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ABSTRACT: Poxvirus skin disease has been reported in several species of cetaceans, principally
in odontocetes, and a single report in mysticetes. Southern right whales Eubalaena australis in
Peninsula Valdes, Argentina, show a variety of skin lesions of unknown etiology, and the number
of these lesions has increased in recent years. Samples from dead whales were taken in order to
establish the etiology of these lesions. One calf and one adult presented ring-type lesions, charac-
terized by a circumscribed and slightly raised area of skin. Lesions were histologically character-
ized by the presence of microvesicles and vacuolated cells in the stratum spinosum, along with
hyperplasia of the stratum corneum and eosinophilic inclusion bodies in the cytoplasm of the
epithelial cells. Transmission electron microscopy showed aggregations of virions with typical
poxvirus morphology. PCR of cetacean poxvirus (CPV) DNA polymerase, DNA topoisomerase I
and parapoxvirus DNA polymerase gene fragments was done, and confirmed the presence of
poxvirus in one sample. Phylogenetic analysis showed that the detected poxvirus belongs to the
CPV-2 group. This is the first confirmed report of poxvirus in southern right whales in Argentina.
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INTRODUCTION of them characterized by pinhole or ring-like lesions,

flat or slightly raised, which appear as solitary or coa-

Cetacean poxvirus (CPV) has been reported in sev-
eral free-ranging cetacean species, including Del-
phinidae, Phocoenidae, Ziphiidae and Balaenidae, as
well as in captive Tursiops truncatus and T. aduncus
(Geraci et al. 1979, Baker 1992, Van Bressem et al.
1993, 1999, 2009, Bracht et al. 2006, Blacklaws et al.
2013). Poxvirus was identified in 2 sets of lesions, one
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lesced circular gray blemishes (Geraci et al. 1979).
The other is referred to as tattoo skin disease (T'SD),
characterized by irregular, gray, black or yellowish
and stippled lesions (Van Bressem et al. 2009).
Poxvirus skin disease (PSD) is caused by 2 newly
suggested members of the Poxviridae family, CPV-1
and CPV-2, possibly belonging to an unassigned
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genus within the Chordopoxvirinae subfamily (Bracht
et al. 2006). These viruses are cetacean-specific, and
while CPV-1 has been found infecting free-ranging
and captive odontocetes from the USA, UK and Asia,
CPV-2 was detected infecting a bowhead whale Bal-
aena mysticetus from Alaska (Bracht et al. 2006,
Blacklaws et al. 2013).

Epidermal diseases are among the most commonly
reported categories of disease in cetaceans, possibly
due to the fact that they are often highly visible (Wil-
son et al. 1999, Hamilton & Marx 2005). Many cases
of PSD in odontocetes have recently been reported,
where the lesions are typical and readily distin-
guished macroscopically (Van Bressem et al. 2009),
which makes it possible to study the disease in free
populations using photographic material. In addition,
the large number of samples facilitates viral DNA
characterization and phylogenetic relationships be-
tween CPV-1 and other Chordopoxvirinae. In mysti-
cetes, however, information on PSD is limited.

Southern right whales Eubalaena australis at Pe-
ninsula Valdes, Argentina show a variety of skin
lesions, some of them caused by attacks from kelp
gulls Larus dominicanus, which feed on the skin and
blubber they tear off from the whales' backs (Rown-
tree et al. 1998, Fazio et al. 2012, 2015). A variety of
other lesions of unknown etiology have been ob-
served, affecting both adults and calves born in this
area (Bertellotti et al. unpubl. rep.).

In this study, we aim to report, for the first time and
to the best of our knowledge, the presence of pox-
virus in skin lesions in southern right whales. A de-
tailed description of the pathology associated with
poxvirus infection, direct identification by transmis-
sion electron microscopy (TEM) and DNA-based
phylogenetic analysis are presented.

MATERIALS AND METHODS
Sample collection and histopathology

Skin samples were collected from 12 stranded
southern right whales (11 calves and only 1 adult)
during the 2012 and 2013 calving seasons along the
coast of Peninsula Valdes, Chubut, Argentina. Only
stranded whales with a minimum level of post mor-
tem decomposition were sampled (code 2/3; Geraci
& Lounsbury 2005). Two whales, 1 male calf (BFA-
04/12) and 1 female adult (BFA-01/13), presented a
single ring-type lesion at the ventral surface of the
left fluke and at the ventral surface of the right pec-
toral fin respectively. No other lesions were detected

in either of these 2 individuals. Both lesions were first
photographed, measured, and finally samples were
collected for further analysis.

Each sample was split to retain a portion at —-20°C
for further analysis, while the remainder was fixed in
10% buffer formalin and processed for histopatho-
logical diagnosis according to routine histological
procedures. Five-micron thick paraffin sections were
cut from each block, mounted on glass slides, de-
paraffinated and rehydrated, and stained with hema-
toxylin and eosin. The sections were examined using
a binocular brightfield microscope (DM 4000B LED,
Leica Microsystems), using a digital camera to cap-
ture high-resolution images (DFC 310X, Leica).

TEM

Tissue sections showing lesions consistent with
poxvirus infection were processed for TEM analysis.
Samples fixed in 10% paraformaldehyde were post
fixed with 1% osmium tetroxide. Then, samples were
dehydrated in a solution of increasing ethanol con-
centrations, and embedded in Epon resin. Ultrathin
sections (60-60 nm) were cut with a Reichert-Jung
Super Nova (Leica Microsystems) ultra-microtome,
mounted on copper 200-mesh grids, double stained
with 2% uranyl acetate and 1% lead citrate and
examined in a JEM 1200 EX II electron microscope
(JEOL Ltd.) equipped with an ES1000W Erlangshen
CCD Camera (Gatan).

DNA extraction and PCR amplification

A frozen skin lesion sample (100 ng) was macer-
ated in liquid nitrogen, and total DNA was extracted
and purified using DNAzol reagent (Invitrogen).
PCRs were carried out in a reaction containing 50 ng
of purified DNA, using Platinum® Pfx DNA Poly-
merase (Invitrogen), following the manufacturer's
instructions. The amplification conditions were 94°C
for 1 min; followed by 39 cycles of 94°C for 30 s, 45°C
for 30 s and 68°C for 30 s. Primers targeting CPV
DNA polymerase, DNA topoisomerase I gene frag-
ments (546 bp and 344 bp respectively), and para-
poxvirus DNA polymerase fragment (536 bp) were
used as previously described (Bracht et al. 2006). The
housekeeping PCR assay was used to indicate the
presence of Eubalaena australis DNA and therefore
its suitability for use in more specific PCR assays. To
assess this, sense 5'-TAC GAG CAG TAG CAC AAA
CAA-3' (positions 3163-3183) and antisense 5'-TTA
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CGT TTG AGG GGG GAT GC-3' (positions 3703—
3722) primers were designed to amplify a fragment
(560 bp) of the NADH dehydrogenase subunit 1
(ND1) gene (GenBank accession no. AP006473.1).
PCR conditions were similar to the ones described
earlier in this paragraph, except for the annealing
temperature, which was 55°C.

Amplicons were purified from agarose gel, using a
commercial kit (Promega). DNA polymerase and
topoisomerase | gene fragments were sequenced
twice in each direction, and primer sequence regions
were eliminated before performing further analysis.
All the resulting chromatograms were analyzed, and
presented well-defined peaks and low background
noise in the data.

Phylogenetic analysis

Evolutionary relationships between reference
(Blacklaws et al. 2013) and obtained sequences were
evaluated by means of separate and concatenated
datasets, using DNA polymerase and DNA topoiso-
merase | sequences. Phylogenetic trees were con-
structed using nucleotide sequences from predicted
amino acid alignments, using the ClustalW option in
BioEdit v.7.2.5 software (Hall 1999). Phylogenetic
analyses were performed using distance neighbor-
joining (NJ) and maximum likelihood (ML) methods
with MEGA v.6.0 software (Tamura et al. 2013).
Bayesian analysis was performed using MrBayes
software implemented in the CIPRES Science Gate-
way server (Miller et al. 2010). The evolutionary
model General Time Reversible (GTR), Gamma dis-
tribution (G), and proportion of invariable sites (I),
was inferred according to Akaike Information Crite-
rion (AIC) statistics, obtained with the jModelTest
v0.1.1 software (Posada 2008). The evolutionary
model was inferred according to Akaike information
criterion (AIC) statistics, obtained with jModelTest
v.0.1.1 software (Posada 2008). The robustness of the
reconstructed phylogeny (NJ and ML methods) was
evaluated by bootstrap analysis and posterior proba-
bility for Bayesian analysis, respectively.

Nucleotide sequence accession numbers

The nucleotide sequences reported in this study
were submitted to GenBank and assigned accession
numbers KM000064 and KMO000065, for the DNA
polymerase and DNA topoisomerase I sequences,
respectively.

RESULTS

Although both samples were suitable for histo-
pathology, the autolytic level of the BFA-01/13 sam-
ple was an impediment for TEM, but not for PCR
assay. For the frozen samples from BFA-04/12 the
cold chain was interrupted, rendering them unsuit-
able for PCR. PCR amplification from formalinized
BFA-04/12 samples failed, probably due to degrada-
tion of nucleic acids by the fixation process.

Anatomopathological and histological description

The skin lesions from both whales were a ring-type
lesion with a raised center and with no modification
of the surface color. The lesions differed in size: the
BFA-04/12 lesion was 8 x 6 cm, and the BFA-01/13
lesion was 3.5 x 3.5 cm (Fig. 1). Histological findings

Fig. 1. Macroscopic morphology of cutaneous lesions in

Eubalaena australis: (a) calf, sample BFA-04/12; and (b)

adult, sample BFA-01/13. Both were ring-type lesions, with

a raised center. The calf lesion is more proliferative. Scale
bars =2 cm
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Fig. 2. Microscopic morphology of cutaneous lesions in Eu-

balaena australis. Hematoxylin and eosin stained. (a) Portion

of normal skin adjacent to the lesion (50x). (b—d) Sections

through the edge of ringtype lesion: (b) areas of hyperplasia

(arrow) (50x); (c) microvesicles (arrow) and pale vacuolate

area (50x); (d) eosinophilic intracytoplasmic inclusion bodies
in infected stratum intermedium cells (arrows) (400x)

showed the presence of microvesicles and vacuo-
lated cells present in the stratum spinosum along
with areas of hyperplasia (Fig. 2). Numerous eosino-
philic inclusion bodies were visualized in the cyto-
plasm of epithelial cells (Fig. 2). The dermis had lym-
phocytic inflammatory infiltrate, which extended into
the deep region, affecting blood vessels (vascular
arteritis). Dermal papilla were dilated, congestive,
and infiltrated with inflammatory cells (not shown).

TEM analysis

Poxvirus presence was confirmed by TEM in one
sample (BFA-04/12). Virion aggregations at various
stages of development were observed. Mature parti-
cles could be recognized as electron-dense bodies of
uniform ellipsoidal shape, approximately 150 nm in
diameter by 200-320 nm in length, with a nucleus or
internal biconcave core (dumbbell-shaped), an outer
membrane, an intermediate coat and an outer enve-
lope (Fig. 3).

PCR amplification and phylogenetic results

Fragments of CPV DNA polymerase and DNA
topoisomerase I genes were amplified from the BFA-
01/13 skin lesion sample (Fig. 4). In addition, the
housekeeping ND1 fragment of 560 bp also gener-
ated a product of the expected size. The PCR assay
for parapoxvirus DNA polymerase was negative (not
shown).

0,4 pm

—
=

Fig. 3. Transmission electron microscopy of ring-type lesion

in Eubalaena australis. Dumbbell-shaped cores surrounded

by lateral bodies and enclosed by an outer membrane are

visible in mature virions (arrows). Scale bar = 0.5 pm. Inset:
magnification of virions
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Fig. 4. Cetacean poxvirus (CPV)-specific PCR assay and

agarose gel electrophoresis of amplified DNA fragments.

Lane 1: CPV-2 DNA topoisomerase I gene fragment; Lane 2:

CPV-2 DNA polymerase gene fragment; Lane 3: DNA lad-

der (100 bp; PB-L, Argentina); Lane 4: Eubalaena australis

NADH dehydrogenase subunit 1 gene (ND1) fragment
(560 bp); Lane 5: negative control

In the ML phylogenetic trees obtained from the
DNA polymerase, DNA topoisomerase I and concate-
nated datasets, the BFA-01/13 and the only CPV-2
sequence previously reported (Bracht et al. 2006)
formed a monophyletic cluster with high statistical
support (Fig. 5; Figs. S1 & S2 in the Supplement at
www.int-res.com/articles/suppl/d116p157_supp.pdf);
similar results were obtained in the NJ and Bayesian
analysis (data not shown). The BFA-01/13 and the
CPV-2 DNA polymerase sequences shared 94.5% in
nucleotide and 97.6 % in deduced amino acid identi-
ties. For the DNA topoisomerase | sequence identi-
ties, these values were 92.4 % and 94.0 % respectively.

DISCUSSION

This study provides the first evidence to our
knowledge of poxvirus skin lesions in southern right
whale in Argentina. Although the study has a num-
ber of limitations, particularly a small number of
samples and the autolysis level of specimens, the
presence of the virus was confirmed by histopathol-
ogy in both individuals as well as by electron
microscopy in sample BFA-04/12 and PCR assay in
BFA-01/13.

Samples analyzed in this report showed a macro-
scopic aspect similar to previously described lesions
in northern right whales (Hamilton & Marx 2005) and
southern right whales (Bertellotti et al. unpubl. rep.),
and also similar to bowhead whale lesions from
Alaska (C. Rosa et al. unpubl. rep.). PSD confirmation
and its comparison with photographic images is a po-
tentially useful tool, since PSD morphology would be
visually distinguished from other skin disorders
(Blacklaws et al. 2013). Future research should be ori-
entated to enlarging sample size and measuring the
sensitivity and specificity of visual diagnosis of PSD.
This is a necessary step because visual diagnosis
could make it possible to study and understand as-
pects of the disease in free-ranging southern right
whales. Our histological analysis is comparable to
skin lesions described in other reports involving
cetacean poxvirus (Geraci et al. 1979, Baker 1992,
Van Bressem et al. 1999). The presence of eosinophilic
intracytoplasmic inclusion bodies in epidermal cells
and the observation of poxvirus-like particles by TEM
supports this diagnosis. However, while these tech-
niques are useful in confirming both the presence of
typical microscopic poxvirus lesions as well as the vi-
sualization of viral particles in cetacean lesions, they
do not permit species-specific or even group-specific
identification. This report confirmed the presence of
CPV in skin lesions of one southern right whale by
PCR and sequence determination. The phylogenetic
analysis and the high identities observed in the DNA
polymerase and DNA topoisomerase I sequences
(both nucleotide and amino acid) revealed that the
CPV described here is closely related to the CPV-2
previously detected in skin lesions of a Balaena mys-
ticetus sampled in Alaska (Bracht et al. 2006). Those
authors proposed that CPV-2 should be classified as a
new subgroup into the Chordopoxvirinae subfamily.
In the present work, according to the findings in Eu-
balaena australis, such as the lesion morphology, the
virion architecture and the phylogenetic relationships,
it is most likely that CPV-2 is a mysticetes suborder-
specific virus, belonging to a separate genus of ceta-
cean poxviruses.

Further studies of southern right whale skin lesions
are ongoing. Establishing the pathogenic agents of
disease in cetaceans is a complex task, especially
because of the difficult access to quality samples for
diagnosis. Increased efforts will be made to collect
tissue samples from both live and dead animals for
histopathology and ancillary analysis. Finally, further
studies are necessary to establish the prevalence and
effects of these viruses in the population of southern
right whales.
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