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A B S T R A C T   

Eurasian lynx (Lynx lynx) is widely distributed in various habitats in Asia and Europe, and it may harbor multiple 
pathogens. Currently, the information on protozoan infection in Eurasian lynx is scarce. In this study, we per
formed nested polymerase chain reaction (nPCR) analysis to detect intestinal protozoan infection in three dead 
Eurasian lynxes, in northwestern China. Three dead Eurasian lynxes, an adult female (#1), an adult male (#2), 
and a cub male (#3), were sampled in West Junggar Mountain, the northwestern region of Xinjiang Uyghur 
Autonomous Region. The intestine samples were analyzed using nPCR. We used primers targeting the cyto
chrome C oxidase subunit I gene (COI) for detection of Sarcocystis and Eimeria species and targeting the small 
subunit 18 S ribosomal RNA gene (18S rRNA) for detection of Cystoisospora species. The nPCR-positive products 
were sequenced, aligned, and phylogenetically analyzed. Three intestinal protozoa, Sarcocystis albifronsi, Eimeria 
alpacae, and Cystoisospora felis, were found in three Eurasian lynxes. The intestine sample of Eurasian lynx #2 
was detected with S. albifronsi and E. alpacae. In addition, C. felis was only found in the intestine sample of 
Eurasian lynx #3. To the best of our knowledge, S. albifronsi and E. alpacae were detected in Eurasian lynx for the 
first time. In addition, C. felis was firstly found in Eurasian lynx in China. These findings extend our knowledge of 
the geographical distribution and host range of intestinal protozoa.   

1. Introduction 

Currently, 13 species of Felidae in six genera are distributed in China. 
Among these, five species in three genera of Felidae are found in the 
Xinjiang Uyghur Autonomous Region in northwestern China, namely 
Felis silvestris (Wild cat), Felis bieti (Chinese mountain cat), Otocolobus 
manul (Pallas’s cat), Lynx lynx (Eurasian lynx) and Panthera uncia (Snow 
leopard). (Ablimit et al., 1998). The Eurasian lynx is a medium-sized 
wild felid species that lives in various habitats in Asia and Europe 
(Casteĺlo et al., 2020). The habitat and food resources of the Eurasian 
lynx are threatened by increasing anthropogenic activities, resulting in a 
significant decline in its population (Premier et al., 2021). In China, 
illegal poaching and trade further endanger this species (Ke et al., 2023). 

Pathogenic infection is an important mortality factor in lynx (Fig
ueiredo et al., 2021). Previously, Chlamydia felis, Joyeuxiella spp., 

Trichinella britovi, canine distemper virus, and Parvovirus were detected in 
Eurasian lynx (Frey et al., 2009; Hosseini et al., 2020; Lombardo et al., 
2023; Marti et al., 2019; Wasieri et al., 2009). Furthermore, intestinal 
protozoa were detected in Lynx genus, such as Sarcocystis neurona 
infection in Canadian lynx (Lynx canadensis) (Forest et al., 2000); Cys
toisospora rivolta, Giardia intestinalis, Blastocystis spp., and Cryptospo
ridium spp. in Eurasian lynx (Segeritz et al., 2021); and T. gondii in 
Canadian lynx, Iberian lynx, and Eurasian lynx (Jokelainen et al., 2013; 
Simon et al., 2013; Sobrino et al., 2007). In the present study, we aimed 
to investigate the presence of Sarcocystis, Eimeria, and Cystoisospora spp. 
in Eurasian lynx. 
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2. Material and methods 

2.1. Sample collection 

A total of three Eurasian lynxes were included in this study. Two 
Eurasian lynxes, an adult female (#1) and an adult male (#2), were 
found dead during our field investigation in West Junggar Mountain in 
2018 and 2019, respectively (Liu et al., 2021). The third one, a 
road-killed male cub (#3), was also collected in this region in 2019 
(Gang et al., 2020). The intestine samples of three feline carcasses were 
collected and stored in a − 80 ◦C refrigerator until DNA extraction. 

2.2. DNA extraction 

Genomic DNA was individually extracted from each sample using the 
TIANamp Genomic DNA Kit (TIANGEN, Beijing, China) following the 
manufacturer’s instructions. The DNA extracted from each piece of 
small intestine specimen was eluted in 60 μL of Tris-EDTA buffer and 
stored at − 80 ◦C under sterile conditions to prevent contamination until 
nested polymerase chain reaction (nPCR) analysis. 

2.3. Polymerase chain reaction amplification 

Genomic DNA extracted from each specimen was individually 
screened for the presence of Sarcocystis sp., Eimeria sp., and Cystoisospora 
sp. DNA using nPCR and sequence analyses. Sarcocystis and Eimeria were 
genotyped by amplifying fragments of the cytochrome C oxidase subunit 
I (COI) [Sarcocystis COI: 404 bp; Eimeria COI: 465 bp] (Ogedengbe et al., 
2011; Yang et al., 2013). Cystoisospora was identified and genotyped by 
amplifying 450-bp fragments of the small subunit 18 S ribosomal RNA 
(18S rRNA) (Zhang et al., 2018). The primers and nPCR cycling condi
tions used in this study are shown in Additional File 1. The nPCR 
products were subjected to electrophoresis in a 1.5% agarose gel and 
visualized under UV light by staining the gel with Goldview (Biotopped, 
Beijing, China). Moreover, a negative control (distilled water) and a 
positive control from Mongolia pikas in our labs for Eimeria were 
included in each run of the amplification reaction for validation. All of 
the nPCR products were purified using the TIANgel Midi Purification Kit 

(TIANGEN, Beijing, China) and sequenced by Sangon Biotech Co., Ltd. 
(Shanghai, China). 

2.4. Sequencing and data analyses 

Sequencing data were subjected to Basic Local Alignment Search 
Tool (BLAST) searches (http://www.ncbi.nlm.nih.gov/blast/) and then 
aligned and analyzed with reference sequences downloaded from Gen
Bank. Phylogenetic trees were constructed based on the sequence dis
tance method using the neighbor-joining algorithms implemented in the 
Molecular Evolutionary Genetics Analysis MEGA 7.0 (http://www. 
megasoftware.net) software (Kumar et al., 2016). 

3. Results 

Three intestinal protozoa, namely, Sarcocystis albifronsi, Eimeria 
alpacae, and Cystoisospora felis, were found in three Eurasian lynxes. The 
nPCR and sequence analyses revealed that: (i) S. albifronsi and E. alpacae 
were found in Eurasian lynx #2, and (ii) C. feils was found in Eurasian 
lynx cub #3. 

BLAST analyses showed that: (i) S. albifronsi detected in this study 
showed 99.28% identity (415/418 bp) with S. albifronsi detected in 
Lithuania from Anser albifrons (MH138310); (ii) E. alpacae showed 
99.06% (421/425 bp) identity with imported alpaca (Vicugna pacos) in 
China (OQ628303); and (iii) C. feils showed 100% identity with do
mestic cats in Canada (KT184364). Phylogenetic trees analysis further 
confirmed these results (Figs. 1–3). 

All sequences from this study were deposited in the GenBank 
(http://www. ncbi.nlm.nih.gov) database (S. albifronsi COI: OR498647; 
E. alpacae COI: OR576777; C. feils 18S rRNA: OR525854). 

4. Discussion 

In the present study, we detected S. albifronsi, E. alpacae, and C. felis 
in Eurasian lynx. Among these pathogens, S. albifronsi and E. alpacae 
were detected in Eurasian lynx for the first time, to the best of our 
knowledge. In addition, C. felis was firstly detected in Eurasian lynx in 
China. 

Fig. 1. Phylogenetic tree based on partial gene of the COI sequence of Sarcocystis albifronsi (▴) from Eurasian lynx #2 obtained in this study in northwestern China. 
The evolutionary history was inferred using the neighbor-joining method (bootstrap replicates: 1000) with MEGA 7.0. 
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Previously, bobcats (Lynx rufus) were reported as intermediate host 
for Sarcocystis spp. (Verma, et al., 2015). Sarcocystis species are char
acterized by a heteroxenous life cycle, and they depend on the prey
–predator relationship for their transmission (Dubey et al., 2015a). In 
previous studies conducted in feces of Lynx genus, Sarcocystis neurona in 
Canadian lynx (Lynx canadensis), and S. neurona and Sarcocystis dasypi in 
bobcat (Lynx rufus) were reported (Dubey et al., 2015b, 2023; March
iondo et al., 2011; Watson et al., 1981). S. albifronsi infection is 
commonly found in birds (Máca and González-Solís, 2021; Prakas et al., 
2023; Scioscia et al., 2017). In this study, S. albifronsi was detected in the 

small intestines of Eurasian lynx #2, which suggests that Eurasian lynx 
may be infected through feeding on infected birds, such as Lyrurus tetrix, 
Tetrao urogallus, Alectoris chukar, and Tetraogallus himalayensis, thus 
acting as definitive hosts (Premier et al., 2021). Therefore, a field survey 
on free-living birds in West Junggar Mountain should be conducted to 
understand the life cycle of S. albifronsi. Based on current knowledge, 
canids, mustelids, and felines are most likely the definitive hosts of S. 
albifronsi. Future studies should expand on these investigations by 
including more carnivores and even omnivores. 

Eimeria species, belonging to Coccidiasina (Coccidia), are a group of 

Fig. 2. Phylogenetic tree based on partial gene of the COI sequence of Eimeria alpacae (▴) from Eurasian lynx #2 obtained in this study in northwestern China. The 
evolutionary history was inferred using the neighbor-joining method (bootstrap replicates: 1000) with MEGA 7.0. 

Fig. 3. Phylogenetic tree based on partial gene of the 18S rRNA sequence of Cystoisospora felis (▴) from Eurasian lynx cub #3 obtained in this study in northwestern 
China. The evolutionary history was inferred using the neighbor-joining method (bootstrap replicates: 1000) with MEGA 7.0. 
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obligate intracellular parasites of great medical and veterinary impor
tance as pathogens that cause various human and veterinary diseases 
worldwide (Shirley et al., 2005). All of the members of the Coccidia 
subclass replicate within the intestines of definitive hosts (e.g., Crypto
sporidium parvum, Toxoplasma gondii, and Neospora caninum) through 
sequential rounds of asexual (schizogony) and sexual (gametogony) 
reproduction, culminating in the production of oocysts that are shed into 
the environment through feces (Lu et al., 2021). E. alpacae, an emerging 
protozoan pathogen, was previously found only in local and imported 
alpacas in Peru and Japan (Gomez-Puerta et al., 2021; Hyuga and 
Matsumoto, 2016). In this study, E. alpacae was found in adult male 
Eurasian lynx #2. Interestingly, in West Junggar Mountain, alpacas are 
not present, but animals that belong to Felidae, Camelidae, Bovidae, 
Antelope, Leporidae, and Cervidae are present. Thus, future studies should 
investigate the presence of E. alpacae in ruminants. Eurasian lynx is 
listed as the largest animal in the Lynx genus, and the weight of an adult 
male is approximately 18–30 kg (Viranta et al., 2016). The feces analysis 
of Eurasian lynx showed that its prey spectrum included mountain hare 
(Lepus timidus), cape hare (Lepus capensis), long-tailed ground squirrel 
(Spermophilus undulatus), and Siberian ibex (Capra sibirica) (Premier 
et al., 2021). In the future, an in-depth investigation into the presence of 
Eimeria spp. In felids in West Junggar Mountain should be conducted. 

C. felis can cause clinical coccidiosis, characterized by severe diar
rhea, which is dangerous, especially for young animals (Scorza et al., 
2021). In this study, Eurasian lynx cub #3 was found to have yellow 
loose stools around its anus. Furthermore, Eurasian lynx cub #3 was 
found to be infected with C. felis. Previously, C. felis has been reported in 
various wild felids, such as jaguar cub (Panthera onca) in Mexico, do
mestic cats in Dubai and Nepal, African lion (Panthera leo) in Zimbabwe, 
leopard (Panthera pardus) in China (Adhikari et al., 2023; Guzmán-Lara 
et al., 2020; Hou et al., 2020; Mukarati et al., 2013; Schuster et al., 
2009), and Eurasian lynx in Germany (Jokelainen et al., 2013). To the 
best of our knowledge, this study is the first to report on the detection of 
C. felis in Eurasian lynx in northwestern China. Future studies should 
investigate the presence of C. felis in felids in adjacent countries, such as 
Mongolia, Russia, Kazakhstan, Kyrgyzstan, Tajikistan, Afghanistan, 
Pakistan, and India. 

In this study, although S. albifronsi and E. alpacae were detected in 
feces of Eurasian lynx #2, we still couldn’t conclusively determine that 
this was a co-infection, as for the protozoans corresponding to the lynx’s 
prey was possible. In the future, the detection in other organs of 
Eurasian lynx, such as heart muscle and brain, should be further done 
(Forest et al., 2000; Verma et al., 2015). To better understand the effect 
of these parasites on the health and conservation of Eurasian lynx, future 
studies should identify the pathogen profile through metagenomic 
next-generation sequencing. 

It is necessary to acknowledge the limitations of this work, the 
morphological staining of three intestinal protozoa and histopathology 
of the intestine should be carried out to further confirm the protozoan 
infection of three Eurasian lynxes. 

5. Conclusions 

We detected three intestinal protozoa, namely, S. albifronsi, E. alpa
cae, and C. felis, in Eurasian lynx. One of the lynxes (Eurasian lynx #2) 
was detected with S. albifronsi and E. alpacae. To the best of our 
knowledge, S. albifronsi and E. alpacae were detected in Eurasian lynx for 
the first time. In addition, C. felis was detected in Eurasian lynx. These 
findings extend our knowledge of the geographical distribution and host 
range of intestinal protozoa. Further surveillance on protozoan infection 
of other mammalian wildlife in this region should be conducted. 
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