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Abstract

Herpesvirus has the potential to infect a wide variety of animal species. In cetaceans, Alpha- and/or Gammaherpesvirinae
have been identified in eight families of odontocetes, and one family of mysticetes. In May 2022, an adult humpback whale
(Megaptera novaeangliae) was found stranded in Valencia, Spain. The whale was emaciated, in poor body condition, with
multiple lacerations on the dorsal fin and a high number of epibionts of the Cyamidae family, known as whale lice. The indi-
vidual had been previously released from a ghost net entanglement 5 days before becoming stranded. In a closer examination,
various skin lesions were observed, including chronic, proliferative, and erosive dermatitis and a large ulcer extending to the
deep dermis. As part of the infectious disease surveillance programme, molecular testing was performed on skin samples
for herpesvirus, cetacean morbillivirus, and poxvirus. A positive result for herpesvirus was obtained from one of the skin
lesions. The sequence was found to belong to the Alphaherpesvirinae subfamily, and it was closely related to alphaherpesvirus
sequences from a fin whale (Balaenoptera physalus) and a humpback whale. Cetacean morbillivirus and poxvirus testing was
negative. To the authors” knowledge, this is the first report of herpesvirus in a humpback whale from the Mediterranean Sea.
Reports on herpesvirus detection or infection in humpback whales (only species within the genus Megaptera) are scarce. In
consequence, future virological assessments of humpback whales should include testing for herpesvirus.

Keywords Herpesvirus - Alphaherpesvirus - Cetacean - Mysticete - Humpback whale - Skin - Cutaneous - Megaptera

Abbreviations Introduction

HV Herpesvirus

AHV Alphaherpesvirus According to the International Committee on Taxonomy of
GHV Gammaherpesvirus Viruses, the family Orthoherpesviridae is a linear, double-
CeMV Cetacean morbillivirus stranded DNA (125-290 kbp) virus family (Davison et al. 2009)
DNApol DNA polymerase which is subdivided into 3 subfamilies: Alphaherpesvirinae,

Betaherpesvirinae, and Gammaherpesvirinae (International
Committee on Taxonomy of Viruses—Family: Orthoherpes-
viridae, https://ictv.global/report/chapter/orthoherpesviridae/
orthoherpesviridae, accesed in September 1st 2023).

A wide range of animal species can be infected by herpesvi-
rus (HV), including mammals, birds, reptiles, fish, amphibians,
and bivalves (Davison et al. 2009). Alpha- and/or Gammaher-
pesvirinae have been previously identified in eight odontocete
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family: alphaherpesvirus (AHV) was detected in the skin and
penile mucosa of a fin whale (Balaenoptera physalus), and
gammaherpesvirus (GHV) was amplified from the skin, mus-
cle, and central nervous system of a common minke whale
(Balaenoptera acutorostrata) (Melero et al. 2015), as well as
from the central nervous system of another common minke
whale (Davison et al. 2021). Recently, an infection by an AHV
has been described in the lung of a humpback whale (Meg-
aptera novaeangliae) (Sacristan et al. 2024).

A wide variety of lesions have been associated with
herpesvirus infections in cetaceans. Alphaherpesviruses have
been associated to skin lesions (Manire et al. 2006; Smolarek
et al. 2006; Sacristan et al. 2019; Vargas-Castro et al. 2021),
systemic infections (Blanchard et al. 2001; Arbelo et al.
2010, 2012; Soto et al. 2012; Vargas-Castro et al. 2021), and
encephalitis (Esperdn et al. 2008; Sierra et al. 2014; Sierra et al.
2022). Additionally, alphaherpesviruses have also been found
in genital lesions (Bellehumeur et al. 2015). On the other hand,
Gammaherpesviruses have been detected in both generalized
infections (Vargas-Castro et al. 2020) and central nervous
system infections (Melero et al. 2015; Vargas-Castro et al.
2020, 2021; Sierra et al. 2022; Giorda et al. 2022). Nevertheless,
gammaherpesviruses have primarily been associated with
cutaneous (Sacristan et al. 2019; Vargas-Castro et al. 2021)
and mucosal lesions, encompassing genital (Saliki et al. 2006;
Smolarek et al. 2006; van Elk et al. 2009; Sierra et al. 2015;
Seade et al. 2017; Vargas-Castro et al. 2020; Vargas-Castro et al.
2021) and upper digestive mucosa (Ewing et al. 2020; Vargas-
Castro et al. 2021; Vargas-Castro et al. 2023). Herpesvirus
infections in cetaceans have been detected in individuals
lacking clinical signs and lesions as well (Belliére et al. 2010;
Vargas-Castro et al. 2020, 2021; Felipe-Jiménez et al. 2021;
Exposto Novoselecki et al. 2021). Additionally, HV can lead to
immunosuppression in cetaceans (Arbelo et al. 2010).

In recent years, there has been a notable rise in the num-
ber of humpback whale sightings in the Mediterranean Sea.
The presence of these species in this location is believed to
be linked to feeding reasons (Espada Ruiz et al. 2018).

This study reports the molecular detection of a novel
AHYV from a skin lesion observed in a humpback whale,
addressing new insights into the scarce knowledge available
for herpesvirus in this species. To our knowledge, this find-
ing represents the first documented case of HV infection in
a humpback whale within the Mediterranean Sea. Further-
more, it constitutes the first characterization of a cutaneous
lesion associated with HV observed in this species.

Case presentation
On 26th May 2022, an adult humpback whale (Megaptera

novaeangliae) of approximately 25 tons and 12 m in length
stranded alive in Tavernes de la Valldigna, Valencia, Spain
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(39° 4’ 18" N 0° 16’ 4" W). Five days before stranding,
this individual was released from a ghost net entanglement
in the Balearic Island of Mallorca (Spain), approximately
320 km away. The animal was extremely weak, emaciated,
and unable to swim (Fig. 1A and B), and died 3 h after
beach stranding. Due to logistical difficulties, a complete
necropsy could not be performed, and the sex of the ani-
mal could not be determined. However, in the post-mortem
external evaluation, it was observed that approximately
30% of the dorsal body area was completely covered by
epibionts of the Cyamidae family (Fig. 1A-D). Addition-
ally, the animal had several linear lacerations on the fluke,
dorsal, and pectoral fins (Fig. 2, lesion showed in Fig. 2C
is considered lesion 1). A few of these lesions were open
wounds extending to the dermis, and the adjacent epider-
mis was pale grey to white, irregularly raised, and firm,
indicating epithelial proliferation and repair. The exposed
surface was overlaid by necrotic debris and pale yellow,
viscous material consistent with pus. The lesions were
consistent with entanglement injuries.

In addition, throughout the skin, there were well demar-
cated, variably sized, pale grey foci, with depressed cent-
ers or raised, bullous edges (Fig. 3). In the right flank,
there were multifocal, irregular, whitish, or pale grey
patches, with depressed centers consistent with erosions,
surrounded by a pale-grey rim (lesion 2, Fig. 3A and D).
Also in the right flank, there were multiple, 1-3 cm in
diameter, firm, raised nodules (lesion 3, Fig. 3B and D).
Lastly, in some areas, the epidermis was irregularly raised,
white and grey, and soft, with central, depressed, dark grey
areas of erosion (lesion 4, Fig. 3C and D).

During the post-mortem examination, the following tis-
sues were sampled: normal skin, skin lesions 1-4 (Fig. 2C
and Fig. 3A-C), muscle, and blubber. Two sets of tissue
samples were collected: the first set was preserved in 10%
neutral buffered formalin for routine histopathology; the
second set was stored at —80 °C for molecular analysis.

Histologic examination of skin lesions revealed a con-
tinuum of chronic, proliferative dermatitis with secondary
bacterial infection and pustules. Lesions in the right flank
consisted of over 70 layers of epithelium, with piled and
slightly disorganized epithelial cells in the basal and mid-
dle layers (acanthosis). Basal layers were tightly piled and
disorganized along a tortuous basement membrane, with
deep and anastomosing rete pegs. The stratum spinosum
contained numerous, slightly swollen squamous cells with
pale eosinophilic or colourless cytoplasm. Multifocally,
superficial layers were variably absent (eroded). Addition-
ally, in the superficial dermis between rete pegs, there were
mild to moderate, perivascular infiltrates of neutrophils,
macrophages, and lymphocytes (Fig. 4A). The skin from
lesion 4, in addition to the acanthosis and dermal inflam-
mation similar to Fig. 4A, contained severe intracellular
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Fig. 1 Macroscopic details providing insights into the overall health
status of the stranded humpback whale. A Aerial view of the animal.
The individual floated but was unable to swim. The orange colour
corresponds to the massive infestation of whale lice belonging to the
Cyamidae family. B Caudal view of the emaciated animal, reveal-

edema and degeneration of the stratum spinosum, with
many, multifocal, up to 250 um, colourless spaces (pus-
tules) filled with neutrophils, protein fluid, cell debris, and
small bacterial colonies (Fig. 4B).

The skin in lesion 1 contained a large ulceration that
extended into the deep dermis (Fig. 4C) and contained
numerous viable and degenerated neutrophils, nuclear and

ing atrophy of epaxial musculature and prominent bone structures.
C Massive infestation of whale lice belonging to the Cyamidae fam-
ily around the head and rostrum of the stranded humpback whale. D
Greater detail of whale lice infestation around the eye

cytoplasmic debris, fibrin, and haemorrhage. The adjacent
dermis was extensively replaced by exuberant granula-
tion tissue (consistent with a keloid) composed of inter-
lacing, haphazardly arranged, streams of hypertrophied
fibroblasts, parallel arranged in some areas, separated by
small amounts of loose collagenous matrix, clear spaces
and numerous perpendicularly aligned capillaries with
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Fig.2 Lacerations observed in different body areas of the stranded humpback whale, suggesting injuries from entanglement. Lacerations with
rounded and raised edges, and defects containing necrotic debris and pus on the dorsal (A), caudal (B), and pectoral (C, lesion 1) fins

Fig.3 Degenerative and proliferative dermatitis observed in the stranded
humpback whale. A Skin lesion 2. Well and poorly demarcated areas with
central erosion surrounded by pale grey to white halo in the right flank. B
Skin lesion 3. Multiple nodules, measuring between 1 and 3 cm and with
a firm consistency, slightly raised in the right flank. C Skin lesion 4. Area

hypertrophic endothelium. Additionally, the matrix con-
tained numerous neutrophils, lymphocytes, macrophages,
and fewer plasma cells. The epidermis overlaying the gran-
ulation tissue adjacent to the ulcer was markedly hyper-
plastic (Fig. 4D).

The tissue samples were evaluated for the presence of
cetacean morbillivirus (CeMV), herpesvirus, and poxvirus
infection. Standard precautions were taken during all labo-
ratory procedures to avoid cross-contamination of samples.

@ Springer

of necrotizing dermatitis with multifocal sloughed and retained epidermis
and erosions. D Area on the right flank in which the three lesions illus-
trated in A, B, and C can be observed collectively. The upper portion of
the image displays the lesion 4, while the middle section shows the lesion
2. The lesion 3 can be seen in the lower part of the image

All samples were homogenized using stainless steel 4.8-mm
beads (Next Advance, New York, USA) after being added to
phosphate-buffered saline (PBS) at a 1:10 proportion. RNA
and DNA were extracted using the High Pure Viral Nucleic
Acid Kit (Roche Diagnostics), based on the manufacturer’s
instructions.

For the molecular diagnosis of HV, a previously described
pan-herpesvirus nested PCR targeting a fragment of the
DNA polymerase (DNApol) gene (VanDevanter et al. 1996)
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Fig.4 Main histopathological
findings. A Epidermal hyper-
plasia, with basal cells piling up
and being disorganized along
the basement membrane of
tortuous and anastomosing rete
pegs. Basal and middle layers
with moderate, multifocal intra-
cellular edema and keratinocyte
degeneration. Additionally,
there is mild to moderate mixed
infiltration of neutrophils,
macrophages, and lympho-
cytes in perivascular areas.

B Intracellular edema in the
stratum spinosum and degenera-
tion, with multiple, scattered
pustules contained neutrophils,
protein fluid, cellular debris,
and small bacterial colonies. C
Full-thickness epidermal defect
that extends into the dermis. D
The dermis below the ulcer is
replaced by granulation tissue
infiltrated by numerous neutro-
phils and eosinophils

was performed. This approach is very useful, not only for
detecting new sequences of HV (VanDevanter et al. 1996),
but also because cetacean HV strains are usually classi-
fied according to the sequence of a part of a locus of their
DNApol (Noguchi et al. 2013).

Appropriate non-template negative controls (nuclease-
free water) for both extraction and PCR as well as extrac-
tion-positive and PCR-positive controls were included.

Only one of the skin lesions (lesion 2, Fig. 3A) yielded
a positive result. All healthy skin samples were negative.
The agarose band was purified using the QIAquick® Gel
Extraction Kit (Qiagen, Hilden, Germany), and 212-bp
amplicon was completely sequenced by Sanger sequencing.
The nucleotide sequence confirmed the presence of herpes-
virus in the specified sample and was deposited in GenBank
under accession number OQ561785.

A nucleotide Maximum likelihood phylogenetic tree
was constructed based on Tamura 3-parameter model using
MEGA 11 (Tamura et al. 2021). A discrete Gamma dis-
tribution was used to model evolutionary rate differences
among sites with five categories and the rate variation model
allowed for some sites to be evolutionarily invariable. In
order to produce a reliable phylogenetic tree, the accu-
racy of sequence alignment was verified, since the average
amino acid p-distance (1-amino acid identity), was 0.64, and
therefore, was lower than the acceptance threshold of <0.8
(Thompson et al. 1999; Ogden and Rosenberg 2006).

Bootstrap analysis with 2000 replicates was performed to
test the reliability of the tree.

For this phylogenetic study, one human herpesvirus
sequence, 25 odontocete herpesvirus sequences, and four
mysticete herpesvirus sequences detected in different coun-
tries worldwide since 1999 were included, in addition to the
sequence described in this study.

The phylogenetic analysis revealed that the sequence
0Q561785 is an AHV (Fig. 5) and clusters together with
AHYV detected in a fin whale from Spain (KP995686) and in
a humpback whale from Brazil (0Q561785). Accordingly,
this novel sequence showed the highest homology to Gen-
Bank sequences KP995686 (nucleotide identity, 90.15%;
amino acid identity, 88.37%) and OQ561785 (nucleotide
identity, 89.39%; amino acid identity, 86.05%).

The tissue samples were tested for CeMV using a reverse
transcription-PCR method that targets the fusion protein
gene and is based on the Universal Probe Library platform
(Rubio-Guerri et al. 2013). Ultrapure water was used as a
negative control, while striped dolphin CeM V-positive lung
RNA was used as a positive control. All samples were nega-
tive. Additionally, a conventional PCR (Bracht et al. 2006)
was used to test DNA extracts of the four skin lesions for
Poxvirus, using ultrapure water as a negative control and a
striped dolphin poxvirus-positive skin DNA as a positive
control. However, all samples yielded negative results.

@ Springer
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Fig.5 Maximum-likelihood MG437205/Delphinus delphis/AHV/Portugal/2011
phylogram of herpesviruses .
based on partial DNApol gene MNB99009/Stenella coeruleoalba/AHV/Spain/2019
sequence. The nucleotide MNB99007/Stenella coeruleoalba/AHV/Spain/2019
sequence reported in the present MF999155/Stenella frontalis/AHV/Brazil/2012
study is identified only with the
bolded accession number and KP995683/Grampus griseus/AHV/Spain/2013
a square, while other herpesvi- KT991634/Phocoena phocoena/AHV/Netherlands/2005
rus sequences are labeled with
accession number, host species, MT770752/Stenella coeruleoalba/AHV/Spain/2019
herpesvirus subfamily, and L MZ066763/Mesoplodon densirostris/AHV/Spain/2017
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Discussion

In the last few years, HV infections have been frequently
reported in odontocetes (Smolarek et al. 2006; Arbelo et al.
2010; Miyoshi et al. 2011; Bellehumeur et al. 2015; van
Beurden et al. 2015; Sacristan et al. 2019). In contrast,
reports of HV in mysticetes are relatively scarce (Melero
et al. 2015; Davison et al. 2021, Sacristan et al. 2024). The
limited opportunities for sampling stranded mysticetes, in
comparison to odontocetes (Nemiroff et al. 2010; Coombs
et al. 2019), might offer an explanation for the observed dis-
crepancy, thus making it challenging to determine the causes

@ Springer
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1 Betaherpesvirus

Gammaherpesvirus

of mortality and morbidity in large whales (Groch et al.
2018). This means that each stranded mysticete individual
can provide a significant amount of valuable information.
For this reason, it is crucial to conduct health surveillance to
monitor for pathogens that can impact these animals.
Previous research on the presence of HV in humpback
whales is limited. Miyoshi et al. (2011) conducted an earlier
study on this topic, which, however, did not yield any
HV-positive results (Miyoshi et al. 2011). Recently, a study
conducted on cetaceans stranded in Brazil surveyed HV
presence in 18 humpback whales, with only one individual
testing positive (Sacristan et al. 2024). This was the first
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description of a HV in this baleen species (Sacristan et al. 2024).
In the present study, to the best of the authors’ knowledge, we
report the first molecular detection of HV in a humpback whale
from the Mediterranean Sea, addressing new insights into the
scarce knowledge available for herpesvirus in this species.
This discovery supports the hypothesis that humpback whales
may serve as a new potential host (Sacristan et al. 2024), and
consequently, it is recommended to include herpesvirus in the
virological assessment of these species. The novel herpesvirus
sequence described in this study from a humpback whale was
an AHV and displayed the highest degree of identity with
AHYV sequences characterized from both a fin whale from
Spain and a humpback whale from Brazil, as observed in
the phylogenetic analysis. This finding is in line with earlier
observations regarding HV in marine mammals, which suggest
that herpesvirus phylogenetic branching resembles that of its
hosts (Maness et al. 2011; Melero et al. 2014, 2015; Exposto
Novoselecki et al. 2021), because a co-speciation with host
could have occurred (McGeoch et al. 2006).

The area of skin with epidermal erosion surrounded by
a sharply delimited pale grey halo (lesion 2, Fig. 3A) tested
positive for HV. Previous studies have described skin lesions
in cetaceans potentially associated with herpesviruses, which
exhibit a similar pale or whitish discoloration, as well as the
presence of a hypopigmented halo (Hart et al. 2012; Toms
et al. 2020). Histopathological analysis of lesions 3 and 4
revealed a chronic, proliferative dermatitis (Fig. 4C and D).
Acanthosis, intracellular edema, and degeneration, together
with mixed inflammation were observed in these lesions, and
these features have been associated with herpesviral infec-
tion (Manire et al. 2006; Vargas-Castro et al. 2021). How-
ever, caution must be taken in interpreting these findings
since hyperplasia and inflammation may also be associated
with whale lice infestation (Lehnert et al. 2021). Intranuclear
inclusions were not observed in any of the lesions; however,
this does not rule out a possible association between the epi-
thelial proliferation and/or degeneration and the pathological
effects of the virus, since intranuclear inclusions are only
reported in certain stages of viremia (Hart et al 2012) and
are inconsistently observed in skin lesions in other cetaceans
(Manire et al 2006; Hart et al 2012; Bellehumeur et al 2015).

Unfortunately, a complete necropsy was not possible, and we
cannot rule out if other organs were affected as well. We strongly
recommend that future studies analyze as many samples as pos-
sible to obtain a better understanding of the stranding event.

In addition, this individual exhibited several lacerations
on the dorsal, caudal, and pectoral fins. Considering the
individual was disentangled from a ghost net 5 days before
it stranded and given that the location of the injuries corre-
sponded to the entanglement points, we attribute these lac-
erations as a result of the entanglement event. Apart from
the aforementioned injuries, other processes have been
linked to such events, including weakening, starvation,

and chronic stress, which increase susceptibility to oppor-
tunistic infections, as previously suggested (Cassoff et al.
2011). This corresponds to the case described in our study,
wherein the animal was emaciated and weakened, and
exhibited a cutaneous herpesviral infection, superficial
bacterial infection, and massive infestation by whale lice.
The simultaneous occurrence of these agents emphasizes
the frequent incidence of concurrent infections linked to
herpesvirus presence in cetaceans (Casalone et al. 2014;
Sierra et al. 2014; Bento et al. 2019; Sierra et al. 2020;
Vargas-Castro et al. 2021; Sierra et al. 2022), which may
indicate an underlying immunosuppression, that can be
exacerbated by HV infection, as this agent is also consid-
ered to be immunosuppressive (Arbelo et al. 2010).

High numbers of Cyamidae whale lice have been associ-
ated to mobility restriction of whales with chronic entangle-
ment (Cassoff et al 2011) and vertebral injuries (Groch et al
2012), and have been used as an indicator of poor condi-
tion of humpback whales (Osmond and Kaufman 1998) and
North Atlantic right whales (Eubalaena glacialis) (Knowlton
and Kraus 2001), which is consistent with this study, since
the animal presented a high density of whale lice.

To the best of authors’ knowledge, this study provides a first
description of cutaneous AHV infection in a humpback whale.
In addition, the animal had multifocal chronic, degenerative,
and proliferative dermatitis in some areas concomitant with
HYV positivity. Given the lack of specific information regarding
HV-associated pathology in mysticetes, this novel finding
represents a significant contribution to our understanding of
herpesvirus infections in these animals and emphasizes the need
for further studies to determine the prevalence, transmission, and
clinical significance, since the potential impact of HV infection
on humpback whale populations is still unclear. Moreover,
this study underscores the significance of conducting sanitary
surveillance investigations on stranded cetaceans, especially
in mysticetes, for the pathogens that may impact their health,
as previously suggested (Melero et al. 2015). To enhance the
probability of detecting HV-positive samples, it is recommended
that future studies involving mysticetes systematically collect
samples from as many organs as possible, as a greater number
of analyzed samples per animal have been associated with a
higher likelihood of discovering HV-positive individuals (Sierra
etal. 2022).

Conclusion

In conclusion, a novel AHV has been identified from a
humpback whale, which exhibited a chronic, proliferative,
and erosive dermatitis. Phylogenetic analysis revealed the
closest relationship to an AHV isolated from other mysticete
species. To our knowledge, this is the first report of herpes-
viruses in a humpback whale from the Mediterranean Sea.
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