.‘ frontiers ‘ Frontiers in Veterinary Science

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Francisco José Pallarés,
University of Cordoba, Spain

REVIEWED BY

Tereza Cristina Cardoso,

Universidade Estadual de Sdo Paulo, Brazil
Annunziata Corteggio,

National Research Council (CNR), Italy

*CORRESPONDENCE
Sante Roperto
sante.roperto@unina.it

fThese authors have contributed equally to this
work and share first authorship

RECEIVED 27 April 2023
accepTeD 01 June 2023
PUBLISHED 15 June 2023

CITATION

Cutarelli A, De Falco F, Cuccaro B, Milicevi¢ V,
Kureljusi¢ B, Bojkovski J, Cerino P, Perillo A,
Marica R, Catoi C and Roperto S (2023)
Prevalence and genotype distribution of
caprine papillomavirus in peripheral blood of
healthy goats in farms from three European
countries. Front. Vet. Sci. 10:1213150.

doi: 10.3389/fvets.2023.1213150

COPYRIGHT

© 2023 Cutarelli, De Falco, Cuccaro, Milicevic,
Kureljusi¢, Bojkovski, Cerino, Perillo, Marica,
Catoi and Roperto. This is an open-access
article distributed under the terms of the

Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Veterinary Science

TYPE Brief Research Report
PUBLISHED 15 June 2023
Dol 10.3389/fvets.2023.1213150

Prevalence and genotype
distribution of caprine
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Caprine papillomaviruses (ChPVs, Capra hircus papillomaviruses) were detected
and quantified for the first time using droplet digital polymerase chain reaction
(ddPCR) in blood samples of 374 clinically healthy goats from farms located
in Italy, Romania, and Serbia. Overall, ddPCR revealed ChPV DNA in 78 of the
374 examined samples, indicating that ~21% of the goats harbored circulating
papillomavirus DNA. In particular, in Italian goat farms, ChPV genotypes were
detected and quantified in 58 of 157 blood samples (~37%), 11 of 117 samples
from Serbian farms (~9.4%), and 9 of 100 from Romanian blood samples (9%).
Blood samples from Italian goat farms showed a high prevalence of ChPV1, which
was detected in 45 samples (28.6%). The ChPV2 genotype was detected in 13
samples (~8.3%). Therefore, significant differences in prevalence and genotype
distributions were observed. On Serbian and Romanian farms, no significant
differences were observed in the genotype prevalence of ChPVs. Molecular
findings are consistent with ChPV prevalence, characterized by a territorial
distribution similar to that of papillomaviruses in other mammalian species.
Furthermore, this study showed that ddPCR is a very sensitive and accurate
assay for ChPV detection and quantification. The ddPCR may be the molecular
diagnostic tool of choice, ultimately providing useful insights into the molecular
epidemiology and field surveillance of ChPV.
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1. Introduction

Papillomaviruses are a widespread family of pathogens that
infect several mammalian and non-mammalian species (1).
Overall, more than 400 papillomaviruses have been identified and
sequenced including 50 genotypes of domestic ruminants (2).
Papillomavirus infections have been observed in both large and
small ruminants worldwide, and often have significant effects on
livestock production (3). To date, 44 bovine papillomaviruses and
four ovine papillomaviruses are known to cause infections in
cattle and sheep, respectively (2). Bovine delta-papillomaviruses are
highly pathogenic and are believed to be high-risk PV genotypes
(4). Recent molecular surveys in large and small ruminants have
been shown that there is a high prevalence of bovine and ovine
papillomavirus infections in healthy cattle and sheep, respectively
(5, 6). However, the extent of the caprine papillomavirus infection
in goats remains unknown. Only two caprine papillomaviruses,
Capra hircus papillomavirus 1 (ChPV1), which belongs to the genus
Phipapillomavirus, and ChPV2, which are currently unclassified,
are known to occur in domestic goats (2). ChPV1 was isolated from
the skin of a healthy 7-year-old goat (7), its genome of ChPV2 was
obtained and characterized from teat lesions of a Damascus goat,
and it appears to be closely related to Xipapillomavirusl species
infecting cattle (8, 9).

Papillomavirus infection has been sporadically reported in
goats (10), thereby very few cases of diseases associated with
papillomavirus infection in goats have been documented. Although
an infective agent has been proposed to be involved in goat
papillomatosis of the mammary skin (11), the first papillomavirus-
like sequences were reported in an outbreak of cutaneous
fibropapillomas of the udder in Saanen goats (12). More recently,
papillomavirus infection has been suggested to be a cause of caprine
ocular squamous cell carcinoma (13). An immunohistochemical
study performed on three goats with cutaneous papillomatosis
suggested that benign neoplasia may be caused by papillomavirus
infection (14).

This study aimed to investigate the prevalence and genotype
distribution of ChPVs in whole blood of healthy goats from farms
located in Italy, Romania, and Serbia, and to evaluate viral detection
and load quantification using the droplet digital polymerase chain
reaction (ddPCR) tool.

2. Materials and methods

2.1. Liquid biopsy samples and DNA
extraction

Blood samples from 374 apparently healthy 1- to 3-year-old
goats (157 samples were obtained from goats living in Italy, 117
from Serbia, and 100 from Romania) were collected from the
jugular vein in vacutainers containing ethylenediaminetetraacetic
acid at public and private slaughterhouses after permission
of medical authorities. Furthermore, the official veterinarians
responsible for the health conditions of the flocks, where the goats
belonged, provided us with the medical records of the animals
showing that the examined goats did not have any diseases or
therapeutic treatment. Total DNA was extracted using a DNeasy
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Blood & Tissue Kit (Qiagen, Wilmington, DE, USA) according to
the manufacturer’s instructions.

2.2. Positive controls

Positive controls were artificially created by inserting 270 and
400 base pairs of the ChPV1 and ChPV2 E7 sequences, respectively,
into a plasmid (vector: pUCIDT-AMP) (IDT, Integrated DNA
Technologies, IA, USA).

2.3. Droplet digital polymerase chain
reaction (ddPCR)

DNA extracted from 374 blood samples of healthy goats was
analyzed using ddPCR. For ddPCR, the Bio-Rad QX100 ddPCR
System was used according to the manufacturer’s instructions as
previously reported (15). The primer and probe sequences used
to identify ChPV1 and ChPV2 are listed in Table 1. Finally, the
results obtained by the ddPCR software QuantaSoft were converted
directly into copy number/p L, multiplying the amount obtained by
the instrument by 20 L (the total volume of the reaction mixture)
and then divided by 7 nL, that is, the volume of the DNA sample
added at the beginning of the test. Each sample was analyzed in
duplicate, and the samples were considered ChPV-positive if at least
three droplets contained ChPV amplicons, as suggested for other
papillomavirus infections (16, 17).

2.4. Statistical analysis

McNemar’s test for two Related Binomial Proportions was
used to evaluate the agreement between two tests performed
on the same animals. The agreement between the two tests
performed on different groups of animals from Italy, Romania,
and Serbia (Italy vs. Romania and Italy vs. Serbia) was
investigated using the Fisher’s test. Statistical significance was
set at P < 0.05. Statistical analyses were performed using
R Studio.

3. Results

Overall, ddPCR revealed ChPV DNA in 78 of the 374 examined
blood samples, indicating that ~21% of the goats harbored
papillomavirus  DNA  (Supplementary Table 1).
of ddPCR for ChPV DNA are
Supplementary Figure 1. In particular, in Italian goat farms,
ChPV genotypes were detected and quantified in 58 of 157 blood
samples (~37%), 11 of 117 samples from Serbian farms (~9.4%),

circulating
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and 9 of 100 from Romanian blood samples (9%). The results
are shown in Figure 1. Blood samples from Italian goat farms
showed a high prevalence of ChPV1, which was detected in
45 samples (28.6%). The ChPV2 genotype was detected in 13
samples (~8.3%). McNemar’s test showed significant differences
in the prevalence of the two caprine genotypes (P < 0.05).
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TABLE 1 Primers and probes used for the detection of circulating ChPV DNA through ddPCR.

’ / ’ ’ . . .
Forward 5 3 Reverse 5 3 Probe (FAM) Region Size Accession
(bp) number
ChPV1  AAACATTGTCTCCCGAGGTG | GTACAGCCTTAGTCCCCTATTG | TGCACAATGCCCCGCAATTTCA E7 89 DQ091200.1
ChPV2 | AGCCTACATTGCCTGACATC ACAATTATAGCAGGCGACGG AGAGGAATTAGAAGTTGAGGAGGCGGA‘ E7 ‘ 137 ‘ MN148899.1
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FIGURE 1
Overall prevalence of ChPVs in Italian, Serbian, and Romanian goat farms.
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FIGURE 2
Prevalence and genotype distribution of ChPVs in Italian, Serbian, and Romanian goat farms.

In 117 samples from Serbian goat farms, eight samples were
positive for ChPV1 and three for ChPV2, which were 6.8 and
2.6%, respectively. ChPV1 was observed in six of the 100 (6%)
samples from Romania, whereas ChPV2 was detected in only
three (3%) samples. On both Serbian and Romanian farms, no
significant differences were observed in the genotype prevalence
of ChPVs. Significant differences in both prevalence and genotype
distribution were observed between Italian farms and Serbian

Frontiers in Veterinary Science

03

and Romanian goat farms. Figure 2 shows the results for all the
goat farms.

4. Discussion

Only isolated and sporadic ChPV DNA associated with
neoplastic lesions has been reported in goats associated with
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neoplastic lesions (10). Therefore, the ecological epidemiology
of ChPV genotypes remains unknown. To the best of our
knowledge, this is the first systematic survey of the prevalence
and genotype distribution of ChPVs among healthy goats from
several farms in three European countries using ddPCR as a
diagnostic assay, which has not yet been utilized for studying
ChPV epidemiology. The current study shows that ddPCR is
an advanced technology that can accurately diagnose ChPV
infection with high specificity and sensitivity, thus representing a
promising new tool for the accurate detection and quantification
of ChPV nucleic acid load. This diagnostic approach quantifies
a very small amount (<1 copy number/pnL) of ChPV DNA,
thus making it an important diagnostic procedure capable
of detecting otherwise undetectable viral DNA 500 times
(maximum) more sensitive than qPCR for low-level analyte (18).
Notably, ddPCR has been shown to be the most accurate and
sensitive method for quantifying the nucleic acids of bovine and
ovine papillomaviruses in cattle and sheep, respectively (5, 6,
19).

On Italian goat farms, a high prevalence of ChPV1 and ChPV2
was detected in healthy goats, with the ChPV1 genotype being
the most prevalent. There were no significant differences in the
prevalence of ChPV1 and ChPV2 genotypes between Romanian
and Serbian goat farms. Overall, both ChPV genotypes showed
a significant geographical distribution, with a significantly higher
prevalence in Italian goat farms than in Serbian and Romanian
farms. We cannot exclude the fact that these data may be
attributable to the limited number of blood samples examined from
these countries.

As ChPVs have been found in healthy goats, it is conceivable
that the peripheral blood represents an important primary route
of infection and that ChPVs may spread through the bloodstream.
However, the role of ChPVs in the pathogenesis of viral diseases
in goats remains unknown. ChPV can cause persistent host
infections, posing a threat to the goat industry. Therefore, new
experimental therapeutic protocols against ChPV infections are
being developed (20).

Finally, ddPCR can be used to improve diagnostic methods to
allow researchers to accurately identify the genotypic distribution
of ChPVs and better understand the territoriality of ChPV
circulation. Gaining insight into the territorial prevalence and
genotype distribution of ChPVs is important for improving
the molecular and ecological epidemiology of ChPVs, as
papillomavirus genotypes may be related to specific diseases,
as has been reported in other animal species. Furthermore, the
identification of the natural reservoirs of infectious pathogens,
including viruses, plays a crucial role in controlling disease
outbreaks in domestic animals, especially those diseases for which
neither immunological nor therapeutic prophylaxis exists.
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