
Contents lists available at ScienceDirect

Veterinary Microbiology

journal homepage: www.elsevier.com/locate/vetmic

Prevalence and risk factors for Felis catus gammaherpesvirus 1 detection in
domestic cats in Italy
Francesca Caringellaa, Costantina Desarioa, Eleonora Lorussoa, Ivana Pallantea,
Tommaso Furlanellob, Gianvito Lanavea, Gabriella Eliaa, Vito Martellaa, Roberta Iattaa,
Vanessa R. Barrsc, Julia Beattyc, Canio Buonavogliaa, Nicola Decaroa,⁎

a Department of Veterinary Medicine, University of Bari, Valenzano, Bari, Italy
b San Marco Veterinary Clinic and Laboratory, Veggiano, Padova, Italy
c Faculty of Science, Sydney School of Veterinary Science, The University of Sydney, Sydney, NSW, 2006, Australia

A R T I C L E I N F O

Keywords:
Cats
Gammaherpesvirus
Molecular survey
Risk factors

A B S T R A C T

Felis catus gammaherpesvirus 1 (FcaGHV1), a novel gammaherpesvirus of domestic cats identified in 2014, has
been detected in different countries demonstrating a worldwide distribution. The aim of this study was to es-
tablish the prevalence of FcaGHV1 in Italy using a molecular epidemiological approach. FcaGHV1 DNA was
detected with virus-specific real-time PCR in ≃1% of 2659 feline blood samples tested. Analysis of risk factors
showed that being male and coinfection with feline immunodeficiency virus (FIV) increase the likelihood of
FcaGHV1 detection. One-third of FcaGHV1-positive cats also tested positive for FIV provirus, whereas coin-
fections with feline panleukopenia virus were not demonstrated. Further studies are necessary to confirm the risk
factors for FcaGHV1 detection and the pathobiology of the virus.

1. Introduction

Herpesviridae are double-stranded DNA viruses (130-220 kbp) that
comprise three subfamilies (Alpha-, Beta-, and Gammaherpesvirinae) on
the basis of genomic, serologic, biologic and morphologic criteria. The
Gammaherpesvirinae subfamily, which includes four genera:
Lymphocryptovirus, Macavirus, Percavirus and Rhadinovirus (Davison
et al., 2009), is expanding as more members are discovered. Gamma-
herpesviruses (GHVs) are ubiquitous viruses of humans and other ani-
mals and they can replicate in T or B lymphocytes with subsequent
latency in the lymphoid organs and tissues (McLuckie et al., 2016a).

For many years domestic cats have been considered natural hosts of
a single herpesvirus, Felid alphaherpesvirus 1 (FHV-1), which is re-
sponsible for ocular and respiratory disease (Gould, 2011). However, in
2014 a molecular survey carried out in the United States identified a
new feline herpesvirus displaying a genetic similarity to gamma-
herpesviruses. This virus was referred to as Felis catus gammaherpesvirus
1 (FcaGHV1) and is now included in the Percavirus genus based on
nucleotide identity with the members of the same genus (Troyer et al.,
2014). After its first discovery, FcaGHV1 was identified in different
geographic areas such as Australia, Europe, Singapore, North America
and Brazil (Beatty et al., 2014; Ertl et al., 2015; Makundi et al., 2018;

McLuckie et al., 2016a,b; Kurissio et al., 2018; Troyer et al., 2014), with
detection rates between 9.6 and 23.6%.

Risk factors for FcaGHV1 infection are reported to be age, sex,
health status and coinfections with other microorganisms. A higher
frequency of infection is found in male, adult and intact cats, which
might reflect horizontal transmission during territorial aggression
(Beatty et al., 2014; Troyer et al., 2014). Additional risk factors are
represented by coinfections with retroviruses such as feline im-
munodeficiency virus (FIV) and feline leukemia virus (FeLV). Im-
munocompromised individuals are more susceptible to develop cancer
and lymphoproliferative disorders in association with GHVs, while in
immunocompetent patients the infection usually remains subclinical
(Means et al., 2007; Kaye et al., 2016; McLuckie et al., 2017). In hu-
mans, a high percentage of lymphomas induced by the interaction be-
tween human immunodeficiency virus (HIV) and some GHVs, including
Epstein-Barr virus (EBV) and Kaposi's sarcoma–associated herpesvirus
(KSHV), has been demonstrated (Heslop et al., 2005; Carbone et al.,
2009). The pathobiological role of FcaGHV-1 in cats is not clear, al-
though FcaGHV1 DNAemia has been associated with reduced survival
in cats with high-grade lymphoma. (Beatty et al., 2019).

In Italy, the FcaGHV-1 detection has not been assessed in the gen-
eral population so far, and a recent study failed to detect this GHV in
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feline blood donors (Marenzoni et al., 2018). Therefore, the aim of the
present study was to assess the prevalence of FcaGHV-1 DNA detection
in the Italian cat population and to identify potential risk factors.

2. Materials and methods

2.1. Sample collection

A total of 2659 EDTA-blood samples were collected from cats sub-
mitted during routine clinical examination in veterinary clinics from all
over Italy. Specifically, 1543 samples came from northern Italy, 471
from central Italy and 645 from southern Italy. For each cat, data re-
garding age, sex, breed, reproductive status and location of domicile
were collected. Blood samples for inclusion in this study were all sub-
missions to clinical pathology laboratories for the period June 2017-
August 2018. Sampled animals included both healthy animals tested for
routine screening and sick animals with clinical signs. Data on the
health status of individual animals within the population set was not
available.

2.2. Ethics statement

The samples were recruited from a study, which had been per-
formed to assess the prevalence of feline leishmaniasis in Italy by the
Parasitology Unit of the Department of Veterinary Medicine of Bari
(Iatta et al., 2019) and whose protocol had been approved by the
Ethical Committee of the Department (authorization no. 7/17).

2.3. Sample preparation

DNA was extracted from blood samples using the commercial kit
GenUP-DNA kit (BiotechRabbit, Germany) following the producer’s
instructions. The DNAs were stored at −20 °C for a maximum of 20
months prior to testing.

Samples were tested in pools of 5 samples each for multiple mole-
cular investigations in order to evaluate coinfections of FcaGHV1 and
other common viral pathogens of cats. All positive pools were then
screened individually.

2.4. Molecular investigations

2.4.1. Real-time PCR for FcaGHV1
A real-time PCR (qPCR) protocol previously described was used to

detect FcaGHV1 and quantify the viral DNA (Troyer et al., 2014).
Primer pair FGHV-F3 (5′-ACATCTTCACTGGACAACTGG) and FGHV-R3
(5′-GTGCATTTGATGTCCTGACTG) was used with the probe FGHV-P3 (
5′-TGAACAGCTGAGTCTCTACAAGTCTCCA), which targeted the gB
gene. Ten microliters of DNA were added to 15 μl of mix, prepared with
iTaq™ Universal Probes Supermix (Bio-Rad Laboratories Srl, Milan,
Italy), 400 nM of each primer and 200 nM of probe, for a total volume
of 25 μl. The thermal protocol for FcaGHV1 included a first step at 95 °C
for 3min, followed by 45 cycles of 95 °C for 5 s and 60 °C for 30 s. As
positive control a plasmid was used, which was prepared by cloning the
gB gene with the TOPO TA cloning kit (Life Technologies) following the
manufacturer's instructions. Samples yielding cycle threshold values
higher than 40 were retested to confirm the FcaGHV1 positive result
and only samples testing positive on two consecutive assays were
considered true positives.

2.4.2. Screening assays for FIV, FeLV and feline panleukopenia virus
(FPLV)

The samples were also used for the detection of proviral DNAs of
FIV and FeLV by conventional PCR using protocols previously described
(Quackenbush et al., 1996; Stiles et al., 1999).

FPLV DNA was detected by means of real-time PCR assays. The first
protocol with a TaqMan probe was able to recognize all members of the

species Carnivore protoparvovirus 1 (Decaro et al., 2005a), while minor
grove binder probe assays were employed to discriminate between
FPLV and canine parvovirus (CPV) and to characterize the CPV strains
(Decaro et al., 2005b, 2006; Decaro et al., 2008).

2.5. Statistical analyses

The calculation of 95% confidence intervals (95% CI) for the age
was carried out using the online available software Calculator of the
Confidence Interval (http://www.learningaboutelectronics.com). The
categorical variables related to age and sex factors were examined
using the Chi-Square test, while coinfections of pathogens in the same
sample were investigated by Fisher's exact test. Statistical analyses
were performed using a statistical calculation software available on-
line (Social Science Statistics, https://www.socscistatistics.com/)
setting a statistical significance of p < 0.05. Odds Ratio’s calculation
(OR) along with the related CI 95% was performed using the software
Select Statistical Services (https://select-statistics.co.uk/calculators/
confidence-interval-calculator-odds-ratio/).

3. Results

A total of 27 samples tested positive for FcaGHV1, showing a de-
tection rate of 1.01% (27/2659) (Table 1).

The analyzed samples were collected from different geographical
areas in Italy: 58% (1543/2659) came from the North, 17.7% (471/
2659) from the Center and 24.3% (645/2659) from southern Italy.
Based on the geographic regions, the samples showed a prevalence of
0.9% (14/1543) for FcaGHV1 in northern Italy, 1.3% (6/471) in the
Center, 1.1% (7/645) in southern Italy.

Regarding the sex of the cats examined, 1302 were males (48.96%)
and 1357 females (51.03%). Among FcaGHV1-positive cats, 70.4% (19/
27) were male and 29.6% (8/27) female. A statistically significant as-
sociation between sex and FcaGHV1 positivity was identified
(p= 0.02).

The age of the cats examined varied from 1 month to 256 months
[mean 100 months, CI95% = (102.5; 107.5)]. Cats were divided into
groups based on their age: i) juvenile cats< 18 months (13.5%, 359/
2659), ii) adults aged between 19 months and 72 months (22.5%, 599/
2659) and iii) elderly aged>72 months (64%, 1701/2659). Of the
FcaGHV1-positive cats, 11.1% (3/27) were included in young cats,
25.9% (7/27) in the adult group and 63% (17/27) in the elderly group.
Age was not significantly associated with FcaGHV1-positivity
(p= 0.25).

Regarding desexing status, 2275 cats were neutered (85.6%, 2275/
2659) and 384 intact (14.4%, 384/2659); among the FcaGHV1 posi-
tives, almost all were neutered (88.9%, 24/27) and only 3 were entire
(11.1%, 3/27).

As for other investigated pathogens, the prevalence of FeLV provirus
detection was the highest (4.17%, 111/2659), followed by FIV provirus
(3.84%, 102/2659) and then FPLV DNA (0.86%, 23/2659).
Coinfections were identified in 24 samples analyzed, including 13 FIV/
FeLV, 9 FcaGHV1/FIV, 1 FcaGHV1/FeLV, 1 FeLV/FPLV coinfection. In
two cases, a triple (FcaGHV-1, FIV and FeLV) infection was observed
(Fig. 1). There were no FcaGHV1/FPLV or FIV/FPLV coinfections.

A total of 55.6% (15/27) of the FcaGHV1-positive cats were infected
by a single virus; the remaining 12 cats were coinfected either with FIV
(33.3%, 9) or FeLV (3.7%, 1) or with both retroviruses (7.4%, 2).
Among the coinfections, FIV was significantly associated with FcaGHV1
detection [p= 0.00001, OR=13.65, CI95% = (5.97; 31.19)] while
FeLV coinfection was not. In addition, coinfection with FIV and FeLV
concurrently was significantly associated with FcaGHV1 detection
[(p=0.0072, OR=19.06, IC95% = (4.02; 90.46)].

The analysis related to the FIV/FeLV coinfection on the total of
2659 examined cats showed a statistical significance in comparison
with single infections [p=0.0002, OR=3.67, IC95% = (1.98; 6.79)]
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in contrast to the FeLV/FPLV coinfection, which had no statistical sig-
nificance (Table 2).

Since the same samples had been tested for Leishmania infantum
(Iatta et al., 2019), we searched for possible coinfections between this
protozoon and FcaGHV1, detecting only 3 and 0 coinfections among the
104 and 22 samples that had tested leishmania positive by serology and
real-time PCR, respectively. Accordingly, no statistical association was
observed between FcaGHV1 and leishmania positive samples
[p= 0.0844, OR=3.15, CI95%=(0.94; 10.67)].

4. Discussion

The present study represents the first large-scale epidemiological
survey performed across Italy to assess the molecular prevalence of
FcaGHV1 in domestic cats. Our study shows that only 1.01% of blood
samples from cats in Italy tested FcaGHV-positive, which is much lower
than observed in other geographical areas where prevalences of 16%
and 23% are reported (Beatty et al., 2014; Ertl et al., 2015; Makundi
et al., 2018; McLuckie et al., 2016b; Kurissio et al., 2018; Troyer et al.,
2014). A previous study from Italy failed to detect FcaGHV1 in blood
samples from 31 blood donor cats (Marenzoni et al., 2018), a result

Table 1
Details of FcaGHV1 positive samples.

Sample No. FcaGHV1 real-time PCR CT values FPLV FIV/FeLV Geographic are Age
(months)

Sex Breed Desexing status

1 27.49 Neg Neg Center 84 M Maine coon N
2 35.91 Neg Neg Center 174 F European N
3 39.08 Neg FIV Center 36 M European N
4 35.16 Neg Neg North 156 F European N
5 37.29 Neg Neg North 12 F European N
6 36.18 Neg FIV, FeLV North 84 M European I
7 35.31 Neg FIV North 180 M European N
8 33.77 Neg Neg North 197 F European N
9 37.10 Neg Neg North 122 M European N
10 33.45 Neg FIV North 180 F European N
11 34.66 Neg Neg South 24 M European N
12 36.88 Neg Neg North 156 F European N
13 34.04 Neg Neg North 168 M European N
14 41.88 Neg Neg North 138 F European N
15 31.29 Neg Neg North 107 M European N
16 42.72 Neg Neg North 177 M European N
17 29.80 Neg Neg Center 120 M European N
18 36.03 Neg FIV North 60 M European N
19 35.34 Neg FIV North 180 M European N
20 36.33 Neg Neg Center 144 F European N
21 35.95 Neg FIV Center 48 M European N
22 34.25 Neg FIV South 12 M European I
23 34.01 Neg FIV South 84 M Siamese N
24 34.81 Neg FIV, FeLV South 48 M European N
25 36.49 Neg FIV South 72 M European N
26 35.44 Neg FeLV South 24 M European N
27 40.57 Neg Neg South 12 M European I

Neg, negative; N, neutered; I; intact.

Fig. 1. Graphic representation of single infections and coinfections detected in
this study. The total number of infections by each virus is presented in par-
entheses, while single infections and coinfections are represented by bolded
numbers.

Table 2
Prevalence and statistical significance of coinfections.

FcaGHV1 versus FIV
C: 9 (0.3%),
OR: 13.65,
CI95%: [5.97;
31.19],
p: 0.00001 ***

versus FeLV
C: 1 (0.04%),
OR: 0.88,
CI95%: [0.12;
6.56],
p: > 0.05 N.S.

versus
FPLV
NC

versus FIV and
FeLV
C: 2 (0.08%)
OR: 19.06,
CI95%: [4.02;
90.46],
p: 0.0072 **

FIV versus FeLV
13 (0.49%),
OR: 3.67,
CI95%: [1.98;
6.79],
p: 0.0002 ***

versus FPLV
NC

FeLV versus FPLV
1 (0.04%),
OR: 1.04,
CI95%: [0.14;
7.81],
p: > 0.05 NS

C, coinfection number and percentage (in parentheses) on the total samples
(2659); OR, Odds ratio; CI95%, 95% confidence interval; p, p-value of Fisher's
exact test; *, significant (0.01 < x < 0.05); **, very significant
(0.001 < x < 0.01); ***, highly significant (x< 0.001); NC, Not coinfected;
NS, Not significant.
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which is not dissimilar to that of the current study.
A similar result was found in Japanese cats that showed a pre-

valence of FcaGHV1 around 1.3% (Tateno et al., 2017). However, the
Japanese study used a degenerate panherpesvirus nested PCR approach,
which is less sensitive than the FcaGHV1 specific real-time PCR assay,
thus likely accounting for the apparent low prevalence observed in that
study. Accordingly, a subsequent Japanese study (albeit on an island
population) using a virus specific PCR found a prevalence similar to
other regions (Makundi et al., 2018).

Our findings suggest that the molecular prevalence of FcaGHV1 is
genuinely lower in Italy than in other regions investigated to date, al-
though the reason why FcaGHV1 DNAemia is less common in Italian
domestic cats should be clarified. Our study used the same real-time
PCR protocol employed in studies showing higher virus prevalences
(McLuckie et al., 2016b; Troyer et al., 2014), thus reducing concern
related to the test sensitivity, also considering that the assays displayed
a high sensitivity when testing ten-fold dilutions of the plasmid DNA.
Theoretically, the long-term storage of the tested samples may have
affected a successful detection of the virus in low-titre samples. How-
ever, it should be considered that the GHV DNA is double-stranded,
thus accounting for a certain resistance to the degradation consequent
to the storage in the freezer.

Our study showed a statistically significant association between
being male and the positivity to FcaGHV1; male cats were at least twice
as likely as females to be FcaGHV1 DNAemic. This result is consistent
with previous studies reporting that males are more likely to have a
FcaGHV1 DNAemia than female cats, perhaps due to the territorial
fights (Beatty et al., 2014).

The majority of FcaGHV1 positive cats (63%, 17/27) belonged to
the elderly category (cats older than 72 months) but age was not
identified as a risk factor for a positive FcaGHV1 PCR result. This result
may have been influenced by sampling bias, as 63.3% (1684/2659) of
the tested animals were older than 72 months. Interestingly, in previous
studies, advanced age was identified as a risk factor for FcaGHV1 de-
tection (Beatty et al., 2014).

The higher rates of FcaGHV1 detection in the male rather than fe-
male populations and in the elderly rather than in the juvenile popu-
lations (this last data not confirmed in our study), may reflect hor-
izontal transmission of the virus. Males are more likely involved in
fights than females considering their territorial nature. Young cats
participate less frequently in fighting activities and therefore they are
less likely in contact with the virus. FcaGHV1 could share the same
transmission pathway with other co-pathogens identified as risk factors,
including FIV which is transmitted through bites and saliva inoculation
(Yamamoto et al., 1989). In this context, our finding that leishmania
coinfection is not a risk factor for FcaGHV1 DNAemia is not surprising,
since leishmania is a vector-borne infection.

In the present study, the statistical correlation between FIV and
FcaGHV1 found in previous studies was confirmed (Beatty et al., 2014).
Accordingly, FIV-induced immunosuppression could be another of the
predisposing factors for FcaGHV1 infection (Ertl et al., 2015). FIV-in-
duced immunosuppression could determine a reactivation of FcaGHV1
from the latency phase and increase the viral load. This mirrors what
occurs in HIV infections in humans that increase the viral load of the
Epstein-Barr virus (Beatty et al., 2014). Data on another pathogenic
feline retrovirus, FeLV, were available for cats from Singapore and
showed that FeLV infection was significantly associated with FcaGHV1
detection (Beatty et al., 2014). However, FeLV coinfection was not
significant in a subsequent study (McLuckie et al., 2017). In our study,
an absence of statistical correlation between FeLV and FcaGHV1 coin-
fections was evident, along with a lack of FPLV and FcaGHV1 coin-
fections.

In conclusion, the present study shows that FcaGHV1 circulates in
domestic cats in Italy supporting a likely worldwide distribution of the
virus. Although FcaGHV1 is considered emerging, there is no clear as-
sociation of the virus to clinical disease, so that it could be

underestimated in clinical and laboratory diagnosis of patients under-
going medical examination. Therefore, more studies are needed in
order to demonstrate or rule out a pathogenetic role for FcaGHV1 in
cats.
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