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Abstract
European populations of free-living wildcats have been shown to be exposed to cat viruses. Luxembourg has a high degree 
of habitat fragmentation, and hybridisation rates between domestic cats and wildcats are high. We therefore assessed the 
seroprevalence of six viruses in 34 serum samples collected between 2001 and 2016 from wildcats in Luxembourg. The 
values for feline leukemia virus (FeLV; 52.9%) and feline coronavirus (FCoV; 47.1%) were amongst the highest reported 
for wildcats. We found evidence for the cumulative likelihood of exposure to FCoV affecting its seroprevalence. Routine 
monitoring of viral agents in this strictly protected species should be considered.

While ranging from the Iberian Peninsula to Eastern Europe, 
the current distribution of the European wildcat (Felis s. 
silvestris Schreber, 1777) is strongly fragmented as a result 
of extermination by humans since the  17th century. Due to 
strict legal protection – the wildcat is listed in Annexe IV 
of the EU Habitats and Species Directive – the species is 

slowly recovering in Western and Central Europe [11, 15], 
where hybridisation with domestic cats nevertheless remains 
a serious conservation threat [11]. To optimise conserva-
tion efforts, regional and national authorities have therefore 
developed specific conservation plans for the species [4, 
25]. Understanding the prevalence of diseases in the wild-
cat population can be important in this context [25]. Viral 
infections in particular can have a severe negative effect on 
populations of threatened species [20, 22].

The most important viruses of domestic cats (Felis s. 
catus Linnaeus, 1758) are feline leukemia virus (FeLV), 
feline immunodeficiency virus (FIV), feline coronavirus 
(FCoV), feline calicivirus (FCV), feline herpesvirus (FHV) 
and feline parvovirus (FPV). FeLV is one of the most com-
mon causes of death in cats worldwide, including the highly 
endangered Iberian lynx (Lynx pardinus Temminck, 1827) 
[20]. Transmission generally occurs through close contact 
between animals, and frequent interaction puts cats and 
kittens at particular risk of infection [9, 18]. The cosmo-
politan FIV induces an immunodeficiency syndrome and is 
transmitted mainly by bites and sometimes during mating, 
but can also be transmitted transplacentally, perinatally or 
galactogenically [10]. The orally transmitted, cosmopoli-
tan FCoV sometimes causes enteritis and can induce fatal 
peritonitis [2]. Cats of all ages can become infected, with 
kittens becoming susceptible when the protection by mater-
nal antibodies decreases [9, 18]. FCV and FHV both cause 
upper respiratory tract diseases in cats. FCV is transmitted 
by contact with saliva and other respiratory tract secretions 
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[18]. Infection with FHV mainly results from direct mucosal 
contact with latently infected animals [9], putting kittens at 
particular risk of infection [14]. Finally, FPV causes pan-
leukopenia, a disease that causes high mortality worldwide, 
especially among kittens after the decrease of maternal anti-
bodies [28]. All secretions and excrements are infectious, 
and the pathogen’s high resistance allows indirect transmis-
sion [8, 9, 18].

European populations of free-ranging wildcats have been 
shown to be exposed to cat viruses [5, 7, 21]. Given the 
potential severity of the associated diseases, it is important 
to monitor their occurrence, especially in areas where fre-
quent and close contact between free-ranging wildcats and 
domestic cats is likely. Luxembourg has a central geographic 
location in the largest continuous western European wildcat 
population, which extends from north-western France and 
southern Belgium to western and central Germany [16, 29]. 
The landscape of Luxembourg is highly fragmented, [13] 
and hybridisation rates between domestic cats and wildcats 
are relatively high compared to neighbouring regions in Ger-
many [29, 30]. Given that higher contact rates are likely, a 
higher risk of viral transmission between the two subspecies 
in the country is also likely. We therefore aimed to assess the 
seroprevalence of the major cat viruses in the Luxembourg 
wildcat population and to identify factors that explain their 
prevalence.

Between 2001 and 2016, 34 road-killed wildcats were 
collected in Luxembourg and stored at -20°C. During dis-
section, we collected tissue samples for genetic analysis and 
1-5 ml of blood from the heart or the chest cavity. Blood 
samples were centrifuged for 15 min at 1000g using an EBA 
200 benchtop centrifuge (Hettich, Tuttlingen, Germany). 
The detection of FIV antibodies and FeLV antigens was 
done immediately, and the remaining sera were stored at 
-20°C until further analysis. The age of the wildcats was 
determined based on incremental growth lines in the enamel 
of a lower-jaw canine [1]. After demineralization with 5 % 
nitric acid  (HNO3), the teeth were cross-sectioned (width, 5 
µm) with a rotary microtome (RM 2050, Leica Biosystems 
Nussloch GmbH, Germany) and stained with hematoxylin-
eosin. The growth lines were counted under a B1-220A light 
microscope (Motic, Wetzlar, Germany) at ×40-100 magnifi-
cation. Following Piechocki and Stiefel [24], animals were 
either classified as subadults (≤ 24 months; one growth line) 
or adults (≥ 25 months; two or more growth lines). The 
dataset consisted of 23 adults and 11 subadults (compris-
ing 19 males and 15 females). All 34 cats were tested for 
hybridization with domestic cats and found to be genetically 
pure wildcats [29, 30].

FIV antibodies and FeLV antigens were identified using 
the  SNAP® FIV/FeLV Combo Test (IDEXX Laboratories 
Inc., Westbrook, Maine, USA). Inactivated gag and env 
(gp40) antigens were used for the detection of FIV antibody. 

Murine Anti-p27 antibodies were used to identify the FeLV 
p27 antigen. Antibodies against FCoV, FCV, FHV and 
FPV were identified by indirect immunofluorescence tests 
(IFAT) using various  MegaFLUO® tests (company Mega-
cor, Hörbranz, Austria): FCoV  (MegaFLUO® FCoV), FCV 
 (MegaFLUO® FCV), FHV  (MegaFLUO® FHV) and FPV 
 (MegaFLUO® PAN). Sera with a titer of 1:20 (FCV, FHV 
and FPV) and 1:25 (FCoV) or higher were considered posi-
tive, and those with doubtful results were re-tested. Each 
procedure incorporated positive and negative control sera 
according to the manufacturer’s instructions.

We used the Wilson procedure with a correction for 
continuity to calculate the 95% confidence intervals of the 
proportion of seropositive animals [23]. For each virus, we 
performed a logistic regression in the program R v3.4.4 
[12] to test for an effect of sex and age on the presence of 
antibodies.

Viral antibodies/antigens were detected in 28 wildcats 
(82.4%; Online Resource 1), with the six negative animals 
being female (five subadults, one adult). FeLV p antigens 
were detected in 18 wildcats (52.9%; 95% CI: 35.4-69.8). 
Antibodies against FPV were found in 10 (29.4%; 95% CI: 
15.7-47.7), against FCoV in 16 (47.1%; 95% CI: 30.2-64.6), 
against FHV in 3 (8.8%; 95% CI: 2.3-24.8) and against FCV 
in 10 (29.4%; 95% CI: 15.7-47.7) of the 34 tested wildcats. 
Antibodies against FIV were not detected in any wildcat. 
Based on the results of the logistic regression, age had a 
significant effect on the presence of FCoV antibodies, with 
adults more likely to be seropositive (Table 1). Indeed, all 
but two of the 16 animals that were seropositive for this virus 
were adults. While males tended to be more likely to be sero-
positive for FeLV, we did not detect any other effect of sex 
or age on the seroprevalence of the other viruses (Table 1). 
While all serologically positive wildcats had low FPV, FCoV 
and FHV antibody titers, most animals that tested positive 
for FCV antibodies had high titers (1:160) (Table 2). While 
seven wildcats had contact with only one virus, more than 
one viral disease was detected in 21 animals (Table 3). Of 
these, 14 cats had contact with two agents (49.9 %), six with 
three (21.4 %) and one with four (3.7 %).

In the present study, we confirm the presence of several 
viral infectious diseases in Luxembourg wildcats. The sero-
prevalence for FCoV of 47.1% in the present study is, to the 
best of our knowledge, the highest value reported in wildcats 
thus far [5, 17, 27], and only one study with a comparable 
sample size reported higher prevalence values for FeLV (26 
of 34 animals in a French population [76.5%]; [17]). The 
seroprevalence of FHV of 8.8% is, with one exception (3% 
in a French population; [17]), the lowest prevalence reported 
thus far [3, 5, 6, 17, 21, 27]. The prevalence values for FCV 
and FPV antibodies were in the range of results reported 
from other studies [3, 5, 6, 17, 21, 27]. In line with other 
studies, we did not detect any antibodies for FIV [3, 5, 17, 
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19, 21, 26, 27]. To date, antibodies against FIV in wildcats 
were only detected in three out of 38 (8%) individuals in a 
large population of stray domestic cats in central France [7]. 
The authors presume that the recolonization of the area by 
wildcats and the associated territorial conflicts with domes-
tic cats were the cause of the FIV infection.

Despite FCoV being able to infect cats of all ages, 
our results suggest that adult animals are more likely to 
have come into contact with the virus. This implies that 
the cumulative likelihood of exposure plays a role in the 

seroprevalence of this virus. However, Watt et  al. [31] 
described fatalities in young captive wildcats infected with 
FCoV. We therefore cannot exclude the possibility that the 
relative absence of antibodies in subadults resulted from a 
high mortality rate in young animals. Larger sample sizes 
are needed to gain a better understanding of the factors that 
contribute the prevalence of the viral antibodies in wildcats.

In the majority of cases, cat viruses are transmitted by 
close contact between animals. The fact that the landscape 
of Luxembourg is highly fragmented and hybridisation rates 
between domestic cats and wildcats are relatively high did 
not translate into seroprevalence values that were generally 
higher than those reported in other studies. Indeed, the prev-
alence of feline viruses in wildcats in Scotland, where there 
is extensive hybridisation of animals, was lower than the 
values reported here. On the other hand, Račnik et al. [26] 
explained the absence of antibodies to FeLV and FIV in 15 
Slovenian wildcats by the lack of contact with domestic cats. 
Generally, it is not clear (except in the case of FIV) whether 
contact with the viruses necessarily originates from contact 
with domestic cats, or whether infections are self-sustaining 
in the wildcat populations [7].

Wildcat populations are currently not being regularly 
screened for infectious viral diseases, despite their potential 
impact. However, the results presented here and in the litera-
ture indicate that wildcats are exposed to many relevant viral 
agents. In accordance with Annex IV of the EU Habitats and 
Species Directive, routine monitoring of the seroprevalence 
of viral agents in this strictly protected species should be 
considered.

Table 1  Results of logistic regression identifying predictors for the 
presence of viruses in European wildcats (Felis s. silvestris)

FeLV = feline leukemia virus; FCV = feline calicivirus; FHV = 
feline herpesvirus; FCoV = feline coronavirus; FPV = feline parvo-
virus. The logistic regression coefficient gives the change in the log 
odds of seroprevalence when considering males and subadults rela-
tive to females and adults, respectively

Virus Coefficients Estimate s.e. z-value p-value

FeLV (Intercept) -0.3704 0.6153 -0.602 0.5472
Sex–males 1.4030 0.7515 1.867 0.0619
Age–subadults -0.8915 0.8026 -1.111 0.2667

FPV (Intercept) -0.9643 0.6652 -1.450 0.1470
Sex–males 0.2222 0.7725 0.288 0.7740
Age–subadults -0.1203 0.8239 -0.146 0.8840

FCoV (Intercept) -0.0988 0.6223 -0.159 0.8738
Sex–males 0.9198 0.7763 1.185 0.2361
Age–subadults -1.8901 0.9070 -2.084 0.0372

FHV (Intercept) -1.8301 0.9089 -2.014 0.0441
Sex–males -1.0331 1.2902 -0.801 0.4233
Age–subadults -0.1067 1.3085 -0.082 0.9350

FCV (Intercept) -1.6256 0.8072 -2.014 0.0440
Sex–males 1.4883 0.8984 1.657 0.0976
Age–subadults -0.7292 0.9345 -0.780 0.4352

Table 2  Viruses identified in 
serologically positive European 
wildcats (Felis s. silvestris)

FCV = feline calicivirus; FHV 
= feline herpesvirus; FCoV = 
feline coronavirus; FPV = feline 
parvovirus

Virus Titer Number 
of wild-
cats

FPV 1:40 8
1:160 2

FCoV 1:25 12
1:100 4

FHV 1:20 2
1:80 1

FCV 1:20 3
1:80 2
1:160 5

Table 3  Number of European wildcats (Felis s. silvestris) that tested 
seropositive for multiple viruses

FeLV = feline leukemia virus; FCV = feline calicivirus; FHV = 
feline herpesvirus; FCoV = feline coronavirus; FPV = feline parvo-
virus

Virus Number 
of wild-
cats

Wildcats seropositive for two viral diseases 14
 FeLV + FCoV 5
 FeLV + FPV 4
 FPV + FHV 1
 FPV + FCoV 1
 FCoV + FCV 3

Wildcats seropositive for three viral diseases 6
 FeLV + FCoV + FCV 3
 FeLV + FCoV + FHV 1
 FPV + FCoV + FCV 2

Wildcats seropositive for four viral diseases 1
 FeLV + FPV + FHV + FCV 1

Total 21
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