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“Os animais têm uma vantagem sobre os humanos, pois não podem ser estúpidos.” 

Victor Hugo – tradução livre  



 

 

RESUMO 

 

Objetivou-se realizar a detecção de ranavírus em anfíbios (Anura) de vida livre localizados na 

Mata do Camucim, situada em São Lourenço da Mata, no estado de Pernambuco, Brasil. As 

sessões de coleta ocorreram nos meses de julho de 2022 e março de 2023. Foram coletados 36 

anuros de 9 espécies diferentes e ambos os sexos por meio da captura manual, sendo realizada 

a eutanásia destes e posterior dissecação para coleta dos órgãos de interesse: rins, fígado e baço. 

Para a detecção do DNA genômico de ranavírus utilizou-se a Reação em Cadeia da Polimerase 

(PCR). Na análise dos fragmentos de DNA produzidos na PCR foram detectadas duas amostras 

positivas (5,5%), tendo ocorrido amplificação de DNA de mesmo tamanho molecular em 

relação ao controle positivo. As amostras foram submetidas a nested PCR para confirmação. 

Não foi confirmada a presença de DNA de ranavírus nas amostras analisadas, desta forma 

descartou-se o diagnóstico de infecção por ranavírus. Além desta pesquisa, também foi 

realizada uma revisão integrativa da literatura, com o objetivo de reunir e sistematizar os 

conhecimentos existentes sobre a infecção por ranavírus em anuros. Foram avaliados 68 artigos, 

sendo analisados e descritos dados epidemiológicos sobre a distribuição, prevalência, e 

espécies/cepas circulantes. Este trabalho destaca a importância deste patógeno emergente para 

a herpetofauna mundial. 

 

PALAVRAS-CHAVE: anura; Iridovírus; diagnóstico; epidemiologia; conservação. 

 

  



 

 

ABSTRACT 

 

This research aimed to detect ranaviruses in free-living amphibians (anura order) located in the 

Mata do Tapacurá Integral Protection Unit, situated in São Lourenço da Mata, in the state of 

Pernambuco. The collection sessions took place in July 2022 and March 2023. A total of 36 

anurans of 9 different species and both sexes were collected by manual capture, euthanized and 

then dissected to collect the organs of interest: kidneys, liver and spleen. Polymerase Chain 

Reaction (PCR) was used to detect ranavirus genomic DNA. In the analysis of the DNA 

fragments produced in the PCR, two positive samples (5,5%) were detected and DNA of the 

same molecular weight in relation to the positive control was amplified. The samples were 

submitted to nested PCR test. The presence of ranavirus DNA was not confirmed in the samples 

analyzed, so the diagnosis of ranavirus infection was dismissed. In addition to this research, an 

integrative literature review was also carried out, with the aim of gathering and systematizing 

existing knowledge on ranavirus infection in amphibians. A total of 68 articles were evaluated, 

and epidemiological data on distribution, prevalence, and circulating species/episodes were 

analyzed and described. This work highlights the importance of this emerging pathogen for the 

world's herpetofauna. 

 

Keywords: anura; Iridoviruses; diagnostic; epidemiology; conservation.  
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1. INTRODUÇÃO 

Os anfíbios constituem uma classe diversificada, cosmopolita, contendo atualmente 

mais de 8 mil espécies conhecidas em todo o mundo (Frost, 2021). Apesar deste grande número, 

os anfíbios estão ameaçados de extinção: de acordo com a lista vermelha da International Union 

for the Conservation of Nature - IUCN - 41% das espécies de anfíbios correm o risco de 

desaparecer (IUCN, 2015). No Brasil está localizado o maior contingente de espécies (1.080 

espécies) de anfíbios de todo o mundo; destas, 4,2% estão ameaçadas, sendo classificadas como 

vulneráveis, em perigo ou criticamente em perigo de extinção (ICMBio, 2018). O anexo I da 

Portaria no 444/2014 lista as 41 espécies de anfíbios consideradas em risco de extinção no 

Brasil (Brasil, 2014). 

Dentre os motivos que contribuem para a diminuição das populações de anfíbios 

destacam-se as mudanças climáticas e a ação antrópica com desenvolvimento urbano e avanço 

das fronteiras agrícolas que ocasiona a destruição, fragmentação e alteração de habitats (Santi; 

Corrêa, 2018). De fato, o estilo de vida da sociedade proporciona graves danos ao ambiente; a 

poluição e liberação de gases de efeito estufa que culminam no aquecimento global e aumento 

de incidência da radiação ultravioleta afetam seriamente estes animais, que são sensíveis às 

alterações do solo, da água e do ar (Verdade; Dixo; Curcio, 2010). 

Além destes fatores, a ocorrência de doenças infecciosas tem sido apontada como causa 

de impactos significativos na diminuição de muitas dessas espécies. Um dos patógenos 

emergentes de grande relevância são os ranavírus, iridovírus que infectam peixes, anfíbios e 

sauropsida. No Brasil e no mundo já foram relatados surtos de ranavirose, o que gera danos 

tanto à biodiversidade, no caso de espécies em seu ambiente natural, como ao comércio, pois 

essa virose também ocasiona perdas econômicas importantes em ranários comerciais (Duffus, 

2015). 

O primeiro relato de infecção por ranavírus ocorreu nos anos 60; desde então, vários 

episódios de surtos com mortes de rãs foram registrados (Maclachlan; Dubovi, 2016). 

Considerando a emergência dessa doença, a ocorrência de ranaviroses deve ser notificada 

obrigatoriamente aos órgãos oficiais de saúde animal (WOAH, 2010; Brasil, 2020). As espécies 

acometidas pelo vírus possuem grande importância, tanto do ponto de vista econômico como 

ambiental; existem relatos científicos que comprovam o declínio de espécies de anfíbios em 

meio natural por conta de infecções por diferentes espécies de ranavírus na Europa (Price et al., 
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2014), além de eventos de morte em massa de animais em meio natural (Miaud et al., 2016) e 

em cativeiro (Alencar, 2016). 

Esta doença apresenta uma alta taxa de mortalidade, podendo alcançar até 100% 

(WOAH, 2019), o que ocasiona grandes prejuízos para os ranários comerciais. Além disso, a 

constante troca e venda de animais entre os diferentes estabelecimentos é um facilitador da 

disseminação do vírus, que por vezes pode estar presente, mas não ser detectado por existirem 

animais que são portadores assintomáticos. Desta forma a entrada do patógeno em novas 

regiões é favorecida (Kolby et al., 2014; Schloegel et al., 2009). 

Apesar de amplamente estudada, ainda há falta de dados sobre a ranavirose no Brasil, 

pois os estudos existentes são restritos às regiões Centro-Oeste e Sudeste (Galli et al., 2006; 

Oliveira et al., 2016). Em Pernambuco (PE), se concentra um grande número de espécies nativas 

de anfíbios, dos quais predominam os anuros; algumas destas espécies se encontram ameaçadas 

de extinção. Os anuros (ordem Anura) compõem o grupo mais diversificado de anfíbios, sendo 

a ordem mais conhecida e estudada no Brasil (Paula; Toledo, 2014). 

Considerando que espécies de ranavírus podem contribuir para acelerar o processo de 

extinção de espécies ameaçadas (Earl et al., 2016) e tendo em vista a importância do 

monitoramento de patógenos que podem afetar negativamente tanto a biodiversidade como a 

criação comercial, objetivou-se com essa pesquisa determinar a ocorrência de ranavirose em 

anuros de reservas naturais no estado de Pernambuco, Brasil. 
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1. REVISÃO DE LITERATURA 

2.1 Agente etiológico 

Os ranavírus pertencem à família viral Iridoviridae, subfamília Alphairidovirinae, 

gênero Ranavirus. Estes são vírus grandes (150 a 200nm de diâmetro), com genoma constituído 

por uma dupla fita linear de DNA (ds DNA), revestido por uma membrana interna, que por sua 

vez é recoberta por um capsídeo de simetria icosaédrica, podendo ser envolvida por um 

envelope externo (no caso das espécies que realizam o brotamento da membrana plasmática da 

célula hospedeira) ou não (FIGURA 1). Estas características morfológicas são comuns a todos 

os membros deste táxon (Chinchar et al., 2017). 

 

Figura 1: Desenho esquemático do vírion da família Iridovírus, demonstrando seus componentes externos e 
internos (capsômeros que compõem o capsídeo e bicamada lipídica com suas proteínas envolvendo o material 

genético). 

 

Fonte: Darcy-Tripier, Nermut, Braunwald, Williams (1984 - traduzido). 
 

Atualmente, este grupo é composto por seis espécies: Ambystoma Tigrinum Virus 

(ATV), Common Midwife Toad Virus (CMTV), Epizootic Haematopoietic Necrosis Virus 

(EHNV), Santee-Cooper Virus (LMBV), Singapore grouper iridovirus (SGIV) e o Frog Virus 

3 (FV3), que é a espécie tipo do gênero, sendo amplamente estudada e usada como modelo nas 

pesquisas envolvendo os iridovírus (Chinchar et al., 2017; Jancovich; Steckler.; Waltzek, 

2015). As principais espécies que acometem os anfíbios são o CMTV, ATV e FV3, sendo 

observado em estudos que os anuros e urodelos apresentam uma suscetibilidade maior ao ATV 

e FV3, respectivamente (Schock et al., 2008). 
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Ranavírus são consideravelmente resistentes no ambiente: estudos realizados com o 

FV3 demonstraram que sua permanência na água a baixas temperaturas (4° C) pode ser de até 

102 dias em água de rio filtrada, e de 57 em água não filtrada (Nazir; Spengler; Marschang, 

2012). Além disso, estes vírus também podem permanecer em sedimentos, sendo capazes de 

conservar a sua capacidade infectante, sob a mesma faixa de temperatura (Munro et al., 2016). 

Os vírions são inativados por pH ácido (3.0) e alcalino (11.0), exposição à irradiação UV e 

também por temperatura elevada (55º C por 30 minutos) (Jancovich et al., 2012). Além disso, 

ranavírus são sensíveis à ação de desinfetantes, como a clorexidina, hipoclorito de sódio e 

compostos de potássio (Bryan et al., 2009). 

 

2.2 Epidemiologia 

Os ranavírus são considerados patógenos emergentes e vêm sendo apontados como vírus 

causadores de grandes impactos em todo o mundo (Gray; Miller, 2013; Maclachlan; Dubovi, 

2016), existindo registros casos de sua presença em todos os continentes (FIGURA 2), exceto 

na Antártica (Hyatt et al., 2002; Doherty-Bone, et al. 2013; Patla et al, 2016; Sluijs et al., 2016; 

Kwon et al., 2017). Os ranavírus possuem a capacidade de infectar e causar doença em uma 

vasta gama de hospedeiros vertebrados ectotérmicos, sendo estes animais anfíbios, répteis e 

peixes (Schock et al., 2008; Brenes et al., 2014; Price et al., 2017). 

 

Figura 2: Países com registro de ocorrência de ranavírus. Mapa do Sistema Global de Registro de Ranavírus. 

 

Fonte: Brunner et al., 2021. 
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O primeiro registro de ranavirose em organismos aquáticos no Brasil ocorreu no estado 

de Goiás, em 2003; os animais eram provenientes de ranários produtores da rã-touro americana 

(Aquarana catesbeiana, anteriormente Lithobates catesbeianus), onde ocorreram surtos da 

doença com morte de vários animais (Mazzoni et al., 2009). Desde então, outros episódios de 

casos da doença foram relatados, tendo como ponto comum a ocorrência da infecção em 

criações comerciais de rãs ou peixes de interesse zootécnico (Galli et al., 2006; Queiroz, 2014). 

Recentemente foi publicado o primeiro relato de infecção por ranavírus em anfíbios 

silvestres no estado do Rio Grande do Sul, envolvendo tanto espécies nativas como a rã-touro 

(Ruggeri et al., 2019). Acredita-se que a dispersão do ranavírus foi causada pela própria espécie 

invasora A. catesbeiana, introduzida no Brasil com vistas à produção de carne para o consumo 

humano em 1935 (Cribbs; Afonso; Mostério, 2013). A sua adaptabilidade a diferentes climas e 

ambientes levou a escolha desta espécie como a principal utilizada na ranicultura do país. No 

entanto, rãs que escapavam das instalações passaram a ocupar o ambiente natural, competindo 

com as espécies nativas, ou mesmo predando-as (Rocha; Bergalo; Mazzoni, 2011). 

Apesar de não ser uma doença zoonótica, a ranavirose foi listada como doença de 

notificação obrigatória à Organização Mundial de Saúde Animal (WAOH – originalmente 

fundada como OIE) em 2009, principalmente pelos impactos causados na fauna silvestre, que 

foram facilitados pela interferência humana (Black; Meredith; Price, 2017). 

A ecologia dos ranavírus envolve uma cadeia complexa de interação entre espécies 

hospedeiras, vias de transmissão, persistência ambiental, estressores e a imunidade do indivíduo 

hospedeiro (Gray; Miller; Hoverman, 2009) (FIGURA 3). A transmissão do vírus ocorre de 

maneira horizontal. Uma densidade populacional elevada pode facilitar a transmissão entre 

indivíduos, através do contato direto entre animais sadios e doentes (Duffus et al., 2019). Além 

disso, comportamentos naturais entre os anfíbios, como a predação (canibalismo e necrofagia), 

são fatores de risco para a transmissão direta do vírus (Harp; Petranka, 2006; Latney; Klaphake, 

2013). O vírus também pode ser disperso por meio da água, solo e sedimentos e infectar outros 

indivíduos indiretamente (Nazir; Spengler; Marschang, 2012). 
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Figura 3: Esquema sintético da ecologia e transmissão dos ranavírus. 

 

Fonte: Gray; Miller; Hoverman, 2009 (traduzido e adaptado). 

 

Outro fator que colabora na disseminação do vírus é a ação antrópica. Ambientes 

modificados para criação de bovinos, por exemplo, exercem influência sobre os anuros em seus 

entornos. Estudos comprovaram que girinos em lagos com acesso a pastos possuem mais 

chances de se infectarem com o vírus. Acredita-se que a amônia liberada pelos bovinos diminui 

a qualidade da água, além de ser um estressor para os girinos, tornando-os suscetíveis à infecção 

(Gray et al., 2007).  

O comércio internacional de animais, seja com o fim de alimentação ou para o mercado 

pet, possibilita a transferência de patógenos entre os animais e a disseminação para outros países 

(Peeler; Feist, 2011). Animais infectados que são retirados de seu habitat original para serem 

utilizados como iscas de pesca em outros locais (Jancovich et al., 2005), bem como canoas 

usadas em esportes aquáticos também podem servir como dispersores do vírus (Casais et al., 

2019). 
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Seja em meio natural ou em sistema de confinamento, aspectos ligados ao ambiente 

exercem grande influência no surgimento de surtos: a temperatura ou qualidade da água, quando 

em condições inadequadas podem servir como agentes estressores, que por sua vez debilitam o 

sistema imune dos animais, tornando-os suscetíveis à doença (Brand et al., 2016; North et al., 

2015). Também se constatou que o uso de produtos químicos em jardins, como herbicidas, torna 

os anfíbios vulneráveis ao vírus, por interferir no funcionamento do seu sistema imune (Albert 

et al., 2007; North et al., 2015).  

 

2.3 Patogenia e sinais clínicos 

Após a realização de ensaios com rãs da espécie Rana sylvatica inoculadas em 

laboratório, foi observado que existe uma predileção do vírus pelas células dos tecidos 

hematopoiético e linfoide, epidérmico, tubular renal, epitélio das mucosas e endotélio vascular 

(Forzán et al., 2017). Robert et al. (2011) detectaram alta quantidade de DNA viral nas células 

epiteliais dos túbulos renais de Xenopus laevis por períodos prolongados após a infecção (até 

10 dias pós infecção), o que indica que esse órgão é um dos alvos prioritários do vírus. Além 

disso, foi notado que havia proliferação viral precoce nas células intestinais (a partir de 3h p.i); 

este achado leva a crer que o intestino pode atuar como um sítio primário de replicação viral 

(Robert et al., 2011). 

Os achados anatomopatológicos observados na necropsia são esplenomegalia, 

hemorragia da mucosa intestinal (Forzán et al., 2015), eritema entérico, rins pálidos, fígado 

friável (Miller et al., 2007), edema subcutâneo e efusões na cavidade corporal (Une et al., 2009). 

Já os achados microscópicos são necrose hepática, esplênica e na pele (Miller et al., 2007), 

necrose glomerular extensa com degeneração hialina dos túbulos renais (Balseiro et al., 2010; 

Forzán et al., 2015; Une et al., 2009), podendo ser encontradas inclusões virais nestas células 

(Cunningham; Tems; Russell, 2008). 

O início e a intensidade dos sinais clínicos são variáveis e depende de uma série de 

aspectos relacionados ao animal, patógeno e ambiente: a espécie em questão, fase de 

desenvolvimento, estado imune do indivíduo, a espécie e cepa viral e condições ambientais 

(Millerioux, et al., 2012). Animais em estágio larval ou recém metamorfizados são mais 

suscetíveis que os adultos, ao passo que estes podem albergar o vírus como hospedeiros 

reservatórios sem apresentar os sinais clínicos da doença (Balseiro et al., 2010).  
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Sinais comuns às espécies são letargia, hemorragias petequiais ou equimóticas, perda 

de flutuabilidade e nado errático (para as espécies aquáticas), edema, úlceras na pele que podem 

evoluir em necrose cutânea e necrose de órgãos internos (Forzán et al., 2015; Miller et al., 2015; 

Stöhr et al., 2013). Sapos e rãs, além dos sinais citados, podem apresentar depressão, 

regurgitação de alimentos, dispneia, excreção de muco pelas ventosas, às vezes com sangue, 

eritema na região abdominal e necrose das extremidades (cauda e membros) (Forzán et al., 

2015; Fox et al., 2006; Une et al., 2009). 

Embora haja uma grande variedade de sinais característicos da ranavirose, é importante 

destacar que os sinais citados anteriormente não são patognomônicos da doença, inclusive 

podendo não ocorrer, no caso de infecções subclínicas (Lesbarrères et al., 2011; WOAH, 2018). 

Por conta desta inespecificidade, por muito tempo as doenças de anfíbios eram tratadas como 

uma única enfermidade: a “doença (ou síndrome) da perna vermelha” (red leg disease); no 

entanto, foi visto que a síndrome não possuía apenas um agente etiológico, podendo ser causada 

por múltiplos agentes bacterianos, virais e fúngicos que induzem sinais clínicos semelhantes 

nos animais acometidos (Densmore; Green, 2007). 

Apesar de existir uma variedade de quadros clínicos que podem ser observados, alguns 

animais podem albergar uma infecção subclínica, porém transmissível do vírus, servindo como 

portadores inaparentes (Brunner et al., 2019). Isso contribui na dispersão do patógeno, 

principalmente ao considerar o comércio de animais silvestres, apontado por alguns autores 

como uma “fonte de poluição de patógenos” (Picco; Collins, 2008). 

 

2.4 Diagnóstico 

  O diagnóstico laboratorial deve ser realizado para a confirmação da infecção por 

ranavírus, considerando os sinais inespecíficos e a fase subclínica da doença. Dentre todos os 

métodos utilizados, a Reação em Cadeia da Polimerase (PCR) é a técnica mais utilizada para 

detectar ranavírus (Greer; Collins, 2007), embora outros procedimentos também possam ser 

aplicados, como a Microscopia Eletrônica, Ensaio Imunoenzimático (ELISA), isolamento viral, 

e imuno-histoquímica (OMSA, 2018). 

  Também é importante salientar que os resultados da PCR podem variar de acordo com 

o tempo de exposição ao vírus e com a amostra utilizada. Greer e Collins observaram esse fato 

ao realizarem sucessivamente os ensaios utilizando amostras dos órgãos (o qual eles 

denominam “coleta letal”, pelo fato de ser necessário eutanasiar os animais para obtê-las) e 
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amostras da cauda (“protocolo não letal”). Foi constatado que com um teste precoce (2 dias p.i.) 

apenas as amostras dos órgãos foram positivas, e com 5 dias p.i. as amostras de cauda 

apresentaram resultados positivos, mas não para todos os indivíduos (Greer; Collins, 2007). 

Dessa forma testes com amostras de órgãos podem ter uma vantagem em relação a técnicas não 

letais de coleta (Gray; Miller; Hoverman, 2012). 

O gene alvo preferencial para amplificação na PCR é o gene da proteína principal do 

capsídeo (Major Capsid Protein - MCP), uma proteína altamente conservada que é comum às 

diferentes espécies de ranavívurs (Mao; Hedrick; Chinchar, 1997). No entanto, apenas a 

detecção de sequências parciais do gene MCP é insuficiente para determinar a espécie/estirpe 

viral, sendo necessários dados de sequenciamento para que seja possível efetuar a diferenciação 

(Lesbarrères et al., 2011). Também pode ser realizada a análise com enzimas de restrição 

aplicadas aos fragmentos obtidos para diferenciação das cepas de acordo com o perfil de 

digestão das endonucleases (Hyatt et al., 2000; OIE, 2018). 

  Em contraste com o uso de métodos letais para a detecção de ranavírus, tem-se utilizado 

as técnicas de diagnóstico baseadas no DNA ambiental, que tem demonstrado uma alta 

sensibilidade na identificação de patógenos, além da vantagem se ser um método não invasivo, 

eliminando a necessidade do manejo do animal, o que geraria estresse, ou em casos que 

envolvam espécies raras (Hall et al., 2015; Barnes et al., 2020; Kaganer et al., 2021). 

Outra técnica de diagnóstico é a avaliação das alterações histopatológicas, sendo, 

porém, considerada como complementar e não suficiente para a confirmação (OMSA, 2018). 

Também são descritos estudos que aplicaram o bioensaio para confirmação da infecção por 

ranavírus, no qual o vírus isolado de animais mortos em surtos da doença é inoculado 

experimentalmente em animais sadios, que por sua vez desenvolvem sinais clínicos 

semelhantes aos observados no curso da infecção natural (Waltzek et al., 2014). Apesar da 

ampla gama de testes disponíveis, todos eles possuem limitações, sendo necessário avaliar o 

objetivo da investigação e aplicar diferentes técnicas para obter um diagnóstico acurado (Miller 

et al., 2015). 

 

2.5 Prevenção e controle 

Vacinas são estudadas com o objetivo de serem aplicadas na prevenção da ranavirose 

(Miller et al., 2015). Pesquisas tem alcançado resultados promissores para a imunização de 
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peixes com vacinas de DNA recombinante (Zhang et al., 2012) e anfíbios, com vacinas de 

vetores virais (Zhou et al., 2017; Chen et al., 2018).  

O controle da ranavirose em instalações com animais em cativeiro é mais simples do 

que em populações livres na natureza. Para estabelecimentos na aquicultura, deve-se 

implementar um conjunto de medidas de biossegurança que visem impedir a introdução do 

agente ou a sua disseminação e consequente liberação para as populações de animais aquáticos. 

Quarentena, sanitização do ambiente e equipamentos e eliminação adequada de carcaças de 

animais devem ser realizadas de forma organizada, segundo os princípios estabelecidos nos 

manuais da OMSA (Batista; de Vieira; Lopes, 2021). Além disso, em programas de 

conservação que visam a reintrodução de espécies na natureza, deve ser realizado o diagnóstico 

para evitar a introdução do agente etiológico na natureza. (Green et al., 2009) 
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3. OBJETIVOS 

 

Geral 

  Realizar um estudo epidemiológico de ranaviroses em anuros procedentes de ambientes 

naturais do estado de Pernambuco. 

 

Específicos 

● 

Determinar a ocorrência de ranaviroses em anuros de vida livre em ambientes naturais; 

● Realizar uma revisão integrativa da literatura com informações das infecções por ranavírus 

em anfíbios no mundo; 
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Abstract 
Ranaviruses are emerging pathogens associated with several episodes of epizootic outbreaks worldwide, 
leading to the decline of endangered species. Little is known about their distribution in Brazil. Therefore, this 
study aimed to investigate the occurrence of ranavirus infection in free-living anurans located in the Mata do 
Tapacurá Conservation Unit, situated in São Lourenço da Mata, in the state of Pernambuco. A total of 36 
specimens were collected, euthanized and then dissected to collect the organs of interest. Polymerase Chain 
Reaction (PCR) was used to detect ranavirus DNA. Analysis of the DNA fragments produced in the PCR 
detected positive samples, with DNA amplification of the same molecular size as the positive control. The 
samples were submitted to a new reaction, using an adapted nested PCR protocol. The samples were 
submitted to nested PCR test. The diagnosis of ranavirus infection was dismissed, as it was found that these 
were non-specific reactions, probably related to the genetic material of the animals tested. Although no viral 
DNA was detected in the samples collected, this study is a pioneering initiative in the Northeast region, and it 
is hoped that it will stimulate further research and create a surveillance network aimed at conserving the 
national herpetofauna. 

Keywords: Amphibians; Diagnosis; Iridoviridae; Ranaviral disease. 
 

Resumo  
Ranavírus são patógenos emergentes associados a diversos surtos epizoóticos em todo o mundo, inclusive 
causando o declínio de espécies ameaçadas. Porém no Brasil, pouco se sabe a respeito de sua distribuição 
no território. Diante disto, objetivou-se com esta pesquisa investigar a ocorrência da infecção por ranavírus 
em anuros de vida livre localizados na Unidade de Conservação Mata do Tapacurá, situada em São Lourenço 
da Mata, no estado de Pernambuco. Foram coletados 36 espécimes, sendo realizada a eutanásia e posterior 
dissecação para coleta dos órgãos de interesse. Para a detecção do DNA genômico de ranavírus utilizou-se 
a Reação em Cadeia da Polimerase (PCR convencional). Na análise dos fragmentos de DNA produzidos na 
PCR foram detectadas amostras positivas, tendo ocorrido amplificação de DNA de mesmo tamanho molecular 
em relação ao controle positivo. As amostras foram submetidas a nested PCR para confirmação. Não foi 
confirmada a presença de DNA de ranavírus nas amostras analisadas, desta forma descartou-se o 
diagnóstico de infecção por ranavírus. Apesar de não ter sido detectado DNA viral nas amostras coletadas, 
este estudo traz uma iniciativa pioneira na região Nordeste, e espera-se estimular a continuidade de 
pesquisas, bem como a criação de uma rede de vigilância visando a conservação da herpetofauna nacional.  

Palavras-chave: Anfíbios; Diagnóstico; Iridoviridae; Ranavirose. 
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INTRODUCTION  

Amphibians are at risk of extinction: it is estimated that since the 1960s, around 200 species 

of frogs have become extinct, and in the next century, hundreds more may cease to exist 

(ALROY, 2015). The causes of this decline are climate change, pollution, changes in land 

use and commercial exploitation, as well as infectious diseases (COLLINS, 2010). Among 

the emerging diseases affecting amphibians, ranavirosis stands out, listed as a notifiable 

disease by the World Organization for Animal Health, due to the impact it causes both on 

aquaculture and biodiversity (BLACK; MEREDITH; PRICE, 2017). Cases of ranavirus 

infection have been reported worldwide (GRAY; MILLER, 2013), including in Brazil 

(OLIVEIRA et al., 2019). Despite its occurrence being known, both in captivity and in the 

wild (GALLI et al., 2006; RUGGERI et al., 2019), the extent of its distribution in the national 

territory is still unknown, as existing studies are limited to the Midwest (MAZZONI et al., 

2009), Southeast, and South (RUGGERI et al., 2019) regions. Given the country's vast 

territorial expanse, studies covering its entirety are necessary, especially considering 

Brazil's priority hotspots for biodiversity conservation (MITTERMEIER et al., 2004). To 

contribute to filling this gap, a research was conducted to detect the occurrence of ranavirus 

in anuran amphibians present in the Tapacurá Forest, located in São Lourenço da Mata, 

Pernambuco, Brazil. This is the first investigative initiative of this pathogen in the region, 

intending to raise awareness of the importance of monitoring agents that cause harm to 

amphibian populations. 

MATERIAL AND METHODS  

ETHICAL ASPECTS 

The research was approved by the Ethics Committee for Animal Use (CEUA) (protocol 

number: 3987250521) of the Federal Rural University of Pernambuco (UFRPE), following 

Resolution no. 436/2005. Similarly, it also received approval from the Biodiversity 

Authorization and Information System - SISBIO (number 78540-3) and was registered in 

SisGen (number A1D26D5). 

STUDY AREA 

The Tapacurá Forest Integral Protection Unit is located in the municipality of São Lourenço 

da Mata (08º03'32"S and 35º10'05"W), in the metropolitan region of Recife. It was 

designated as an ecological reserve in 1987, to preserve the hydrographic system, relief, 

soil, fauna, and flora (PERNAMBUCO, 1987). According to the Köppen-Geiger model, the 

area has an As/Aw climate (savanna climate), influenced by a rainy and a dry season (de 

MEDEIROS; de HOLANDA; ALEXANDRE, 2018). It is composed of three Conservation 
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Units (UCs): Mata do Camucim, Mata do Alto da Buchada, and Mata do Toró. The unit 

contains remnants of the Atlantic Forest, hosting a wide variety of flora and fauna, including 

endemic and endangered species (MELO; MOURA; SILVA, 2018). The research was 

conducted near Mata do Camucim, along the banks of Lake Tapacurá (Figure 1). 

 

Figure 1 Map outlining the study area. 

 

ANIMAL COLLECTION 

Two collections were carried out, one during the rainy season (July/2022) and another 

during the dry season (March/2023). A total of 36 animals, of both sexes, were collected 

through manual capture. The animals were euthanized with a lethal dose of topical or 

injectable lidocaine (for larger species), following the guidelines of the National Council for 

Animal Experimentation Control - CONCEA. After confirming death, the organs of interest, 

including kidneys, liver, and spleen, were removed. In specimens smaller than 2cm, the 

recommendation from the WOAH manual was followed, utilizing the entire body except for 

the head (WOAH, 2019). 

GENETIC MATERIAL EXTRACTION AND MOLECULAR TESTS 

Extraction and PCR Organ samples were grouped into pools per individual (1 animal = 

kidneys, liver, and spleen). Extraction was performed using a specific kit for genomic DNA 

purification (Wizard® Genomic DNA Purification Kit - Promega), following the 

manufacturer's instructions. The Polymerase Chain Reaction (PCR) technique used was 

conventional, followed by electrophoresis to observe the reaction products. In the initial PCR 
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assay, the structural gene MCP was targeted, using the MCP primers pairs (TABLE 1) 

(WOAH, 2019). 

Table 1 Primer sequences recommended by WOAH. 

Direction Sequence (5’-3’) Gene Product size 

Forward AAC-CCG-GCT-TTC-GGG-CAG-CA 
MCP-1 321pb 

Reverse CGG-GGC-GGG-GTT-GAT-GAG-AT 

Forward AAA-GAC-CCG-TTT-TGC-AGC-AAA-C 
MCP 580pb 

Reverse CGC-AGT-CAA-GGC-CTT-GAT-GT 

 

The PCR thermocycling protocol was applied according to the primer pair used, adapted 

from the Manual of Aquatic Animal Diagnosis by WOAH (WOAH, 2019) for amplifying the 

MCP fragment, conducted with the following parameters: an initial denaturation cycle at 

94°C for 3 minutes, followed by 35 cycles (denaturation - 94°C for 30 seconds; annealing - 

58°C for 30 seconds; extension - 72°C for 1 minute); finally, the final extension phase (72°C 

for 3 minutes). 

Positive samples were subjected to nested PCR (nPCR) for confirmation. Two primer pairs 

were designed based on the MCP gene available in the NCBI database (Table 1), using the 

primer editing tool BLAST. Reaction tests were performed to assess primer efficiency, 

detection limit, and suitable annealing temperature. Finally, the parameters used were the 

same as those initially applied. 

Table 2 Primer sequences used for nested PCR protocol. 

Direction Sequence (5’-3’) Product size 

Forward CTC-CCT-CCC-CTA-CAA-CGA-GA 
443pb 

Reverse CGC-TCT-TGA-CGG-GAT-CTA-CC 

Forward GAT-CCT-CCA-GCA-CAA-CAC-CA 
138pb 

Reverse CTC-ATG-GCC-TGT-CTC-TCG-TC 

 

RESULTS AND DISCUSSION 

The anuran species collected were as it is displayed in Table 3. Additionally, one animal of 

the genus Dendropsophus was collected, but its species could not be identified. All 

individuals were post-metamorphic; none of the captured specimens showed clinical signs 

or behavioral changes indicating any pathology. Similarly, the internal organs showed no 

macroscopic alterations. 
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Table 3 Anuran species collected in the study. 

Species 
No of 

specimens 

Leptodactylus fuscus (Schneider, 1799) 5 

Leptodactylus marmoratus (Parker, 1935) 3 

Leptodactylus vastus (Lutz, 1930) 1 

Dendropsophus elegans (Wied-Neuwied, 1824) 2 

Dendropsophus branneri (Cochran, 1948) 1 

Dendropsophus tapacurensis (Oliveira, Magalhães, Teixeira, 
Moura, Porto, Guimarães, Giaretta & Tinôco, 2021) 

1 

Scinax x-signatus (Spix, 1824) 15 

Scinax pachycrus (Miranda-Ribeiro, 1937) 1 

Rhinella diptycha (Cope, 1862) 4 

 

Figure 2 Scinax x-signatus. 

 

Following the PCR procedure with the primer pair for the MCP-1 gene, a DNA fragment of 

the same molecular size as the positive control was amplified. After sequencing, it was found 

that the amplified DNA was not viral but from the tested animal. The samples were then 

retested with a new primer pair (MCP). Upon performing PCR and subsequent 

electrophoresis to evaluate the reaction products, the existence of two positive samples was 

noted: bands with molecular weights approximate to that of the target fragment were formed. 

These samples underwent a new PCR, this time using an adapted protocol (nested PCR). 

Thus, it was confirmed that the tested samples did not contain viral DNA, indicating non-

specific amplification. 

An alternative to consider is the use of other primers targeting different regions of the viral 

genome; studies report that genes such as DNA polymerase (DNApol), the alpha subunit of 

the ribonucleotide reductase gene (RNR-α) and others are targets used for PCR 

amplification (BOX et al., 2021; KAGANER et al., 2021). 
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No reports were found in the literature regarding ranavirus infection in any of the anuran 

species collected, with a particular mention of the species D. tapacurensis, recently 

described and endemic to this biome (OLIVEIRA et al., 2021). In a similar study, Reis (2018) 

investigated the occurrence of ranavirus infection in wild anurans of the species L. fuscus in 

two cities in the state of São Paulo, where 40 adult specimens were captured. One of these 

specimens exhibited macroscopic alterations in the organs, consistent with those caused by 

the virus in tissues, although no positive animals were detected. 

Additionally, the developmental stage is a factor influencing infection dynamics. Young 

animals (larvae and newly metamorphosed) are more susceptible to infection than adults 

(BAYLEY et al., 2013), as their immune system is not fully developed during this phase, with 

some crucial areas of adaptive response being refined during or after metamorphosis 

(CHEN; ROBERT, 2011). Conversely, adults tend to exhibit a more effective immune 

response against the virus, developing lasting humoral immunity after exposure (MANIERO 

et al., 2006). In this study, no tadpoles or individuals in a pre-metamorphic developmental 

state were found. Thus, it was not possible to observe if there is ranavirus infection in young 

anurans. 

Hoverman and colleagues (2011) demonstrated in an experimental study that there are 

variations in susceptibility to ranavirus infection among anuran species. Through 

comparative phylogenetic analysis and experimental infection, it was observed that animals 

belonging to the Ranidae family tend to have a higher sensitivity to infection than other tested 

families (Hylidae, Bufonidae, Scaphiopodidae). In this research, no ranids were captured; 

the tested anurans belonged to the families: Leptodactylidae, Hylidae, and Bufonidae. 

Another important aspect to consider is the role of invasive species in the maintenance and 

transmission of ranavirus. Species such as the American bullfrog (Lithobates catesbeianus) 

play a role in the disease's epidemiology as carriers, as many do not show clinical signs but 

shed the virus to other susceptible animals (FORTI et al., 2017). No invasive anuran species 

were found during the collections, but there are records of American bullfrog populations in 

other municipalities of the state (BOTH et al., 2011). Given their adaptability and dispersal, 

it is necessary to monitor ranavirus infections in these species to investigate whether these 

animals are reservoirs of ranavirus. 

CONCLUSION  

Despite the non-detection of ranavirus DNA in the research, these results are important from 

a conservation standpoint, considering the presence of endemic species and those at risk 

of extinction in the Ecological Station. This pioneering research in the Northeast region of 

Brazil emphasizes the need for surveillance programs to assess the status of amphibian 
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populations regarding ranavirosis. It is hoped, therefore, to encourage further research in 

other states of Brazil, thereby expanding knowledge of the distribution and impacts of 

ranavirus on Brazilian herpetofauna. 
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Abstract. Emerging infectious diseases have contributed to the decline of amphibian species around the world. Among them, 

ranavirus infections have a major importance, as they significantly impact biodiversity and frog rearing. Ranavirus infections 

occur worldwide, and several outbreaks have been reported in different countries. This study aimed to conduct an integrative 

review of recent literature, including epidemiological data on the distribution, prevalence, and circulating species/strains, to 

collect and synthesize this information. We hope to provide a situational update on ranavirus infections in anurans, identifying 

both gaps that may still exist and potential directions for future research. 

Keywords: Anurans; Iridovirus; ranavirus infections; emerging diseases; conservation 

1. Introduction 

Amphibians are a diverse and cosmopolitan class, comprising approximately 8,000 species (Frost, 2021). Despite this diversity, 

amphibians are at risk of extinction. According to the Red List of the International Union for the Conservation of Nature 

(IUCN), 41% of amphibian species are at risk of disappearing (IUCN, 2023). Several factors are behind this decline, including 

climate change, anthropic action (deforestation, habitat fragmentation) (Santi; Corrêa, 2018), and the introduction of invasive 

species (Kraus, 2015). Moreover, the occurrence of infectious diseases significantly impacts the numbers of many of these 

species (Daszak; Cunningham; Hyatt, 2003). Ranaviruses, viruses belonging to the Iridoviridae family (Chinchar et al., 2017) 

that infect fish, amphibians, and reptiles (Brenes et al., 2014), are among the most important emerging pathogens.  

Ranaviruses are large viruses (150 to 200nm in diameter), with a genome consisting of a double strand of DNA (ds DNA), 

covered by an inner membrane, which in turn is covered by a capsid of icosahedral symmetry, and can be enveloped by an 

outer envelope (in the case of species that bud from the host cell's plasma membrane) or not. These morphological 

characteristics are common to all members of this taxon (Chinchar et al., 2017). Seven species are currently recognized: 

Ambystoma Tigrinum Virus (ATV), Common Midwife Toad Virus (CMTV), Epizootic Haematopoietic Necrosis Virus 

(EHNV), Santee-Cooper Virus (LMBV), Singapore grouper iridovirus (SGIV), European North Atlantic Ranavirus (LfRV) 

and Frog Virus 3 (FV3) (Jancovich et al., 2011). The main species that affect amphibians are CMTV, ATV and FV3, and 

studies have shown that anurans and urodeles are more susceptible to ATV and FV3, respectively (Schock et al., 2008). 

Ranaviruses are considerably resistant in the environment: studies performed with FV3 have shown that its permanence in 

water at low temperatures (4° C) can be up to 102 days in filtered river water, and 57 days in unfiltered water (Nazir et al., 

2012). In addition, these viruses can also remain in sediments, being able to conserve their infecting capacity, under the same 

temperature range (Munro et al., 2016). Virions are inactivated by acidic (3.0) and alkaline (11.0) pH, exposure to UV 

irradiation and also by high temperature (55º C for 30 minutes). In addition, ranaviruses are sensitive to the action of 

disinfectants such as chlorhexidine, sodium hypochlorite and potassium compounds (Bryan et al., 2009). 

The first description of ranavirus infection occurred in the 1960s; since then, several die-off events have been recorded. These 

viruses have been identified as causing epizootic outbreaks worldwide (Gray; Miller, 2013; Maclachlan; Dubovi, 2016), with 

cases reported in several countries (Duffus et al., 2015). The disease has a high mortality rate, reaching 100% (World 
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Organization for Animal Health, 2010), thus bringing significant losses to aquaculture and biodiversity: there are scientific 

reports that reveal the decline of amphibian species in the wild due to infections by ranavirus in Europe (Price et al., 2014), as 

well as mass mortalities of animals in the wild and captivity.  For these reasons, ranavirosis was listed as a notifiable disease 

by the World Organization for Animal Health (WOAH) in 2009, although it is not a zoonotic disease (Black; Meredith; Price, 

2017). 

The ecology of ranaviruses involves a complex chain of interaction between host species, transmission routes, environmental 

persistence, stressors and the immunity of the host individual (Gray et al., 2012). The virus is transmitted horizontally. A high 

population density can facilitate transmission between individuals, through direct contact between healthy and sick animals. 

In addition, natural behaviors among amphibians, such as predation (cannibalism and necrophagy), are risk factors for direct 

transmission of the virus (Harp & Petranka, 2006; Latney & Klaphake, 2013). The virus can also be dispersed through 

water, soil and sediment and infect other individuals indirectly (Nazir et al., 2012). 

Affected animals can show symptoms such as altered buoyancy, erratic swimming, lethargy, edema, erythema and skin ulcers, 

that can develop into skin necrosis with loss of extremities (Forzán et al., 2015; Miller et al., 2007; Stöhr et al., 2013). Despite 

the variety of clinical signs, some animals may harbor a subclinical but transmissible infection of the virus (Brunner et al., 

2019); these carriers contribute to the dispersal of the pathogen, especially when considering the wild animal trade, which 

some authors point to as a "source of pathogen pollution" (Picco; Collins, 2008). 

In the last few years, there has been a significant increase in research involving ranaviruses, evidenced by the growth in the 

number of articles published on the subject (Wirth et al., 2021). Anurans are the main models used to evaluate important 

aspects of the infection, such as immunity, pathogenesis (Forzán et al., 2017; Morales et al., 2010), diagnostic techniques (Ford 

et al., 2022), transmission potential (Cunningham et al., 2007), and environmental drivers (Hall et al., 2020). Furthermore, 

since ranaviruses can accelerate the process of extinction of threatened species, the risk of disappearance of anurans is 

concerning from a conservation perspective (Earl et al., 2016). Given the wealth of available information on ranavirus infection 

in anurans, this study aimed to conduct an integrative literature review to collect and systematize data published in the last 10 

years. We hope to provide a situational update on the epidemiology of ranavirus infections in anurans worldwide and identify 

possible gaps in knowledge that could be the subject of future research. 

2. Materials and Methods 

This research consisted of an integrative review to analyze data on the prevalence, geographical distribution, and diversity of 

ranavirus species worldwide. The search criteria included studies published over the last ten years (2013–2022). The search 

for articles was conducted in two bibliographic databases: Scopus and PubMed. The search terms were applied using Boolean 

operators: ranavirus AND infection AND (anurans OR amphibian) AND (epidemiology OR prevalence OR occurrence). The 

researchers predefined the inclusion and exclusion criteria for the articles (Table 1) and applied them for screening and 

subsequent selection. 

Table 1: Predefined inclusion and exclusion criteria for the selection of articles. 

INCLUSION CRITERIA EXCLUSION CRITERIA 

Observational prevalence/occurrence studies Review articles and book chapters 

Studies on ranavirus infection in anurans Clinical trials (experimental infection) 

Articles published in the last 10 years Studies/reports with species other than anurans 

Research containing data to calculate the  

prevalence  

Studies that do not focus on the prevalence/ 

occurrence of the disease/infection 

Research conducted in any country/language 
Studies that do not explain the observed  

prevalence 

 Duplicate articles 
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The search in the two databases yielded 921 articles. After retrieval, the titles and abstracts were pre-read. 746 articles did not 

meet the established criteria and were excluded; the duplicate articles were also discarded. The articles that passed the screening 

were read in full; the inclusion and exclusion criteria were also considered. Those that did not provide the full text for reading 

were rejected. In the end, 68 articles were selected (Figure 1). 

To calculate prevalence, the equation comprising the ratio between the total number of animals detected positive divided by 

the total number of animals tested was applied. This calculation follows the prevalence principle described by Lima, Pordeu 

and Rouquayrol (2018), in which it is measured by dividing the number of known cases of a given disease by the number of 

individuals in the population at a defined point in time (day, month, or year) (Equation 1). 

Equation 1: Calculation for measuring prevalence. 

𝑃𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑖𝑜 =
(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑘𝑛𝑜𝑤𝑛 𝑐𝑎𝑠𝑒𝑠 𝑜𝑓 𝑑𝑖𝑠𝑒𝑎𝑠𝑒)

𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
 𝑥 100 

Importantly, articles without prevalence information were included if access to the data needed to calculate this indicator for 

the species of interest was possible. In articles where the prevalence was defined for other orders of anurans (e.g., Caudata), a 

prevalence calculation was conducted considering only anurans. Studies wherein this information was impossible to retrieve 

were discarded. 

Figure 3: Flowchart showing the sequence of article selection for the integrative review. 
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3. Results 

We selected 68 articles reporting cases of ranavirus infections in anuran amphibians, confirmed by laboratory techniques over 

the last ten years (2013–2022). The reports came from countries in all continents, except Antarctica; of these, most (39.7%) 

described occurrences in the United States. Consequently, the number of cases recorded in North America was higher than in 

other continents (33 records/48.5% of publications). In contrast, only one record has been reported in Oceania from a 

surveillance study of the infection in critically endangered species (Wynne, 2020).  

Several species of anurans have been affected by the infection: 16 families were recorded in the reports, including species 

threatened with extinction (Table 2). Assessed animals came from various sources: free-living animals, animals bred in 

captivity (commercial farms and aquariums), and zoological collections. It is worth noting that some articles reported the first 

case of detection of the pathogen in amphibians, either in a natural environment or in captivity (Park et al., 2021; Vörös et al., 

2020; Kwon et al., 2017; Ruggeri et al., 2019), in order to create a collaborative, information-exchanging network, 

demonstrating the increased efforts to identify the cause behind the outbreaks of this emerging disease. 

  Table 2: List of anurans grouped by families and species found in the 68 records selected. 

Order Family Species 

Anura Alytidae Alytes obstetricans 

 Bombinatoridae Bombina bombina, Bombina orientalis, Bombina variegata 

 Bufonidae Bufo bufo, Bufo spinosus, Anaxyrus (Bufo) hemiophrys, Anaxyrus americanus, 

Anaxyrus boreas boreas, Duttaphrynus dhufarensis, Epidalea calamita, Rhinella 

manu, Rhaebo haematiticus, Rhinella marina, Rhinella horribilis 

 Calyptocephalellidae Calyptocephalella gayi 

 Centronelidae Teratohyla spinosa 

 Craugastoridae Craugastor ranoides*, Craugastor bransfordii, Craugastor fitzingeri, Craugastor 

megacephalus, Craugastor mimus, Craugastor crassidigitus, Craugastor 

podiciferus, Craugastor stejnegerianus, Craugastor taurus* 

 Hylidae Agalychnis callidryas, Agalychnis lemur*, Agalychnis spurrelli, Acris gryllus, 

Acris blanchardi, Duellmanohyla legleri*, Dendropsophus phlebodes, Hyla 

cinerea, Hyla molleri, Hyla squirella, Hyla chrysoscelis, Hyla versicolor, Hyliola 

regilla, Hyloscirtus palmer, Hypsiboas gladiator, Dendropsophus phlebodes, 

Dendropsophus microcephalus, Limnodynastes nannotis, Limnodynastes lorica, 

Pseudacris crucifer, Pseudacris fouquettei, Pseudacris maculata, Pseudacris 

ornata, Osteopilus septentrionalis, Dryophytes japonicus, Scinax elaeochroa, 

Smilisca boudinii, Teratohyla spinosa 

 Microhylidae Gastrophryne carolinensis, Gastrophryne olivacea 

 Mantellidae Mantidactylus cowanii, Mantidactylus mocquardi 

 Pelobatidae Pelobates cultripes 

 Pelodryadidae Litoria nannotis, Litoria lorica* 

 Pipidae Xenopus laevis 

 Pyxicephalidae Pyxicephalus spp. 

 Ranidae Rana dybowskii, Rana draytonii, Rana sylvatica, Rana iberica, Rana pyrenaica, 

Rana temporaria, Rana catesbeiana, Rana clamitans, Rana huanrenensis, Rana 

sphenocephala, Rana pipiens, Rana palustres, Rana grylio,  Rana heckscheri, 

Rana okaloosae, Rana virgatipes, Rana muscosa*, Rana sierrae*, Lithobates 

capito, Lithobates forreri, Lithobates vibicarius, Lithobates warszewitschii, 

Lithobates clamitans melanota, Hoplobatrachus occipitalis, Hylarana spp., 

Ptychadena spp., Pelophylax esculentus, Pelophylax ridibundus, Pelophylax 

lessonae  

 Scaphiopodidae Scaphiopus holbrookii 

 Strabomantidae Pristimantis lindae, Pristimantis pharangobates, Pristimantis platydactylus, 

Pristimantis toftae 

 Telmatobiidae Telmatobius marmoratus 

* Species classified as vulnerable (VU), endangered (EN), or critically endangered (CR) according to the IUCN Red 

List. 
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Moreover, some of the studies reported the occurrence of ranavirus infection in species included in the International Union for 

the Conservation of Nature (IUCN) Red List categories. Craugastor ranoides, Craugastor taurus, Agalychnis lemur, 

Duellmanohyla legleri, Litoria lorica and Rana muscosa, and Rana sierrae are classified as endangered species at one of the 

the following levels: vulnerable (VU), endangered (EN), or critically endangered (CR). The assessment considers various 

factors to define the conservation status of species of different taxa (IUCN, 2023). 

Of the 68 articles analyzed, 27 (39.7%) identified the viral species involved; Frog Virus 3 (FV3) was implicated in most cases 

(13 records). The spatial distribution of ranavirus species in different countries is shown in Figure 2. Ranaviruses are 

widespread globally, aided by the international animal trade, whether for the pet market or food. Studies showed the presence 

of exported animals with the infection (Kolby et al., 2014), which facilitates the spread of the virus across borders. 

Figure 4: Geographical distribution of the ranavirus species/isolates identified in the records. 

 

4. Discussion 

 

The decline of endangered species is a matter of concern: it is estimated that since the 1960s, around 200 species of frog have 

become extinct, and that in the next century, hundreds more may no longer exist (Alroy, 2015). Invasive species intensify this 

process: as well as competing for food resources and preying on native species, they have a key role as pathogen carriers, 

serving as a source of infection and acting as conduits in the dynamics of agent transmission. Some articles cited invasive 

species, such as Eleutherodactylus planirostris (Rivera et al., 2019) and Lithobates catesbeianus (Ruggeri et al., 2019), 

currently named as Aquarana catesbeiana (Jorgewich-Cohen et al., 2022). In one of the articles reviewed, E. planirostris had 

a higher prevalence and intensity of infection than the other species evaluated, highlighting the amplifying role that invaders 

play in disseminating ranaviruses (Rivera et al., 2019). 

Frog farming is an important branch of aquaculture that contributes significantly to the production of meat protein and other 

non-food purposes: according to a report by the Food and Agriculture Organization of the United Nations (FAO), 147.8 

thousand tons of frogs (live weight) were produced in 2020 (FAO, 2022). The American bullfrog (Aquarana catesbeiana) is 

a species widely used in production for human consumption. This anuran has been introduced into several countries, as various 

farming sites have been built to breed them on a commercial scale. However, reports of animals escaping or being abandoned 

in the wild after the closure of facilities are not uncommon, and the species, which is highly adaptable, has managed to thrive 
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in the outdoors. In South America, several countries have recorded feral populations of the bullfrog, such as Argentina 

(Akmentins & Cardozo, 2010), Uruguay (Laufer et al., 2008) and Brazil (Both et al., 2011). 

In addition to intra-class interaction, ranaviruses can be transmitted through inter-class contact since this pathogen can infect 

different host classes. Studies have reported the occurrence of ranavirus infection in sympatric amphibians and chelonians 

(Currylow; Johnson; Williams, 2014), as well as in anurans and urodeles that share the same territory in a prey–predator 

relationship (Rothermel et al., 2016). This dynamic favors the transmission of the agent, increasing the likelihood of infection. 

When considering an environment with great biodiversity, other mobile taxa, such as birds and reptiles, can carry the virus as 

carriers or reservoirs, contributing to spreading the pathogen in the environment (Tornabene et al., 2018). 

Some of the records evaluated also highlighted the increased impact of co-infection with other emerging pathogens, including 

the chytrid fungus Batrachochytrium dendrobatidis; this zoospore-forming fungus can infiltrate the host's epidermis, causing 

a disturbance in its osmoregulatory function (Sewell et al., 2021). One hypothesis to be confirmed is that infection by one of 

these pathogens may favor subsequent infection by the other (Warne et al., 2016). Seven studies reported animals co-infected 

with the two pathogens (Whitfield et al., 2013; Reshetnikov et al., 2014; Warne et al., 2016; Olori et al., 2018; Talbott et al., 

2018; Watters et al., 2018; Julian et al., 2019). Co-infection, combined with factors such as climate change, exacerbates the 

impacts caused by these agents, increasing disease severity and triggering new outbreaks (Thumsová et al., 2022). 

The environment is also a key factor in the occurrence of ranavirus infections. Studies showed that certain environmental 

aspects can increase the predisposition of animals to infection. Elements such as the season or environment-linked aspects 

(e.g., distance from the nearest lake with a ranavirus infection) are used to predict infections (Tornabene et al., 2018). The 

deleterious consequences of food production on the environment also impact amphibians, predisposing them to the virus; for 

example, ammonia from livestock farming and fertilizers used in agriculture is extremely toxic to aquatic animals and impairs 

their development and interferes with their immune function (Talbott et al., 2018). 

Regarding diagnosis, all studies used polymerase chain reaction (PCR) as the primary test to confirm infection; however, other 

techniques, such as viral isolation (Miaud et al., 2016; Julian et al., 2019), histopathology (Landsberg et al., 2013; Rothermel 

et al., 2016; Sluijs et al., 2016; Eustace et al., 2018; Hsieh; Rairat; Chou, 2021), immunohistochemistry (Forzán et al., 2019), 

in situ hybridization, and electron microscopy, were also used (Hsieh; Rairat; Chou, 2021). Molecular tests are highly sensitive 

and enable the identification of the species involved in infection. The use of samples from the environment to recover 

environmental DNA (eDNA) is a growing trend, which has the advantage of eliminating the need to handle and euthanize 

animals, as well as providing quantitative data on viral elimination in the environment during outbreaks, demonstrating 

satisfactory results (Hall et al., 2018; Miaud et al., 2019; Tornabene et al., 2021). 

Laboratory diagnosis must be carried out to confirm ranavirus infection, considering the non-specific signs and the subclinical 

phase of the disease. Of all the methods used, Polymerase Chain Reaction (PCR) is the technique recommended by the World 

Organization for Animal Health (WOAH) due to its availability, utility and diagnostic sensitivity and specificity. Other 

techniques can also be used, such as electron microscopy, viral isolation in cell culture and Enzyme-Linked Immunosorbent 

Assay (ELISA) (World Organization for Animal Health, 2010). 

Despite the large number of studies reporting the occurrence of ranavirus infections, little is known about the species and 

strains of the virus involved in these cases, as mentioned before. One of the records evaluated shows the diagnosis and 

molecular characterization through phylogenetic analysis of a strain of ranavirus in Brazil (Oliveira et al., 2020). This isolate 

was found to have a different phylogenetic profile from other strains recorded in other countries. Sequencing studies are 

especially relevant because they can reveal the evolutionary history of these viruses, as well as provide knowledge of genes 

that might have an impact on the replication cycle and viral pathogenesis. 

Table 3 shows the prevalence values found in the articles evaluated. In some cases, it was necessary to calculate the prevalence, 

as this parameter was not indicated. A new calculation was performed considering only anuran amphibians in articles that 
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presented data for other orders of amphibians. There is a wide variation in prevalence, with values reaching 100% in cases 

wherein outbreaks with high mortality have been reported (Wheelwright et al., 2014; Miaud et al., 2016; Kwon et al., 2017; 

Hartmann, 2022). 

Table 5: Prevalence found in the records, divided by continent, their respective countries, and the species involved.  
Continent Country Prevalence 

North 

America 

United States 

73% - A. gryllus | 100% - L. capito (Hartmann, 2022) | 24,87% - Rana spp. (Karwacki et al., 2021) 

72% - O. septentrionalis (Galt et al., 2021) | 0-100% - R. silvatica (Hall et al., 2018) 

21,4% - A. blanchardi, Hyla spp., Pseudacris spp., Gastrophryne spp., Rana spp. (Davis et al., 2019) 
42% - L. sylvaticus (Mosher et al., 2019) | 5% - Hyla spp., E. planirostris (Rivera et al., 2019) 

5% - L. clamitans melanota, (Julian et al., 2019) | 26% - R. sylvatica (Savage et al., 2019) 

0% - B. marinus, E. planirostris, D. auratus, Rana spp. (Goodman et al., 2019) 
5,94% - A. americanus, A. blanchardi, Hyla spp., Rana spp. (Watters et al., 2018) 

23,33-26,6% (2012-14) | 38.3% (2015) | 7,9% (2016) - A. americanus, H. versicolor, P. crucifer, Lithobates spp. (Olori 

et al., 2018) | 66,33% - H. regilla, A. bóreas, Rana spp. (Tornabene et al., 2018)  
4,51% - R. catesbeiana, A. americanus, Lithobates spp., Pseudacris spp., Hyla spp. (Standish et al., 2018) 

60% - 2014; 18% - 2015 - R. sylvatica, Pseudacris spp., Hyla spp. (Talbott et al., 2018) 

3,4% - Rana spp. (Smith; Picco; Roland Knapp, 2017) | 0,11% - H. squirella (Horner et al., 2017) 

32,11% - S. holbrookii, A. terrestris, G. carolinensis, A. gryllus, Pseudacris spp., Hyla spp.,  

Lithobates spp. (Love et al., 2016) | 38,9% - R. sylvatica (Crespi et al., 2015) 

19,43% - A. americanus, Pseudacris spp., Lithobates spp., Rana spp., Hyla spp. (Rothermel et al., 2016) 
100% - A. boreas boreas (2014) | 100% - R. sylvatica (Wheelwright et al., 2014) 

2,8% - não identificada (Currylow; Johnson; Williams, 2014) | 6,7% - Lithobates spp. (Landsberg et al., 2013) 

0% - P. maculata, L. pipiens (Tornabene et al., 2022) | 0% - R. sylvatica (Richter et al., 2013) 

0% - L. clamitans (Titus & Green, 2013) 

Canada 

10.5% - R. sylvatica, P. maculata, A. hemiophrys (Bienentreu et al., 2022) 

40.32% - Pseudacris maculata, Anaxyrus hemiophrys, Rana spp. (Grant et al., 2019) 

80.7% - A. hemiophrys, R. sylvatica, P. maculata (Forzán et al., 2019) | 38.9% - R. sylvatica (Crespi et al., 2015) 
6.8% - R. sylvatica (D’Aoust-Messier et al., 2015) | 1.05% - L. clamitans (Forzán ; Wood, 2013) 

Mexico 0% - T. smithii (Jacinto-Maldonado et al., 2020) 

Central 

America 

Costa Rica 

16.5% - Craugastor spp., Lithobates spp., H. palmer, E. prosoblepon, H. colymbiphyllum, D. legleri, A. lemur,  

D. phlebodes, R. horribilis (Whitfield et al., 2021) | 4% - C. ranoides (Puschendorf et al., 2019) 
16.6% - R. haematiticus, R. marina, S. elaeochroa, S. boudinii, T. spinosa, C. bransfordii, C. fitzingeri, C. 

megacephalus, O. pumilio (Whitfield et al., 2013) 

Panama 0% - Atelopus zeteki (Eustace et al., 2018) 

South 

America 

Brazil 7.7% - L. catesbeianus (Oliveira et al., 2020) | 36.4% - Bufonidae spp., Hylidae spp. (Ruggeri et al., 2019) 

Chile 4.3% - X. laevis, C. gayi (Soto-Azat et al., 2016) 

Ecuador 1.4% - Pristimantis spp. (Urgiles et al., 2021) 

Peru 53% - T. marmoratus ; 75% - R. manu ; 30% - H. gladiator ; 38.2% - Pristimantis spp. (Warne et al., 2016) 

Africa 
Chad 16% - H. occipitalis, Ptychadena spp., Pyxicephalus spp. (Box et al., 2021b) 

Madagascar 5.2% - M. cowanii, M. mocquardi  (Kolby et al., 2015) 

Europe 

Spain 

94.45% - A. obstetricans, B. spinosus, H. molleri, P. cultripes, R. pyrenaica, R. temporaria (Thumsová et al., 2022) 
36.69% - A. obstetricans, B. spinosus, R. iberica, R. temporaria (Bosch et al., 2021) 

28.6% - A. obstetricans, B. spinosus (Bielby et al., 2021) | 53.7% - A. obstetricans, B.spinosus, H.molleri, P.perezi, 

R.iberica (von Essen et al., 2020) 

Portugal 18.25% - A. obstetricans, B. spinosus (Rosa et al., 2017) 

France 23% - R. temporaria (Miaud et al., 2019) | 100% - R. temporaria (Miaud et al., 2016) 

England 0% - P. lessonae (Sainsbury et al., 2017) | 20.91% - R. temporaria, B. bufo (Price et al., 2017) 

United Kingdom (England, 
Scotland, and Wales) 

3.77% - B. bufo, A. obstetricans (Duffus; Nichols; Garner, 2014) 

Greece 0% - B. bufo, B. variegata, R. dalmatina, B. viridis, Pelophylax spp., Pelobates spp. (Strachinis et al., 2022) 

Poland 2.8% - R. temporaria, Bombina spp., Pelophylax spp. (Palomar et al., 2021) 

Slovenia 
0% - Bombina spp., Bufo spp., Rana spp., P. adspersus, T. resinifictrix, X. laevis, H. arborea, L. catesbeianus,  

P. fuscus, P. esculentus (Kostanjšek et al., 2021) 

Hungary 9.6% - B. bufo, P. ridibundus (Vörös et al., 2020) 

The Netherlands 0.96% - Pelophylax spp., B. bufo (Sluijs et al., 2016) 

Russia 48.57% - B. Bufo (Reshetnikov et al., 2014) 

Sweden, Czech Republic, 

Slovakia, Poland, Germany, 
and Switzerland 

47.2% - P. esculentus (Stöhr et al., 2013) 

Asia 

China 18.9% - B. orientalis, X. laevis (Kolby et al., 2014) 

South Korea 7.2% - D. japonicus, P. nigromaculatus, L. catesbeianus (Roh et al., 2022) | 100% - R. dybowskii (Park et al., 2021) 

Taiwan 100% - R. catesbeiana (Hsieh; Rairat; Chou, 2021) 

Oman 34.8% - D. dhufarensis (Bates et al., 2023) 

Oceania Australia 2.7% - Litoria nannotis, L. lorica (Wynne, 2020) 

 

In epidemiology, we use coefficients to measure events linked to the health-disease process. The prevalence coefficient, point 

prevalence, or simply prevalence, is one of the most widely used measures of disease frequency; it quantifies the proportion 

of individuals in a population who are affected by a disease at a given time. Wagner (1998) compares this indicator to a photo, 

which is static, being related to a point in time (even if the data collection took place over days, months or years). Hence, it is 
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important to measure the probability of morbid events (Merchán-Hamann et al., 2000) and assess the frequency of disease risk 

factors (Lima et al., 2018). 

Regarding prevalence data, it is noteworthy that lower values do not necessarily imply a lower occurrence of infection 

compared to other cases. For instance, Miaud et al. (2016) described a ranavirus outbreak where hundreds of dead animals 

were observed in three lakes in the southeastern Alps. In that study, 21 animals were collected for the diagnostic test, and all 

tested positive. In contrast, Price et al. (2017) conducted a 25-year retrospective study evaluating the occurrence of infections 

in individuals from an archive. Although the number of positive animals detected was higher (87), the prevalence was low due 

to the large number of tested individuals. 

Eradicating a disease that circulates among wild animals is quite difficult; therefore, prevention and risk analysis are necessary 

to avoid the spread of ranaviruses. Sainsbury and colleagues (Sainsbury et al., 2017) described their application within a 

program for the reintroduction of Pelophylax lessonae with a view to its conservation. In this sense, quarantine and testing of 

animals to be reintroduced into the wild is important to ensure that these animals do not introduce pathogens into the receiving 

environment, thus avoiding the origin of disease outbreaks. 

4. Conclusions 

Ranavirus infections are being documented with greater frequency; thus, preventive measures must be taken, especially 

regarding the impacts caused by humans. Moreover, there is a clear need for surveillance actions aimed at the conservation of 

endangered species, with the monitoring of emerging infectious diseases and immediate notification to national and 

international animal health agencies. 
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4. CONSIDERAÇÕES FINAIS 

 Ranavírus são patógenos de grande relevância para a saúde animal, e apesar dos grandes 

esforços em pesquisar, documentar e compreender a dinâmica da relação patógeno-hospedeiro, 

ainda existem questões a serem esclarecidas. Levando em consideração a dimensão continental 

do país, são necessários novos estudos em toda a área do território. Espera-se, portanto, 

incentivar a realização de novas pesquisas em outros estados do Brasil, de forma a ampliar o 

conhecimento da distribuição e impactos do ranavírus na herpetofauna brasileira. 
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ANEXO I 

 

Autorização da Comissão de Ética no Uso de Animais em Pesquisa (CEUA – UFRPE) para a 

realização da pesquisa. 
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ANEXO II 

 

Autorização do Instituto Chico Mendes para a Conservação da Biodiversidade (ICMBio), por 

meio do Sistema de Autorização e Informação em Biodiversidade – Sisbio, para a realização 

da pesquisa. 
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