). 

 

Resultados de la evaluación del curso de la respuesta inflamatoria en pulmón de ratones 
BALB/c obtenidos a diferentes tiempos después de la infección intranasal con propágulos 
fúngicos del morfotipo-L 

 

La observación microscópica a bajo aumento de cortes de pulmón de ratones infectados con el 
morfotipo-L de H. capsulatum a los 14, 21 y 28 d, reveló al utilizar la cepa EH-46: 1) un infiltrado 
celular difuso en el día 14 post-infección (Fig. 5A); 2) numerosos reacciones inflamatorias 
sugiriendo granulomas incipientes distribuidos en varios lóbulos pulmonares a los 21 d después de 
la infección (Fig. 5B); 3) escasos cúmulos de infiltrado celular (Fig. 5C) en el día 28 post-infección. 
En contraste, los cortes de pulmón de ratones infectados con el morfotipo-L de la cepa G-217B 
mostraron una respuesta inflamatoria peribronquiolar en el 14 d, mientras que en el 21 y 28 d post-
infección no se observaron reacciones inflamatorias (Fig. 5D, E, F). En los ratones testigos no 
infectados (Fig. 5G, H, I), no se observaron ningún tipo de respuesta inflamatoria. 
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Figuras 

 

 

Fig. 1. Perfiles de IL-1β y TNF-α en homogeneizado de pulmón de ratones infectados por vía intranasal con 
propágulos del morfotipo-L. Se utilizaron las cepas de H. capsulatum EH-46 o G-217B. Los niveles de 
citoquinas (pg/ml) fueron detectados por el sistema MagPix. Cada valor de citoquina graficado fue corregido 
con sus respectivos valores basales determinados por el sistema MagPix en homogeneizados de pulmón de 
ratones no infectados (testigo). (A) IL-1 y (B) TNF-. Las lecturas de citoquinas se realizaron a diferentes 
tiempos después de la infección. (h = horas, d = días). 



69 

 

Fig. 2. Perfiles de IL-6, IL-17, IL-22 e IL-23 en homogeneizado de pulmón de ratones infectados por vía intranasal con propágulos del morfotipo-L. 
Se utilizaron las cepas de H. capsulatum EH-46 o G-217B. Los niveles de citoquinas (pg/ml) fueron detectados por el sistema MagPix. Cada valor de 
citoquina graficado fue corregido con sus respectivos valores basales determinados por el sistema MagPix en homogeneizados de pulmón de ratones 
no infectados (testigo). (A) IL-6, (B) IL-17, (C) IL-22 y (D) IL-23. Las lecturas de citoquinas se realizaron a diferentes tiempos después de la 
infección. (h = horas, d = días). 
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Fig. 3. Perfiles de IL-12p40, IL-12p70 e IFN- en homogeneizado de pulmón de ratones infectados por 
vía intranasal con propágulos del morfotipo-L. Se utilizaron las cepas de H. capsulatum EH-46 o G-217B. 
Los niveles de citoquinas (pg/ml) fueron detectados por el sistema MagPix. Cada valor de citoquina 
graficado fue corregido con sus respectivos valores basales determinados por el sistema MagPix en 
homogeneizados de pulmón de ratones no infectados (testigo). (A) IL-12p40, (B) IL-12p70 y (C) IFN-. 
Las lecturas de citoquinas se realizaron a diferentes tiempos después de la infección. (h = horas, d = días). 
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Fig. 4. Perfiles de IL-4 e IL-10 en homogeneizado de pulmón de ratones infectados por vía intranasal con 
propágulos del morfotipo-L. Se utilizaron las cepas de H. capsulatum EH-46 o G-217B. Los niveles de 
citoquinas (pg/ml) fueron detectados por el sistema MagPix. Cada valor de citoquina graficado fue 
corregido con sus respectivos valores basales determinados por el sistema MagPix en homogeneizados de 
pulmón de ratones no infectados (testigo). (A) IL-4 y (B) IL-10. Las lecturas de citoquinas se realizaron a 
diferentes tiempos después de la infección. (h = horas, d = días). 
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Fig. 5. Observación microscópica de secciones de pulmón de ratones infectados con el morfotipo-L de H. 
capsulatum a los 14, 21 y 28 días. Cepa EH-46 (A, B, C); cepa G-217B (D, E, F); ratones testigo no 
infectados (G, H, I). Las fotografías fueron tomadas a 40 X. Las flechas muestran: (A) infiltrado celular 
difuso en el 14 d; (B) granulomas incipientes distribuidos en todos los lóbulos pulmonares en el 21 d; (C) 
escasos cúmulos de infiltrado celular en el 28 d post-infección con la cepa EH-46; y (D) granulomas 
incipientes en algunas zonas pulmonares en el 14 d post-infección con la cepa G-217B. Tinción PAS, 
barras = 80 m, (d = día). 
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CAPÍTULO 7 

 

Discusión 

En el presente estudio, en un modelo de ratones macho BALB/c inmunocompetentes, se indujo el 
desarrollo de histoplasmosis pulmonar, simulando una infección natural por la ruta intranasal 
utilizando propágulos fúngicos infecciosos del morfotipo-M de dos diferentes cepas virulentas de 
H. capsulatum: EH-46 (LAm A) y G-217B (NAm 2). Igualmente, se realizó la infección con 
propágalos del morfotipo-L, dado que este morfotipo es comúnmente utilizado para realizar 
investigaciones con este patógeno. Sin embargo, este morfotipo aunque es la forma parasitaria y 
virulenta de H. capsulatum, no es la partícula responsable de infectar huéspedes mamíferos en la 
naturaleza. Por lo tanto, la transición dimórfica en el huésped infectado debe ocurrir en las 
primeras etapas de la infección para permitir que el morfotipo-L parasitario virulento pueda 
establecerse y favorecer el progreso de la infección. La respuesta inmune fundamental del 
huésped se da para el morfotipo-L, sin embargo el tiempo y la diversidad de moléculas fúngicas 
expuestas durante el transito dimórfico de M a L son cruciales en los inicios del reconocimiento y 
el montaje de la defensa del huésped. Es importante destacar que el morfotipo-L, naturalmente no 
infectivo, es el más utilizado en la mayoría de los trabajos de investigación experimental y, por lo 
tanto, éstos incurren en sesgos interpretativos de los análisis de la primera etapa de la infección, 
la cual ha sido poco cuestionada y estudiada. Los propágulos infectivos del morfotipo-M de H. 
capsulatum deben ser capaces de atravesar varias barreras del huésped y pueden soportar 
diferentes tipos de estrés durante su ruta por vías respiratorias y que pueden estar involucrados 
con el dimorfismo y la diseminación del patógeno antes de la llegada de los propágulos infectivos 
a los pulmones. Por tal motivo, en el presente trabajo evaluamos el perfil de citoquinas en 
homogeneizados pulmonares y la respuesta inflamatoria a través del desarrollo de granulomas en 
cortes histológicos de pulmón de ratones infectados intranasalmente con el morfotipo-M o el 
morfotipo-L de H. capsulatum, de modo que la respuesta inmune pudiera ser valorada en tiempos 
cortos y largos post-infección. Esta estrategia fue diseñada para rastrear y analizar en el pulmón 
del huésped, el efecto del morfotipo-M en los tiempos iníciales de la infección fúngica y el curso 
de la respuesta inmune asociada a la aparición y establecimiento del morfotipo-L en los tiempos 
largos. 

El análisis de las citoquinas pro-inflamatorias IL-1 y TNF-, sugiere que ambas citoquinas 
participan tanto en la respuesta inicial del huésped (tiempos cortos de post-infección) como 
durante el curso del proceso infeccioso, particularmente con ambos morfotipos fúngicos de la 
cepa EH-46, sobresaliendo la respuesta del huésped inducida con el morfotipo-M (Sahaza et al. 
2014b). 

En la infección experimental por H. capsulatum las citoquinas IL-6, IL-17 e IL-23, han sido 
menos estudiadas, sin embargo, se postula que estas citoquinas tienen un papel importante en el 
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control de la progresión clínica de la enfermedad (Deepe y Gibbons 2009; Kroentz y Deepe 2010; 
Wu et al. 2013). Estas citoquinas tienen la particularidad de presentarse tanto en la fase muy 
temprana como en la fase de consolidación de la infección, lo que las compromete posiblemente 
como reguladoras en la interface de la respuesta inmune innata y adaptativa. Los resultados con 
respecto a los perfiles de estas citoquinas, a lo largo del curso experimental de ratones infectados 
con el morfotipo-M o –L, revelaron que IL-6 tiene un curso similar con la inoculación de uno u 
otro morfotipo, sin embargo sus valores fueron más pronunciados al inducir la infección, de 
manera más cercana a la natural, utilizando un inoculo intranasal con el morfotipo infectivo 
(morfotipo-M) (Sahaza et al. 2014b), particularmente con la cepa EH-46. IL-17 e IL-23 
presentaron un comportamiento interesante para los animales infectados con el morfotipo-M de la 
cepa EH-46) (Sahaza et al. 2014b), ya que la producción de ambas citoquinas fue desfasada en el 
tiempo post-infección, donde la elevación de IL-23 precede a la elevación de IL-17 en tiempos 
más tardíos. Este comportamiento particular no se discrimina cuando se utilizó como inóculo el 
morfotipo-L parasitario, virulento y no infectivo, siendo la producción de estas citoquinas 
discontinúa desde los tiempos tempranos de la infección. Una respuesta temprana de IL-17 
durante la primera semana de la infección de ratones C57BL/6 infectados con el morfotipo-L de 
H. capsulatum ha sido reportada por Deepe y Gibbons (2009). 

IL-22 nunca ha sido considerada anteriormente en la infección experimental con H. capsulatum. 
Los resultados alcanzados con esta citoquina, detectada por primera vez, demuestran su presencia 
en los homogeneizados de pulmón de ratones en la mayoría de los tiempos tempranos y tardíos 
post-infección probados. La presencia de esta citoquina durante todo el proceso de la infección 
por H. capsulatum podría estar asociada a los procesos de defensa y al mismo tiempo de 
reparación tisular de los ratones infectados, dado que IL-22 ha sido reportada como una citoquina 
muy importante en los procesos de protección del epitelio de la mucosa y reparación de los 
epitelios pulmonares dañados por patógenos (Zelante et al. 2011; Posiask et al. 2013).  

En relación con IL-12, se sabe que ésta es necesaria para generar una inmunidad protectora 
contra la infección por H. capsulatum debido a su papel en la síntesis de IFN- por linfocitos T 
CD4 + y células NK (Marth y Kelsall 1997). En los resultados presentados, los niveles de 
producción de IL-12 en los homogeneizados de pulmón de ratones infectados con el morfotipo-M 
de la cepa EH-46 siempre fueron más altos y sostenidos en los tiempos post-infección, mientras 
que, en los animales infectados con el morfotipo-L se encontró un comportamiento variable, 
destacando los valores elevados previo al aumento de IFN-, del cual se sabe que es la citoquina 
activadora más potente de los macrófagos en el sitio de la infección y puede inhibir el 
crecimiento intracelular de H. capsulatum (Zhou et al. 1995; Allendoerfer y Deepe 1998; 
Heninger et al. 2006). De acuerdo con lo anterior, los resultados realizados con IFN- presentaron 
aumentos significativos sólo en aquellos animales inoculados con la cepa EH-46, 
independientemente del morfotipo, previo a la resolución de la enfermedad. Sin embargo, es 
interesante enfatizar que la cinética de producción de IFN- presentó un desfase en su aparición 
en relación al morfotipo fúngico utilizado, apareciendo más temprano en los animales infectados 
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con el morfotipo-L, lo anterior sugiere que el cambio dimórfico in vivo influye en el tiempo de la 
progresión de la infección. 

En cuanto a las citoquinas anti-inflamatorias evaluadas en el presente estudio, IL-4 e IL-10, muy 
probablemente estén involucradas en la regulación de la respuesta pro-inflamatoria de acuerdo 
con el tipo de cepa de H. capsulatum utilizado. Es factible que la modulación del balance 
Th1/Th2 pueda estar asociado con la más intensa respuesta inflamatoria desarrollada por la cepa 
EH-46. 

Con respecto al desarrollo de granulomas, se encontró que ambas cepas de H. capsulatum pueden 
inducir una respuesta inflamatoria con tendencia a la formación de granulomas. Sin embargo, 
destaca la rápida resolución de la respuesta inflamatoria menos extensas de los amínales 
infectados con la cepa G-217B, a los 21 d comparado con los animales inoculados con la cepa 
EH-46, a los 28 d. Los granulomas se observaron principalmente en los pulmones de ratones 
infectados con la cepa EH-46 cuando la respuesta inmune adaptativa es particularmente efectiva 
(21 d post-infección). Los hallazgos histológicos sugieren que a partir del día 28 hubo una 
disminución en el número y extensión de granulomas, lo que podría indicar el principio de la 
resolución de la infección. Igualmente, como se observó en las citoquinas, comparando la 
infección del morfotipo-M con el morfotipo-L, se presentó una disminución en el tiempo y en la 
intensidad de la respuesta inflamatoria expresada en la formación de granulomas que 
probablemente favoreció  la resolución de la enfermedad en los animales infectados. 

Es importante señalar que el tipo de cepas de ratón utilizado puede influir en los resultados del 
perfil inmunológico de la histoplasmosis experimental. Por otro lado, tanto la edad como el sexo 
de los ratones son variables primordiales para definir datos repetitivos del comportamiento de la 
respuesta inmune al patógeno. En la histoplasmosis es común encontrar trabajos asociados a 
ratones A/J, BALB/c o C57BL/6, siendo este último más utilizado por algunos grupos de 
investigación que manejan animales predominantemente resistentes a la infección (Sahaza et al. 
2014a). Para este estudio se ha utilizado un modelo animal susceptible a la infección con H. 
capsulatum, ratones machos BALB/c, el cual ha sido estandarizado en el laboratorio desde hace 
varios años y satisface las condiciones de seguimiento de una infección autolimitada. 

Los resultados de la presente investigación utilizando dos cepas del hongo, EH-46 de México y 
G-217B de los Estados Unidos de América, de especies filogenéticas distintas, LAm A y NAm 2, 
respectivamente, revelaron diferencias significativas en el curso de la producción de las 
citoquinas y en el desarrollo de granulomas, lo que sugiere la relevancia de los PAMPs de cada 
cepa y sus respectivos morfotipos en el montaje, en tiempo y forma, de los mecanismos de 
defensa del huésped. Tanto es así que los resultados alcanzados con los dos morfotipos de la cepa 
EH-46 indujeron una mayor respuesta inflamatoria, reflejada tanto en una mayor producción de 
citoquinas como en un mayor desarrollo de granulomas. Sin embargo, la respuesta inducida 
primariamente por el morfotipo-M reveló marcadas diferencias en la intensidad y tiempo de 
resolución de la infección, en comparación con la infección inicial con el morfotipo-L. Es posible 
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que, en condiciones naturales, una de las primeras líneas de la defensa del huésped contra H. 
capsulatum puede implicar la producción de citoquinas que son estimuladas inicialmente por los 
PAMPs del morfotipo-M infectivo. Cambios en la virulencia asociada a la mortalidad de 
animales, utilizando diferentes tipos de cepas de H. capsulatum procedentes de Norteamérica y 
América Latina han sido documentadas (Durkin et al. 2004). 

 

Conclusiones 

El morfotipo-M de la cepa EH-46 de H. capsulatum, procedente de México, inoculado vía 
intranasal en ratones machos BALB/c, permitió reproducir la histoplasmosis pulmonar 
autolimitada de modo similar como ocurre en la naturaleza, por lo que se logró evaluar el curso 
de la infección experimental a través de la identificación y cuantificación de citoquinas en 
homogeneizados pulmonares y de la respuesta inflamatoria en cortes de pulmón de ratones 
infectados. 

La progresión de la histoplasmosis representa una relación multifactorial entre el estado inmune 
del huésped, la concentración de inóculo fúngico inicial, la virulencia del hongo, la diversidad y 
expresión de PAMPs según el morfotipo y la cepa fúngica utilizada (diferentes especies 
filogenéticas). Asimismo, influye en el curso de la infección la vía de entrada del patógeno y el 
modelo animal utilizado. Los resultados del presente trabajo sugieren que el morfotipo y la cepa 
de H. capsulatum intervienen no sólo sobre el establecimiento y el tiempo requerido para la 
autolimitación de la infección, sino también sobre los tiempos de aparición de los signos y 
síntomas propios que definen la enfermedad y la recuperación de la misma. 
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Abstract 

 

The yeast phase of 22 Histoplasma capsulatum clinical strains from Mexico, Argentina, 

Colombia, and Guatemala and three reference strains (one from Panama and two from the United 

States) were screened for thermosensitivity at 40°C and doubling time at 37 and 40°C 

phenotypes. Growth kinetics at 0, 3, 6, 12, 24, and 30 h of incubation at both temperatures were 

performed for all strains studied. The percentage of yeast growth inhibition at 40°C was 

estimated. Doubling time at 37 and 40°C was determined from the growth curve data for each 

strain. Highlight differences in the growth kinetics of H. capsulatum strains at 37 and 40°C. The 

Downs strain from the United States was the only one of the strains to exhibit thermosensitivity 

at 40°C. Growth inhibition below 33.8% supported the predominance of thermotolerant 

phenotype at 40°C in most studied strains. The doubling time means found for different strains 

were 5:18 h ± 1:19 h at 37°C and 5:48h ± 1:54 h at 40°C. This is the first report that underscores 

the predominance of thermotolerant and delayed doubling time phenotypes in H. capsulatum 

clinical strains from different regions of the Americas. 

Keywords: H. capsulatum, Y-phase, thermotolerance, thermosensitivity, doubling time 
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1. Introduction 

The saprobe-geophilic multicellular morphotype (mycelium, M-phase) of the dimorphic fungus 

Histoplasma capsulatum develops at 25-28°C, its optimal environmental temperature. 

Aerosolized infective propagules of the M-phase, mainly microconidia and small hyphal 

fragments, can produce a respiratory infection when inhaled by humans and other mammals. 

Depending on the immunocompetence of the host, the inoculum size, and/or the virulence of the 

H. capsulatum strain, the infection can lead to severe illness [1, 2]. The unicellular morphotype 

(yeast, Y-phase) of this pathogen is related to intracellular parasitism in susceptible 

(immunocompromised) hosts, and it can grow at 37°C in special culture media [1]. 

The dimorphic transition of H. capsulatum is of particular interest because it is necessary 

for the manifestation of fungal virulence [3]. Under laboratory conditions, the M- to Y-transition 

can be reversibly induced by temperature switches from 25-28°C (M-phase) to 35-37°C (Y-

phase) [4]. 

Most of the phenotypic studies of H. capsulatum have focused on its morphology, 

physiology, and biochemical properties [5-11]. Based on thermosensitivity at 40°C and 

avirulence for mice of the Y-phase of the Downs strain, an atypical strain described by Gass & 

Kobayashi [12] that was isolated from an elderly patient with disseminated histoplasmosis 

coursing with vaginal lesions, Spitzer et al. [13] reported that fungal isolates from patients with 

AIDS-associated histoplasmosis from St. Louis, Missouri, United States, shared these two 

phenotypic characteristics, like the Downs strain. This association was confirmed by molecular 

methods, which revealed that the St. Louis isolates had a polymorphic mtDNA profile similar to 

that of the Downs strain. Consequently, the St. Louis isolates were included in Class 1 together 

with the Downs strain, according to the classification proposed by Vincent et al. [14]. 

Most phenotypic studies of H. capsulatum have been conducted with a limited number of 

strains, highlighting the reference strains: Downs (low virulence) [12] and G-217B (high 

virulence) [6, 8] from the United States and the G-186B (high virulence) [15] from Panama. The 

reported spectrum of phenotype characteristics must be revised accurately in a broad number of 

strains to ensure their corroboration. Given that H. capsulatum is distributed between 54°N [16] 

and 38°S [17] latitudes, its phenotypes could be used to discriminate among several strains from 

different geographic distributions, which will contribute to the understanding of the diversity of 

this pathogen. 
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The aim of the present study was to phenotype strains of H. capsulatum isolated from 

patients from different regions of the Americas, regarding the Y-phase characteristics of 

thermosensitivity at 40°C and doubling time (Dt) at 37 and 40°C. 

 

2. Materials and Methods 

 

2.1 Histoplasma capsulatum. Clinical strains, 11 from Mexico, five from Argentina, five from 

Colombia, one from Guatemala, the reference strain G-186B from Panama (ATCC-26030), and 

two reference strains from the United States, G-217B (ATCC-26032) and Downs (ATCC-38904) 

were studied. The details for these 25 strains are shown in Table 1. 

All strains studied were previously well-characterized and they are deposited in the H. 

capsulatum Culture Collection of the Fungal Immunology Laboratory of the Department of 

Microbiology and Parasitology, School of Medicine, UNAM (LIH-UNAM) (www.histoplas-

mex.unam.mx. H. capsulatum specimens of the collection have been well-preserved in sterile 

distilled water and on Sabouraud-agar with mineral oil, since their first isolation. This collection 

is registered in the World Data Centre on Microorganisms (WDCM) database of the World 

Federation for Culture Collections as WDCM817 LIH-UNAM. 

 

2.2 H. capsulatum Y-phase transition. The M-phase of each H. capsulatum strain studied was 

initially cultured at 25-28°C on mycobiotic-agar (Bioxon, Becton-Dickinson, Mexico City). 

Afterwards, each strain was grown in a synthetic medium [18] and incubated at 37°C in an orbital 

shaker at 200 rpm. The culture medium was replaced every 72 h, until Y-phase was achieved 

within one or two weeks. Once the dimorphic transition was complete, the Y-phase culture was 

incubated at 37°C for 24-48 h in brain-heart infusion (BHI)-broth (Bioxon) supplemented with 

0.1% L-cysteine and 1% glucose. Yeasts were harvested by centrifuging at 800 g for 15 min, 

washed twice with fresh BHI-broth, and preserved at –80°C in the presence of fetal calf serum 

(GIBCO, Grand Island Biological Co. NY) and dimethyl sulfoxide at a 9:1 ratio, until required. 

 

2.3 Thermosensitivity and growth inhibition percentage (GI%) assays. After gradual defrosting, 

the Y-phase of each strain was grown in supplemented BHI-broth. The culture was incubated at 

37°C for 24-48 h, the estimated time required to enter the logarithmic growth phase (log-phase). 

http://www.histoplasm-mex.unam.mx/
http://www.histoplasm-mex.unam.mx/
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Log-phase cultures of each strain were transferred to fresh supplemented BHI-broth and 

incubated at 37°C for 24 h. Yeasts were centrifuged at 800 x g for 15 min and the pellet was used 

for each assay. To reach the desired optical density (OD), yeasts were suspended in 10 mL of 

supplemented BHI-broth. Each suspension was initially diluted 1:10 and, subsequently, serially 

diluted until 1:2048, in 200 µL per well of a 96-wells microplate (Nunc, Roskilde, Denmark). 

Each well in the first microplate column was filled with 200 µL of supplemented BHI-broth 

(blank), and serial dilutions were made from the second to the last columns. The microplate wells 

were read using a Labsystems Multiskan MS reader (Labsystems, Helsinki, Finland) at 405 nm, 

and each OD value was automatically adjusted with the blank. For each strain, a 0.2 OD yeast 

dilution was used to fill eight wells per microplate column with 200 µL of the yeast suspension. 

Each growth curve assay (growth kinetics) was set up in triplicate either at 37 or 40ºC. Optical 

density readings were taken at 0, 3, 6, 12, 24, and 30 h of incubation at both temperatures, and 

OD values were averaged using n = 12 per each OD strain value, for each time tested. The results 

were plotted as OD versus incubation times at both temperatures tested. 

The percentage of yeast growth inhibition at 40°C was estimated based on the equation: 

GI% = 1 - (OD tx – OD t0 at 40°C/OD tx – OD t0 at 37°C) x 100, where tx is the OD value at each 

time tested and t0 represents the zero time. 

 

2.4 Doubling time (Dt) assay. Dt at both 37 and 40°C was determined from the growth curve data 

for each strain. The Dt value for each strain was calculated according to the following equation: 

Dt = OD t0/µ, where µ = the slope of the growth curve [19]. 

The overall mean Dt value for all 25 strains studied was estimated to establish the lowest and 

highest Dt values ± SD. 

 

2.5 Statistics. All thermosensitivity and Dt data were statistically analyzed using the Student's t 

test (Microsoft Excel 2010 for Windows). For all assays, means ± standard deviation (SD) were 

determined. A significant difference for P values (P ≤0.01) was considered when  = 0.001. 

 

3. Results 

 

Out of 25 H. capsulatum strains studied, 20 were isolated from patients with the disseminated 
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clinical form of histoplasmosis (eight of them came from patients with mucosal lesions), three 

strains were isolated from patients with localized pulmonary histoplasmosis, and two strains (the 

GeM strain from Colombia and the G-217B reference strain from the United States) were not 

associated with any data of clinical and immune conditions of the respective patients. 

In addition, 15 strains (ten from Mexico, three from Argentina, and two from Colombia) 

were from patients with human immunodeficiency virus (HIV+), one strain from a systemic 

lupus erythematosus Colombian patient and the Downs reference strain from the United States 

was originally isolated from an 86-years-old patient with rheumatoid arthritis, and finally, eight 

strains (one from Mexico, two from Argentina, two from Colombia, one from Guatemala, and 

two reference strains, G-217-B from United States and G-186B from Panama) were associated 

with patients that had no report of HIV+ or other immunosuppressive states (Table 1). 

 

3.1 Thermosensitivity and GI% assays. For the growth kinetic assays (Figures 1(a-d) and 2(a-d)), 

all OD data at 0 h of incubation (t0) were recorded in the range of 0.164 ± 0.002 and 0.286 ± 

0.001 at 37°C and of 0.129 ± 0.006 and 0.288 ± 0.001 at 40°C (data not shown). This allowed to 

ensure that the initial yeast-population at t0 of all H. capsulatum strains studied were as 

homogeneous as possible. The SD confirmed the minimal variation of readings within the same 

population. 

Differences in the lag (latency), log (exponential), stationary, and decline H. capsulatum 

growth phases were detected at 37 and 40°C, for the incubation time points assayed as can be 

seen in Figures 1(a-d) and 2(a-d), respectively. 

Most of the strains exhibited similar growth kinetics at both 37 (Figures 1(a-d)) and 40°C 

(Figure 2(a-d)). Several strains did not exhibit a lag-phase at 37°C (Figure 1(a-d)), reaching the 

log-phase before 3 h and the stationary-phase between 6 and 24 h, depending on the strain 

studied. In contrast, the lag-phase was well defined in the DMic993444 strain from Argentina, 

four strains from Mexico (EH-317, EH-324, EH-328, and EH-356), and the Downs strain from 

the United States (Figure 1(a), (c), and (d)). Most strains reached stationary-phase at 30 h of 

culture, without evidence of a decline in the yeast population. One strain from Argentina 

(DMic993444) and the Downs strain reached the log-phase after a 12 h lag-phase (Figure 1(a) 

and (d)). 

The Downs strain was the only one that did not grow at 40°C as shown in Figure 2(d), 
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confirming its thermosensitive phenotype at this temperature. Overall, out of 25 strains studied, 

12 strains (three from Mexico, five from Argentina, three from Colombia, and one from 

Guatemala) developed GI values from 15.6 to 33.8% at 30 h of incubation at 40°C (Table 2). 

The differences in growth kinetics between the reference strains G-217B (thermotolerant 

prototype at 40°C) and Downs (thermosensitive prototype at 40°C) were significant (P ≤0.01) at 

the t6, t12, t24, and t30 incubation time points at 37°C, whereas differences in growth kinetics of 

both strains at 40°C were not applicable due to the lack of growth of the Downs strain at this 

temperature as aforementioned. 

Based on growth kinetics at 37 and 40°C (Figures 1(a-d) and 2(a-d)), most of the studied 

strains were defined as thermotolerant, irrespective of the clinical form and the immune condition 

of the patient from whom they were isolated. However, the kinetic of strain DMic993444 

(isolated from an Argentinean patient coursing a disseminated clinical form with mucosal 

lesions) at 37°C is noteworthy since it showed significant differences (P ≤0.01) from strain G-

217B at 6-30 h of incubation times and from the Downs reference strain at the t24 and t30 

incubation time points (Figure 1(a) and (d)). Because strain DMic993444 also exhibited growth 

at 40°C at 24 and 30 h of incubation times in contrast to the Downs strain, it could be considered 

to have a thermotolerant phenotype. However, this strain presented significant differences (P 

≤0.01) in OD values from t3 to t30 incubation time points at 40°C when compared with the 

thermotolerant G-217B strain (Figure 2(a) and (d)). 

The determinations of GI% at 40°C allowed verifying the thermosensitive phenotype of 

all strains studied (Table 2). With the exception of the Downs strain, the remaining strains 

exhibited thermotolerant phenotype, because all developed low GI (below 33.8%) (Table 2). 

 

3.2 Dt assays. Dt was calculated at both 37 and 40°C for each strain (Table 3). The Dt interval 

obtained for the different H. capsulatum strains varied from 1:36 h (EH-319, Mexican strain) to 

8:30 h (MZ 2, Colombian strain) with a mean of 5:18 h ± 1:19 h at 37°C; and varied from 1:54 h 

(EH-319, Mexican strain) to 9:42 h (DMic01739, Argentinean strain) with a mean of 5:48 h ± 

1:54 h at 40°C (Table 3). 

Two strains (EH-319 and EH-326) from Mexican patients with AIDS-associated 

disseminated histoplasmosis presented the fastest Dt, with values lower than the averages of all 

Dt values at 37 and 40°C. Whereas, four strains with mucosal lesions (EH-359 from Mexico, 
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DMic993446 and DMic01739 from Argentina, and MZ 2 from Colombia) and one strain with the 

pulmonary clinical form (H.1.02.W from Guatemala) were considered to present the most 

delayed Dt, showing Dt mean values higher than those found at 37 and 40°C (Table 3). 

Interestingly, strain DMic993444 (Argentina) presented Dt values close to the means obtained for 

H. capsulatum at both temperatures (Table 3), despite its very long lag-phase (Figures 1(a) and 

2(a)). The Dt value calculated for the Downs strain at 37°C was one of the longest revealed in 

this study (Table 3). This characteristic was not applicable at 40°C for the Downs strain due to its 

thermosensitivity. 

Out of 25 strains of H. capsulatum studied, 17 showed an increase in Dt from 37 to 40°C; 

six exhibited decreased Dt; one strain maintained the same Dt value at both temperatures; 

whereas the Downs strain did not grow at 40°C, as mentioned above (see details in Table 3). 

 

4. Discussion 

 

The data shown in Table 1 indicate that most of the studied H. capsulatum strains were obtained 

from 1991 to 2001. They were selected for this study due to the limited number of sub-cultures in 

suitable media after their first isolation. Certainly, they did not develop critical phenotypic 

changes by the fact that they were taken from their original cultures, as explained in the 

requirements of the LIH-UNAM H. capsulatum collection (see Materials and Methods). In 

contrast, reference strains G-186B, G-217B, and Downs were isolated many years ago, in the 

1960s- and 1970s, and have been sub-cultured successively. 

Some phenotypic characteristics (e.g., serotypes, chemotypes, isozymes, and fatty acid 

profiles) of the two H. capsulatum morphotypes have been explored to group and/or classify 

fungal strains [5, 7, 11, 20, 21]. However, in some cases, these data were analyzed partially, 

overlooking important associations with critical aspects of the interaction between the fungus and 

its environment. In the last decades, studies of H. capsulatum related to the search 

thermosensitivity phenotypes associated with fungal virulence were conducted by Keath et al. 

[22], Medoff et al. [9], and Spitzer et al. [13]. However, their H. capsulatum isolates came from 

circumscribed geographic areas that are not representative of the genetic and phenotypic fungal 

changes that could be occurring in other regions in the Americas. 

The present work focused on searching for the relation between scarcely explored 
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phenotypic characteristics of H. capsulatum Y-phase (thermosensitivity and doubling time), 

which represents an innovative report since most of the studied H. capsulatum strains are closely 

related to their original cultures, and their phenotypic behavior could be considered as naive. The 

data obtained for the 25 studied strains are reliable because they incorporated the results of 

multiple measurements, such as growth kinetics at 37 and 40°C, the GI% at 40°C, and the 

original Dt estimation at both temperatures. The results showed that all studied strains were 

thermotolerant at 40°C, with the exception of the Downs reference strain. Interestingly, the 

Downs strain is also associated with avirulence in a murine model, and according to Spitzer et al. 

[13], a potential association between virulence and thermotolerance in the H. capsulatum Y-

phase could be inferred. However, no associations between H. capsulatum temperature sensitivity 

with clinical forms of histoplasmosis and immune status of the patients were found. 

It is noteworthy that, in the present study, we found delayed Dts for most of the studied 

samples at 40°C, indicating that exposure to this temperature delays the growth of thermotolerant 

yeasts, but did not kill them. This finding, under in vivo infection conditions, suggests that host 

defense mechanisms might include the restriction of fungal dissemination via febrile 

inflammatory processes. 

One novel finding was that the strain DMic993444, which was isolated from an 

Argentinean histoplasmosis patient who coursed with a disseminated form with mucosal lesions, 

presented a long lag-phase at both 37 and 40°C, suggesting a probable delay in adaptation to the 

experimental condition. 

The Dt values at 37°C found for most studied strains are compatible for pathogens with 

low rate of growth and consistent with the previous description of the optimal culture conditions 

of H. capsulatum [8, 15]. 

Despite the involuntary biases that must be considered in the gathering and handing of 

patient’s records and the number of samples supporting our data, the present findings provide 

relevant information on the phenotypic behavior of H. capsulatum strains irrespective of their 

association with clinical forms of the disease and their different geographic origins in the 

Americas. An appropriate number of fungal strains were tested, and, undoubtedly, this type of 

study will advance the knowledge on the possible manifestations of the pathogen in susceptible 

hosts. 
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TABLE 1: Data from all H. capsulatum clinical strains studied 
______________________________________________________________________________ 
Strain  Year of  Geographic  Clinical  Patient 
  isolation  origin   form of  immuno- 
        the disease  compromise 
______________________________________________________________________________
EH-316  1993   MX   D   HIV+ 
EH-317  1992   MX   D   HIV + 
EH-319  1991   MX   D   HIV + 
EH-323  1993   MX   D   HIV + 
EH-324  1994   MX   D   HIV + 
EH-325  1996   MX   D   HIV + 
EH-326  1996   MX   D   HIV + 
EH-328  1991   MX   D   HIV + 
EH-355  1996   MX   D   HIV + 
EH-356  1996   MX   D   HIV + 
EH-359  1995   MX   DML   ND 
DMic993444  1999   AR   DML   ND 
DMic993445  1999   AR   DML   ND 
DMic993446  1999   AR   DML   HIV + 
DMic993267  1999   AR   DML   HIV + 
DMic01739  2001   AR   DML   HIV + 
LA   1996   CO   D   HIV + 
AP   ND   CO   D   ND 
WE   1996   CO   P   HIV + 
MZ 2   1995   CO   DML   SLE 
GeM   2001   CO   ND   ND 
H.1.02.W  1995   GT   P   ND 
G-186B*  1967   PA   P   ND 
G-217B†  1973   US   ND   ND 
Downs‡  1969   US   DML   RA 
______________________________________________________________________________ 
AR, Argentina; CO, Colombia; GT, Guatemala; MX, Mexico; PA, Panama; US, United States; 
D, disseminated; DML, disseminated with mucosal lesions; P, pulmonary; HIV, human 
immunodeficiency virus; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; ND, not 
determined. References:*Berliner [15]; †Berliner [6]; ‡Gass & Kobayashi [12]. 
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TABLE 2: Growth inhibition percentage (GI%) of H. capsulatum yeasts at 40°C 
______________________________________________________________________________ 
Strain         GI%* 
______________________________________________________________________________ 
    3 h  6 h  12 h  24 h  30 h 
______________________________________________________________________________ 
EH-316   2.5  0.7  12.7  5.7  15.6 
EH-317   0.0  0.0  1.4  5.0  6.2 
EH-319   2.8  17.1  11.4  15.7  33.8 
EH-323   0.0  0.0  0.0  2.7  0.7 
EH-324   0.0  0.0  0.0  5.9  4.3 
EH-325   0.0  0.0  0.0  2.8  0.0 
EH-326   0.0  0.0  0.0  6.4  5.6 
EH-328   0.0  0.0  0.0  4.7  0.9 
EH-355   0.0  0.0  0.3  4.8  0.0 
EH-356   0.0  0.0  0.0  0.0  0.0 
EH-359   0.0  0.7  14.1  31.9  28.7 
DMic993444   NA  NA  NA  16.5  28.6 
DMic993445   5.0  0.0  25.7  15.2  24.2 
DMic993446   0.0  18.5  28.3  28.8  26.6 
DMic993267   3.1  12.3  16.5  19.0  15.9 
DMic01739   0.0  0.4  18.0  25.3  21.2 
LA    0.0  0.0  10.8  12.5  23.2 
AP    0.0  0.0  0.0  6.7  2.2 
WE    0.0  0.0  0.0  2.5  1.8 
MZ 2    0.0  0.0  17.7  25.1  27.9 
GeM    0.0  5.1  16.9  18.6  17.7 
H.1.02.W   0.0  0.0  6.7  12.4  17.5 
G-186B   0.0  0.0  5.7  5.2  1.9 
G-217B   0.0  0.0  0.0  8.2  5.3 
Downs    NA†  NA  NA  NA  NA 
______________________________________________________________________________ 
*The GI% was estimated according to the equation given under Materials and Methods. †NA 
(not applicable), due to the lack of yeast growth at 40°C. 
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TABLE 3: Doubling times (Dt) of H. capsulatum yeasts at 37 and 40°C 

___________________________________________________________________________ 

Dt (h:min)†    Dt 

Strain     37°C   40°C   changes* 

___________________________________________________________________________ 

EH-316    4:36   5:00   ↑ 
EH-317    5:12   6:00   ↑ 
EH-319    1:36   1:54   ↑ 
EH-323    4:06   5:18   ↑ 
EH-324    4:30   4:36   ↑ 
EH-325    5:00   6:24   ↑ 
EH-326    3:18   3:18   ↔ 
EH-328    4:42   4:48   ↑ 
EH-355    4:24   5:36   ↑ 
EH-356    5:12   4:48   ↓ 
EH-359    6:54   8:54   ↑ 
DMic993444    6:06   6:42   ↑ 
DMic993445    5:18   4:54   ↓ 
DMic993446    6:36   7:24   ↑ 
DMic993267    5:36   7:36   ↑ 
DMic01739    6:42   9:42   ↑ 
LA     5:18   4:42   ↓ 
AP     4:24   3:18   ↓ 
WE     5:42   4:24   ↓ 
MZ 2     8:30   7:42   ↓ 
GeM     5:00   7:06   ↑ 
H.1.02.W    7:24   8:00   ↑ 
G-186B    5:42   5:48   ↑ 
G-217B    3:30   4:24   ↑ 
Downs     7:36   NA†   NA 
 
Means‡    5:18 ± 1:19  5:48 ± 1:54   
_____________________________________________________________________________ 
*The Dt estimation was performed according to the equation described under Materials and 
Methods. †NA (Not applicable). ↑Increasing Dt at 40°C; ↓Decreasing Dt at 40°C; ↔Same Dt 
values at both temperatures. ‡Data at 37 and 40°C are presented as mean of H. capsulatum yeast 
Dt values ± SD, on the basis of three independent assays, using n = 12 per each OD value. 



106 

 

Figure legends 

 

FIGURE 1: Growth kinetics of H. capsulatum yeasts at 37°C. The OD readings for each time 

tested were measured in a Multiskan reader at 405 nm; the yeast growth conditions and growth 

curve construction are described under Materials and Methods. (a) Strains from Argentina; (b) 

strains from Colombia; (c) strains from Mexico and Guatemala; and (d) reference strains. On the 

basis of three independent assays (n = 12 per each OD value), significant differences in growth 

kinetics were recorded for P ≤0.01 along the incubation time points tested. 

 

FIGURE 2: Growth kinetics of H. capsulatum yeasts at 40°C. The OD readings for each time 

tested were measured in a Multiskan reader at 405 nm; the yeast growth conditions and growth 

curve construction are described under Materials and Methods. Strains, assays, and analyses are 

the same as those for Figure 1. 
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