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ABSTRACT
An alarming number of global warnings concerning amphibian mortality outbreaks have been released in recent years. 
Emerging diseases stand out as the main potential causes. Ranavirus is a worldwide-spread highly infectious disease 
capable of affecting even other ectothermic animals such as fish and reptiles. One major issue regarding this pathology 
is the lack of clinical signs before it leads up to death. Aiming at having a better understanding of anurans susceptibility, 
this study analyzed bullfrog (Lithobates catesbeianus) survival rate, when challenged with three doses of a Brazilian 
strain of Frog Virus 3 (FV3). The qPCR analysis indicated a low infectivity rate in these animals both as larvae and as 
adults. To elucidate the results, the following hypothesis was performed: 1) The amount of inoculum used on the frogs 
was insufficient to trigger an infection; 2) For the FV3 to produce clinical signs in this species, there is the need for a 
cofactor; 3) The animals did undergo FV3 infection but recovered in the course of the experiment, and 4) The inoculum 
utilized might have been low-virulence. Finally, the presence of actual clinical signs of ranavirus is discussed, with the 
more likely hypothesis.
Keywords: Lithobates catesbeianus. Ranaviruses. Ranavirus. Iridovirus. Emergent disease, Amphibians

RESUMO
Um número alarmante de notificações globais sobre surtos de mortalidade de anfíbios tem sido realizado nos últimos 
anos. As doenças emergentes destacam-se como as principais causas potenciais. O ranavírus é uma doença altamente 
infecciosa disseminada em todo o mundo, capaz de afetar até outros animais ectotérmicos como peixes e répteis. 
Uma questão importante em relação a essa patologia é a falta de sinais clínicos antes de levar à morte. Com o objetivo 
de compreender melhor a suscetibilidade dos anuros, o presente trabalho analisou a taxa de sobrevivência de rãs-touro 
(Lithobates catesbeianus), desafiadas com três doses de uma estirpe brasileira do Frog virus 3 (FV3). A análise de qPCR 
indicou baixa taxa de infectividade nesses animais, tanto como larvas quanto como adultos. Procurando esclarecer os 
resultados, foram formuladas as seguintes hipóteses: 1) A quantidade de inóculo aplicada nas rãs foi insuficiente para 
desencadear uma infecção; 2) Para que o FV3 dê sinais clínicos nesta espécie, é necessário um cofator; 3) Os animais 
sofreram infecção por FV3, mas se recuperaram no decorrer do experimento, e 4) O inóculo utilizado pode ter sido de 
baixa virulência. Finalmente, foi discutida a presença de sinais clínicos reais de ranavírus e levantada a hipótese mais 
provável
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Introduction
Over the last few decades, an increasing number of 

notifications has tackled the global decline of amphibian 
diversity. Potential causes may be associated with pollution, 
loss, and fragmentation of natural habitats, climatic 
changes, increasing UV-B radiation, the arrival of predators 
and exotic competitors, urbanization, and the advent of 
emerging diseases (Berger et al., 1999; Chinchar et al. 2011, 
2017; Earl et al., 2016; Hamer & McDonnell, 2008; World 
Organisation for Animal Health, 2017). Two pathogens 
were predominantly analyzed as agents of emerging 
outbreaks: the Batrachochytrium dendrobatidis (Bd) fungus 
and ranaviruses. Both diseases caused by these particular 
agents are vastly spread and can affect a wide spectrum of 
hosts (Daszak et al., 2000; Duffus et al., 2015; Miller et al., 
2011; Soto-Azat et al., 2016).

Ranavirus is currently classified as the second most 
common infectious agent in amphibians, both in the wild and 
in captivity (Grayfer et al., 2012). Belonging to the Iridoviridae 
family, it is characterized for being an icosahedral, large 
(120-300nm), double-stranded-DNA virus. As previously 
mentioned, ranavirus is highly infectious and usually affects 
both young and adult frogs. The Iridoviridae family is 
divided into five genera (Megalocytivirus, Lymphocystivirus, 
Chloridovirus, Ranavirus, and Iridovirus). However, only 
the Ranavirus genus, especially the Frog virus 3 (FV3) 
species, has enough plasticity to infect amphibians, fish, 
and reptiles (Chinchar et al., 2011; Lesbarrères et al., 2012; 
Robert & Jancovich, 2016). Due to dissemination risks and 
the lack of control and cautionary measures, in 2012 the 
World Organization for Animal Health members declared 

the disease to require mandatory notification (World 
Organisation for Animal Health, 2017).

Bullfrogs (Lithobates castebeianus), formerly classified 
as Rana castebeiana, originate from North America. 
The species has been kept at high stocking densities for 
human consumption on the grounds of economic interests 
in quite a few of its traits, among which are size, fast growth, 
abundance, and the various nutritional qualities of its meat. 
The first records of bullfrogs found in Brazil date back 
to 1935, and breeding farm activities started in the 70s 
(Dias et al., 2010; Schloegel et al., 2010). Today, countries 
such as Brazil, China, Indonesia, Taiwan, and Mexico employ 
breeding methods inside intensive confinements, a practice 
which, although more profitable in terms of productivity, 
also contributes to the rise in diseases resulting from the 
high densities (Altherr et al., 2011; Freitas et al., 2017).

Previous studies identified FV3 strains in frog culture 
coming from various regions in Brazil (Alencar, 2016; 
Mazzoni  et  al., 2009; Neves  et  al., 2016; Oliveira  et  al., 
2020). In time, the first isolated ranavirus genome in Brazil 
was recently published (Cândido et al., 2019). However, 
identifying the presence of Ranaviruses relying solely on 
visual observation proves to be a tough challenge, since, 
as far as clinical signs go, the only often observed signs 
are either characteristics also perceived in several other 
pathological processes or the ultimate death of the animal 
(Haislip et al., 2011; Miller et al., 2011). Ranaviruses, when 
apparent, manifest in the form of systemic infections 
featuring petechiae and ulcerations along the skin and 
limbs, ascites, weight loss, hemorrhage, and lethargy. 
Internal injuries are mainly found on the spleen, liver, 
kidney, and gastrointestinal wall (Hoverman et al., 2011; 
Mazzoni et al., 2009; Miller et al., 2011; Oliveira et al., 2020; 
Robert et al., 2005).

Few studies in South America have discussed the presence 
of the virus in aquaculture, its prevalence, variation possibility 
of the strains, and its deleterious effects on aquaculture, 
specifically on frog farming. To better understand anurans’ 
susceptibility to this disease, this study analyzed bullfrog 
(Lithobates catesbeianus) survival rate, both in its larval 
and adult forms, when challenged with three doses of a 
Brazilian strain, as well as closely followed the evolution 
of a potential symptomatic clinical case.

Materials and Methods

Collection of samples

The animals were acquired from a commercial facility 
located in Pindamonhangaba city (22º 50’ 31” S/45º 36’ 31” W), 
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São Paulo, Brazil. The individuals had no history of previous 
diseases and approximately 20% of the livestock acquired 
(35  tadpoles and 25 frogs) were previously examined 
through molecular diagnosis (PCR) for FV3 (Oliveira et al., 
2020). By the time the tadpoles were collected, they had 
grown up to 31-36 Gosner (1960) stages and weighed 
an average of 4.7g +1.2 (n=144), whereas the adult frogs 
weighed 60g + 10 (n=112) on average. In the laboratory, 
acclimatization and the experimentation were set up along 
with controlled photoperiod (12:12) and temperature 
(22 °C + 0,8), each stage lasting one week. The subjects 
were fed once a day with the same ration fed to the frog 
farm, (Laguna 32% rough protein, 5% ethereal extract, 
10% rough fiber, 2,5% calcium, 1% phosphorus, 14% ash, 
21% carbohydrates, Vitamin  C  300mg, rough energy 
4180  Kcal/kg), the amount of feed being equivalent to 
3% of the group’s live weight both for tadpoles and adult 
frogs. The biomass proportion was accordingly adjusted 
in each stage.

Infection and experimental routine

Aliquots of an isolated sample were used for the experimental 
infection, a remnant from an outbreak that took over a 
commercial farm in 2012 in São Paulo, southeast Brazil 
(GenBank access MH351268) (Cândido et al., 2019). Viruses 
were isolated in BF-2 cells (bluegill fry ATCC CCL-91) 
that had been kept and sub cultivated in MEM (minimum 
essential medium - Gibco, Life Technologies, USA), 
having received fetal bovine serum supplement 10% (SFB), 
L-Glutamine 1%, penicillin 100 UI/mL, streptomycin 
100µg/mL (PenStrep - Gibco, Life Technologies, USA) 
incubated at 25 °C and 5% CO2 atmosphere. As for the 
virus, subsequent passages were executed, from which the 
sixth passage of cells was utilized in this study, whose total 
volume was 106.8 PFU/mL.

Under a deficit of studies on the examined species, we 
based in experiments of Forzan et al. (2015) when determining 
how much inoculum should be administered. Both adults 
(nº=112) and tadpoles (nº=144) were inoculated by oral 
route and the treatments (T) were divided into Control group 
(only 50 MEM µL), T1: 102.6 PFU/mL, T2: 104.6 PFU/mL, 
and T3: 106.8 PFU/mL, with each group bring replicated 
four times. The experiment was carried out for 21 days.

The inoculation protocol, as well as the sanitary and 
analysis protocols, followed the routine from smallest 
to largest viral presence to avoid cross-contamination. 
Tadpoles were kept in 13 L aquariums, while adult animals 
were placed in modified cages with wells whose deepest 
end held 4 L of water and the shallow end was 45 cm deep. 

Two samplings were performed to determine what was likely 
an evolution of the disease and its effects, both consisting 
of internal organs (liver, spleen, and kidney). The first 
sampling, in which two random individuals from each 
replica (nº=32) were euthanized, was performed 14 days p.i. 
(post-inoculation). The second sampling, in which two 
animals were once again taken from each replica) and 
euthanized (nº=32d, was conducted 21 days p.i. In summary, 
a total of 64 samples were collected per experimental group 
(tadpoles and adults).

For the euthanasia, after all the animals had been 
anesthetized with ice, tadpoles were submitted to Eugenol 
protocols (7mL/L), while frogs were submitted to benzocaine 
hydrochloride (4g/L). Liver, spleen, and kidney samples 
were collected following the protocol recommended by 
World Organisation for Animal Health (2017) to verify 
the effectiveness of the infection. When switching between 
treatments, utensils, and materials utilized were sterilized 
with 70% alcohol and Virkon, the counters cleansed 
and gloves changed. All procedures had previously been 
submitted to and approved by São Paulo/Brazil’s Fisheries 
Institute (No.04/2016).

Analysis

Molecular analyses were conducted first. DNA 
extraction was performed with gene pools of the collected 
organs (spleen, liver, and kidney) following the protocol 
recommended by the Wizard SV Genomic DNA Purification 
System kit (Promega, Brazil). As for reactions, the GoTaq 
Colorless Mastermix 2X kit (Promega, USA) was used 
along with two primer pairs recommended by World 
Organisation for Animal Health (2017). The fragments 
were obtained from the conserved MCP (major capsid 
protein) gene and were denominated MCP1 (321 pb) 
(M151 - 5’-AACCCGGCTTTCGGGCAGCA-3’ and M152 
- 3’-CGGGGCGGGGTTGATGAGAT-5’), and MCP2 
(625pb) (M153 - 5’- ATGACCGTCGCCCTCATCAC-3’ and 
M154 - 3’ CCATCGAGCCGTTCATGATG-5’). Analyses by 
enzymatic digestions also followed the World Organisation 
for Animal Health (2017) recommendations.

Real-time quantitative PCR protocol (qPCR) was 
used to determine the viral load in the infected animals 
for comparison purposes among the different doses 
administered in each treatment. Following the standard 
Allender  et  al. (2013) TaqMan-MGB (Invitrogen, 
USA) system and primers, whose target is the major 
capsid protein (5’-AACGCCGACCGAAAACTG-3’), 
(3’-GCTGCCAAGATGTCGGGTAA-5’), as well as the 
probe(CCGGCTTTCGGGC), it was used TaqMan Platinum 
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PCR SuperMix-UDG 12.5μL with ROX 2X (Invitrogen, 
USA), 1.25μL TaqMan probe, 2.5μL of tissue pool dilution 
and water to make for a final concentration of 25μL. 
The  thermocycling protocol followed: 95o for 10  min, 
followed by 40 cycles of 95 °C for 15 s and 60 °C for 1 min, 
and a final extension of 72 °C for 10 min. The standard 
curves were obtained from the dilutions’ threshold values 
by using positive control plasmid.

Samples that came back positive were sequenced to 
guarantee the veracity of the results. The PCR products 
utilized were purified using PEG 6000 and sequenced using 
the Sanger method. Bioedit was used to compare the obtained 
results to other sequences of its kind coming from GenBank.

Following standard protocol for histology, the samples 
were fixed in 10% formalin and dehydrated in ascending 
concentrations of ethanol followed by diaphanization with 3 
xylol baths. After embedding the tissues in paraffin, the blocks 
were sliced into 5 µm pieces using an HRAZ M 55 Zeiss 
microtome and hematoxylin-eosin stain. The viewing and 
capturing of images were performed in light microscopy 
(CARL-ZeissAxioScope.a1) using ZEN image capture 
software.

Results
There was no occurrence of mortality during the acclimation 

on tadpoles or intercurrences during the inoculation. 
A low mortality rate was observed among the inoculated 
specimens, indicating that none of the three doses used 
on the animals were lethal. However, a few clinical signs 
were detected that were divided, in general, if present in all 
treatments except control group, and specific, if present in 
only some particular individuals. General signs included 

loss of floatability and appetite, reduced movement, and 
lordosis on the tail. On the other hand, petechiae, abdominal 
swelling, weight loss, and epithelial desquamation were only 
observed in three specific specimens. By the end of 21 days, 
75% of the animals had gone into metamorphosis, most of 
whose tails had already shrunk or disappeared. It was not 
possible to estimate the median lethal time of the infection 
after inoculation due to the elevated survival rate.

Conventional PCR analyses detected the presence of the 
virus in two animals (12.5%) in treatment 102.6 PFU/mL, 
the first one (g1) having been collected 14 days p.i. and the 
second one (g17) having been collected 21 days p.i. The qPCR 
analyses also detected positive samples (g1: 1.79 x 103 viral 
copies/ng DNA, and g17: 1.09 x 104 viral copies/ng DNA).

No morphologic alterations or other significant signs 
were found in the collected organs (liver, spleen, and 
kidney). In all treatments, the histological analyses verified 
the presence of melanomacrophages in the liver, as well 
as rarefaction of hepatocytes on a large scale, the control 
group included. This was attributed to a mineral protein 
deficiency in the ration fed to the animals back in the 
breeding farm (Seixas et al., 2017).

PCR detected some positive tadpole samples in which 
the kidney glands had damaged cellular organization, 
leading to glomerular hypoplasia and, consequently, to an 
increase in Bowman’s capsular space, tubulo-nephrosis, 
dystrophic calcification in some areas, and presence of 
hyaline material in the tubular light. A significant presence 
of eosinophils was also noticed in the kidney parenchyma 
(Figure 1). Lastly, signs of monolymphatic and eosinophilic 
hepatitis were found in the liver and inclusion corpuscles 
in the cytoplasmic region of hepatic cells.

Figure 1 –	Adult bullfrog kidneys (Lithobates catesbeianus) comparative photomicrograph. (A) Control group without the presence 
of the virus, 200 x; (B) Variation in the kidney architecture resulting from an increase in Bowman’s capsular space along 
with glomerular hypoplasia, dystrophic calcification zone (white arrow), and sheets of eosinophils, 200 x. H&E stain.
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A few deaths occurred among the adult animals throughout 
the first days of acclimation, which led us to have them 
examined not only for FV3 (the result was negative) but 
also for bacteria, since the only bacterial presence found 

in the examined samples was that of Streptococcus sp. 
In terms of infection, the same pattern observed on the 
larvae appeared to apply to the adults, meaning the doses 
proved not to be lethal, culminating in a mortality rate no 
higher than 6.25% among the animals in experimentation. 
Differently from tadpoles, there was no occurrence of general 
signs in frogs. The observed signs were attributed to specific 
individuals: apathy, loss of appetite, edema, redness in the 
ventral region, loss of posture and swimming ability, and 
alteration in head position (Figure 2). Signs appeared eight 
days p.i., since the evolution of both losses of posture and 
alteration in head position happened at an impressively 
fast pace, becoming more aggravated each day.

The majority of the animals ate regularly regardless of 
being infected. Weight loss was only noticed in specific 
individuals, which was frequently associated with loss of 
posture, swimming ability, or alteration in head position.

On the other hand, the infectivity rate verified through 
conventional PCR was as low as 1.56%, occurring in one 
of the individuals from treatment 1 (Figure 3). The qPCR 
also detected positive results, indicating 4.13 x 103 viral 
copies/ng DNA.

Similar histological alterations were observed in 
tadpoles and adults: monolymphatic hepatitis with the 
presence of melanomacrophages in the liver, the control 
group included. Rarefaction of hepatocytes was observed, 
possibly as a result of poor nutritional quality of the ration 
formerly fed to the animals, which culminated in mineral 
protein deficiency. While bullfrogs feed off invertebrates 
and small vertebrates in the wild, at breeding farms these 

Figure 2 –	Adult bullfrogs (Lithobates catesbeianus) experimentally infected with Brazilian strain Frog virus 3. (A) Comparison 
between two individuals submitted to the same treatment (104.6 PFU/mL) showing signs of weight loss; (B) In the same 
treatment alteration in head position was detected along with alterations in both posture and swimming ability, resulting 
in circle swimming and loss of leaping capacity.

Figure 3 –	Photomicrograph of a 1.0% agarose gel stained with 
SYBR Gold, observed in ultraviolet light (UV), 
illustrating the results of the collection of adult 
Lithobates catesbeianus infected with FV3 performed 
14 p.i. (being individuals submitted to treatment 1 
(102.6 PFU/mL). Out of the eight specimens examined, 
individual 4 was the only positive one. The photograph 
shows the molecular-weight marker (M), negative 
control (N), analyzed samples (1-8), and positive 
control (P).
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animals are fed high rough-protein-rated rations (about 
40% PB). Some studies suggest such a diet may lead to 
tissue damage and negatively affect animal performance. 
(Seixas  et  al., 2017). Although there was a decrease in 
the presence of eosinophils in the kidney parenchyma of 
PCR-positive adults as compared to the tadpoles, we found 
glomerular alterations, the presence of hyaline material 
inside the tubules, alteration in Bowman’s capsule walls, 
and tubular-nephrosis in some areas (Figure 4).

It was not possible to establish correlations between the 
administered viral load and the viral load detected in the 
infected animals, given that very few positive results were 
found. It is necessary to seek information concerning the 
actual viral load to which these animals are exposed in real 
conditions, either in the wild or breeding environments, to 
recreate an outbreak setting under laboratory conditions.

Sequencing indicates with 99.9% accuracy that the 
samples belonged to the Ranavirus genus, frog virus 3 
species.

Discussion
This study aimed at analyzing bullfrog survival rate 

when challenged with a Brazilian strain of FV3 through 
experimental infection, despite species such as Xenopus 
laevis and Rana sylvaticus being classified as experimental 
models on account of their higher susceptibility to 
ranaviruses infection (Earl & Gray, 2014; Forzán et al., 2017; 
Grayfer et al., 2012; Robert et al., 2007). The L. catesbeianus 
species require special care given its distinct profile, as it is 
both inserted in breeding environments and geographically 
spread in various communities as an exotic animal, 
therefore remaining vulnerable to constant relocation, 
either as breeding sources or pets (Schloegel et al., 2010, 
2012). High bullfrog mortality outbreaks caused by FV3 
have been reported both in the wild and in commercial 
environments (Landsberg et al., 2013; Majji et al., 2006; 
Miller  et  al., 2007; Oliveira  et  al., 2020). Some authors 
argue that captivity can potentialize the virulence of FV3 
(Hoverman et al., 2011; Majji et al., 2006).

Figure 4 –	Comparative photomicrograph of an adult bullfrog kidney (Lithobates catesbeianus) experimentally infected with Frog 
virus 3 and its monitoring (CT). The picture compares all four treatments, demonstrating a variation in cell architecture 
as the viral concentration increased. Calcification zones were present in Treatment 2 (104.6 PFU/mL) (black arrow), 
while a huge amount of hyaline material (white arrow) can be seen inside the tubules in treatment 3 (106.8 PFU/mL). 
200 x. H&E stain. T1 – 102.6 PFU/mL; T2 -104.6 PFU/mL; T3 - 106.8 PFU/mL.
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The majority of reported FV3 mortality outbreaks indicated 
that larvae and juvenile forms have a higher susceptibility 
to the virus (i.e. tadpoles and pre-metamorphosis) (Forzán 
& Wood, 2013; Galli et al., 2006; Jesús Andino et al., 2016; 
Miller  et  al., 2011; Warne  et  al., 2011). Therefore, it is 
reasonable to presume such susceptibility could be directly 
associated with two factors: first, energy expenditure, stress 
and hormonal alterations resulting from metamorphosis, 
especially due to an increase in corticosteroids, which 
may lead to suppression of the immune system (Gervasi & 
Foufopoulos, 2008), and second, the amphibian immune 
system itself (Rollins-Smith, 1998). Juvenile forms are 
less receptive to the virus. However, their immune system 
has an inferior amount of recognition mechanisms as 
well as a deficit in the major histocompatibility complex 
molecules (MHC) expression, as they have yet to go through 
metamorphosis. As a consequence, antibody responses in 
juveniles is rather less diverse, as opposed to adult individuals 
(Du Pasquier, 2001; Morales et al., 2010; Rollins-Smith, 
2017). Adults, on the other hand, have a more competent 
immune response due to their innate (macrophages and 
neutrophils) and adaptive (CD8T cells and antibodies) 
immune system (Chinchar et al., 2004; Morales & Robert, 
2007; Warne et al., 2011).

In the present investigation, no differences were observed 
regarding the infection rate between bullfrog tadpoles 
and adults. Although there were a few cases of animals 
infected with FV3, the survival rate observed throughout 
the experiment was high. As a consequence, it was not 
possible to evaluate the disease evolution and a potential 
clinical case to the desired extent. However, we did observe 
the presence of clinical signs historically associated by 
various authors to ranaviruses (Cunningham et al., 1996; 
Mazzoni et al., 2009; Miaud et al., 2016; Miller et al., 2011). 
Chen & Robert (2011) highlight the importance of cautious 
observation when looking for ranavirus clinical signs. These 
may or may not manifest when the animal is suffering 
from the disease, as well as may not always necessarily 
result in the animal’s death, being only “transitory” at 
times. A suggested approach to classify ranavirus signs, 
according to some authors (Forzán et al., 2017; Majji et al., 
2006; Miller et al., 2009), is categorizing them into “mild” 
(non‑lethal) and “severe” (lethal). In the current study, “mild” 
clinical signs (lethargy, appetite reduction, and floatability 
alterations) were observed in most treatments featured in the 
experiment, unlike “severe” signs (erythema, hemorrhage, 
petechiae, and edema), which were only observed in a few 
individuals. However, considering the small number of 
infected animals 21 days p.i., none of the observed signs 

could be associated exclusively with ranavirus, because 
they are common to various L. catesbeianus pathologies, 
as stated by Densmore & Green (2007).

To explain the obtained results, we formulated the 
following hypothesis:

1)	 The amount of inoculum used on the frogs was insufficient to 
trigger an infection. As stated before, due to the lack of studies 
involving experimental FV3 infection in L. castebeianus, there is 
no knowledge about the amount of inoculum to be administered in 
the animals for reproducing the disease in experimental conditions. 
The conditions applied were following experiments performed by 
Majji et al. (2006) and Forzán et al. (2015) and when the experiment 
started, it was assumed that the chosen amount of inoculum would 
be enough to promote the disease. Even knowing that bullfrogs 
are stricken by ranaviruses, as reported by Galli  et  al. (2006); 
Mazzoni  et  al. (2009); Alencar (2016); Neves et  al. (2016) and 
Oliveira et al. (2020), and that ranaviruses viral virulence is even 
higher in captivity (Chinchar et al., 2017; Claytor et al., 2017), 
the amount of inoculum administered must be species-specific. 
It is important to highlight that different population of the same 
species respond differently to offending agents. Ideally, we would 
conduct in vivo tests on “healthy disease-free” L. castebeianus 
populations. Unfortunately, there are still no “healthy and 
disease‑free” populations in L. catesbeianus;

2)	 A cofactor is necessary for FV3 to produce clinical signs in this 
species since a virus strain alone is not responsible for triggering 
an infection. Much like other diseases, ranavirus virulence is 
connected to a variety of elements, among which are environmental 
causes, stressors, dose, temperature, intrinsic factors, host history, 
and susceptibility of the species (Altizer et al., 2013; Brand et al., 
2016; Brunner et al., 2005; Echaubard et al., 2010). The current 
study was carried out in controlled environments where an attempt 
was made to minimize some of the external factors mentioned 
above. No significant water temperature variations were verified 
and certain measures were adopted to minimize stress inflicted 
upon the animal (Teixeira et al., 2015), such as calm environments, 
appropriate density, and minimum necessary manipulation. 
According to Echaubard et al. (2010), in a setting where there are 
environmental alterations, the host and its genotype become the 
main point of analysis. So it must be reinforced that temperature 
stress is important and a mandatory factor in many outbreaks 
involving bullfrogs in Brazilian frog farms (Brand et  al., 2016; 
Mazzoni et al., 2009; Neves et al., 2016; Oliveira et al., 2020);

3)	 The animals did undergo FV3 infection but recovered in the course 
of the experiment. It is known that animals can live normally 
while hosting pathogenic agents as long as these don’t multiply 
over the threshold. Only then will they become pathogenic by the 
excessive amount of pathogens (i.e., quantity). The manifestation 
of symptomatic or asymptomatic diseases may be determined 
by the viral integrity of the virus and/or host barriers (Ariel & 
Jensen, 2009; Brunner et  al., 2005; Lancaster & Pfeiffer, 2012; 
Miller  et  al., 2009). Asymptomatic manifestations, silently 
persistent, are a problematic issue, making the host a strong 
spreading source (Jesús Andino et al., 2016; Miller et al., 2011). 
Therefore, considering that bullfrogs have a low susceptibility to 
FV3 together with the animal well-being ideal conditions under 
which the experiments were conducted, it is reasonable to suggest 
most animals did get infected with FV3 but managed to recover, 
preventing the disease manifestation;

4)	 The inoculum utilized might have been low-virulence. Since 
dosage and lineage virulence are both key elements for triggering 
outbreaks, they must be taken into consideration. This study used 
the sixth passage of cells taken from an isolated FV3 sample 
coming from a frog farm in southeast Brazil. Several studies 
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have found that performing multiple cell passages in cellular 
cultivation may result in virulence attenuation (Badgett  et  al., 
2002; Day & Proulx, 2004), since repetitive cell passaging might 
trigger off mutations or virulence-reducing mechanisms, such 
as limitations in how effectively the disease would take over the 
host; a decrease in vivo replication rate; alteration in the plasmatic 
membrane of the host cells (structure and properties), which make 
the membrane vulnerable to penetration, besides deletion of viral 
genes (Brunner  et  al., 2005; Lee & Lobigs, 2002; Majji  et  al., 
2006). Studies have demonstrated that the dissemination of 
the virus to new regions is mostly due to the importation and 
exportation of bullfrogs (Schloegel  et  al., 2010). Brazil holds a 
rich diversity of amphibians spread out in various ecosystems 
(Sasso  et  al., 2017; Vences & Köhler, 2008). However, a few 
ranavirus outbreaks have been reported around the country, all 
associated with the L. castebeianus species (Galli  et  al., 2006; 
Mazzoni et al., 2009; Neves et al., 2016; Oliveira et al., 2020). 
Up to the present, there have been no records of free-living and 
native species mortality caused by ranavirus. As much as such 
statistics may be a consequence of the incipiency of studies on the 
subject, it might also be a result of a genotypic variation spreading 
in the country, as once verified with the Batrachochytrium 
dendrobatidis fungus (Bd) (Schloegel et al., 2012). Studies have 
proven the existence of a vast diversity of lineages around the 
country, Bd-Brazil, and Bd-GLP, and indicated variations in 
virulence, as well as the adaptation of some native species to 

one of these lineages (Becker et al., 2017; Carvalho et al., 2017). 
Following this line of thought, it is reasonable to assume the same 
may be happening to the FV3 clade spread around the country 
(Oliveira et al., 2020), where strains presenting distinct virulence 
circulate through the territory.

Finally, the obtained conclusion was that a large spectrum 
of factors may influence the manifestations of amphibians 
infected by ranaviruses both in terms of form and intensity 
and that species-specific susceptibility consists of only one 
of such factors.
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