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1. Introduction

Viral diseases play a very important role in feline medicine, and research on feline
viruses and viral diseases is a well-established field that helps to safeguard the health
of domestic cats and non-domestic felids, many of which are endangered. This research
also informs an expanding multibillion-dollar companion animal veterinary industry and,
both directly and indirectly, contributes to the health of humans and the other animals
that interact with cats. Last but not least, feline virus infections serve as important animal
models for human viral diseases, such as immunodeficiency or coronavirus infections.

This Special Issue brings together 27 papers, including four reviews, covering diverse
aspects of feline viruses and viral diseases. The recent emergence of the COVID-19 pan-
demic, caused by a highly pathogenic coronavirus of animal origin, SARS-CoV-2, further
emphasizes the relevance of companion animal virology to global One Health.

1.1. Coronaviruses

Sadly, familiar to veterinarians, feline infectious peritonitis (FIP) is a fatal disease
caused by feline coronavirus (FCoV) variants. In comprehensive review articles, Felten and
Hartmann provide a timely update on the clinical diagnosis of FIP [1], while Jaimes et al.
present a novel approach to coronavirus classification considering the genetic, structural,
and functional characteristics of FCoV serotypes and S proteins, concluding that serotypes
I and II FCoVs are distinct viruses [2].

Malbon and colleagues report that, in addition to primary immune organs, cardiac and
hepatic tissues can represent a significant source of inflammatory cytokines, contributing
to the pathogenesis of systemic inflammation characteristic of the FIP [3]. In a colony
infected with the ubiquitous, usually subclinical, enteric FCoV, Pearson et al. identified
strong systemic IgG and mucosal IgA responses but no virus-specific mucosal T-cell
IFNγ responses or histologic abnormalities, suggesting that enteric FCoV is controlled by
humoral mucosal and systemic responses [4].

In an eerily prophetic study, Zhao et al. demonstrate cross reactivity of feline sera
against the S1 receptor-binding unit of coronavirus spike proteins from a range of species,
noting the relevance for diagnostics as well as the potential for cats to be involved in
cross-species coronavirus transmission [5].

1.2. Parvoviruses

Feline panleukopenia virus (FPV) is a re-emerging pathogen. The importance of
routine vaccination for pet cats against FPV is highlighted in two reports of outbreaks of
feline panleukopenia, a vaccine-preventable, fatal parvoviral disease. In the first report,
Jenkins et al. report high FPV antibody prevalence in cats from outbreak and non-outbreak
regions in Australia [6]. Less than half of the cats studied were known to be vaccinated,
although 94% recorded protective titers, suggesting that cats are commonly exposed to
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Carnivore protoparvovirus 1 in the field. The continued need to determine the level of vaccine
coverage providing herd immunity against FPV is highlighted.

In the second report, phylogenetic analyses by van Brussel et al. identified distinct
lineages of FPV from outbreaks in Australia, New Zealand and the United Arab Emirates [7].
Inadequate vaccination of shelter-housed cats was a common factor suggested to precipitate
multiple re-emergence events.

1.3. Caliciviruses

Feline calicivirus (FCV), a frequent cause of upper respiratory tract disease, is increas-
ingly associated with outbreaks of severe virulent systemic disease (VSD), but the basis for
the increased pathogenicity of this clinical variant is elusive. In a fresh approach, Brunet
et al. report, for the first time, consistent differences in capsid protein variable region amino
acids between classical and virulent FCV strains using multiple correspondence analysis [8].
Barrera-Vasquez et al. report that survivin overexpression reduced FCV infection in vitro,
correlating with reduced expression of the FCV receptor, the feline junctional adhesion
molecule (fJAM1) [9].

Highly relevant to clinical practice, findings by Bergmann et al. on FCV antibody test-
ing in healthy cats suggest that detecting FCV antibodies cannot replace routine vaccination
against FCV [10]. A study by Spiri et al. informs the optimization of environmental control
measures for FCV, based on an investigation of virus viability after a recent outbreak [11].

1.4. Herpesviruses

Zhang et al. investigated miRNAs in innate host-resistance to the common alpha-
herpesvirus, feline herpesvirus 1 (FHV-1) [12]. Their results suggest that miR-26a could
suppress FHV-1 replication by enhancing type I IFN-induced antiviral signaling via host
suppressor of cytokine signaling, SOCS5.

1.5. Retroviruses

Research on the pathogenic feline retroviruses, feline leukemia virus (FeLV) and feline
immunodeficiency virus (FIV) is well covered in this Special Issue, with articles on epidemi-
ology, pathogenesis, innate immunity, viral assembly and immunomodulators. FeLV was
originally isolated from households of pedigree cats but increased awareness, improved
diagnostics and effective control measures, including vaccination, have been accompa-
nied by a changing epidemiology. An update on the prevalence of FeLV viremia of 2.3%
among cats visiting veterinarians across 32 European countries is reported by the European
Advisory Board on Cat Diseases [13]. Significant differences in FeLV prevalence between
different countries was identified. Originating from southern Europe, being non-pedigree
and access to outdoors were important predictors of FeLV status. In Australia, a study by
Westman et al. on outcomes in FeLV outbreaks highlights the need to maintain control
measures for FeLV even where the prevalence of antigenemia in the general population is
low [14].

Antiviral antibody testing is the diagnostic screening test of choice for FIV infection.
Frankenfeld et al. investigated a perceived increase in negative FIV ELISA results compared
with Western blot [15]. They demonstrate that the current diagnostic sensitivity and
specificity of FIV antibody ELISA (82% and 91%, respectively) in Europe are lower than
in 1995 (98% and 97%). The authors suggest that this new challenge to FIV diagnosis
could result from increased movement of pets and the introduction of new FIV isolates not
recognized by screening assays.

Restriction factor APOBEC3 (A3) plays an important role in innate immunity to
lentiviruses and is well studied in HIV infection. In FIV infection, A3 degradation is
mediated by FIV viral infectivity factor (Vif), but the link between A3–Vif interactions
and the biological activity of A3 requires clarification. Troyer et al. compared expression
of A3 genes, A3Z2, A3Z3 and A3Z2-Z3, in cats infected with domestic cat FIV or puma
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FIV [16]. Overall, the authors conclude that the capacity of Vif to counteract A3 has a greater
influence on lentiviral replication competence in cats than modulation of A3 expression.

Simoes et al. report that depletion of regulatory T cells did not improve innate
immunity against Listeria monocytogenes in FIV-infected cats, and they suggest dendritic cell
dysfunction as a factor [17]. Relevant to the establishment of lentiviral reservoirs, Asadian
and Bienzle investigated the in vitro activity of interferons on antiviral lymphocyte protein
SAMHD1, reporting that SAMH1 is inducible by IFNγ, and that overall activity is cell
type- and compartment-specific [18]. Ovejero et al. used mutagenesis to study the role of
Y176/L177 in FIV assembly and viral infectivity, demonstrating functional equivalents to
its HIV-1 counterpart [19].

In a prospective clinical study, Gomez-Lucia et al. evaluated low-dose oral recom-
binant human interferon-α (rHuIFN-α) as an immunomodulatory treatment in FeLV- or
FIV-infected cats, reporting clinical improvements during treatment [20]. However, a
rebound in viral parameters after cessation of treatment points to the need to clarify the
true efficacy and potential adverse effects of rHuIFN-α treatment on FIV progression.

Use of prednisolone and cyclosporine A (CsA) is sometimes indicated in FIV-infected
cats to treat secondary diseases, such as immune-mediated disease, stomatitis, or lym-
phoma, but the effects of these drugs on FIV replication and persistence are poorly under-
stood. Miller et al. investigated the immunomodulatory effects of prednisolone and CsA
in cats with FIV infection, reporting acute, transient increases in FIV DNA and RNA and
CD4+ lymphocytes, as well as cytokine expression, which favored a shift toward a Th2
response [21].

1.6. Novel Viruses

In cats, as in other species, novel viruses are being discovered much faster than their
biological relevance can be ascertained. An in-depth review from DiMartino et al. tackles
the gamut of novel enteric viruses including noroviruses, kobuviruses, and novel par-
voviruses, updating on the etiology, epidemiologic, pathogenetic, clinical, and diagnostic
aspects of these viral infections in cats [22].

Understanding the cause(s) of chronic kidney disease (CKD), a major cause of death
in pet cats, is a holy grail in feline medicine. The discovery of a feline morbillivirus
(FeMV) in Hong Kong a decade ago caused much excitement because a link with CKD was
postulated [23]. Many studies since have addressed a potential association between FeMV
infection and CKD, but a clear picture has yet to emerge. A timely review by Choi et al.
brings the current state of knowledge of FeMV into perspective [24].

The feline hepatitis B virus (HBV) homologue, domestic cat hepadnavirus (DCH),
was discovered in Australia in 2018 [25]. Using in situ hybridization (ISH) and PCR in
archived feline liver biopsies, Pesavento et al. report a compelling association between DCH
and chronic hepatitis and hepatocellular carcinoma in cats that mirrors HBV-associated
hepatopathies [26]. Whether DCH is a feline pathogen remains to be seen.

New data on gammaherpesviruses come from Hendrikse et al., who identified a
novel gammaherpesvirus in Canada lynx (Lynx canadensis), LcaGHV1, in 36% of samples
from USA and 17% from Canada [27]. Novacco et al. report a molecular prevalence of
FcaGHV1, the domestic cat gammaherpesvirus, of 5.5% to 6.0% among domestic cats in
Switzerland. Although the potential for FcaGHV1 to be oncogenic in a minority of cases has
been considered, the authors found that 0/17 cat tissues from cats with lymphoma tested
positive for FcaGHV1, highlighting the need for the pathogenic potential of FcaGHV1 to be
further evaluated [28].

Papillomaviruses infecting humans have been suggested to play a role in cutaneous
squamous cell carcinoma (SCC) [29]. A novel feline papillomavirus, tentatively assigned
FcaPV6, was reported by Carrai et al. in association with feline SCC [30]. Classification of
FcaPV6 in a new genus alongside FcaPVs 3, 4 and 5 is supported.
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2. Concluding Remarks

This Special Issue collates important advances in basic and applied research in feline
viruses and viral diseases and highlights some of the many questions still to be answered
as the field expands and adapts to meet the world’s needs.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Felten, S.; Hartmann, K. Diagnosis of Feline Infectious Peritonitis: A Review of the Current Literature. Viruses 2019, 11, 1068.

[CrossRef] [PubMed]
2. Jaimes, J.A.; Millet, J.K.; Stout, A.E.; André, N.M.; Whittaker, G.R. A Tale of Two Viruses: The Distinct Spike Glycoproteins of

Feline Coronaviruses. Viruses 2020, 12, 83. [CrossRef] [PubMed]
3. Malbon, A.J.; Fonfara, S.; Meli, M.L.; Hahn, S.; Egberink, H.; Kipar, A. Feline Infectious Peritonitis as a Systemic Inflammatory

Disease: Contribution of Liver and Heart to the Pathogenesis. Viruses 2019, 11, 1144. [CrossRef]
4. Pearson, M.; LaVoy, A.; Evans, S.; Vilander, A.; Webb, C.; Graham, B.; Musselman, E.; Lecureux, J.; Vandewoude, S.; Dean, G.A.

Mucosal Immune Response to Feline Enteric Coronavirus Infection. Viruses 2019, 11, 906. [CrossRef]
5. Zhao, S.; Li, W.; Schuurman, N.; Van Kuppeveld, F.; Bosch, B.-J.; Egberink, H. Serological Screening for Coronavirus Infections in

Cats. Viruses 2019, 11, 743. [CrossRef]
6. Jenkins, E.; Davis, C.; Carrai, M.; Ward, M.P.; O’Keeffe, S.; van Boeijen, M.; Beveridge, L.; Desario, C.; Buonavoglia, C.; Beatty, J.A.;

et al. Feline Parvovirus Seroprevalence Is High in Domestic Cats from Disease Outbreak and Non-Outbreak Regions in Australia.
Viruses 2020, 12, 320. [CrossRef] [PubMed]

7. Van Brussel, K.; Carrai, M.; Lin, C.; Kelman, M.; Setyo, L.; Aberdein, D.; Brailey, J.; Lawler, M.; Maher, S.; Plaganyi, I.; et al.
Distinct Lineages of Feline Parvovirus Associated with Epizootic Outbreaks in Australia, New Zealand and the United Arab
Emirates. Viruses 2019, 11, 1155. [CrossRef] [PubMed]

8. Brunet, S.; Sigoillot-Claude, C.; Pialot, D.; Poulet, H. Multiple Correspondence Analysis on Amino Acid Properties within the
Variable Region of the Capsid Protein Shows Differences between Classical and Virulent Systemic Feline Calicivirus Strains.
Viruses 2019, 11, 1090. [CrossRef] [PubMed]

9. Barrera-Vázquez, O.S.; Cancio-Lonches, C.; Miguel-Rodríguez, C.E.; Pérez, M.M.V.; Gutiérrez-Escolano, A.L. Survivin Overex-
pression Has a Negative Effect on Feline Calicivirus Infection. Viruses 2019, 11, 996. [CrossRef]

10. Bergmann, M.; Speck, S.; Rieger, A.; Truyen, U.; Hartmann, K. Antibody Response to Feline Calicivirus Vaccination in Healthy
Adult Cats. Viruses 2019, 11, 702. [CrossRef] [PubMed]

11. Spiri, A.M.; Meli, M.L.; Riond, B.; Herbert, I.; Hosie, M.J.; Hofmann-Lehmann, R. Environmental Contamination and Hygienic
Measures After Feline Calicivirus Field Strain Infections of Cats in a Research Facility. Viruses 2019, 11, 958. [CrossRef] [PubMed]

12. Zhang, J.; Li, Z.; Huang, J.; Yin, H.; Tian, J.; Qu, L. miR-26a Inhibits Feline Herpesvirus 1 Replication by Targeting SOCS5 and
Promoting Type I Interferon Signaling. Viruses 2020, 12, 2. [CrossRef] [PubMed]

13. Studer, N.; Lutz, H.; Saegerman, C.; Gönczi, E.; Meli, M.L.; Boo, G.; Hartmann, K.; Hosie, M.J.; Moestl, K.; Tasker, S.; et al.
Pan-European Study on the Prevalence of the Feline Leukaemia Virus Infection—Reported by the European Advisory Board on
Cat Diseases (ABCD Europe). Viruses 2019, 11, 993. [CrossRef] [PubMed]

14. Westman, M.; Norris, J.; Malik, R.; Hofmann-Lehmann, R.; Harvey, A.; McLuckie, A.; Perkins, M.; Schofield, D.; Marcus, A.;
McDonald, M.; et al. The Diagnosis of Feline Leukaemia Virus (FeLV) Infection in Owned and Group-Housed Rescue Cats in
Australia. Viruses 2019, 11, 503. [CrossRef] [PubMed]

15. Frankenfeld, J.; Meili, T.; Meli, M.L.; Riond, B.; Helfer-Hungerbuehler, A.K.; Bönzli, E.; Pineroli, B.; Hofmann-Lehmann, R.
Decreased Sensitivity of the Serological Detection of Feline Immunodeficiency Virus Infection Potentially Due to Imported
Genetic Variants. Viruses 2019, 11, 697. [CrossRef]

16. Troyer, R.M.; Malmberg, J.L.; Zheng, X.; Miller, C.; Macmillan, M.; Sprague, W.S.; Wood, B.A.; Vandewoude, S. Expression of
APOBEC3 Lentiviral Restriction Factors in Cats. Viruses 2019, 11, 831. [CrossRef]

17. Simões, R.D.; LaVoy, A.; Dean, G.A. Effects of Regulatory T Cell Depletion on NK Cell Responses against Listeria monocytogenes
in Feline Immunodeficiency Virus Infected Cats. Viruses 2019, 11, 984. [CrossRef]

18. Asadian, P.; Bienzle, D. Interferon γ and α Have Differential Effects on SAMHD1, a Potent Antiviral Protein, in Feline Lymphocytes.
Viruses 2019, 11, 921. [CrossRef]

19. Ovejero, C.A.; González, S.A.; Affranchino, J.L. The Conserved Tyr176/Leu177 Motif in the α-Helix 9 of the Feline Immunodefi-
ciency Virus Capsid Protein Is Critical for Gag Particle Assembly. Viruses 2019, 11, 816. [CrossRef]

20. Gomez-Lucia, E.; Collado, V.M.; Miró, G.; Martín, S.; Benítez, L.; Doménech, A. Follow-Up of Viral Parameters in FeLV- or
FIV-Naturally Infected Cats Treated Orally with Low Doses of Human Interferon Alpha. Viruses 2019, 11, 845. [CrossRef]

21. Miller, C.; Powers, J.; Musselman, E.; Mackie, R.; Elder, J.; Vandewoude, S. Immunopathologic Effects of Prednisolone and
Cyclosporine A on Feline Immunodeficiency Virus Replication and Persistence. Viruses 2019, 11, 805. [CrossRef] [PubMed]

22. Di Martino, B.; Di Profio, F.; Melegari, I.; Marsilio, F.; Martino, D.; Profio, D. Feline Virome—A Review of Novel Enteric Viruses
Detected in Cats. Viruses 2019, 11, 908. [CrossRef] [PubMed]

http://doi.org/10.3390/v11111068
http://www.ncbi.nlm.nih.gov/pubmed/31731711
http://doi.org/10.3390/v12010083
http://www.ncbi.nlm.nih.gov/pubmed/31936749
http://doi.org/10.3390/v11121144
http://doi.org/10.3390/v11100906
http://doi.org/10.3390/v11080743
http://doi.org/10.3390/v12030320
http://www.ncbi.nlm.nih.gov/pubmed/32188115
http://doi.org/10.3390/v11121155
http://www.ncbi.nlm.nih.gov/pubmed/31847268
http://doi.org/10.3390/v11121090
http://www.ncbi.nlm.nih.gov/pubmed/31771183
http://doi.org/10.3390/v11110996
http://doi.org/10.3390/v11080702
http://www.ncbi.nlm.nih.gov/pubmed/31370359
http://doi.org/10.3390/v11100958
http://www.ncbi.nlm.nih.gov/pubmed/31627345
http://doi.org/10.3390/v12010002
http://www.ncbi.nlm.nih.gov/pubmed/31861450
http://doi.org/10.3390/v11110993
http://www.ncbi.nlm.nih.gov/pubmed/31671816
http://doi.org/10.3390/v11060503
http://www.ncbi.nlm.nih.gov/pubmed/31159230
http://doi.org/10.3390/v11080697
http://doi.org/10.3390/v11090831
http://doi.org/10.3390/v11110984
http://doi.org/10.3390/v11100921
http://doi.org/10.3390/v11090816
http://doi.org/10.3390/v11090845
http://doi.org/10.3390/v11090805
http://www.ncbi.nlm.nih.gov/pubmed/31480322
http://doi.org/10.3390/v11100908
http://www.ncbi.nlm.nih.gov/pubmed/31575055


Viruses 2021, 13, 923 5 of 5

23. Woo, P.C.Y.; Lau, S.K.P.; Wong, B.H.L.; Fan, R.Y.Y.; Wong, A.Y.P.; Zhang, A.J.X.; Wu, Y.; Choi, G.K.Y.; Li, K.S.M.; Hui, J.; et al.
Feline morbillivirus, a previously undescribed paramyxovirus associated with tubulointerstitial nephritis in domestic cats. Proc.
Natl. Acad. Sci. USA 2012, 109, 5435–5440. [CrossRef] [PubMed]

24. Choi, E.J.; Ortega, V.; Aguilar, H.C. Feline Morbillivirus, a New Paramyxovirus Possibly Associated with Feline Kidney Disease.
Viruses 2020, 12, 501. [CrossRef]

25. Aghazadeh, M.; Shi, M.; Barrs, V.R.; McLuckie, A.J.; Lindsay, S.A.; Jameson, B.; Hampson, B.; Holmes, E.C.; Beatty, J.A. A Novel
Hepadnavirus Identified in an Immunocompromised Domestic Cat in Australia. Viruses 2018, 10, 269. [CrossRef]

26. Pesavento, P.A.; Jackson, K.; Scase, T.; Tse, T.; Hampson, B.; Munday, J.S.; Beatty, J.A. A Novel Hepadnavirus is Associated with
Chronic Hepatitis and Hepatocellular Carcinoma in Cats. Viruses 2019, 11, 969. [CrossRef]

27. Hendrikse, L.D.; Kambli, A.; Kayko, C.; Canuti, M.; Rodrigues, B.; Stevens, B.; Vashon, J.; Lang, A.S.; Needle, D.B.; Troyer, R.M.
Identification of a Novel Gammaherpesvirus in Canada lynx (Lynx canadensis). Viruses 2019, 11, 363. [CrossRef]

28. Novacco, M.; Ranjbar Kohan, N.; Stirn, M.; Meli, M.L.; Díaz-Sánchez, A.A.; Boretti, F.S.; Hofmann-Lehmann, R. Prevalence,
Geographic Distribution, Risk Factors and Co-Infections of Feline Gammaherpesvirus Infections in Domestic Cats in Switzerland.
Viruses 2019, 11, 721. [CrossRef]

29. Wang, J.; Aldabagh, B.; Yu, J.; Arron, S.T. Role of human papillomavirus in cutaneous squamous cell carcinoma: A meta-analysis.
J. Am. Acad. Dermatol. 2014, 70, 621–629. [CrossRef]

30. Carrai, M.; Van Brussel, K.; Shi, M.; Li, C.-X.; Chang, W.-S.; Munday, J.S.; Voss, K.; McLuckie, A.; Taylor, D.; Laws, A.; et al.
Identification of a Novel Papillomavirus Associated with Squamous Cell Carcinoma in a Domestic Cat. Viruses 2020, 12, 124.
[CrossRef]

http://doi.org/10.1073/pnas.1119972109
http://www.ncbi.nlm.nih.gov/pubmed/22431644
http://doi.org/10.3390/v12050501
http://doi.org/10.3390/v10050269
http://doi.org/10.3390/v11100969
http://doi.org/10.3390/v11040363
http://doi.org/10.3390/v11080721
http://doi.org/10.1016/j.jaad.2014.01.857
http://doi.org/10.3390/v12010124

	Introduction 
	Coronaviruses 
	Parvoviruses 
	Caliciviruses 
	Herpesviruses 
	Retroviruses 
	Novel Viruses 

	Concluding Remarks 
	References

