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SERUM PREVALENCE TO NON-VIRAL PATHOGENS
IN WILD FELIDS OF SOUTHERN PRIMORYE, RUSSIA
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Serum prevalence to six different non-viral pathogens was estimated for big Russian cats (Amur tiger (Panthera 
tigris altaica) and the Far Eastern leopard (Panthera pardus orientalis)) in Southern Primorye, Russia (n = 26) in 
2008–2016. Serum samples from smaller cats (Eurasian lynx (Lynx lynx) and Far Eastern wildcat (Prionailurus 
bengalensis euptilurus)) were also tested for these pathogens (n = 28) during the same period. Felids of Russian 
Southern Primorye showed serum prevalence to five out of six tested pathogens. Antibodies to Candida sp. and 
Trichinella sp. were found to be much more widespread in cats (47% and 42%) than antibodies to other tested 
pathogens (20% and less). Large cats demonstrated a higher serum prevalence to these pathogens than smaller 
ones. We did not detect animals seropositive to Coxiella burnetii.
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Infectious diseases may be a serious threat to 
wild animals that might result in population decline 
(Roelke-Parker et al., 1996; Murray et al., 1999; 
Deem et al., 2001). However, little is known about the 
presence of infectious pathogens in the populations 
of felids in the Russian Far East. Four wild cat spe-
cies (Amur tiger (Panthera tigris altaica Temminck, 
1844), Far Eastern leopard (Panthera pardus orien-
talis Schiegel, 1857), Eurasian lynx (Lynx lynx Lin-
naeus, 1758) and Far Eastern wildcat (Prionailurus 
bengalensis euptilurus Elliot, 1871)) inhabit the Rus-
sian Far East. The studies of seroprevalence in Amur 
tigers (Quigley et al., 2010; Goodrich et al., 2012a; 
Naidenko et al., 2018a) and in Far Eastern leopards 
(Goodrich et al., 2012b; Naidenko et al., 2018a) were 
conducted for some pathogens. There is only one 
study in comparative analysis of serum prevalence 
of four felid species to virus pathogens (Naidenko et 
al., 2018a). Some species-specific differences were 
found in serum prevalence to feline panleukopenia 
virus (FPV), canine distemper virus (CDV), feline 
calicivirus (FCV) and Aujezsky’s disease (pseudora-
bies) virus. Serum prevalence to non-viral pathogens 
is poorly described for the carnivores of the Russian 
Far East. There is only one study on serum prevalence 
of bears (Ursus spp.) (Naidenko et al., 2018b). It de-
scribed interspecific differences in serum prevalence 
to Toxoplasma gondii and Trichinella sp. There were 
no differences in serum prevalence of bear species to 
viral pathogens. Other studies showed that non-viral 
pathogens occur in small cats as well: 3% of the do-

mestic cats (Felis catus Linnaeus, 1758) were serum 
positive to Mycoplasma sp. and Toxoplasma gondii, 
one Far Eastern wildcat was serum positive to Toxo-
plasma as well (Goncharuk et al., 2012). 

We choose six non-viral pathogens for this study, 
which may be dangerous for different cat species. 
Some of them are very widespread: Toxoplasma, 
Trichinella, Mycoplasma, Chlamydia and Candida in 
mammals (including felids), Ig-G antibodies to Coxi-
ella were found in domestic cats in the Russian Far 
East (Pavlova et al., 2016) and assumed to be pres-
ent in wild cats as well. In this study, we estimated 
serum prevalence of four wild cat species to differ-
ent non-viral pathogens in the Russian Far East. We 
analysed serum prevalence to six different pathogens: 
Toxoplasma gondii, Trichinella sp., Mycoplasma sp., 
Chlamydia sp., Candida sp., Coxiella burnetii. Toxo-
plasma gondii is the most widespread parasite in 
the world. Only cats may be definite hosts of these 
pathogens. However, Toxoplasma may parasitise in 
all vertebrates. Normally, Toxoplasma gondii results 
in abortion, brain problems and immunodeficiency 
on cats, but this infection may be fatal for the Pallas’s 
cat (Otocolobus manul (Pallas, 1776)) (Ketz-Riley 
et al., 2003; Basso et al., 2005) and Sand cat (Felis 
margarita Loche, 1858) (Pas & Dubey, 2008). Trichi-
nella sp. is a nematode that inhabits the muscles of 
vertebrates (in mammals mainly the diaphragm and 
chewing muscles). This nematode may live and para-
sitise on almost all mammalian species (and on some 
avian species as well). But most commonly this para-
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site infects wild boars (Sus scrofa Linnaeus, 1758) 
(Kim et al., 2015), bears (Naidenko et al., 2013) and 
other carnivorous species (Gottstein et al., 2009). My-
coplasma sp. is a bacterial organism infecting many 
mammalian species, but usually not fatal for the host. 
Chlamydia sp. is another bacterial organism which 
transfers mainly during sexual contacts; it is danger-
ous for the pregnancy because it causes infection of 
the sexual tract (Sumithra et al., 2013). Candida sp. is 
a symbiotic fungal organism, which may be danger-
ous only due to co-infection or decrease of immunity 
(Edelmann et al., 2005). Coxiella burnetti is a bacteri-
um that causes Q-fever, which may result in the death 
of the host (Arricau-Bouvery & Rodolakis, 2005). 
Only Toxoplasma has been studied on felids in the 
Russian Far East. Other pathogens have never been 
considered for this group of animals in the wild so far.

Serum prevalence may show interspecific dif-
ferences, which relates to host ecology and sensitiv-
ity to these pathogens (Pavlova et al., 2015, 2016). 
Three felid species (Amur tiger, Eurasian lynx and 
Far Eastern wildcat) inhabit the whole southern Pri-
morye. The Far Eastern leopard inhabits only the 
Southwest of Primorye (National Park «Land of the 
Leopard»). Three large cats (including the lynx) prey 
mainly on ungulate species, like Nippon deer (Cervus 
nippon Temminck, 1838) and Siberian roe deer (Ca-
preolus pygargus Pallas, 1771); tigers and leopards 
also hunt wild boars, and tigers prey on the Red deer 
as well (Cervus elaphus Linnaeus, 1758) (Kerley et 
al., 2015). All three cat species prey, too, on small 
carnivores (Pikunov & Korkishko, 1992; Yudakov & 
Nikolaev, 2012). Tigers may also prey on bears (Ur-
sus arctos Linnaeus 1758, U. thibetanus G. [Baron] 
Cuvier, 1823) and occasionally they kill leopards 
and lynxes (Yudakov & Nikolaev, 2012). Opposed 
to large cats, the Far Eastern wildcat mainly hunts 
rodents, amphibians and reptiles, and inhabits mixed 
forests with open meadows near streams and small 
ponds (Yudin, 2015). All species may come into con-
tact with each other and domestic cats and dogs (tiger 
and Far Eastern wildcat come closer to the villages 
during winter, but feral cats and dogs are also seen 
regularly inside the forest). The aim of this study was 
to estimate inter-specific differences in serum prev-
alence to six non-viral pathogens in four wild felid 
species inhabiting the Southern Primorye.

Material and Methods
This study was conducted at the South of Pri-

morsky Krai (Russia) in the Ussuriisky State Nature 
Reserve of the Russian Academy of Sciences (2008–
2018) and in the National Park «The Land of Leop-

ard» (2010–2018). The average altitude of this area 
is 300–400 m a.s.l. (rarely – up to 600 m a.s.l.). The 
study covered approximately 1500 km2. This area is 
characterised by low winter temperatures (average 
January temperature is -17.9°C) and warm summers 
(August temperature is +19.7°C) with high humid-
ity levels (70–80%). The objects of study were four 
species of Felidae: Amur tiger (n = 18 (11♂, one of 
them 16–17 months old, and 7♀), Far Eastern leop-
ard (n = 8 (4♂ and 4♀, two of females – 1–1.5 years 
old)), Eurasian lynx (n = 5 (4♂ and 1♀, 1 male and 
1 female were 4–5 month old)), Far Eastern wildcat 
(n = 23 (18♂ and 5♀, two females were 4–5 month 
old)). All animals were adults except the ones men-
tioned specifically. The details of capture and immo-
bilisation procedures were described earlier (Rozh-
nov et al., 2013; Naidenko et al., 2018a) (Fig. 1). Six 
wildcats (out of 23) were studied in the Safari-Park 
(Primorsky Krai) where they spent up to six months 
in captivity before the study. 

The blood samples were taken from the ingui-
nal vein (10–30 ml in tigers and leopards, 1–3 ml in 
smaller cats) (Fig. 2). Four serum samples (two leop-
ards and two tigers) were obtained from wild animals 
that were transferred to captivity due to signs of dis-
ease, trauma or due to their behaviour (conflict tiger).

Blood samples were stored for 3–4 hours (+4°C) 
and then centrifuged for 20 min (2000 × G). Aliquots 
of blood serum were placed in clear Eppendorf tubes 
and frozen under -18°C until analyses (Naidenko et 
al., 2013). Serological reactions were done at A.N. Se-
vertsov Institute of Ecology and Evolution of RAS. 
All serum samples were tested in the lab for the pres-
ence of antibodies to Toxoplasma gondii, Chlamydia 
sp., Mycoplasma sp., Candida sp., Trichinella sp. and 
Coxiella burnetii. If the amount of serum from some 
individuals was limited just few tests were conducted.

Fig. 1. Far Eastern wildcat captured in wooden trap after the 
injection of drugs. Photo: S.V. Naidenko.
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Fig. 2. Blood sampling in Amur tiger. Photo: N.V. Sidorchuk.

All tests for antibody presence of the first four 
mentioned pathogens were conducted with ELISA 
(Enzyme linked immune sorbent assay) (immobil-
ised antigen placed on wells’ bottom) using com-
mercial kits (Chema, Moscow, Russia) (cut-off 
method). These kits were developed for carnivore 
species (with different cut-off level). The presence 
of the antibodies to Trichinella sp. and Coxiella bur-
netii was detected also by ELISA using commercial 
kits of IDVet (Grabels, France) (cut-off method). 
These kits were developed for a wide variety of 
mammalian species of several orders (including car-
nivores). All measurements were conducted accord-
ingly to manufactures’ protocols. It made the prob-
ability of false negative/positive results extremely 
low. However, we have to mention that the presence 
of antibodies to the pathogen (positive antibody test 
result) only indicates an exposure to pathogens and 
not necessarily a current infection.

A statistical analysis was conducted to com-
pare the percentage of seropositive animals be-
tween species. The two-tailed Fisher’s exact test 
was used. The 95% level of confidence was calcu-
lated and p < 0.05 was considered to be statistically 
significant. Statistical analyses were conducted us-
ing Microsoft Excel (Microsoft Corporation, Red-
mond, Washington, USA) and Statistica version 
8.0 (StatSoft, Inc., Tulsa, Oklahoma, USA).

Results
Six wildcats (out of 23) were studied in the 

Safari-Park (Primorsky Krai) where they spent up 

to six months in captivity before the study. We as-
sume that they may be different to all cats captured 
and sampled immediately in the wild, because 
they had additional contacts with each other (they 
were housed in one enclosure) and some domestic 
animals (cats and dogs). We compared the serum 
prevalence of these cats to different pathogens with 
that of cats captured in the wild and combined the 
groups where we did not find any significant differ-
ences. In fact, significant differences were detected 
only in serum prevalence to Mycoplasma (Fisher’s 
exact test: p = 0.005 (five of six tested cats of the 
Safari-Park had antibodies to this pathogen)), so 
only wild-captured cats were included in the analy-
sis below (for Mycoplasma sp.).

In the course of this study the antibodies to five 
of six tested non-viral pathogens were detected in 
felids in South Primorye (Table). There were no 
animals serum positive to Coxiella burnetii. Anti-
bodies against five other pathogens were found in 
one to four feline species. Among all samples the 
serum prevalence of Candida and Trichinella was 
much higher than that of any other non-viral patho-
gen (respectively Fisher’s exact test: p = 0.000–
0.003 and p = 0.000–0.027). The serum prevalence 
of Toxoplasma was also higher than of Chlamydia 
and Coxiella (Fisher’s exact test: p = 0.0026–
0.0152). No other differences in serum prevalence 
to viruses were found among all cat samples. 

Candida sp. is likely the most widespread 
(47% serum positive tests) of the tested non-viral 
pathogens. All eight leopard samples were serum 
positive to Candida, as well as 50% of the tiger 
samples, 32% of the Far Eastern wildcats and one 
of the five lynxes. The antibodies to this pathogen 
were found significantly more often in leopards 
than in any other felid species (Fisher’s exact test: 
p = 0.0022–0.0233). The serum prevalence to Can-
dida did not differ between the other species. 

Antibodies to Trichinella sp. were detected in 
42% of the samples. The highest serum prevalence 
was found in the leopard (88%) and tiger (72%). This 
index was much lower for the Far Eastern wildcat 
(10%) (respectively Fisher’s exact test: p = 0.0002 
and p = 0.0001). There were no lynxes serum posi-
tive to Trichinella (respectively for leopard and tiger 
Fisher’s exact test: p = 0.0047 and p = 0.0075). 

Table. Number of serum positive and tested (in brackets) felids to different pathogens
Host species Toxoplasma gondii Trichinella sp. Candida sp. Mycoplasma sp. Chlamydia sp. Coxiella burnetii
Tiger 7 (18) 13 (18) 9 (18) 0 (18) 0 (18) 0 (16)
Leopard 0 (8) 7 (8) 8 (8) 0 (8) 0 (8) 0 (8)
Lynx 1 (5) 0 (5) 1 (5) 0 (5) 0 (5) 0 (4)
Wildcat 3 (23) 2 (21) 7 (22) 2 (17) 2 (22) 0 (8)
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Twenty percent of the serum samples were se-
ropositive to Toxoplasma gondii. The highest per-
centage of positive animals (39%) was detected in 
tigers, compared to 20% for lynxes and 13% for Far 
Eastern wildcats. We did not find any leopard serum 
positive to Toxoplasma. However, statistical analy-
sis did not find significant interspecific differences 
in serum prevalence to Toxoplasma.

Antibodies to Mycoplasma and Chlamydia were 
detected only in Far Eastern wildcats (respectively 
4% and 4% of all tested felid samples or 12% and 
9% for wild-caught Far Eastern wildcats). We did 
not find any animal serum positive to these patho-
gens in other cat species. There were no significant 
species-specific differences in serum prevalence to 
Mycoplasma and Chlamydia in all four tested feline 
species. 

Discussion
There are a lot of viral and non-viral pathogens 

(Naidenko et al., 2014, 2018a; Pavlova et al., 2015, 
2016) that may be dangerous for wild felids. Dirofi-
laria sp., Cytauxzoon felis and other non-viral patho-
gens may be dangerous for wild cats in different re-
gions (Zahedi et al., 1986; Ketz-Riley et al., 2003). 
However, here we chose five widespread non-viral 
pathogens and the sixth one (Coxiella), which was 
earlier noted for the domestic cats in the Russian Far 
East (Pavlova et al., 2016). We detected the presence 
of five non-viral pathogens in felines in South Primo-
rye. We did not find animals that were seropositive 
to Coxiella burnetii among the four wild felids. An 
earlier study (Naidenko et al., 2018b) did not find an-
tibodies to this pathogen in bears in the Russian Far 
East either. It seems that this pathogen is extremely 
rare in Carnivores of the Russian Far East. 

Among other pathogens, Candida was the most 
widespread, although this Fungus is only dangerous 
when the animal’s immunity is low. It is notable that 
the most genetically monomorphic species (Uphyrki-
na et al., 2001) – the Far Eastern leopard – had the 
highest serum prevalence to this pathogen among all 
cats. The Amur tiger (a subspecies with a low genetic 
diversity (Luo et al., 2004)) also showed high a serum 
prevalence to Candida. Low genetic diversity may be 
related to the decrease of an animal’s immunity (Lu-
cash et al., 2017) and, possibly, increases the suscep-
tibility to different pathogens. Although, the effect of 
genetic diversity on serum prevalence to Candida is 
unclear yet, large cats had a higher index of it than 
the smaller ones. This pathogen also occurs in bears 
in the Russian Far East – more than 50% were serum 
positive to Candida (Naidenko et al., 2018b). 

Trichinella is a very widespread nematode that 
infects many vertebrates. It may result to the death 
of experimental animals (Zaiman et al., 1960; Ko-
zar & Kozar, 1965) and of humans (Sethi et al., 
2012). But the mortality of mammals has not been 
described in the wild. Among mammals, the «tradi-
tional» hosts for this pathogen are wild boars (Kim 
et al., 2015), bears (Naidenko et al., 2013) and oth-
er Carnivores (Gottstein et al., 2009). In Southern 
Primorye large cats had a higher prevalence to this 
pathogen than smaller ones, which may be related to 
their diet. The Amur tiger preys mainly on wild boar 
(one of the main carriers of Trichinella) and other 
large ungulates (Red deer and Nippon deer (Kerley 
et al., 2015)). The Far Eastern leopard also preys on 
ungulates, while the wild boar is quite rare on its 
diet. However, small carnivores, mainly the Asian 
badger (Meles leucurus (Hodgson, 1847)) and Rac-
coon dog (Nyctereutes procyonoides (Gray, 1834)) 
are killed by leopards quite often (Pikunov & Kork-
ishko, 1992). These diet traits may explain the high 
level of serum prevalence to Trichinella of tiger and 
leopard. However, lynxes and Far Eastern wildcat 
do not prey on wild boar, badger and raccoon dog. 
Lynxes hunt mainly small and medium-sized un-
gulates (Roe deer and Nippon deer). Wildcats hunt 
predominantly rodents, birds and amphibians. The 
percentage of serum positive animals among the 
prey of these cats was presumably much lower than 
in the prey of large cats.

Toxoplasma gondii is the most widespread para-
site over the world and may infect all warm-blooded 
animals. Felids are a definite host of this pathogen 
and show a high serum prevalence to it in the wild 
(Penzhorn et al., 2002; Simon et al., 2013), exclud-
ing Pallas’ cat (Naidenko et al., 2014), which is ex-
tremely susceptible to this pathogen (Ketz-Riley et 
al., 2003). Most likely, its lethality in the wild as 
well as environmental conditions restrict the distri-
bution of this pathogen in Pallas’ cat habitats (Pav-
lova et al., 2015, 2016). In the Russian Far East we 
did not find significant interspecific differences in 
serum prevalence to Toxoplasma between the stud-
ied cat species. It was slightly higher in tigers than in 
other cat species. We did not find antibodies to this 
pathogen in leopards, although earlier studies found 
serum positive leopards in this region (Goodrich et 
al., 2012b). It seems that this pathogen occurs in this 
region quite often (see also Naidenko et al., 2018b, 
and this study), at least much more often than in dry 
areas (Naidenko et al., 2014; Pavlova et al., 2016).

Mycoplasma and Chlamydia were found only 
in Far Eastern wildcats, and the level of serum 

Nature Conservation Research. Заповедная наука 2019. 4(1): 99–105                https://dx.doi.org/10.24189/ncr.2019.010



103

prevalence was low. These pathogens have never 
been described earlier in tigers and leopards, not 
having ever been studied in large cats before. An 
earlier study found an animal serum positive to My-
coplasma among domestic cats (Goncharuk et al., 
2012). These pathogens were also found in bears in 
the Russian Far East (Naidenko et al., 2018b). They 
do not have a lethal effect but may influence the ani-
mal’s body condition. Based on the low percentage 
of serum positive animals we assumed that these 
pathogens may occur in all felids’ species.

Conclusions
We found significant inter-species differenc-

es in felids serum prevalence to different patho-
gens. The serum prevalence to non-viral patho-
gens was higher in large cats than in smaller 
ones, significantly for Candida (only leopards) 
and Trichinella. It may be partly related with 
the diet of cats (tigers and leopards hunting wild 
boars – probable source of Trichinella sp.). The 
main source of Candida for leopards is unclear. 
We may assume that high serum prevalence of 
the Far Eastern leopard may be related to a low 
genetic diversity of this subspecies (Uphyrkina 
et al., 2001). It may decrease the immunity and 
increase susceptibility of leopards to this patho-
gen. The serum prevalence to non-viral patho-
gens differed of viral pathogen patterns where 
there were no significant differences in serum 
prevalence between large and smaller cats (ex-
cluding FPV, which seems lethal for the lynxes 
(Naidenko, 2005; Naidenko et al., 2018a)). So 
far, antibodies to Mycoplasma and Chlamydia 
were found only in Far Eastern wildcat opposed 
to other cats. Probably, these pathogens are very 
common in domestic and stray dogs and Myco-
plasma antibodies were also found in domestic 
cats (Goncharuk et al., 2012). Far Eastern wild-
cats visit villages in winter time, which may be 
a way of infection. Five of the six wildcats in 
the Safari Park got the antibodies to Mycoplas-
ma half a year after capturing. Further studies 
of felid diseases in the Russian Far East should 
consider the main ways of transmission of the 
pathogens and their vectors.
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СЕРОПОЗИТИВНОТЬ К НЕВИРУСНЫМ ПАТОГЕНАМ
ДИКИХ КОШАЧЬИХ ЮГА ПРИМОРСКОГО КРАЯ
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Серопозитивность к шести различным невирусным патогенам была оценена для двух крупных кошачьих 
юга Приморского края – амурского тигра (Panthera tigris altaica) и дальневосточного леопарда (Panthera 
pardus orientalis) (n = 26) в 2008–2016 гг. Образцы сывороток мелких кошачьих (евразийской рыси (Lynx 
lynx) и дальневосточного лесного кота (Prionailurus bengalensis euptilurus)) также были проанализиро-
ваны на антитела к этим патогенам (n = 28) в этот же период времени. У кошачьих южного Приморья 
России выявили серопозитивность к пяти из шести проанализированных патогенов. Наиболее часто у 
кошачьих выявляли антитела к Candida sp. и Trichinella sp. (соответственно у 47% и 42% животных). А 
антитела к другим патогенам отмечали менее чем у 20% животных. Среди крупных кошачьих отмечали 
большую долю серопозитивных животных к этим патогенам, чем среди мелких кошек. Мы не выявили 
животных серопозитивных к Coxiella burnetii.

Ключевые слова: Panthera tigris altaica, Toxoplasma gondii, Trichinella, амурский тигр, патогены
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