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ABSTRACT:  Road-killed common toads (Bufo
bufo; n=1,740) from Flanders, Belgium, were
tested for ranavirus and Batrachochytrium
dendrobatidis (Bd) using polymerase chain
reaction. Both infections were present at a very
low prevalence (<0.2% with a confidence
interval of 95% for ranavirus and 0.63% for Bd).

Healthy amphibians can be asymptom-
atic carriers of diseases responsible for
devastating amphibian population de-
clines. Most importantly, ranavirus and
Batrachochytrium dendrobatidis (Bd) are
primary pathogens of amphibians, and
disease outbreaks are believed to be
driven by environmental factors (Walker
et al., 2010). A thorough risk analysis to
predict future scenarios in indigenous
amphibian species should include the
identification of principle pathogen reser-
voirs. The difficulty in identifying amphib-
ian, clinically healthy reservoirs for both
agents is that asymptomatically infected
animals often have low-grade infections.
Although noninvasive sampling (e.g., skin
swabs) enables the detection of both
pathogens, tissue samples provide a higher
detection probability. However, conserva-
tion concerns hamper tissue sampling of
wild amphibians.

Traffic kills many amphibians on roads
yearly, especially during spring migration
(Elzanowski et al., 2009). These road
victims could provide a good opportunity
for monitoring ranaviruses and Bd in
native amphibians. In Flanders (Belgium),
the common toad (Bufo bufo) provides the
most obvious choice to monitor both
infections for four reasons: Common toads
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are commonly killed by traffic during
spring migration; migrating toads are
counted on numerous sites in Flanders,
enabling an estimate of population trends;
the common toad is a suitable host for
both ranaviruses and Bd (Bosch and
Marinez-Solano, 2006; Cunningham et
al., 2007); and toad populations have been
found to be declining in several regions
(Loras et al., 2011). Our goal was to assess
ranavirus and Bd infections in common
toads using tissues of road-killed speci-
mens during the migration season.

Between 27 February 2011 and 7 April
2011, 1,740 road-killed common toads
were collected from 104 migration sites
in all five Flemish provinces (Fig. 1). Each
toad was placed in a plastic bag that was
sealed and labeled. For detection of Bd
DNA, a quantitative polymerase chain
reaction (qPCR; Boyle et al., 2004) was
performed on a skin sample of each toad.
For detection of ranavirus infections, a
liver sample was examined by PCR using
the primers MCP 4 and MCP 5 (Mao et
al., 1997). To assess whether the presence
of one or both pathogens in a toad
population coincides with obvious popu-
lation declines, if available, numbers of
migratory toads of 2011 and previous years
were extracted using the database ob-
tained from the working group Natuur-
punt Hyla (Hyla Werkgroep, 2012).

None of the samples were PCR-positive
for ranaviruses. At nine sites (three in
the province of East Flanders, three in
Flemish Brabant, and three in Limburg),
11 Bd-positive toads were found (0.63%
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Ficure 1.

Locations in Flanders (Belgium) where road-killed common toads (Bufo bufo) were collected

during the migration season from 27 February 2011 to 7 April 2011. Locations where Batrachochytrium

dendrobatidis was found are indicated by black circles and negative locations by grey circles. FR=France;
NL=The Netherlands; D=Germany; W.-Fl.=West-Flanders; E.-Fl.=East Flanders; Antw.=Antwerp;
F1.-Br.=Flemish Brabant; B.=Brussels; Lim.=Limburg; R.=river.

prevalence; Fig. 1). Levels of Bd in the
positive samples were relatively low, with
an average*SD of 0.25*0.11 genomic
equivalents. Data on the number of
migrating toads were available for four of
the nine infected sites. For three addi-
tional sites, numbers of migrating toads
were available within a region of 5 km. For
all positive sites, no significant decrease
in the number of migrating toads was
observed during the years monitored
(Table 1).

This study demonstrates that if rana-
virus infections are present in adult
common toads in Flanders, the prevalence
is very low (<0.2% with a confidence
interval of 95%). Thus, we can reject the
hypothesis that, at present, adult common
toads provide an important reservoir for
ranaviruses in the area examined. Howev-
these results should not be over-
interpreted. First, only adult toads were
sampled during the migration season,
implying that these toads survived hiber-
nation well and were healthy enough to
show reproductive (migratory) behavior.

er,

Second, all samples were collected during
the relatively short migration period and
thus might not be representative of the
entire population. Third, it is possible that
the adults survived a past ranavirus
infection and have developed antibodies,
as was shown for Bufo marinus (Zupanovic
et al., 1998).

Our data suggest that that ranaviruses
might be absent from some native com-
mon toad populations. If true, then
introduction of a ranavirus into these
populations can result in disease out-
breaks. Furthermore, introduction of a
novel ranavirus into any population can
result in mass morbidity or mortality.
Neither scenario is unlikely because rana-
viruses have been demonstrated in captive
amphibians in Flanders (Pasmans et al.,
2008), in exotic invasive bullfrogs (Litho-
bates catesbeianus) in Flanders (Sharifian
Fard et al. 2011), and recently in a large
ranavirus outbreak in the neighboring
Netherlands (Kik et al., 2011).

The low prevalence of Bd in the study
area stresses the importance of a large
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sample size if the presence of Bd in a
seemingly healthy amphibian population
needs to be excluded. Population trends in
infected common toad populations, as
derived from data on the migrating toads,
are not suggestive of population declines
over the last 5 yr. Moreover, the authors of
this paper are the referral center for
disease outbreaks of amphibians in Flan-
ders, and no proven outbreak of chytri-
diomycosis has yet been confirmed. The
only confirmed case of lethal chytridiomy-
cosis was an isolated case in a midwife
toad (Alytes obstetricans) in the Belgian
Ardennes (Pasmans et al., 2010). The
combination of low prevalence, low Bd
load in infected animals, absence of
obvious negative population trends, and
absence of confirmed chytridiomycosis
outbreaks, suggests that Bd is endemic at
a low intensity in the Flemish region.
However, the pathogenic potential of Bd
has been demonstrated on numerous
occasions, extirpating entire amphibian
species (Stuart et al. 2004; Wake and
Vredenburg 2008). Again, our results
should be interpreted carefully. Besides
the caveats mentioned above, seasonality
of Bd infection dynamics is well docu-
mented. The occurrence of clinical chy-
tridiomycosis depends on numerous fac-
tors, including strain virulence, host
susceptibility, and environmental parame-
ters. Given current climate change, epizo-
otics might be expected in the future.
Thus, vigilance systems would be advis-
able to monitor Bd infection dynamics.

We thank Natuurpunt volunteers who
sampled road victims.

LITERATURE CITED

BoscH, J., AND I. MARTINEZ-SorLaNo. 2006. Chytrid
fungus infection related to unusual mortalities of
Salamandra salamandra and Bufo bufo in the
Penalara Natural Park, Spain. Oryx 40: 84-89.

BovLe, D. G., D. B. BoyrLg, V. Ousen, J. A. T.
MorcaN, aND A. D. Hyarr. 2004. Rapid quan-
titative detection of chytridiomycosis (Batracho-
chytrium dendrobatidis) in amphibian samples
using real-time Tagman PCR assay. Diseases of
Aquatic Organisms 60: 133-139.

JOURNAL OF WILDLIFE DISEASES, VOL. 48, NO. 3, JULY 2012

CunNINGHAM, A. A., A. D. Hyatt, P. RUSSEL, AND
P. M. BENNETT. 2007. Experimental transmission
of a ranavirus disease of common toads (Bufo
bufo) to common frogs (Rana temporaria).
Epidemiology and Infection 135: 1213-1216.

Erzanowskr, A., J. Ciesiotkiewicz, M. Kaczor, J.
Rapwariska, aND R. UrasN. 2009. Amphibian
road mortality in Europe: A meta-analysis with
new data from Poland. European Journal of
Wildlife Research 55: 33-43.

Hyra WERKGROEP. 2012. Natuurpunt Hyla. Available at
http://www.hylawerkgroep.be/. Accessed March
2012.

Kik, M., A. MARTEL, A. SPITZEN-VAN DER Sruis, F.
Pasmans, P. WonrseIiN, A. GRONE, AND |. M.
Rijks. 2011. Ranavirus-associated mass mortality
in wild amphibians, the Netherlands, 2010. A
first report. Veterinary Journal 190: 284-286.

Loras, A. F., J. HipaLco-Vira, C. HermosiLLA, G.
Garcn, J. Lopez, A. L. ]J. Durrus, A. A.
CUNNINGHAM, AND V. Raco. 2011. Preliminary
health screening and possible pathogen deter-
mination in a Bufo bufo (Linnaeus, 1758)
(Amphibia: Bufonidae) population. Journal of
Natural History 45: 1-14.

Muao, J., R. P. Heprick, aND V. B. CHIicHAR. 1997.
Molecular characterization, sequence analysis,
and taxonomic position of newly isolated fish
iridoviruses. Virology 229: 212-220.

Pasmans, F., S. Branak, A. MARTEL, N. PANTCHEYV,
AND P. Zwart. 2008. Ranavirus-associated mass
mortality in imported red tailed knobby newts
(Tylototriton kweichowensis): A case report.
Veterinary Journal 176: 257-259.

, M. Muisers, S. Mags, P. Van Roor, M.
BrutYN, R. DUCATELLE, F. HAESEBROUCK, AND A.
MARTEL. 2010. Chytridiomycosis related mortal-
ity in a midwife toad (Alytes obstetricans) in
Belgium. Flemish Veterinary Journal 79: 460—
462.

SHARIFIAN FArRD, M., F. Pasmans, C. ADRIAENSEN, S.
DeEvisscHER, T. ADRIAENS, G. LOUETTE, AND A.
MARTEL. 2011. Ranavirosis in invasive bullfrogs,
Belgium. Emerging Infectious Diseases 17:
2371-2372.

StuarT, S. N, J. S. CHansoNn, N. A. Cox, B. E. Young,
A. S. L. Ropricutgs, D. L. Fiscuman, aAND R. W.
WALLER. 2004. Status and trends of amphibian
declines and extinctions worldwide. Science 306:
1783-1786.

Wake, D. B., axD V. T. VREDENBURG. 2008. Are we in
the midst of the sixth mass extinction? A view
from the world of amphibians. Proceedings of
the National Academy of Sciences of the USA
105: 11466-11473.

WaLKER, S. F., J. Bosc, V. Gomiz, T. W. J. GARNER,
A. A. CunnNiNgHAM, D. S. ScCHMELLER, M.
NinvEroLA, D. A. Henk, C. GiNesTET, C. P.
ARTHUR, AND M. C. F1sneRr. 2010. Factors driving
pathogenicity vs. prevalence of amphibian pan-




zootic chytridiomycosis in Iberia. Ecology Let-
ters 13: 372-382.

ZuraNovic, Z., G. Lorez, A. E. Hyarr, B. GRreEN, G.
BarTraN, H. Parkes, R. J. WHITTINGTON, AND R.
SpeARE. 1998. Giant toads Bufo marinus in Australia

LETTERS 839
and Venezuela have antibodies against ‘ranaviruses’.
Diseases of Aquatic Organisms 32: 1-8.

Submitted for publication 9 November 2011.
Accepted 4 March 2012.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


