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Abstract.— Chytridiomycosis, caused by the fungi Batrachochytrium dendrobatidis (Bd) and Batrachochytrium salamandrivorans 
(Bsal), is one of the main causes of amphibian population declines worldwide. In this study, we analyzed the presence of Bd and 
Bsal in 16 species of amphibians from three localities in Mexico, including the pet market Emilio Carranza in Mexico City, and the 
localities Tenango de Doria, Hidalgo, and Cuetzalan, Puebla. Bsal was not detected in any sample, and the highest Bd prevalence and 
infection load were observed in the pet market reaching 60 % and a mean of 3.45x1012 Bd ITS copy numbers, respectively. In Tenango 
de Doria, Bd prevalence was 50 %, whereas Bd was not detected in Cuetzalan. These results highlight the potential risk of pathogen 
dispersion due to the amphibian trade, and the importance of continuous monitoring for amphibian conservation in Mexico.
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Resumen.— La quitridiomicosis, causada por los hongos Batrachochytrium dendrobatidis (Bd) y Batrachochytrium salamandrivorans 
(Bsal), es una de las principales causas de declives de anfibios a nivel mundial. En este estudio, se analizó la presencia de Bd y Bsal 
en 16 especies de anfibios de tres localidades de México, incluyendo el mercado de mascotas Emilio Carranza en Ciudad de México, 
y las localidades de Tenango de Doria, Hidalgo, y Cuetzalan, Puebla. Bsal no fue detectado en ninguna muestra. El mercado de 
mascotas presentó los valores más altos de infección por Bd con un 60 % de prevalencia y un promedio de 3.45x1012 copias de ITS Bd. 
Tenango de Doria presentó 50 % de prevalencia de Bd, mientras que en Cuetzalan Bd no fue detectado. Estos resultados resaltan el 
riesgo potencial de dispersión de patógenos por parte del comercio de anfibios, y la importancia del monitoreo continuo para la 
conservación de los anfibios en México.

Palabras clave.— Declives de anfibios,  enfermedades infecciosas, quitridiomicosis, patógenos fúngicos.
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Chytridiomycosis is one of the main causes of declines of 
amphibian populations worldwide (Scheele et al., 2019; 
Fisher & Garner, 2020). This infectious disease is caused by 
the fungal pathogens Batrachochytrium dendrobatidis (Bd) and 
Batrachochytrium salamandrivorans (Bsal) (Longcore et al., 
1999; Martel et al., 2013). To date, Bd has been identified in 103 
amphibian species of Mexico (López-Velázquez, 2018; Basanta et 

al., 2021), whereas Bsal has not yet been detected in the country 
(Basanta et al., 2022). Given the potential impact of Bd and Bsal on 
amphibian populations (Martel et al., 2014; Lambert et al., 2020; 
Gray et al., 2023), monitoring the presence of these pathogens 
is essential for guiding conservation strategies, assessing the 
risk to vulnerable species across diverse environments, and 
mitigating potential outbreaks.
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In this study, we explore the presence of Bd and Bsal in wild 
and captive amphibians from three sites in Mexico. We aim to 
contribute updated data on the current distribution of these 
pathogens and inform future monitoring, regulation, and 
conservation strategies. For this, we sampled individuals from 
three locations (Fig. 1): the pet market Emilio Carranza, Mexico 
City (19.4424° N, 99.11873° W; March 21, 2023), an established 
amphibian trade hub with previous reports of Bd infection 
(Galindo-Bustos et al., 2014); Tenango de Doria, Hidalgo 
(20.36584° N, 98.12297° W; February 8, 2023), a montane cloud 
forest with adjacent farmland; and Cuetzalan, Puebla (19.9906° 
N, 97.54121° W; December 6, 2023), a private protected area of 
mountain cloud forest. For salamanders, seven body regions 
(five ventral and two dorsal) were swabbed, while for frogs and 
toads, five body regions were swabbed in total (four ventral 
and one dorsal) (Van Rooij et al., 2011). In both cases, swabbing 
was performed with five strokes per region, and each limb was 

also swabbed. Amphibians were manipulated with vinyl sterile 
gloves. After sampling, individuals were returned to their 
habitats. DNA was extracted from the swabs using PrepMan® 
Ultra Sample Preparation Reagent (Applied Biosystems, Foster 
City, California) extraction kit and analyzed by qPCR assays 
according to Boyle et al. (2004) and Martel et al. (2013). For Bd 
infection load, we calculated the Bd ITS copy numbers according 
to Winzeler & Grear (2024).

A total of 31 individuals and 16 amphibian species with 
different conservation status (IUCN, 2024) were assessed across 
the three localities (Table 1): 20 captive individuals from the pet 
market, seven wild individuals from Tenango de Doria, Hidalgo, 
and four wild individuals from Cuetzalan, Puebla. We detected 
Bd in 14 out of 31 individuals examined, while Bsal was not 
detected in any sample (Table 1). None of the individuals showed 
signs of chytridiomycosis disease. We found 12 individuals in 

Figura 1. Localidades muestreadas para la detección de Batrachochytrium dendrobatidis y B. salamandrivorans en anfibios. El triángulo rojo representa el mercado de mascotas Emilio 
Carranza en la Ciudad de México, y los círculos indican poblaciones silvestres de anfibios: Tenango de Doria, Hidalgo (azul) y Cuetzalan, Puebla (verde).

Figure 1. Localities sampled for Batrachochytrium dendrobatidis and B. salamandrivorans detection in amphibians. The red triangle represents the Emilio Carranza pet market in Mexico 
City, and the circles indicate wild amphibian populations: Tenango de Doria, Hidalgo (blue) and Cuetzalan, Puebla (green).
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Locality Species Bd positives / 
Total analyzed IUCN Mean Bd ITS copy 

number (SD)

Pet Market, Mexico City  Hyla eximia 4/7 LC 3.45x1012 (4.30x1012)

 Rana montezumae 4/4 LC 14 684 (15 041)

 Rana berlandieri 1/1 LC 2316

 Dendropsophus ebraccatus 1/1 LC 23 486

 Agalychnis dacnicolor 0/2 LC 0

 Rheohyla miotympanum 0/1 LC 0

 Hyalinobatrachium viridissimum 0/1 LC 0

 Xenopus laevis 1/1 LC 4

 Rhinella horribilis 0/1 LC 0

 Ambystoma velasci 1/1 LC 23 959

Tenango de Doria, Hidalgo Charadrahyla taeniopus 2/2 VU 102 (125)

 Eleutherodactylus cystignathoides 0/1 LC 0

 Smilisca baudinii 0/1 LC 0

Cuetzalan, Puebla  Aquiloeurycea quetzalanensis 0/5 CR 0

 Chiropterotriton melipona 0/1 EN 0

 Bolitoglossa platydactyla 0/1 LC 0

Tabla 1. Localities and species sampled for Batrachochytrium dendrobatidis (Bd) and B. salamandrivorans (Bsal) presence in Mexico. All samples were negative for Bsal.
Table 1. Localidades y especies muestreadas para la detección de Batrachochytrium dendrobatidis (Bd) y B. salamandrivorans (Bsal) en México. Todas las muestras fueron negativas para 

Bsal.

the pet market with Bd presence, representing a Bd prevalence 
of 60 %. The species testing positive included: Ambystoma 
velasci, Dendropsophus ebraccatus, Hyla eximia, Rana berlandieri, R. 
montezumae, and Xenopus laevis. The highest Bd load was found in 
Hyla eximia (mean 3.45x1012 Bd ITS copies) (Table 1). In Tenango 
de Doria, of the four individuals analyzed, only two individuals 
of Charadrahyla taeniopus tested positive with a low Bd load (102.71 
Bd ITS copies), whereas Smilisca baudinii and Eleutherodactylus 
cystignathoides were negative. In Cuetzalan, all seven individuals 
examined were negative for Bd (Table 1), including individuals 
of Aquiloeurycea quetzalanensis, Chiropterotriton melipona, and 
Bolitoglossa platydactyla. 

Our results indicate a high Bd prevalence in amphibians 
sampled from the pet market Emilio Carranza, in which 60 % of 
the individuals tested positive. The high density of individuals 
in pet markets, combined with the constant interespecific 
interactions and stress associated with captivity may increase 
the risk of outbreaks (Chomel et al., 2007; Peterson et al., 
2013; Bates et al., 2019). Moreover, different Bd strains vary 

in pathogenicity and virulence, and amphibian species may 
exhibit diverse immune responses, which can influence their 
ability to clear infections (Berger et al., 2005; Fisher et al., 2009; 
Searle et al., 2011). Consistent with these factors, we observed 
that Bd infection loads varied among species, with H. eximia 
exhibiting the highest load, followed by A. velasci, D. ebraccatus, 
R. montezumae, R. berlandieri and X. laevis. These differences in 
Bd infection load may reflect species-specific susceptibility or 
differences in exposure (Searle et al., 2011). Xenopus laevis tested 
positive for Bd, although we only analyzed one individual. This 
species is known to be resistant to Bd infections and has been 
implicated as a potential carrier for the pathogen worldwide 
(Ramsey et al., 2010). In Mexico, populations have been 
documented mainly in Baja California, where they may have 
been introduced (Peralta-García et al., 2014). Because individuals 
found in the pet market may be locally bred or imported, they 
might carry Bd strains present in Mexico or introduce new 
strains with different virulence. This possibility underscores the 
importance of characterizing Bd strains across different sites 
to evaluate the risks posed by various pathogen variants and to 
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develop effective biosecurity measures in Mexico (Basanta et al., 
2021; Angeles-Vázquez et al., 2025).

Previous studies of Bd detection in pet markets from Mexico 
reported a 99 % (N = 89) Bd prevalence in H. eximia from the same 
market (Galindo-Bustos et al., 2014), and an overall prevalence of 
37 % (N = 59) across the Mercado Emilio Carranza and the Nuevo 
San Lázaro market (García-Feria et al., 2017). The recurrent 
detection of Bd highlights pet markets as persistent reservoirs 
and hotspots for pathogen amplification. The continuous 
introduction and close confinement of individuals from 
diverse species and geographic regions increase the pathogen 
persistence and transmission (Schloegel et al., 2009). Wild 
or exotic species entering the market may carry pathogens to 
natural habitats, spreading them to local and potential näive 
populations, and increasing the risk of outbreaks (Karesh et 
al., 2005; García-Feria et al., 2017). Importantly, as different Bd 
strains can vary in virulence and have differential impacts on 
amphibian hosts, the unintentional introduction of strains more 
harmful than those already circulating within a region could 
represent an additional threat to native species (Berger et al., 
2005; Fisher et al., 2009; O’Hanlon et al., 2018). Given the high 
prevalence at pet markets, it is essential to implement preventive 
measures within the amphibian trade. Regulatory efforts should 
align with international sanitary guidelines, such as those 
proposed by the World Organisation for Animal Health (WOAH, 
2019). These should include mandatory pathogen screening 
(e.g., qPCR testing for Bd and Bsal), quarantine protocols before 
commercialization, and the establishment of a certification 
system for pathogen-free status.

In contrast to the market, Tenango de Doria represents a 
montane cloud forest environment interspersed with areas of 
agricultural activity. Our findings showed 50 % of Bd prevalence, 
and although the sample size is small, this suggests that Bd is 
established in the area. The detection of Bd in individuals of C. 
taeniopus is particularly concerning, as this species is classified 
as Vulnerable (IUCN, 2024), and disease pressures could 
exacerbate its risk of decline.  Additionally, the potential role of 
C. taeniopus as a reservoir may have broader implications for the 
local amphibian community, increasing the risk of transmission 
to other species (Daszak et al., 2004; Rollins-Smith et al., 2005). 
Continuous and more extensive site monitoring is essential to 
implement appropriate conservation measures to protect this 
and other vulnerable species. 

Cuetzalan did not show any individuals with Bd infection, 
and this study provides the first analysis of Bd presence for 
the species A. quetzalanensis and C. melipona. Since all sampled 
individuals were salamanders, it remains uncertain whether 

this absence of Bd extends to frog species in the area. Although 
this site is a montane cloud forest similar to Tenango de Doria, 
it is dedicated to species conservation. The non-detection of Bd 
in this montane cloud forest suggests a lower risk of pathogen 
transmission. Ongoing monitoring will be crucial to ensure 
these populations remain protected and further understand the 
ecological factors contributing to the absence or low pathogen 
prevalence.

Finally, we did not detect Bsal in any of the amphibians sampled 
from the three locations. The non-detection of Bsal in both wild 
and captive individuals suggests that this pathogen has not yet 
arrived in these regions in Mexico, in agreement with a previous 
study (Basanta et al., 2022). Although Bsal was not detected, the 
continued monitoring of species in the area, especially those at 
higher risk, remains important. Given the potential for future 
outbreaks, particularly in salamanders (Martel et al., 2014; 
North American Bsal Task Force, 2022), conservation efforts 
must prioritize early detection and rapid response to any future 
introduction of the pathogen. Pet markets, which facilitate the 
movement of amphibians from diverse regions, represent a 
significant route for the potential introduction and spread of 
this pathogen (Chomel et al., 2007; Schloegel et al., 2009; Martel 
et al., 2013; O’Hanlon et al., 2018). Continued monitoring of 
amphibian populations, especially those at higher risk, remains 
crucial to preventing the spread of Bsal.
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