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Editorial on the Research Topic

Herpesviruses of animals: recent advances and updates

The Herpesviridae are a large family of enveloped, double-stranded DNA viruses found
in many different orders of vertebrates, including birds, reptiles, amphibians, fish, and
mammals (1). These viruses have a long evolutionary history of co-evolution with the host
(2). In the end, the viruses have reached a fine-tuned balance with their corresponding host,
which allows them to persist and spread successfully to new hosts, either of the same species
without being lethal or to new hosts where they are most likely lethal (3, 4). The diseases
associated with herpesviruses range from mild skin lesions, respiratory and reproductive
problems, and neurological disorders to tumors and death. Primary herpesvirus infection
usually results in productive infection, which is subsequently limited by host immune
responses, leaving behind a lifelong latent infection. Latency is the state in which virus
genome is carried within the cells in the absence of virus production but with the ability
to reactivate and re-enter the lytic cycle (5). The delicate balance between herpesviruses
and hosts results from the interaction of a variety of viral and cellular factors, which
together shape the tropism for the host. Different strategies of virus pathogenesis have been
documented (6–8); several are yet to be discovered. Understanding these interactions will
provide insights into the viral life cycle and cell biology in general. Furthermore, this research
will facilitate comprehension of herpesvirus pathogenesis and enable the development of
new strategies to combat disease-causing herpesviruses. The successful development of
therapeutic vaccines and antiviral drugs are dependent on understanding the interactions
between virus and host cell factors. This Research Topic focuses on new advancements on
virus-host interaction, virus pathogenesis, emerging virus infection, and novel therapeutics.

Feline herpesvirus type 1 (FeHV-1) is an important viral disease of cats causing
feline viral rhinotracheitis. The virus belongs to the genus Varicellovirus, subfamily
Alphaherpesvirinae in the Herpesviridae family (9). Autophagy is a conserved cellular
process leading to sequestration and degradation of intracellular components and foreign
material including viruses in cytosolic organelles. Herpesviruses use several strategies to
evade, resist, or exploit the autophagy network to their advantage, and promote viral
proliferation (10). However, the role of FeHV-1 and its relationship with the autophagic
process has not yet been elucidated. Ferrara, Sgadari et al. evaluated the autophagy mediated
by FeHV-1 and determined its proviral role. Autophagy is induced by FeHV-1 in a
viral dose-dependent manner, in vitro. The pro-viral role of autophagy during FeHV-1
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infection was established using late autophagy inhibitors and
inducers, by assessing the viral yield, cytotoxic effects, and
expression of viral glycoproteins. Autophagy inhibitors negatively
impact viral replication. Furthermore, the autophagy inducer
showed increased accumulation of glycoprotein B, a viral protein
in the treated cells. In summary, this study demonstrates FeHV-1-
mediated autophagy induction, its proviral role, and the negative
impact of late autophagy inhibitors on viral replication.

The PI3K/Akt/mTOR axis is a key regulator of many
cellular processes including translation, metabolism, autophagy,
and cell death, and can fulfill many viral requirements (11).
In the follow-up study, Ferrara, Longobardi et al. elucidated
the involvement of this pathway during FeHV-1 infection
in permissive cell lines. The expression of the proteins
involved in the PI3K/Akt/mTOR pathway was determined
by immunoblotting in the FeHV-1-infected cells. FeHV-1
infection modulated the expression of several proteins of the
PI3K/Akt/mTOR pathway, suggesting that FeHV-1 may interact
independently with different autophagic signaling pathways.
Early phosphorylation of Akt also indicates a functional role
for this axis in viral entry. However, Akt knockdown did not
show any reduction in viral replication. The presence of a
protein kinase in the FeHV-1 genome (encoded by the Us3
gene) might have phosphorylated various Akt substrates as
an Akt surrogate, as reported in herpes simplex virus type 1
and pseudorabies virus infection (HSV-1 and PRV). The study
highlights changes in the PI3K/Akt/mTOR pathway during
FeHV-1 infection.

Equine herpesvirus type 1 (EHV-1) is a major viral pathogen
of equines causing respiratory disease, abortion at the last
trimester, neonatal foal mortality, and chorioretinopathy. The
EHV-1 belongs to the genus Varicellovirus in the subfamily
Alphaherpesvirinae (12). A major sequela that can occur after
an EHV-1 infection is a neurological disease termed equine
herpesvirus myeloencephalopathy (EHM), characterized by ataxia,
incontinence, and partial to full paralysis, which may ultimately
lead to the euthanasia of the infected horse (13). Understanding
virus-host interaction in the EHM pathogenesis is critical to
developing an effective therapeutic strategy for EHM. Black and
Frampton studied the ability of four drugs (i) non-steroidal anti-
inflammatory drugs (NSAIDs; flunixin meglumine), (ii) a steroidal
anti-inflammatory drug (dexamethasone), (iii) a Rho-kinase
(ROCK) inhibitor, and (iv) a JAK/STAT inhibitor (AG490) to
reduce EHV-1 virus yields and cell-to-cell spread, in vitro. Among
the four drugs, Flunixin meglumine and AG490 (JAK/STAT
inhibitor), significantly reduced virus yields, and cell-to-cell virus
spread in endothelial and epithelial cell lines.

Mobile genetic elements (transposable elements and plasmids)
and viruses display significant diversity with various life cycles,
but how this diversity emerges remains obscure (14). A novel
giant mobile element, Teratorn, was identified in the genome
of medaka, Oryzias latipes. Teratorn is a composite DNA
transposon created by a fusion of a piggyBac-like DNA
transposon and a novel herpesvirus of the Alloherpesviridae
family (15). A genomic survey revealed that Teratorn-like
herpesviruses are widely distributed among teleost genomes,
the majority of which are also fused with piggyBac, suggesting
that fusion with piggyBac is a trigger for the life-cycle shift

of authentic herpesviruses to an intragenomic parasite. Thus,
Teratorn-like herpesvirus provides a clear example of how novel
mobile elements emerge. The review by Inoue and Takeda,
discussed the unique sequence and life-cycle characteristics of
Teratorn, followed by the evolutionary process of piggyBac-
herpesvirus fusion based on the distribution of Teratorn-like
herpesviruses among teleosts. Finally, they proposed that
recombination could be a driving force generating novel
mobile elements.

Marek’s disease (MD) is a highly contagious viral disease
of chickens characterized by T-cell lymphomas and peripheral
nerve enlargement caused by the MD virus (MDV) and belongs
to the genus Mardivirus in the subfamily Alphaherpesvirinae
(16). The virus establishes latency in chicken T lymphocytes
that can lead to T cell transformation and tumor. Transformed
MD chicken cell lines (MDCCs) are a valuable ex vivo model
to study MDV latency, transformation, and reactivation (17).
Tien et al. developed MDCCs from chickens infected with
MDV that fluoresce during lytic replication and reactivation.
Treating MDCCs with Sodium butyrate increased MDV
reactivation; however, it caused significant apoptosis and
necrosis. In contrast, treatment of MDCCs by decreasing the
temperature resulted in robust MDV reactivation without
significant induction of apoptosis and necrosis. In summary,
fluorescent protein expression during latency reactivation is
a robust tool to examine viral replication in live cells ex vivo,
and temperature treatment is an efficient technique to induce
reactivation without cytotoxicity effects on cell viability seen with
chemical treatment.

Finally, an interesting case report by Suárez-Santana
et al., documented the first report of disease caused by
the Buteo buteo herpesvirus infection in the common
buzzard (Buteo buteo insularum) from Gran Canaria
(Canary Islands, Atlantic Ocean). Buteo buteo herpesvirus
belongs to the Alphaherpesvirinae subfamily (18). The
major lesions in the infected bird included necrotizing
heterophilic and histiocytic bilateral conjunctivitis, stomatitis,
pharyngitis, rhinitis, and sinusitis with secondary bacterial
and fungal infections. They also observed eosinophilic
intranuclear inclusion bodies in the oral mucosa and
esophagus epithelium.

In summary, this Research Topic highlights the latest research
in animal herpesvirus-host interactions, emerging virus infections,
novel mobile genetic elements associated with herpesviruses,
emerging therapeutics, and new ex vivo models that will facilitate
further study of herpesvirus infection.
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