
Infectious diseases have been identified as relevant 
stressors contributing to the ongoing global amphib-

ian decline (1). The collapse of amphibian communi-
ties translates into a dramatic loss of biodiversity and 
critical biomass, which eventually could affect human 
health (2). Ranaviruses and chytrid fungi are primary 
amphibian pathogens that are causing extinction or 
extirpation of local amphibian populations world-
wide (3,4). It is likely that other infectious organisms, 
yet to be characterized, might play a similar role.

Recently, 2 novel alloherpesviruses have been 
discovered: ranid herpesvirus 3 (RaHV3, Batravi-
rus ranidallo3) in the common frog (Rana temporaria) 
and bufonid herpesvirus 1 in the common toad (Bufo 
bufo). Both viruses are associated with proliferative 
skin disease (5–7). RaHV3 is invariably associated 
with gray patchy skin proliferations corresponding 
to areas of epidermal hyperplasia (Figure 1) (7). Le-
sions vary in severity and size, but their clinical sig-
nificance in adult frogs is unknown. Equally unclear 
is the potential effect of the lesions on overall host fit-
ness, reproductive success, and susceptibility to other 
infectious agents.

Pathogenesis of RaHV3 is only partially under-
stood (7); the actual route and timing of infection is 

unknown. In a transmission study performed on post-
metamorphic common frogs, no specific lesions could 
be observed after RaHV3 inoculation (F.C. Origgi, un-
pub. data). Furthermore, experimental transmission 
studies of ranid herpesvirus 1 (RaHV1, Batravirus 
ranidallo1), the first characterized amphibian herpes-
virus (8), indicated that the virus-associated renal ad-
enocarcinoma most likely occurred when amphibians 
were infected during the early embryonic stage (pre-
metamorphosis), but not in adult or juvenile stages 
(postmetamorphosis) (as reviewed in 9). We investi-
gated the potential occurrence of RaHV3 infection in 
premetamorphic free-ranging common frogs.

The Study
We collected 14 sample batches of free-ranging tad-
poles (3–13 tadpoles per batch), either directly from 
or in close (<10 m) proximity to 5 ponds in Norway 
in 2022, where adult frogs with lesions consistent 
with RaHV3 infection were observed earlier in the 
year (Figure 2) (F.C. Origgi, unpub. data). We sam-
pled the ponds 2–3 times during early June through 
mid-July 2022 (Appendix Table, https://wwwnc.cdc.
gov/EID/article/29/6/23-0255-App1.pdf). The Gos-
ner developmental stages for tadpoles ranged from 
stages 26–36.

We collected and humanely euthanized tadpoles 
by using tricaine methanesulfonate in strict accor-
dance with the Animal Welfare Act (§4 in FOR-2003-
03-14-349) of Norway and then preserved them in 
96% ethanol. In the laboratory, we bisected each tad-
pole with a scalpel; we extracted DNA from 1 half 
as previously described (5) and fixed the other half 
in 10% buffered formalin. We amplified the partial 
RaHV3 genome sequence as previously described 
(5) and by using a new quantitative PCR protocol 
(Appendix). Initially, we extracted DNA from 3–5 
tadpoles from each sampling date and pond loca-
tion; if we obtained a positive signal for RaHV3 by 
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Ranid herpesvirus 3 (RaHV3) is a recently discovered vi-
rus associated with skin disease in frogs. We detected 
RaHV3 DNA in free-ranging common frog (Rana tempo-
raria) tadpoles, consistent with premetamorphic infection. 
Our finding reveals a critical aspect of RaHV3 pathogene-
sis, relevant for amphibian ecology and conservation and, 
potentially, for human health.
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PCR, we tested all tadpoles collected from the same 
location. We processed the fixed-tissues, embedded 
them in paraffin, prepared 5 µm–thick sections, and 
stained the sections with hematoxylin and eosin in 
accordance with the standard protocol used at the 
Vetsuisse Faculty, University of Bern.

After qualitative and quantitative PCR on tad-
pole DNA (n = 77 samples), we found 2 of 14 sampled 
batches were positive for RaHV3, corresponding to 2 
of the 5 tested pond locations (Lillehammer and Skyt-
ta) (Figure 2). After testing each tadpole in the posi-
tive batches, we identified 6 of 13 tadpoles from the 
Lillehammer pond and 1 of 4 from the Skytta pond 
that were positive for RaHV3 DNA; genome equiva-
lents ranged from 2 × 101 to 2 × 107. After sequencing 
amplicons obtained by using qualitative PCR (5), we 
found a 100% match with the reference strain RaHV3_
FO1_2015 (Genbank accession no. NC_034618.1).

We did not observe differences in histological 
sections of RaHV3 PCR-positive and PCR-negative 
tadpoles. However, RaHV3-associated changes might 
have been masked by the advanced autolysis ob-
served in the examined tissue sections.

Conclusions
Finding genomic RaHV3 DNA in free-ranging tad-
poles is a major step toward understanding the 

pathogenesis of RaHV3-associated disease. In partic-
ular, this result supports the hypothesis that infection 
occurs during the frog’s premetamorphic embryonic 
or larval stages. Experimental RaHV1 infection of 
leopard frogs (Lithobates pipiens) was successful only 
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Figure 1. Ranid herpesvirus 3 infection in common frog Rana 
temporaria tadpoles, Norway. Image shows a large number of 
multifocal to coalescent, mildly elevated, gray patches (epidermal 
hyperplasia) extending over most of the integument, particularly 
clustering along the left flank. Between gray areas is normally 
pigmented skin. Image copyright © Jeroen van der Kooij. 

Figure 2. Location of sampling areas in study of ranid herpesvirus 3 infection in common frog Rana temporaria tadpoles, Norway. 
We collected 14 sample batches of free-ranging tadpoles (3–13 tadpoles per batch) either directly from or in close (<10 m) proximity 
to 5 ponds in Norway in 2022, where adult frogs with lesions consistent with ranid herpesvirus 3 (RaHV3) infection were observed 
earlier in the year. Maps show locations of ponds in Lillehammer, Skytta, and Gjelleråsen and the distances (in meters) between them. 
The 2 ponds marked collectively as 3b are linked by marshland in which adult frogs breed independently and are, therefore, treated 
as 1 complex. We found 2 of 14 sampled tadpole batches were positive for RaHV3 by using PCR, corresponding to pond areas in 
Lillehammer and Skytta. After testing each tadpole in the positive batches, we identified 6 of 13 tadpoles from the Lillehammer pond and 
1 of 4 from the Skytta pond that were RaHV3-positive.
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during the early embryonic stages (9). Why premeta-
morphic frogs are presumptively more susceptible to 
herpesvirus infections is unclear. The lack of keratin-
ized skin in tadpoles (10) and the substantial immune 
system differences between premetamorphic and 
postmetamorphic life stages might partially explain 
the susceptibility of premetamorphic frogs to natural 
infection (11). Studies performed with RaHV1 did not 
clarify the natural route of infection because the em-
bryos were experimentally inoculated with the virus 
in the pronephros, which is unlikely to mimic what 
occurs in nature (9). RaHV3-infected adult frogs are 
known to release a large number of virions embedded 
in sloughed keratinocytes (5,7), which could eventu-
ally be ingested by tadpoles. However, the possibility 
that oral ingestion of RaHV3 would cause tadpole in-
fection, similarly to what has been shown for Ranavi-
rus, a major amphibian pathogen (12), will need to be 
ruled out by a transmission study.

All 5 tadpole populations were collected in or near 
ponds where infected adults had been confirmed ear-
lier in the Spring, but only 2 tadpole populations were 
RaHV3-positive and only at 1 timepoint for each pond 
(2 of 14 samples in total). Among the positive samples, 
the Lillehammer population had ≈50% and the Skytta 
population had ≈25% positivity rates. Reasons for dis-
crepancies in incidence of RaHV3 infection between 
the different sampled populations remain unclear. 
Our finding suggests either sporadic RaHV3 infec-
tion within different tadpole populations, high virus 
lethality in infected tadpoles, or both. According to the 
second hypothesis, RaHV3-positive tadpoles would 
be difficult to detect in field conditions, because they 
would rapidly die and be scavenged. Herpesviruses, 
including alloherpesviruses, infecting a variety of ani-
mal species generally cause more severe disease and 
death in young, immature individuals than in adult 
hosts, (13). Accordingly, RaHV3 might be fatal to a 
large proportion of infected tadpoles resulting in low 
detection rates in the remaining viable tadpole popu-
lation. No obvious tadpole die-offs had been recently 
reported at the sampling sites; however, those sites are 
not presently monitored.

In conclusion, our study opens a new venue 
for understanding RaHV3 pathogenesis and po-
tential effects of RaHV3 infections on premetamor-
phic and postmetamorphic life stages of amphib-
ian hosts. Understanding the short- and long-term 
consequences of RaHV3 and other herpesvirus 
infections on frog populations will be critical for 
amphibian conservation programs, maintaining 
biodiversity, and, in turn, supporting human and 
planetary health (2).
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Appendix 

Additional Methods 

Quantitative PCR Primer and Probe Design 

A forward (FW-5′-GCAGGACACAATTCAAGCGG-3′) and reverse (RV-5′-

TTTACTGCGGTATAGCGCCC-3′) primer set and minor groove binder probe (5′-FAM-

TGGCGAACAGTGTCAACAGT-3′) were designed in silico by using Geneious 10.0 software 

(https://www.geneious.com). We used the DNA polymerase gene of ranid herpesvirus 3 

(RaHV3, Batravirus ranidallo3) (1), a highly conserved gene among the order Herpesvirales, as 

the DNA template. The amplified amplicon was predicted to be 105 nt. 

Positive PCR Control Synthesis 

The positive control consisting of DNA amplified by the selected primers was obtained 

by qualitative PCR. In brief, the master mix contained 3.75 µL 25 mM MgCl2 solution, 3 µL 10× 

buffer, 0.4 µL 10 mM dNTP mix, 0.2 µL Firepol DNA polymerase (Solis BioDyne, 

https://www.solisbiodyne.com), 100 ng of DNA (total DNA from an RaHV3 naturally infected 

frog) (1), and double distilled H20 (ddH20) for a total of 30 µL. PCR included a denaturing step 

at 94°C for 3 min; then 40 cycles comprising 30 s at 94°C (denaturing step), 30 s at 55°C 

(annealing step), and 30 s at 72°C (extension step). A final 10 min extension step at 72°C was 

used to exhaust the polymerase. The samples were then resolved in a 2% agarose gel and 

examined under ultraviolet light. 

The PCR amplicon was then cloned into the pGEM-T-Easy vector (Promega, 

https://www.promega.com) by following the manufacturer’s instructions. Positive white colonies 

(blue/white selection) were screened, amplified, and the plasmid was purified by using an 
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established protocol (2). The identity of the amplicon was confirmed by automated Sanger 

sequencing (both strands) (Microsynth AG, https://www.microsynth.com). The sequenced 

amplicon matched 100% with the expected amplified partial sequence of the RaHV3 DNA 

polymerase gene and was 105 nt, as expected. 

The molecular weight of the positive control DNA amplicon cloned into the expression 

vector and the corresponding number of molecules contained in 1 ng DNA were determined by 

using the following formula (https://bitesizebio.com/20669/how-to-calculate-the-number-of-

molecules-in-any-piece-of-dna):  

number of copies = ng DNA × (6.022 × 1023)/length × (1 × 109) × 650.  

The amplicon was 105 bp and plasmid was 3015 bp, resulting in 2.97 × 108 plasmid copies per 

ng plasmid DNA. 

Real-Time PCR Sensitivity Assay 

We prepared 10-fold dilutions of the target plasmid in ddH2O, ranging from 106 to 10−2 

copies/µL, and tested the diluted plasmids by using real-time PCR. Samples were tested in 

duplicate (106 to 102 copies/µL), triplicate (101 copies/µL), or quintuplicate (10° copies/µL). The 

cycling conditions for real-time PCR were: a denaturation step at 95°C for 3 min, then 45 cycles 

of a denaturation step at 95°C for 30 s and annealing and extension step at 60°C for 1 min. The 

reactions were performed on an Applied Biosystems 7500 Fast cycler (Thermo Fisher Scientific, 

https://www.thermofisher.com). The PCR mix consisted of 10 µL 2× qPCR Master Mix (Thermo 

Fisher), 900 nmol/L of each primer, 250 nmol/L minor groove binder probe (Thermo Fisher), 

100 ng of total DNA (for field samples; 1 µL of plasmid suspension for titration), and ddH20 for 

a total of 20 µL. 

The quantitative PCR protocol enabled the detection of >1 copy of target plasmid per 

reaction (cycle threshold 39). The R2 value was 0.99, slope was −3.49, and y intercept was 38.71. 

The primer efficiency was 93.43% (https://www.thermofisher.com/it/en/home/brands/thermo-

scientific/molecular-biology/molecular-biology-learning-center/molecular-biology-resource-

library/thermo-scientific-web-tools/qpcr-efficiency-calculator.html). 
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Appendix Table. Summary of collection dates, pond locations, and tadpole sample types. 
Sample date Pond location Area code Sample type 
2022 Jun 4* Lillehammer 1 Larvae 
2022 Jun 16 Lillehammer 1 Larvae 
2022 Jun 4 Skytta1 2a Larvae 
2022 Jun 26 Skytta1 2a Larvae 
2022 Jul 10 Skytta1 2a Larvae 
2022 Jun 4* Skytta2 2b Larvae 
2022 Jun 26 Skytta2 2b Larvae 
2022 Jul 10 Skytta2 2b Larvae 
2022 Jun 4 Pryddammen 3a Larvae 
2022 Jun 26 Pryddammen 3a Larvae 
2022 Jul 10 Pryddammen 3a Larvae 
2022 Jun 4 Froskedammen 3b Larvae 
2022 Jun 26 Froskedammen 3b Larvae 
2022 Jul 10 Froskedammen 3b Larvae 
*Dates and locations where tadpole sample batches were positive for ranid herpesvirus 3. 
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