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Resumen.— La quitridiomicosis, causada por los hongos Batrachochytrium dendrobatidis (Bd) y B. salamandrivorans (Bsal), es una
enfermedad infecciosa relacionada con la muerte masiva de anfibios en todo el mundo. En este estudio, se analizaron cuatro
individuos muertos y moribundos de Ambystoma altamirani y Lithobates montezumae para detectar la presencia de Bd y Bsal. Mediante
el uso de PCR en tiempo real (qPCR) e histopatologia, se detectd la presencia de Bd y la ausencia de Bsal en todos los individuos
analizados. Estos resultados indican que la quitridiomicosis puede representar una amenaza para estas especies, y sugieren la
urgencia de realizar futuros estudios que evaltien la infeccién por Bd en las poblaciones de A. altamirani'y L. montezumae.

Palabras clave.— Quitridiomicosis, anfibios, declives, enfermedades infecciosas.

Abstract.— Chytridiomycosis, caused by the fungus Batrachochytrium dendrobatidis (Bd) and B. salamandrivorans (Bsal), is an infectious
disease of amphibians linked to mass amphibian die-offs worldwide. In this study, we sampled four dead and dying individuals of
Ambystoma altamirani and Lithobates montezumae to detect the presence of Bd and Bsal. By real-time PCR (qPCR) and histopathology
methods, we found the presence of Bd and the absence of Bsal in all individuals sampled. Our study indicates that chytridiomycosis
may act as a threat for these species and highlight that future surveys are urgently needed to evaluate the Bd infection on populations
of A. altamirani and L. montezumae.

Keywords.— Chytridiomycosis, amphibians, declines, infectious disease.

Chytridiomycosis is cataloged as the worst infectious disease  salamandrivorans (Bsal). Chytridiomycosis causes hyperkeratosis
in vertebrates due to the great extent of affected species and and hyperplasia, which can cause death and even catastrophic
the mass amphibian die-offs caused worldwide over the last declines in susceptible species’ populations (Voyles et al.,
century (Gascon et al., 2007). The disease is caused by two 2009; Martel et al., 2013). In Mexico, Bd has been found in 83
fungal pathogens, Batrachochytrium dendrobatidis (Bd) and B. amphibian species (Basanta et al., 2019; Bolom-Huet et al.,

REVISTA LATINOAMERICANA DE HERPETOLOGIA Vol.04 No.0T/ Mayo 2021 -173 -



99°40' W

19°40'N

Localities

19°20'N

4945
555

Basanta et al.-Batrachochytrium dendrobatidis in dead amphibians of Mexico

99:20' W

19°40'N

@Villa del Carbon
. ASan Miguel Tecpan

Elevation (m. a. s. l.)

19°20'N

0 5 10
. <

99°40' W

99°20' W

Figura 1. Mapa de las localidades Villa del Carbon y San Miguel Tecpan donde fueran encontradas los individuos maribundos o muertos de A. altamiraniy L. montezumae infectados por Bd.
Figure 1. Map of the localities Villa del Carbén and San Miguel Tecpan where individuals of A. altamirani and L. montezumae were found moribund or dead, and infected by Bd.

2019; Herndndez-Martinez et al., 2019), while the Bsal has not
been detected yet in the country (Olivares-Miranda et al., 2020;
Waddle et al., 2020).

Between January-July 2019 (winter and summer seasons)
we found two dead and one dying individuals of Ambystoma
altamirani, and one dead individual of Lithobates montezumae in
the municipalities of Villa del Carbén, and Jilotzingo (at San
Miguel Tecpan locality), Estado de México, all located in the
northern part of Sierra de las Cruces in Central Mexico (Fig. 1). All
specimens were found without obvious external causes of death
or damage (e.g., predation or injury), and the dying individual
showed chytridiomycosis signs such as lack of reflexes, stiftness,
and extreme skin shedding (Fig. 2). The specimens of A.
altamirani (N = 3) and L. montezumae (N = 1) were swabbed with
a synthetic cotton swab following the protocol by Hyatt et al.
(2007). All the individuals were fixed and stored in neutral 10%
formalin. In the laboratory, DNA extraction from swab samples
was performed using Prepman or Qiagen Blood and Tissue Kit
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DNA extraction (Table 1). Then, samples were assayed using real-
time TagMan PCR assays according to Boyle et al. (2004) and
Martel et al. (2013) to detect Bd and Bsal presence, respectively.
Each sample was run in duplicate with a negative control (5 uL
sterile water) and four standards of DNA Gblocks (1, 100, 1000,
and 10000 genome equivalents, GE) for separate assays of Bd
and Bsal.

Multiple skin samples from fixed individuals were obtained
for histological examination according to Berger et al. (1999).
Briefly, skin samples were dehydrated in ethanol of increasing
gradation, from 40% to 100%, clearing with xylene, and
embedded in paraffin using a Tissue Embedding Center-Tissue-
Tek®. Microtomy with disposable blades was carried out in a
microtome Leica RM2125RT to obtain 4-6 um thick sections
which were stained with hematoxylin and eosin (Berger et al.,
1999) or Schiff periodic acid histochemistry (PAS) and analyzed
with an Olympus BX50 microscope equipped with a Lumenera
digital camera and Infinity Analyze 6.3.0 software. The search
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Figura 2. Individuos de Ambystoma altamirani infectados por Bd. A) individuo moribundo con desprendimiento de piel extremo, B) individuo muerto, C) piel con zoosporangios de Bd, D)

fragmento de exfoliacion epidérmica con zoosporangio incrustado. Dermis (d), epidermis (e), nicleo de una célula epitelial (n), zoosporangio (flechas), exfoliacion epidérmica (**). Fotos de Eria
A. Rebollar (A), Oscar L. Chavez (B), y microfotografias de Omar Betancourt y Armando Pérez-Torres (C-D).

Figure 2. Individuals of Ambystoma altamirani infected by Bd. A) dying individual with extreme skin shedding, B) dead individual, C) skin with Bd zoosporangia, D) fragment of epidermal
exfoliation with an embedded zoosporangium. Dermis (d), epidermis (e), nucleus of an epithelial cell (n), zoosporangia (arrows), epidermal exfoliation (**). Photographs by Eria A. Rebollar (A),

Oscar L. Chavez (B), and photomicrographs by Omar Betancourt and Armando Pérez-Torres (C-D).

for Bd zoosporangia was carried out at a total magnification of
400X. All specimens were deposited in the Coleccién Nacional
de Anfibios y Reptiles, Instituto de Biologia, UNAM (IBH).

The analyses of qPCR showed Bd presence and Bsal absence
in all swab samples of A. altamirani and L. montezumae (Table 1).
Dead individuals showed lower Bd infection loads than the dying
individual (Table 1). Histopathology of skin showed evidence
of fungal infection in all A. altamirani individuals. Spherical
and ovoid zoosporangia, empty or containing zoospores, were
identified in the superficial and partially detached keratinized
cell layers of the epidermis (Fig. 2) with irregular thickening of
the epidermis due to hyperplasia. The infected areas included
zoosporangia ranging from 5 pm to 10 um in diameter, mild to
moderate hyperkeratosis, and areas of focal erosion adjacent
to the infection. These observations agree with Bd infection
as described by Berger et al. (1999). Skin histopathology of L.
montezumae skin showed diffuse epidermal detachment related
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to postmortem changes, so the search for fungal infection was
not feasible.

Our finding constitutes the first record of Bd in dead or
dying amphibians of Central Mexico. The presence of dead
and moribund specimens on different occasions and seasons
of the year of A. altamirani suggests that these species could be
susceptible to Bd infection. The low Bd infection load found in
dead individuals may have been due to DNA degradation as a
cause of the deteriorating state of the specimen, while the high
infection load found in the two dying individual suggests that
Bd may be one of its causes of death. Ambystoma altamirani and
L. montezumae are threatened and endemic species of Mexico.
The axolotl A. altamirani has a restricted distribution in Central
Mexico, considered “Endangered” by the IUCN (IUCN, 2020a)
and identified as “Threatened” by the Mexican law (NOM-059;
SEMARNAT 2015). Meanwhile, the frog L. montezumae has a wide
distribution in Central Mexico and it is considered a species
of “Least Concern” by the IUCN (IUCN, 2020b) and subject to
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Tabla 1. Individuos analizados para la deteccion de Bd y Bsal y depositados en la Coleccion Nacional de Anfibios y Reptiles, Instituto de Biologia, UNAM (IBH).
Table 1. Individuals sampled for Bd and Bsal detection and deposited in the Coleccion Nacional de Anfibios y Reptiles, Instituto de Biologia, UNAM (IBH).

Species Individual  Collection Locality Extraction Hlsto!ogl?al Bdload GF  Bsal load GE Voucher
status date method examination number
Ambystoma January Villa del Not Presence of Not Not
altamirani Dead 2019 Carbon evaluated zoosporangia evaluated evaluated IBH3258
Ambystoma Dead aprigog VA del Prepman HIEHEIEE 14 0 IBH32584
altamirani Carbon zoosporangia
Ambystoma Moribund  July20ig  San Miguel o e Presence of 337927 0 IBH32585
altamirani Tecpan zoosporangia
s Dead IR e q8| Prepman Not evaluated 329.4 0 IBH32582
montezumae 2019 Carbon
“Special Protection” by Mexican law (NOM-059; SEMARNAT, CITED LITERATURE

2015). The main threats to both species are habitat loss, pollution
of the streams where these species are distributed, and the
presence of invasive fish species (Lemos-Espinal et al., 1999).
Our study indicates that chytridiomycosis is an additional threat
for these native species from Central Mexico. Previous studies of
Bd detection on wild Ambystoma and Lithobates species in Mexico
have found medium to high Bd prevalence, but without any dead
individuals or those with signs of the disease chytridiomycosis
(Frias-Alvarez et al., 2008; Garcia-Feria et al., 2017; Peralta-
Garcia et al., 2018; Basanta et al., 2019).

Based on our results, future surveys are urgently needed to
evaluate the prevalence and infection intensity in populations
of A. altamirani and L. montezumae across their respective
distributions, so that proper conservation strategies can be
implemented for these species.

Acknowledgments.- MDB thanks the Posgrado en Ciencias
Bioldgicas program, Universidad Nacional Auténoma de
México, and CONACyT for a scholarship grant (CVU/Becario:
509293/288791). We thank M. Garcia-Castillo for constructive
comments regarding the manuscript, Luis Zarate for the field
assistance,and Omar Hernindez-Ordoéiiez for the help provided.

This research was supported by grants from the Programa
de Apoyo a Proyectos de Investigacién e Innovacién Tecnoldgica
(PAPIIT-UNAM)IN203617to GPOand IA201419to EAR. Collection
permits were provided by the Secretaria del Medio Ambiente
y Recursos Naturales (SEMARNAT) SGPA/DGVS/003513/18,
SGPA/DGVS/1496/19.

REVISTA LATINOAMERICANA DE HERPETOLOGIA Vol.04 No.0T/ Mayo 2021

Basanta, M.D., R.A. Calzada-Arciniega, G. Jiménez-Veldzquez, S.F.
Arias-Balderas, A.A. Ibarra-Reyes, G. Medina-Rangel, I. Suazo-
Ortufio, L.M. Ochoa-Ochoa & G. Parra-Olea. 2019. Detection
of Batrachochytrium dendrobatidis in threatened endemic mole
salamanders (Ambystoma) in Mexico. Herpetological Review
50:493-495

Berger, L., R. Speare & A. Kent. 1999. Diagnosis of chytridiomycosis
in amphibians by histologic examination. Zoos Print Journal
15:184-190.

Bolom-Huet, R., E. Pineda, F. Diaz-Fleischer, A.L. Mufioz-Alonso &
J. Galindo-Gonzalez. 2019. Known and estimated distribution in
Mexico of Batrachochytrium dendrobatidis, a pathogenic fungus of
amphibians. Biotropica 51:731-746.

Boyle, D.G., D.B. Boyle, V. Olsen, J.AT. Morgan & A.D. Hyatt.
2004.
(Batrachochytrium dendrobatidis) in amphibian samples using real-

Rapid quantitative detection of chytridiomycosis

time Tagman PCR assay. Diseases of Aquatic Organisms 60:141-
148.

Frias-Alvarez, P., V.T. Vredenburg, M. Familiar-Lépez, ].E. Longcore,
E. Gonzélez-Bernal, G. Santos-Barrera, L. Zambrano & G. Parra-
Olea. 2008. Chytridiomycosis survey in wild and captive Mexican
amphibians. EcoHealth 5:18-26.

Garcia-Feria, L.M., D.M. Brousset Hernindez-Jauregui, DJV.
Bravo & R.A. Cervantes Olivares. 2017. El comercio de anfibios



y la presencia de Batrachochytrium dendrobatidis en vida libre:
sdispersion en circulo vicioso?. Neotropical Biology and
Conservation 12:30-36.

Gascon, C., J.P. Collins, R.D. Moore, D.R. Church, J.E. McKay & J.R.
Mendelson I1I. 2007. Amphibian conservation action plan. Gland
(Switzerland): IUCN/SSC Amphibian Specialist Group.

Hernandez-Martinez, L.A., U. Romero-Méndez, J.L. Gonzilez-
Barrios & A. Amézquita-Torres. 2019. Nuevos registros y
prevalencia de Batrachochytrium dendrobatidis en anuros de la
cuenca Nazas-Aguanaval en la regién norte-centro de México.
Revista Mexicana de Biodiversidad 90:1-9.

Hyatt, A.D., A.H.D. Boyle, V. Olsen, D.B. Boyle, L. Berger, D.
Obendorf, A. Dalton, K. Kriger, M. Hero, H. Hines, R. Phillott,
R. Campbell, G. Marantelli, F. Gleason & A. Colling. 2007.
Diagnostic assays and sampling protocols for the detection of
Batrachochytrium dendrobatidis. Diseases of Aquatic Organisms
73:175-192..

IUCN SSC Amphibian Specialist Group. 2020a. Ambystoma
altamirani. The IUCN Red List of Threatened Species 2020:
€.T59049A53973139. https://dx.doi.org/10.2305/ITUCN.UK.2020-
3.RLTS.T59049A53973139.en. Accessed January 2021.

IUCN SSC Amphibian Specialist Group. 2020b. Lithobates
montezumae. The IUCN Red List of Threatened Species 2020:
e.T58671A53971117. https://dx.doi.org/10.2305/IUCN.UK.2020-2.
RLTS.T58671A53971117.en. Accessed November 2020.

Lemos-Espinal, J.A., G.R. Smith, R.E. Ballinger & A. Ramirez-
Bautista. 1999. Status of protected endemic salamanders
(Ambystoma: Ambystomatidae: Caudata) in the Transvolcanic Belt
of México. Bulletin-British Herpetological Society 68:1-4.

Martel, A., A. Spitzen-van der Sluijs, M. Blooi, W. Bert, R. Ducatelle,
M.C. Fisher, A. Woeltjes, W. Bosman, K. Chiers, F. Bossuyt & F.
Pasmans. 2013. Batrachochytrium salamandrivorans sp. nov. causes
lethal chytridiomycosis in amphibians. Proceedings of the
National Academy of Sciences 110:15325-15329.

REVISTA LATINOAMERICANA DE HERPETOLOGIA Vol.04 No.0T/ Mayo 2021

Basanta et al.-Batrachochytrium dendrobatidis in dead amphibians of Mexico

Olivares-Miranda, M., V.T. Vredenburg, J.C. Garcia-Sinchez, A.Q.
Byrne, E.B. Rosenblum & S.M. Rovito. 2020. Fungal infection,
decline and persistence in the only obligate troglodytic
Neotropical salamander. Peer] 8:€9763.

Peralta-Garcia, A., A.]. Adams, C.J. Briggs, P. Galina-Tessaro, J.H.
Valdez-Villavicencio, B.D. Hollingsworth, H.B. Shaffer & R.N.
Fisher. 2018. Occurrence of Batrachochytrium dendrobatidis in
anurans of the Mediterranean region of Baja California, México.
Diseases of Aquatic Organisms 127:193-200.

SEMARNAT. 2015. Proyecto de modificacién del Anexo Normativo
111, Lista de Especies en Riesgo de la Norma Oficial Mexicana
NOM-059-SEMARNAT-2010: Proteccién ambiental-Especies
nativas de México de flora y fauna silvestres-Categorias
de riesgo y especificaciones para su inclusién, exclusién
o cambio-Lista de especies en riesgo. Diario Oficial de
la Federacién, Secretaria de Medio Ambiente y Recursos
Naturales. Electronic Database: http://dof.gob.mx/nota_detalle.
php?codigo=5420810&fecha=21/12/2015 Accessed October 2020.

Shaffer, H.B., G. Parra-Olea, D. Wake & O. Flores-Villela. 2008.
Ambystoma altamirani. The IUCN Red List of Threatened
Species 2008: e.T59049A11875320. Electronic database: http://
dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T59049A11875320.en.
Accessed October 2020.

Voyles, J., S. Young, L. Berger, C. Campbell, W.F. Voyles, A. Dinudom,
D. Cook, R. Webb, R. A. Alford, L.F. Skerratt & R. Speare. 2009.
Pathogenesis of chytridiomycosis, a cause of catastrophic
amphibian declines. Science 326:582-585.

Waddle, J.H., D.A. Grear, B.A. Mosher, E.H.C. Grant, M.]. Adams,
A.R. Backlin, W.] Barichivich, A.B. Brand, G.M. Bucciarelli,
D.L. Calhoun, T. Chestnut, J.M. Davenport, A.E. Dietrich, R.N.
Fisher, B.M. Glorioso, B.]. Halstead, M.P. Hayes, R.K. Honeycutt,
B.R. Hossak, P.M. Kleeman, J.A. Lemos-Espinal, ].M. Lorch, B.
McCreary, E. Muths, C.A. Pearl], K.L. Richgels, C.W. Robinson,
M.E. Roth, J.C. Rowe, W. Sadinski, B.H. Sigafus, I. Stasiak, S.
Sweet, S.C. Walls, G.]. Watkins-Colwell, C.L White, L.A. Williams
& M.E. Winzeler. 2020. Batrachochytrium salamandrivorans (Bsal)
not detected in an intensive survey of wild North American
amphibians. Scientific reports 10:1-7.



