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ABSTRACT

Bullfrog production is an important source of protein and by-products obtained from the cultivation of different
frog species, including the bullfrog (Lithobates catesbeianus). However, the species is considered invasive, so its
ecological role is of high impact with respect to the pathogens present in the crop. Therefore, the objective of the
present study was to report the occurrence of microorganisms of health importance in farmed frogs from the State
of Hidalgo. 16 samples were processed by conventional methods for the isolation of Mucor spp. and Aeromonas
spp.. The samples showed the presence of Mucor spp. with a 25% [IC 95% 24.78-25.21%] of prevalence, fungi
were isolated from ulcerative skin lesions in the 4 Mucor spp. positive frogs., while 75% [IC 95% 74.78-75.21%)]
for Aeromonas spp. isolates were obtained as an opportunistic secondary infection. The findings indicate a
concomitant infection of pathogens affecting the L. catesbeianus population that have human pathogenic potential.
Therefore, it’s monitoring and management throughout the production chain is imperative to obtain quality and
safe products.
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Introduction

INTRODUCTION:

Bullfrog production is a type of aquaculture based on the production of species of the family Ranidae. Among
them, the bullfrog or Lithobates catesbeianus stands out as the most relevant worldwide. Nearly 40 countries
participate in the production of this spice, including Mexico, which occupies the 5th place in world production
(Garcia Ayala et al., 2020). L. catesbeianus is an excellent organism for production due to biological attributes
such as muscle mass development and short production times ranging from three to four months to reach
commercial size. It is also important to highlight the obtaining of by-products from its skin, liver and intestines
(Borges et al., 2012; Montel Mendoza et al., 2012). In Mexico, its production is supported by a cultivation area of
60 hectares corresponding to 35 registered farms, which produce L. catesbeianus in systems ranging from
extensive in water reservoirs to intensive using pond systems (Islas-ojeda et al., 2021). Unfortunately, L.
catesbeianus is considered an exotic species in Mexico with a high invasive potential, which indicates that the
species plays an important ecological role (Garcia Ayala et al., 2020; Ibafiez et al., 2011). In this situation, the
diseases carried by these frogs are highly relevant for both aquaculture and human health (Urbina et al., 2018).
In aquaculture health, the production of amphibians such as L. catesbeianus is of particular interest in the
monitoring of Ranavirus and the fungi Batrachochytrium dendrobatidis and B. salamandrivorans (DOF, 2018).
Of these pathogens, L. catesbeianus and B. dendrobatidis are the most prevalent and have been previously
described as an infection that generates important economic losses in the sector (Gervasi et al., 2013; Urbina et
al., 2018). Likewise, Achlya spp. infection has been reported in L. catesbeianus (Ruthig & Provost-Javier, 2012).
Although in general the most common fungal infections in amphibians are fungal dermatopathies caused by
Basidiobolus ranarum, Mucor spp., Fusarium spp. and aquatic molds such as Saprolegenia spp. (Pessier &
Mendelson, 2017). Among these, mucormycosis is a fungal infection of low host specificity, it has been reported
in wild anurans (Berger & Speare, 1997), in platypuses (Connolly, 2015), and even in humans, where genera such
as Rhizopus spp., Lichtheimia spp. and Mucor spp., re causative agents of mucormycosis, mainly in
immunocompromised patients (Alqarihi et al., 2023). On the other hand, it should be noted that fungal diseases
in bullfrogs can give rise to secondary opportunistic infections, including bacterial infections (Paetow et al., 2013),
In addition, the bullfrog has been reported as an important reservoir of bacteria of public health importance, where
species of Aeromonas spp. stand out with the occurrence of 4. media, A. veronii, A. caviae and A. hydrophila
(Zepeda-Velazquez et al., 2023). This bacterial genus has been reported as an important pathogen in the culture
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of aquaculture organisms, for example, in cichlid fish such as Oreochromis spp. (Sherif & Kassab, 2023), in the
cultivation of crustaceans such as Litopenaeus vannamei (Zhou et al., 2019), and of course in frog farming where
it acts as a causal agent of red leg disease (Rigney et al., 1978) disease that has also been reported in species such
as Aquarana catesbeiana, Rana dybowskkii and Rana catesbeiana causing ulcerative skin lesions and important
economic losses in aquaculture production (Lin et al., 2024; Wei et al., 2023; Zhao et al., 2024). Aeromonas spp.
is a bacterial genus that also causes gastrointestinal diseases in human populations, in addition to wound and soft
tissue infections and even the development of septicemia (Pessoa et al., 2022). The microorganisms associated
with frog farming, together with the invasive potential of the species (L. catesbeianus), denote the importance of
implementing improvements in the production systems, as well as the continuous monitoring of the sanitary status
of the organisms (Urbina et al., 2018). Therefore, the objective of this study is to report pathogens of sanitary and
public health interest associated with the culture of L. catesbeianus, in order to improve the sanitary management
of this species of high relevance in aquaculture.

Materials and methods

Study area

The study was conducted in the production of bullfrogs, the samples were provided by a farm located in the
municipality of Tezontepec de Aldama, Hidalgo (Figure 1), It is a municipality with a long tradition in aquaculture
production, which can be sustained by the availability of water resources, and where mainly cyprinids are
produced (Ibafiez et al., 2011; Ponce-Palafox et al., 2010). The municipality has an average temperature of 15-
17°C, an annual rainfall of 500 to 600 mm and a semi-dry temperate climate, while its hydrography corresponds
to the Panuco hydrological basin (Instituto Nacional de Estadistica y Geografia (INEGI), 2010).
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Figure 1. The upper map on the left indicates the position of the State of Hidalgo, corresponding to the center of
Mexico. In the enlargement, the municipality of Tezontepec de Aldama is seen in green and with the red arrow,
the sampling point in the town of Mangas.
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Sample collection

Sixteen specimens of bullfrogs (L. catebeianus) were provided for diagnosis, where the inclusion criterion was
through the identification of specimens that presented lesions, the frogs came from a fattening production lot
where there were 390 specimens in adult stage with a commercial weight between 300-500 g. The specimens
provided were deposited in beds of moist sawdust at room temperature (252 °C), to avoid physical damage
during transport, the frogs were transferred for processing to the Genetics and Genomics Research Laboratory of
the Institute of Agricultural Sciences-UAEH.

Euthanasia and necropsy of organisms

The organisms were slaughtered according to the specifications of the current and applicable regulations in
Mexico in accordance with NOM-033-SAG/Z00-2014 (DOF, 2015), where it is specified that euthanasia in
amphibians is applied by injecting an overdose (360 mg/mL) of pentobarbital for intracoelomic route.
Subsequently, the necropsy of the specimens was developed, with the external visual inspection followed by
dissection, the organisms were placed in dorsal decubitus, and the review of muscle tissue was reviewed by cutting
with a scalpel from the jaw to the groin. Subsequently, a cut was made through the linea alba for visualization and
revision of internal organs such as liver, spleen, lungs, digestive system and kidney (Pessier & Mendelson, 2017).
Determination of the fungus Mucor spp.

From each of the 16 frogs, 4 fragments of skin associated with lesions suggestive of fungal infection by Mucor
spp. were aseptically dissected. The fragments were placed and incubated in TSA agar (Trypticasein Soy Agar)
added with 300 ppm of Chloramphenicol, at 28°C for 7 days (Christenson et al., 2018), 3 mm? of fungus were
then taken from the samples that showed growth and transferred to boxes with Sabouraud agar for incubation at
28°C for 7 days, identification was developed by macroscopic and microscopic evaluation where the isolated
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fungus was processed by staining with lactophenol blue for observation by brightfield microscopy (Al-Ameri &
Agar-Nasser, 2023; Raposo et al., 2023).
Aeromonas spp. determination

For isolation of Aeromonas spp. swab samples were seeded on TSA agar at 25°C for 24 hours. The selected
colonies presented size between 4-6 mm and creamy consistency, these colonies were transferred to the selective
medium ADA (Ampicillin Dextrin Agar) where the inoculated plates were incubated at 25°C for 24 hours.
Subsequently, colonies with morphology suggestive of Aeromonas spp. were identified, which are yellow in color,
due to their ability to ferment dextrin (Zepeda-Velazquez et al., 2023).

Results

During external inspection, lesions were found in bullfrogs (Lithobates catesbeianus) (Figure 2 and 3). Mainly
reddening of the skin was identified, mostly ulcers were found on hind haunches. However, some of these had
already healed.

1 - . i
Figure 2. Change of skin color. a. Bright red skin on the lateral portion suggesting active hyperemia. b. Hind
limbs appear enlarged and bright red in color suggesting edema and active hyperemia. c. Skin of the ventral area
and presents bright red color change due to acute inflammation.
Characterization of Mucor spp. in frog samples

The fungus Mucor spp. was isolated from lesions present in 4 of 16 bullfrogs sampled, with a prevalence of 25%
[1C 95% 24.78-25.21%]. The total number of positive samples corresponded to asylum recovered from skin ulcers,
where it was also observed that 100% of the frogs with Mucor spp. were positive for Aeromonas spp. (Table 1),
denoting the presence of both microorganisms in 25% [IC 95% 24.78-25.21%] of the bullfrogs under analysis.
Table 1. Characteristics of infection by Mucor spp. in the frog samples, as well as the association with
Aeromonas spp.

Frog sample Anatomical Mucor spp. Mucor spp. and Aeromonas spp.
ubiquity

RN-9 Skin ulcer + +/+

RN-10 Skin ulcer + +/+

RN-11 Skin ulcer + +/+

RN-16 Skin ulcer + +/+
Total 4/16 4/16
Prevalence 25% [IC 95% 24.78-25.21%] 25% [IC 95% 24.78-25.21%]

Positive samples for Mucor spp. showed the growth of the fungus by the development of a whitish cottony
mycelium. The stained samples showed structures of the fungus (Figure 3), where it was possible to recognize the
presence of hyphae and reproductive structures such as sporangiophores where hyphae and sporangia, spherical
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Figure 3. Mucor spp. identification; In a we see Spo.= Globose sporangium, Op. Spo.= Opening of the
sporangial wall. In is observed Spo. rea.= release of spores and Spor.= spores. The structures are indicated with
the black arrows.

The four bullfrogs tested positive for the presence of Mucor spp. presented lesions (Figure 4) focused in the region
of the hind limbs, in general the frogs presented edema and active hyperemia associated with the lesions. On
anatomical inspection, skin ulcerations were observed (Figure 4 a, ¢, d and f) at the level of the phalanges and the
humero-tibiofibular joint. Nodular formations were also observed (Figure 4 b and e), in tarsal and carpal regions.
Ulcerative dermatitis was observed in chronic condition, where organisms presented different levels of ulcer

healing.

Figure 4. Lesions in L. catesbeianus related to Mucor spp.. The signology is indicated with yellow marks; In a,
severe acute ulcerative dermatitis is observed in forelimb phalanx. In b, acute nodulation is observed in tarsi
area. In c, focal acute ulcerative dermatitis is observed in phalanges folds. In d ulcerative dermatitis in forelimb
phalanges. In e chronic nodular lesions in carpus and in f severe ulcerative dermatitis in humero-tibiofibular
joint.

3.2. Aeromonas spp. determination in frog samples
Bullfrog samples evidenced a prevalence of 75% [95% CI 74.78-75.21%] for Aeromonas spp. where 12 of 16
frogs were positive, the recovery of isolates was associated with ulcerative lesions in 6 (50%) frogs tested,
evidencing its presence as an opportunistic secondary infection. However, 6 frogs (50%) showed Aeromonas spp.
from sampling of internal organs such as intestines, kidney and liver, the findings are suggestive of the
development of infection at the systemic level.

Table 2.- Recovery of Aromonas spp. In the frog samples, the anatomical regions related to this pathogen are

listed.
Frog sample Anatomical ubiquity of isolate Aeromonas spp.
RN-1 Paw injury +
RN-2 Intestine +
RN-3 Kidney +
RN-4 Intestine +
RN-6 Paw ulcer +
RN-7 Paw ulcer +
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RN-9 Skin ulcer and intestine +
RN-10 Skin ulcer and liver +
RN-11 Intestine and liver +
RN-12 Haunch injury and liver +
RN-13 Skin ulcer +
RN-16 Skin ulcer +
Total 12/16
Prevalence 75% [IC 95% 74.78-
75.21%|]
DISCUSSION

The report of outbreaks of Mucor spp. in frog populations is scarce in the specialized literature, although it has
been reported as an etiological agent of mucormycosis in amphibians (Pessier & Mendelson, 2017). The
prevalence observed in L. catesbeianus was 25%. Greater than that reported for Mucor amphibiorum in the toad
Bufo marinus, which from a sample of 3,518 organisms recorded a prevalence of 0.71% (Speare et al., 1994). In
contrast, this pathogen has also been reported in frogs from the Perth Zoo in Australia, where frogs of the species
Litoria adelensis and Litoria infrafrenata, presented necrotizing skin affections and mortality of up to 80% caused
by M. amphibiorum (Creeper et al., 1998), The genus Mucor has reports in frog species such as Litoria caeruela
in Queensland, Australia (Berger & Speare, 1997) and a few reports of affection in wild platypus (Ornithorhynchus
anatinus) (Connolly, 2015; Obendorf et al., 1993), denoting that Mucor spp, and in particular the species M.
amphibiorum is a pathogen of low host specificity and that they can affect in a wide range of prevalence, in this
scenario pathogens infecting more than one host becomes relevant in their transmission and affection among
ecological communities (Ruthig & Provost-Javier, 2012). Mucor spp. is a pathogen that is found as yeast in the
form of “spherules” when skin infection develops in frogs, while hyphae development occurs in culture medium
or in the environment when favorable conditions are present, so its culture allows the identification of the fungus
(Connolly, 2015). The fungi recovered and isolated in this work, presented a rapid growth with development of
whitish mycelium and the recognition of sporangiophores and sporangia. It has been reported that Mucor spp. is
recognized by the presence of sporangia in globose sporangiophores that can be observed singly or in branched,
these sporangia have a thin wall that breaks irregularly to release round or ellipsoidal sporangiospores when the
fungus matures (Iglesias-Osores & Rodriguez-Perla, 2020). Organisms exhibiting infection denote lethargic
behavior, poor body condition (Berger & Speare, 1997). The skin lesions present “spherules” corresponding to
Mucor spp., the signology described as granulomas in different tissues, including liver, kidney, bladder, lung and
skin. (Berger & Speare, 1997; Connolly, 2015; Speare et al., 1994), as well as the development of ulcerative skin
lesions (Obendorf et al., 1993), concordant lesions as observed with the specimens of L. catesbeianus that were
analyzed in this work. It should be noted that the genus Mucor is a causal agent of infections in humans, however,
it receives little attention in its follow-up due to its low prevalence worldwide, although it has a high mortality
rate when it occurs, which ranges between 40 and 100% (Canovas-Marquez et al., 2023). Rhino-orbito-cerebral,
disseminated pulmonary, cutaneous or gastrointestinal symptoms occur in the presence of infection.
Immunocompromised patients with comorbidities such as diabetes and recently COVID-19 may exacerbate the
symptoms of the infection or give way to mucormycosis as a secondary opportunistic infection (Hamaamin
Hussen et al., 2022; Prabhu & Patel, 2004). On the other hand, fungal infections in aquatic organisms have been
related to bacterial infections, where Aeromonas spp. has been reported as a bacterium that can cause secondary
infections in weak populations with other infections (Kusdarwati et al., 2017). The presence of 4. hydrophila, can
develop acute, subacute, chronic or latent infection, in contrast to the lesions in the frogs analyzed in this work,
suggesting a chronic type of infection, which presents ulcerative lesions at the skin level (Kusdarwati et al., 2017).
In the present study, 100% (4) of bullfrogs that presented Mucor spp. were positive for Aeromonas spp. and
showed ulcerative lesions, although this bacterium could also be isolated in up to 75% of the organisms analyzed.
In Mexico there is a report of dermatosepticemia caused by Aeromona hydrophila isolated from skin, mouth, liver
and kidney (Ortega Santana et al., 2024) in wild leopard frogs (Rana pipiens), infection that reflects erythema,
hemorrhage and erosion in different anatomical regions at the cutaneous level (Ortega Santana et al., 2024).
Likewise Aeromonas spp. has been related to health events in production frogs, Pelophylax ridibundus was
reported with red leg syndrome related to Aeromona veronii infection in adults, while mortality related to A.
hydrophila was identified in the production ova, both cases in Saudi Arabia (Khalifa et al., 2021; Khalifa &
Bekhet, 2018). On the other hand, cultured Rana temporaria reported infection by Aeromonas salmonicida and A.
sobria, with a mortality of 40% in Italy (Pastorino et al., 2023). In addition, Aeromonas veronni isolates have been
recovered in bullfrog (L. catesbeianus) culture from frogs that presented red leg disease and abdominal distension.
Among the isolates, the presence of virulence genes and resistance to vancomycin, sulfamethoxazole-
trimethoprim (SMZ-TPM), lincomycin, penicillin and ampicillin was reported, indicating problems of bacterial
resistance in the culture of L. catesbeianus. (Lin et al., 2024). In this study, bacteria of the genus Aeromonas were
identified, which have a potential pathogenic potential for humans. Outbreaks are associated with the consumption
of contaminated food such as fish (Cortes-Sanchez et al., 2019), so the consumption of this product can be a risk
factor. It can cause gastrointestinal diseases, in addition to wound and soft tissue infections and even the
development of septicemia, so its relevance in public health is evident (Pessoa et al., 2022). However, previous
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reports indicate that concomitant infections between fungi and bacteria, can exacerbate health outbreaks in aquatic
organisms and generate significant economic losses (Dincturk et al., 2018; Kusdarwati et al., 2017; Yardimc1 &
Turgay, 2021). In addition, it should be noted that in bullfrogs, it is difficult to clarify the cases of mortality, so
resorting to a multidisciplinary approach can help prevent health events, therefore the care of water quality,
monitoring of cyanotoxins and microbiological loads are necessary to safeguard the health of the organisms,
throughout the aquaculture production.

CONCLUSION

Bullfrog (L. catesbeianus) farming in the State of Hidalgo is an emerging aquaculture activity that is susceptible
to infections by opportunistic pathogens, which impact the health status of cultured populations, and even other
populations such as wild populations due to the high invasive potential of this species. The presence of Mucor
spp. denotes the development of ulcerative lesions and skin nodules in the organisms analyzed, which
compromises adequate production. However, the presence of Aeromonas spp. is evidence that this bacterium is
naturally found in the cutaneous microbiome of the bullfrog, however, it was also identified as an opportunistic
infection in all the frogs that presented ulcerative lesions positive for Mucor spp. Both microorganisms also have
a pathogenic potential for human populations, so it is important to continue monitoring these microorganisms
present in the bullfrog (L. catesbeianus) culture, in addition to implementing good animal husbandry practices in
the production of this species in order to reduce the risks associated with the occurrence and spread of Mucor spp.
and Aeromonas spp, in order to obtain quality and safe products.
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