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Abstract
Landscape anthropization has been identified as one of the main drivers of patho-
gen emergence worldwide, facilitating pathogen spillover between domestic species 
and wildlife. The present study investigated Carnivore protoparvovirus-1 infection 
using molecular methods in 98 free-ranging wild guignas (Leopardus guigna) and 262 
co-occurring owned, free-roaming rural domestic cats. We also assessed landscape 
anthropization variables as potential drivers of infection. Protoparvovirus DNA was 
detected in guignas across their entire distribution range, with observed prevalence 
of 13.3% (real-time PCR) and 9% (conventional PCR) in guignas, and 6.1% (conven-
tional PCR) in cats. Prevalence in guigna did not vary depending on age, sex, study 
area or landscape variables. Prevalence was higher in juvenile cats (16.7%) than in 
adults (4.4%). Molecular characterization of the virus by amplification and sequencing 
of almost the entire vp2 gene (1,746 bp) from one guigna and five domestic cats was 
achieved, showing genetic similarities to canine parvovirus 2c (CPV-2c) (one guigna 
and one cat), feline panleukopenia virus (FPV) (one cat), CPV-2 (no subtype identified) 
(two cats), CPV-2a (one cat). The CVP-2c-like sequence found in a guigna clustered 

 18651682, 2021, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/tbed.13937 by Institution N

ac D
e Investig T

ec A
gra, W

iley O
nline L

ibrary on [02/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.wileyonlinelibrary.com/journal/tbed
mailto:﻿
mailto:﻿
https://orcid.org/0000-0002-4169-4884
https://orcid.org/0000-0003-4961-4743
https://orcid.org/0000-0002-1291-514X
https://orcid.org/0000-0003-4924-5503
https://orcid.org/0000-0001-5608-781X
https://orcid.org/0000-0001-7736-0969
mailto:﻿
https://orcid.org/0000-0002-7081-6975
mailto:isacristan.vet@gmail.com
mailto:constanza.napolitano@ulagos.cl
http://crossmark.crossref.org/dialog/?doi=10.1111%2Ftbed.13937&domain=pdf&date_stamp=2020-12-14


3336  |     SACRISTÁN et al.

1  | INTRODUC TION

Inhabiting human-dominated landscapes has been considered a risk 
factor for higher pathogen prevalence in wildlife (Carver et al., 2015; 
Foley et al., 2013; Millán et al., 2016; Riley et al., 2004). Anthropogenic 
factors including habitat loss and fragmentation, conversion of nat-
ural habitats and close human presence facilitate pathogen spillover 
at the wildlife–domestic interface (Foley et al., 2013) and potentially 
impact the survival of wildlife populations. Examples of how patho-
gens threaten wild carnivore populations of conservation concern 
include canine distemper virus in African wild dogs, Lycaon pictus 
(Alexander & Appel, 1994; Laurenson et al., 1998), lions, Panthera leo 
(Harder et al., 1995; Roelke-Parker et al., 1996) and black-footed fer-
rets, Mustela nigripes (Thorne & Williams, 1988); rabies in Ethiopian 
wolf, Canis sinensis (Sillero-Zubiri et al., 1996); and feline leukaemia 
virus (FeLV) in Iberian lynx, Lynx pardinus ( Meli et  al.,  2009) and 
Florida panther, Puma concolor coryi (Chiu et al., 2019).

Rapid native forest habitat conversion has taken place in Chile 
over the past two to three decades, especially affecting those an-
imal species that rely on vegetation cover (Echeverría et al., 2006; 
Echeverría et al., 2008; Heilmayr et  al.,  2016; Schulz et  al.,  2010; 
Wilson et  al.,  2005). Pathogen spillover at the wildlife–domestic 
interface may occur in these human-dominated landscapes. The 
forest-dwelling wild felid guigna (Leopardus guigna) is endemic to 
Chile and a small strip of southwestern Argentina and classified as 
Vulnerable by the IUCN (Napolitano et  al.,  2015). Guigna popula-
tions have experienced a rapid decline, mainly due to habitat loss 
and fragmentation (Napolitano, Gálvez, et  al.,  2015). A previous 
study (Mora et al., 2015) found that guignas inhabiting human-dom-
inated landscapes are infected by feline leukaemia virus and feline 
immunodeficiency virus, possibly transmitted by domestic cats, 
supporting the hypothesis of infectious diseases as potential threats 
for this species. Further information on other pathogens infecting 
guignas in human-dominated landscapes is scarce and includes the 
report of haemoplasmas (Sacristán et al., 2019).

Another group of multi-host pathogens that infect mammals 
is the Carnivore protoparvovirus-1 protoparvovirus hereafter), 

which belongs to the family Parvoviridae, subfamily Parvovirinae. 
According to the most recent taxonomy, subfamily Parvovirinae is 
composed of 10 different genera: Amdoparvovirus, Aveparvovirus, 
Bocaparvovirus, Copiparvovirus, Dependoparvovirus, Erythroparvovirus, 
Protoparvovirus, Artiparvovirus, Loriparvovirus and Tetraparvovirus 
(Cotmore et al., 2019; Pénzes et al., 2020). The carnivore protopar-
vovirus-1 of the genus Protoparvovirus infects a broad range of do-
mestic and wild species and is present in almost all wild and domestic 
carnivore populations tested (Acosta-Jamett et  al.,  2015; Allison 
et al., 2013; Calatayud, Esperón, Cleveland, et al., 2019; Calatayud, 
Esperón, Velarde, et  al.,  2019; Cotmore et  al.,  2014; Duarte 
et al., 2013; Rubio et al., 2013; Steinel et al., 2001). There are two 
recognized protoparvovirus variants: feline panleukopenia (FPV-
like) and canine parvovirus type 2 (CPV-2 like) (Mira et al., 2019)). 
Studies have suggested that CPV-2 in dogs originated from an FPV-
like virus circulating in wildlife, following cross-species transmission 
from felids or other carnivore hosts (i.e. minks, foxes or raccoons) 
(Allison et  al.,  2013; Parrish et  al.,  2008; Shackelton et  al.,  2005; 
Truyen et al., 1996). The appearance of CPV-2 in a novel host—do-
mestic dogs—in Europe and other parts of the world in the mid-
1970s is a clear example of an emerging disease causing a global 
pandemic (Parrish et al., 2008; Parrish & Kawaoka, 2005). The orig-
inal CPV-2 only infected dogs but was soon completely replaced 
by a new lineage that initially included two different antigenic 
variants, CPV type-2a (CPV-2a) and CPV type-2b (CPV-2b) (Parrish 
et  al.,  1985, 1988, 1991). These variants recovered the ability to 
infect felids, lost by the original variant (CPV-2), and have been as-
sociated with increasing pathogenicity (Allison et al., 2013; Decaro 
& Buonavoglia,  2012). In contrast to FPV, the emerging CPV-2 
showed rapid evolution, with substitution rates similar to RNA vi-
ruses (Shackelton et  al.,  2005). The newest viral variant (CPV-2c) 
was discovered in Italy in 2000 (Buonavoglia et al., 2001), and rap-
idly spread to canine populations worldwide (Calderon et al., 2009; 
Decaro et  al.,  2006, 2007; Hong et  al.,  2007; Kapil et  al.,  2007; 
Nakamura et al., 2004; Pérez et al., 2007; Touihri et al., 2009) and 
to wildlife (Calatayud, Esperón, Cleveland, et al., 2019; Calatayud, 
Esperón, Velarde, et al., 2019).

together with domestic cat and dog CPV-2c sequences from South America, sug-
gesting possible spillover from a domestic to a wild species as the origin of infection 
in guigna. No clinical signs of disease were found in PCR-positive animals except for 
a CPV-2c-infected guigna, which had haemorrhagic diarrhoea and died a few days 
after arrival at a wildlife rescue centre. Our findings reveal widespread presence of 
Carnivore protoparvovirus-1 across the guigna distribution in Chile and suggest that 
virus transmission potentially occurs from domestic to wild carnivores, causing se-
vere disease and death in susceptible wild guignas.

K E Y W O R D S

canine parvovirus, domestic cats, feline panleukopenia virus, infectious diseases, landscape 
drivers, Leopardus guigna
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Protoparvovirus require the nucleus of rapidly dividing cells for 
replication (e.g. intestinal crypts, myocardiocytes and bone marrow 
precursor cells); thus, it can mainly affect young animals (Decaro & 
Buonavoglia, 2012; Goddard & Leisewitz, 2010). However, CPV-2c 
has been associated with severe disease in adults, which also har-
bour rapidly dividing cells (e.g. intestinal epithelial cells), seen even 
in vaccinated animals (Decaro & Buonavoglia,  2012). The main 
clinical signs of CPV infection in dogs are haemorrhagic enteritis, 
anorexia, vomiting, fever, depression and leukopenia. The mortal-
ity rate in pups may exceed 70% (Decaro & Buonavoglia,  2012). 
The pathogenesis of CPV in cats is unclear, although CPV-2a 
and CPV-2b infection pathogenesis appears to be similar to FPV 
(Mochizuki et al., 1996). Domestic cats infected by CPV-2c in Italy 
presented mild forms of the disease without abnormal haemato-
logical findings (Decaro et al., 2011). Cheetahs and tigers infected 
by CVP-2a/2b-type had chronic diarrhoea, enteritis and anorexia, 
suggesting high pathogenic potential of these viral variants in 
felids (Steinel et  al.,  2000). FPV affects cats of all ages, but kit-
tens are more susceptible, with mortality rates over 90% (Truyen 
et  al.,  2009). The main clinical signs are diarrhoea, lymphopenia 
and neutropenia, followed by thrombocytopenia and anaemia, im-
munosuppression (transient in adult cats), abortion and cerebellar 
ataxia in kittens (Truyen et al., 2009).

One of the main characteristics of protoparvovirus is its high 
environmental stability and survival, conferring capacity of trans-
mission by both direct and indirect contact with infected animals, 
as well as by environmental contamination (Berthier et  al.,  2000). 
Intrauterine transmission has also been documented (Truyen 
et al., 2009). The faecal-oral route is considered as the main trans-
mission method (Truyen et al., 2009).

Exposure to protoparvovirus in Chile has been detected only 
by serological methods in domestic cats and dogs (Acosta-Jamett, 
Cunningham, et al., 2015; Acosta-Jamett, Surot, et al., 2015; Llanos-
Soto et al., 2019). FPV exposure or infection has not been reported 
in Chilean wild species, while antibodies against CPV have been 
reported in grey fox (Lycalopex griseus) and culpeo fox (L. culpaeus) 
(Acosta-Jamett, Cunningham, et al., 2015; Rubio et al., 2013). There 
is no available information on the potential pathogenic effects of 
protoparvovirus on wild carnivore species in Chile or information 
about exposure or infection in the guigna.

Here we assessed potential infection risk factors associated with 
protoparvovirus in guignas and their domestic counterpart, the cat. 
We explored possible transmission pathways through phylogenetic 
analysis of wild and domestic strains in Chile. We also assessed 
the clinical status and potentially associated lesions of protopar-
vovirus-infected guignas by histopathology and haematological 

F I G U R E  1   Map of study area, overall and per study area per cent prevalence of Carnivore protoparvovirus-1 obtained by real-time PCR 
and conventional PCR in guignas (white colour) and by conventional PCR in domestic cats (shaded black) and the number of individuals 
sampled
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analysis. Our goal was to evaluate the possible effects of landscape 
anthropization on the interspecific transmission of protoparvovirus 
between guignas and domestic cats as well as to evaluate possible 
pathogenicity of protoparvovirus in guignas.

2  | MATERIAL AND METHODS

2.1 | Study area

The study area included different macro-regions of central and 
southern Chile (33°S–46°S), encompassing the entire current distri-
bution range of the guigna in Chile (Napolitano, Gálvez, et al., 2015) 
(Figure 1). We defined four study areas: Central, South, Chiloé Island 
and Austral areas, which correspond to the phylogeographic struc-
ture of guigna populations (Napolitano et al., 2014). The study area 
has different degrees of human-dominated landscapes, including 
continuous near pristine forest areas and areas with high human 
population density (INE, 2017).

2.2 | Sample collection

Between 2008 and 2018, 98 free-ranging guignas were sampled, 
through active capture with tomahawk-like live traps (n  =  48) or 
opportunistically immediately following admission into wildlife res-
cue and rehabilitation centres (WRRC; n = 8), euthanized at WRRC 
(n = 4), or found road-killed (n = 38).

Captured animals were immobilized with a combination of dex-
medetomidine (0.05  mg/kg) and ketamine (5  mg/kg) injected in-
tramuscularly. When the guigna started to regain consciousness, 
an intramuscular injection of atipamezole (five times the dose of 
dexmedetomidine previously applied) was given to antagonize the 
dexmedetomidine. The anaesthetic protocol was adapted from 
protocols described in other species of South American wild felids 
(Beltrán et al., 2009).

Whole blood samples were collected from live animals by jugular 
venipuncture from 55 guignas (0.5 ml tube with EDTA anticoagulant 

for genetic analysis, 0.5 ml EDTA anticoagulant tube for haematolog-
ical analysis, 1 ml tube without anticoagulant for biochemical anal-
ysis). Faecal samples were collected directly from the rectum of 20 
guignas and preserved frozen (−20°C). Complete necropsies of road-
killed and euthanized animals (at WRRC) were performed, and faecal 
(n = 31), spleen (n = 27), intestine (n = 8) and thoracic blood samples 
(n = 7) were collected.

Sex, age range (estimated from dentition) and GPS location of 
each animal sampled were recorded. All live animals were given a 
complete physical examination by a veterinarian. A total of 38 fe-
males and 60 males, 62 adults and 16 juveniles (no age data was 
available for 20 individuals) were sampled.

Whole blood (n = 258) (0.5 ml tubes with EDTA anticoagulant for 
genetic analysis) and/or faeces directly collected from the rectum 
(n = 83) were also collected from 262 owned, free-roaming domestic 
cats from rural communities across the guigna distribution range in 
Chile. Four spleen samples were collected during necropsies of road-
killed domestic cats. Sex, age class and location of each cat were 
recorded. A total of 129 females and 133 males, 226 adults and 36 
juveniles were sampled. None of the cats was vaccinated (no infor-
mation available for the four road-killed cats) or neutered.

Guigna captures and tissue collection followed proven techniques 
(Napolitano, Díaz, et al., 2015), and handling and supervision proto-
cols in accordance with bioethical and animal welfare frameworks, 
with permission from the Chilean Agriculture and Livestock Service 
(SAG) (capture permits 814/13 2008, 109/9 2009, 1220/22 2010, 
1708/26 2010, 7624/2015, 2288/2016, 2185/2017, 4072/2018).

Guigna and domestic cat samples were stored frozen at −20°C 
until molecular analyses. Samples for haematological and biochem-
ical analysis were stored refrigerated and sent to the laboratory 
within two days of collection.

2.3 | Genetic analysis

Total DNA extraction from guigna blood, faecal and tissue samples 
was performed by a pressure filtration method (QuickGene DNA 
Tissue Kit S, Fujifilm), following the manufacturer's instructions 

TA B L E  1   Oligonucleotide sequences targeting vp2 gene used in rt-PCR and conventional PCR assays for biological samples from wild 
guignas and domestic cats sampled in central-southern Chile

Primer Sequence (5′ to 3′) Binding sitea  Sense Reference

VPF (mc) ATGGCACCTCCGGCAAAGA 2285–2303 Forward Mochizuki 
et al. (1996)VPR (mc) TTTCTAGGTGCTAGTTGAG 5285–5302 Reverse

P1 (mc) ATGAGTGATGGAGCAGTTC 2786–2804 Forward Battilani et al. (2001)

P4 (mc) AAGTCAGTATCAAATTCTT 4200–4218 Reverse

Primer F (s) TGGAACTAGTGGCACACCAA 3454–3473 Forward Streck et al. (2013)

Probe (s) 6FAM-CAGGTGATGAATTTGCTACAGG-BHQ1 3555–3576 Forward

Primer R (s) AAATGGTGGTAAGCCCAATG 3636–3655 Reverse

M5mod (mc) ATAACAAACCTTCTAAATCCTATATCAAAT 4681–4709 Reverse Steinel et al. (2000)

Note: (s) = primers and probe used for protoparvovirus screening analysis; (mc) = primers used for protoparvovirus molecular characterization 
analysis.
aBinding site calculated with respect to the reference sequence CPV-N (GenBank accession Number M19296). 
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(using same amount of tissue). Domestic cat DNA extraction from 
blood, faecal and tissue samples was performed with a commercial 
kit (DNeasy Blood & Tissue kit, Qiagen®), following the manufac-
turer's instructions (using same amount of tissue). To monitor for 
cross-contamination during the extraction process, negative con-
trols consisting of 100  µl phosphate-saline buffer were prepared 
concurrently with each batch of 15 samples.

Ultrapure water was used as a negative control in all PCR assays. 
The commercial CPV-2 vaccine (Nobivac® Puppy DP, MSD Animal 
Health) was used as a positive control for guigna sample analysis and 
DNA from a sequenced parvovirus from a domestic dog was em-
ployed as positive control for domestic cat sample analysis.

DNA amplification of protoparvovirus from guigna samples was 
performed by a conventional PCR adapted from primers described in 
Streck et al. (2013) (95°C, 5′, followed by 40 cycles: 95°C 30″; 58°C 
30″; 72°C, 30″; with a final extension of 72°C for 7′), and also by 
real-time PCR method based on TaqMan probes for comparison pur-
poses, amplifying 200 bp of the parvovirus vp2 gene of both CPV-2 
and FPV, as described by Streck et al. (2013).

DNA amplification of protoparvovirus from domestic cat sam-
ples was performed by same conventional PCR protocol adapted 
from Streck et al. (2013), amplifying 200 bp of the vp2 gene.

Molecular characterization of positive guignas and domestic 
cats after the screening stage was carried out by amplifying and 
sequencing almost the entire vp2 gene, a procedure regarded as 
the gold standard for this pathogen (Truyen et al., 1996). A nested 
PCR was performed to amplify 1,746 bp. The external PCR ampli-
fied a 2,401 bp fragment, and was conducted by combining primers 
VPF and M5mod (Mochizuki et al., 1996; Steinel et al., 2000); the 
internal PCR was conducted using primers P1 and VPR (Battilani 
et al., 2001; Mochizuki et al., 1993) (Table 1). The temperature pro-
file for the external PCR was set at 94°C for 5′, followed by 45 
cycles: 94°C for 30″, 55°C for 30″ and 72°C for 2′30″, with a final 
extension of 72°C for 7′. The internal PCR was set at 94°C for 5′, 
followed by 40 cycles: 94°C for 15″, 52°C for 15″ and 72°C for 
2′, with a final extension of 72°C for 7′. Samples with the corre-
sponding 1,746 bp amplicon were sequenced with seven different 
primers (Table 1). PCR products were separated by electrophoresis 
in 2% agarose gels and directly sequenced by Sanger methods.

Multiple sequence alignments were conducted using the 
CLUSTAL W algorithm (Geneious®). The best model of evolution 
was selected by the jModelTest2 (version 2.1.6) program (Darriba 
et al., 2012), under the Akaike Information Criterion (AIC) (Posada 
& Buckley,  2004) (GTR  +  I). Phylogenetic trees were constructed 
based on maximum likelihood methods; RaXML software version 1.5 
(Stamatakis et al., 2008). The data set was resampled 1,000 times to 
generate bootstrap values.

2.4 | Spatial variable analysis

To describe the landscape features associated with protoparvovirus 
infection in guigna, we generated a circular area surrounding each 

guigna sample location, which was defined as the buffer area. This 
buffer corresponded to the mean home range area described for 
guignas (males = 446 ha; females = 170 ha) (Dunstone et al., 2002; 
Sanderson et  al.,  2002; Schüttler et  al.,  2017). We described and 
quantified six landscape variables in each buffer area: (a) percent-
age of vegetation cover (Hansen et al., 2013, v.1.4), (b) presence of 
houses within the buffer, (c) number of houses within the buffer, (d) 
distance from the sample location to the nearest house (either inside 
or outside the buffer area), (e) land use (fragmented landscape or 
continuous forest) and (f) study area: Central, South, Chiloé Island 
and Austral area.

Per cent vegetation cover was defined based on Hansen 
et al. (2013, v.1.4), which included canopy closure for all vegetation 
>5 m height in both native and timber plantations (both native and 
timber plantations suppose functional connectivity for guignas) 
(Gálvez et al., 2013, 2018; Sanderson et al., 2002).

Presence of houses and number of houses were defined based 
on the presence of roofs extracted from Google Earth (Google 
Inc., 2013), using roofs as a proxy for houses (Villatoro et al., 2016).

For land use (variable 5), we defined continuous landscape as 
a buffer area composed only of continuous vegetation, which may 
or may not include roads (functional connectivity for guignas is not 
limited by roads) (Gálvez et al., 2013, 2018; Sanderson et al., 2002). 
We defined a fragmented landscape as a buffer area composed of 
human settlements, agricultural land and/or fragments of forest sur-
rounded by a matrix of human activities.

Geographic Information System layers were obtained from 
the Ministerio de Bienes Nacionales website (Ministerio de Bienes 
Nacionales, 2019). The QGIS 2.14® software was used to extract the 
attribute values of landscape variables corresponding to each sam-
pled guigna for spatial analysis. To address spatial autocorrelation in 
our data, we conducted a Global Moran I test (Pfeiffer et al., 2008) 
using ArcGIS Pro.

2.5 | Assessment of clinical signs of disease

Guigna haematological, biochemical and histological parame-
ters were evaluated, as well as clinical signs, by direct inspection. 
Guigna whole blood preserved in EDTA (n = 20) and serum samples 
(n = 19) were submitted to haematological and biochemical analy-
sis, respectively. The haematological parameters analysed included 
erythrocyte count (RBC), white blood cell count, haemoglobin con-
centration, mean cell volume, mean corpuscular haemoglobin con-
centration and haematocrit determination, using the Abacus Junior 
Vet Analyzer (Diatron®). The biochemical parameters evaluated 
were glucose, total protein, albumin, globulin, total bilirubin, total 
cholesterol, blood urea nitrogen, creatinine, calcium, phosphorus, 
alanine aminotransferase, aspartate aminotransferase and gamma 
glutamyltransferase, analysed by Microlab 100 of MERCK®, employ-
ing Wiener® Lab products.

Histopathological analysis was performed in tissue samples 
collected during the necropsies of 32 guignas. Histopathological 
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evaluation was performed on formalin-fixed tissues embedded in 
paraffin wax, sectioned at 3–5  μm and stained with haematoxylin 
eosin.

2.6 | Statistical analysis

Spatial and biological variables associated with protoparvovirus in-
fection were assessed with crude and adjusted odds ratios (ORs) 
calculated by a logistic regression analysis with 95% confidence 
intervals (CIs) The goodness of fit models were assessed using the 
Hosmer Lemeshow test and analysis of residuals (Hosmer et al., 
2013).

Differences in infection prevalence between domestic cats and 
guignas, as well as between biogeographic regions, were analysed 
using non-parametrical tests, either Mann–Whitney U or Kruskal–
Wallis (Zar, 1999). Haematological and biochemical parameters of in-
fected and non-infected guignas were compared by Kruskal–Wallis 
tests. All statistical analyses were performed in R studio software 
3.0.1 (R Core Team, 2013) with a significance level of p < .05.

3  | RESULTS

DNA of protoparvovirus was detected in 13/98 guignas (13.3%, 
95% Confidence Interval (CI)  =  6.4%–20.1%) using real-time PCR 
method and 9/98 guignas (9.1%, CI = 3.3%–15.0%) using conven-
tional PCR. Comparing between real-time PCR and conventional 

PCR, the latter was able to detect 4/13 (30.8%) less protoparvovi-
rus-positive guignas than real-time PCR. DNA of protoparvovirus 
was detected in 16/262 (6.1%, CI  =  3.1%–9.0%) of domestic cats 
(conventional PCR) (Table S1). Differences in guignas and domestic 
cats by conventional PCR methods were not statistically significant 
(p = .30; U = 12,440).

No statistically significant differences in protoparvovirus preva-
lence were observed in guignas in relation to sex, age, study area or 
landscape variables (Tables 2 and S1, Figure 2). A significantly higher 
prevalence was found in juvenile domestic cats (16.7%) compared 
to adults (4.4%) (U = 3,570; p = .004). No statistically significant dif-
ference was found according to study area (K = 4.04; p = .25) or sex 
(U = 8,301; p = .27) in domestic cats (Table S1). No association be-
tween protoparvovirus prevalence and year of sampling was found 
in guignas or domestic cats (K = 3.18, p = .21; K = 6.828, p = .07). We 
obtained non-significant results in the spatial autocorrelation analy-
sis (Moran's index = 0.38, z-score = 0.46, p-value = 0.64), suggesting 
that there is no pattern of data spatial clustering.

Positive guignas showed high rt-PCRct (cycle threshold) values, 
with 12/13 samples presenting values above 28.5 (Table 2). The low-
est Ct value (25.67) corresponded to a juvenile female guigna which 
showed clinical signs of disease at the time of sampling. This juvenile 
female was admitted into a WRRC with haemorrhagic diarrhoea, an-
orexia and cachexia; she died four months after admission (Ortega 
et al., 2020). Unfortunately, haematological and biochemical param-
eters and post-mortem examination were not available from this in-
dividual. No clinical signs were observed in any of the other positive 
guignas or domestic cats.

F I G U R E  2   Graphical representation of protoparvovirus prevalence in relation with landscape variables (percentage of vegetation cover, 
distance from the sample location to the nearest house and land use), sex, age and study areas in guignas
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No differences in haematological or biochemical parameter 
values were found comparing PCR-positive to PCR-negative guig-
nas (Tables 3 and 4, Tables S2 and S3). However, one PCR-positive 
guigna presented haematological alterations (anaemia, leukocytosis, 
lymphocytosis) (based on parameters of Geoffroy´s cat, Leopardus 
geoffroyi, the species most closely related genetically to the guigna 
(Teare,  2002), compatible with an infectious process (Table  4). 
Histopathological analysis comparing PCR-positive and PCR-
negative guignas did not reveal any lesions consistent with active 
protoparvovirus infection in the former.

Despite repeated attempts, molecular characterization of the 
vp2 gene was successful only in one PCR-positive guigna sample 
and five domestic cat samples, possibly due to low pathogen loads in 
samples or suboptimal quality of field samples.

Phylogenetic analysis showed well-supported clades; sequences 
of one guigna and four domestic cats from this study (GDAY17, 
GDRM19, 15,028, GDNH21), along with three domestic dogs from 
Chile clustered in the CPV clade. One domestic cat from this study 
clustered in the FPV clade (GDNH15) (Figure 3, Table S4).

4  | DISCUSSION

Protoparvovirus is known to infect a wide range of wild carnivores, 
including wild felids (Acosta-Jamett, Cunningham, et  al.,  2015; 
Calatayud, Esperón, Velarde, et  al.,  2019; Cotmore et  al.,  2014; 
Duarte et al., 2013; Rubio et al., 2013; Steinel et al., 2001). However, 
most studies on wildlife have been conducted on animals in cap-
tive settings; studies on free-ranging felids are scarce (Calatayud, 
Esperón, Cleveland, et  al.,  2019; Filoni et  al.,  2006; Hofmann-
Lehmann et al., 1996; Santos et al., 2009; Steinel et al., 2001).

The present study showed relatively high protoparvovirus DNA 
observed prevalence (13.3%) in guigna, with widespread occurrence 
across the species’ distribution range in Chile. A study based on 
molecular analysis in a wild felid found 13.7% prevalence of FPV in 
lions (P. leo) from Tanzania; FPV is considered an endemic pathogen 
in this population (Calatayud, Esperón, Cleveland, et al., 2019). The 
only infection with CPV-2c was detected in a wildcat (Felis silvestris 
silvestris) from the Iberian Peninsula (Calatayud, Esperón, Velarde, 
et al., 2019).

Based on serology, Filoni et  al.  (2006) found parvovirus sero-
prevalence of 48% in ocelot (Leopardus pardalis), cougar, (P. concolor) 
and tigrillo (Leopardus tigrinas), from Brazil. In free-ranging lions 
from Serengeti National Park, high seroprevalence of parvovirus 
(78%) related to a possible outbreak was found (Hofmann-Lehmann 
et  al.,  1996), being lower in the Ngorongoro Crater area (27%). 
Canine parvovirus antibodies were detected in four of 22 and one of 
eight studied wildcats from Spain and Portugal, respectively (Millán 
& Rodríguez, 2009; Santos et al., 2009).

The observed prevalence of protoparvovirus reported here 
in domestic cats of Chile (6.1%) was lower than that described in 
other South American domestic cat populations (11.8% FPV prev-
alence in Brazil; de Cássia et al., 2011), or in Europe (32.5% CPV TA
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prevalence in domestic cats from UK; Clegg et  al.,  2012), both 
through conventional PCR methods, supporting a limited infec-
tion rate of this virus in central-southern Chile. To the authors’ 
knowledge, this is the first molecular report of protoparvovirus in 
domestic cats from Chile.

Higher observed protoparvovirus DNA prevalence in juvenile 
versus adult domestic cats may be explained by the fact that the 
virus replicates in rapidly dividing cells, thus affecting mainly, but 
not exclusively, young animals. Difference in prevalence between 
age groups may be linked to the development of a life-lasting pro-
tective immunity acquired after an infection at a young age (Decaro 
& Buonavoglia,  2012; Goddard & Leisewitz,  2010). In guignas, no 
statistically significant differences were observed between age 
classes. Absence of statistically significant differences may be due 
to low sample size and thus low statistical power; a greater sam-
ple size would be necessary to detect statistically significant dif-
ferences. However, the lack of difference between age classes 
could indicate that that protoparvovirus infection in guignas is not 
endemic and spillover process are occurring. Although the patho-
genic capacity of protoparvovirus in wild felids is still poorly under-
stood (Ikeda, 2002), high mortality from both CPV and FPV in young 

animals has been documented in domestic dogs and cats (Decaro & 
Buonavoglia, 2012; Truyen et al., 2009).

High Ct values (above 28) were obtained in most rt-PCR-positive 
animals, suggesting that in most cases viral loads were low and the in-
fection was probably subclinical or recovered (latent). The guigna with 
the lowest Ct value (25.67), and thus presumably the highest viral load, 
showed clinical signs consistent with an active infection and was in-
fected by the CPV-2c subtype (Ortega et al., 2020), the most recently 
emerged CPV viral type, also identified as the most pathogenic one. 
This may imply that this viral type infection may produce severe patho-
genicity in wild felids (Decaro et al., 2011; Ikeda, 2002), which should 
be taken into consideration in future surveillance. Notwithstanding, 
Ct values and viral loads may differ greatly among different kinds of 
tissues, depending on several factors including disease stage; thus, 
comparisons should be made between same tissue types.

Only one of the domestic cat sequences was identical to FPV; 
the other four were phylogenetically related to CPV sequences. 
Although FPV is the most prevalent species of parvovirus infect-
ing cats and has been considered endemic in some populations of 
wild felids (Battilani et  al.,  2011; Calatayud, Esperón, Cleveland, 
et  al.,  2019; Truyen et  al.,  2009), in the present study only one 

F I G U R E  3   Maximum likelihood phylogenetic tree of 605 bp of the vp2 gene for guignas and domestic cats. Bootstrap values ≥ 70 at the 
nodes of the tree. Highlighted, guigna and domestic cat sequences from this study [Colour figure can be viewed at wileyonlinelibrary.com]
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sequence belonged to this virus type, differing from results obtained 
in other countries where CPV infection in cats is rare and sporadic 
(Battilani et al., 2011; Truyen et al., 2009).

Considering that CPV infection is unusual in felids (Calatayud, 
Esperón, Cleveland, et  al.,  2019; Calatayud, Esperón, Velarde, 
et al., 2019, but see Allison et al., 2014), one possible origin in guignas 
and domestic cats of this study may be cross-species transmission 
from domestic dogs or other wild canids; however, we cannot con-
clusively conclude this with our current data. Free-ranging domestic 
dogs are abundant in rural Chile and are not usually subjected to any 
sanitary control or movement restriction, roaming freely in natural 
areas and therefore facilitating contact possibilities with domestic 
and wild species (Villatoro et al., 2016) and spreading of dog infec-
tious agents. Another study (Ortega et  al.,  2020) found that dogs 
may be the most probable origin of infection with protoparvovirus in 
guignas. High environmental survival of protoparvovirus may allow 
the possibility of wildlife being in contact with the virus for sev-
eral months, even in the absence of direct animal contact (Berthier 
et al., 2000). Likewise, the ability of the virus to survive in the en-
vironment may explain its wide distribution across the study area.

We acknowledge the limited length of our sequence fragments 
and that our viral sample size was constrained by the observed prev-
alence of the viruses. Future studies should aim to sequence whole 
viral genomes to provide more complete evidence and also include 
serology analysis for the determination of exposure and better iden-
tification of recovered (latent) infections.

The results of this study reveal widespread presence of proto-
parvovirus across the guigna distribution in Chile and suggest that 
interspecific transmission of the virus from domestic to wild carni-
vores may be a possibility, being capable of, but not always causing, 
severe disease and fatal infections in wild guignas. Although the 
impact of protoparvovirus infection in guigna populations is still un-
clear, elucidating the dynamics of pathogen transmission between 
domestic and wild species is essential to enable the implementation 
of integrative management measures to prevent negative effects for 
the long-term survival of wildlife populations.
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