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This study examined the occurrence of Anaplasma spp. and hemoplasma infection in leopard cats, Prionailurus bengalensis euptilurus, in 
Korea. Twenty-nine biological samples were tested by molecular analysis. Two (6.9%) and eight (27.6%) tested specimens were positive for 
Anaplasma bovis and hemoplasma infection, respectively. Based on our results, Anaplasma/Ehrlichia spp. and hemoplasma are regularly 
infecting leopard cat populations of Korea. Considering their endangered status, regular monitoring of infection by arthropod-borne pathogens 
known to cause clinical symptoms in feline hosts such as Anaplasma/Ehrlichia spp. and hemoplasma would be crucial as part of ongoing 
conservation efforts.
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The leopard cat (Prionailurus bengalensis euptilurus) is one 
of the few top predator species in Korean wildlife that has been 
designated as an endangered wildlife species by the Ministry of 
the Environment, Korea. A recent study reported that many 
wildlife species in Korea (including raccoon dogs, rodents, 
water deer and leopard cats) carry tick species known to 
function as vectors of various tick-borne pathogens [7]. Among 
tick-borne pathogens, Anaplasma (A.) phagocytophilum, 
Ehrlichia (E.) canis and hemoplasma are critical agents that can 
cause clinical symptoms in feline hosts such as thrombocytopenia 
and severe anemia [14]. In addition, A. phagocytophilum and E. 
canis are well known for causing human granulocytic 
anaplasmosis (HGA) and canine ehrlichiosis, respectively [4,9]. 
Occurrence of Anaplasma spp. and Ehrlichia spp. infection has 
previously been reported in several Korean wildlife hosts, 
including water deer, weasels and several species of rodent 
[8,9]. However, it is not known if these pathogens are infecting 
leopard cats in Korea. It is essential to understand the prevalence 
of pathogens that may influence the health status of endangered 
species as part of ongoing conservation efforts. 

In this study, we used samples of leopard cats provided by the 
Conservation Genome Resource Bank for Korean Wildlife 
(CGRB), which maintain archives of biological samples of 
wildlife collected for research purposes. Sixteen frozen blood 

samples and 13 frozen spleen tissues samples were collected in 
2003 through 2011 from various regions of Korea. Detailed 
information describing the samples used in this study is 
provided in Table 1. 

Total DNA was extracted from spleen or blood samples using 
a DNeasy Blood & Tissue Kit (Qiagen, Germany). Conventional 
PCR was conducted to amplify the 16S rRNA gene of hemoplasma 
and Anaplasma/Ehrlichia spp. as previously described [2,4]. 
The primer set used for hemoplasma detection produces a 595 
base pair (bp) amplicon from Mycoplasma (M.) haemofelis and 
a 618 bp amplicon from M. haemominutum, whereas the size of 
the amplicon from Anaplasma/Ehrlichia spp. PCR was 
approximately 431 bp [4]. Amplified products were separated 
by electrophoresis on a 2% agarose gel, after which positive 
PCR amplicons were sequenced directly using an ABI prism 
3730 DNA sequence analyzer (PE Applied Biosystems, USA) 
at the National Instrumentation Center for Environmental 
Management (NICEM) sequencing facility (Seoul, Korea). The 
homology of the 16S rRNA genes of the positive samples were 
examined using the Basic Local Alignment Search Tool 
(BLAST) network service. Additionally, sequences from this 
study were compared with those available in the GenBank 
database (National Center for Biotechnology Information, 
USA) using the ClustalW algorithm followed by analysis with 
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Table 1. Leopard cat samples and polymerase chain reaction (PCR) results 

Items Classification Number of samples 
Positive PCR results 

Anaplasma sp. Hemoplasma sp.

Region Seoul 2 (6.9%) 0 (0%) 0 (0%)
Chungcheong-do 2 (6.9%) 0 (0%) 1 (50%)
Gangwon-do 9 (31%) 1 (11.1%) 5 (55.6%)
Gyeonggi-do 2 (6.9%) 0 (0%) 0 (0%)
Gyeongsang-do  4 (13.8%) 1 (25%) 0 (0%)
Jeolla-do  6 (20.7%) 0 (0%) 1 (16.7%)
No record  4 (13.8%) 0 (0%) 1 (25%)

Gender Female 14 (48.3%) 0 (0%) 3 (21.4%)
Male  5 (17.2%) 0 (0%) 2 (40%)
Unidentified 10 (34.5%) 2 (20%) 3 (30%)

Age Juvenile  8 (27.6%) 0 (0%) 2 (25%)
Adult 13 (44.8%) 1 (7.7%) 3 (23.1%)
Unidentified  8 (27.6%) 1 (12.5%) 3 (37.5%)

Total 29 2/29 8/29

Fig. 1. Phylogenetic tree of the partial 16S rRNA gene sequences of Anaplasma (A.) bovis isolated from this study (bold font) and other
related Anaplasma spp. sequences from the GenBank database. Sequences used for comparison were as follows: A. bovis sequences
from a leopard cat (Prionailurus bengalensis euptilurus; AB983439), raccoon (Procyon lotor; GU937020), Hokkaido bear (Ursus arctos
lasiotus; JN811557), domestic dog (Canis lupus familiaris; HM131218) and a red deer (Cervus elaphus; KJ659043) in Japan, as well
as from a goat (Capra aegagrus hircus; HQ913646) in China and two sequences from Haemaphysalis longicornis in Korea (KC311347,
EU181143). In addition, an A. platys sequence from a domestic dog (Canis lupus familiaris; EF139459) in Thailand, as well as A. 
phagocytophilum sequences from a Korean water deer (Hydropotes inermis argyropus; GU556625) and a domestic dog (EU409557) 
in Korea and A. centrale and A. marginale from cattle in Japan (AF283007, FJ226454, respectively) were included in the tree. The 
numbers on the tree indicate bootstrap values for the branch points. 

the MEGA 5 program [13]. Phylogenetic trees were constructed 
using the neighbor-joining method and the data set was 
resampled 1,000 times to generate bootstrap values. 

Overall, two of the 29 samples tested (6.9%) were positive for 
Anaplasma/Ehlichia spp., while eight (27.6%) were positive for 
hemoplasma infection. The two samples positive for 
Anaplasma/Ehlichia spp. originated from Gangwon-do and 
Gyeongsang-do. The gender of both infected individuals was 
unidentified, but the sample from Gyeongsang-do was 

suspected to be from an adult individual. The nucleotide 
sequence of amplified DNA fragments for Anaplasma/Ehrlichia 
spp. from both samples showed 100% homology with A. bovis 
sequences isolated from Japanese wild and domestic animals 
such as the Hokkaido bear (GenBank accession no. JN811557), 
domestic dog (HM131218) and raccoons (GU937020) (Fig. 1). 
The bootstrap values between the A. bovis sequences from 
GenBank and the two sequences obtained from our study were 
consistently low, reflecting the high homology among sequences. 
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Fig. 2. Phylogenetic tree of the partial 16S rRNA gene sequences of hemoplasmas isolated from this study (bold font) and related 
mycoplasmas from GenBank database. Sequences used for comparison were as follows: Candidatus M. haemominutum sequences 
from a domestic cat (Felis catus; EU839983) and an European wild cat (Felis silvestris silvestris; DQ825442), Candidatus M. 
haematoparvum from a domestic dog (Canis lupus familiaris; EF416569), Mycoplasma (M.) suis from a pig (Sus scrofa domesticus; 
AY492086), M. haemofelis from a domestic cat (DQ157160) and an Eurasian lynx (Lynx lynx; DQ825458), Candidatus M. turicensis
from an Iriomote cat (Prionailurus bengalensis iriomotensis; AB697739) and a domestic cat (DQ464421), and M. haemomuris or M. 
haemomuris-like sequences from brown rats (Rattus norvegicus; AB820289, AB752303, respectively). The numbers on the tree 
indicate bootstrap values for the branch points.

Sequences of Anaplasma/Ehlichia spp. from this study were 
deposited in GenBank under accession number KP843893 and 
KP843894. Amplicons for hemoplasma infection were sequenced 
for species-level determination. 

Among eight positive samples for Hemoplasma spp., six 
showed approximately 99 to 100% similarity to M. haemominutum 
sequences deposited in GenBank. Sequences with the highest 
similarity include those isolated from a domestic cat in Italy 
(EU839983), a European wild cat in France (DQ825442) and a 
domestic dog in Switzerland (EF416569). Although we attempted 
to add sequences of M. haemofelis and M. haemominutum from 
Korea available in GenBank (accession no. EF198144, 
EF198147), they were too short to be included in the tree (Fig. 2). 
Four of the six positive animals were from Gangwon-do (three 
female and an individual of unknown sex), while the other two 
were from Chungcheong-do (one male) and Jeolla-do region 
(one individual of unknown sex). Additionally, two of the 
individuals were identified as adults, while one individual was 
suspected to be a juvenile. Information about the age of other 
three animals was unavailable. Six sequences were deposited in 
GenBank under accession no. KP843885–KP843890. 
Meanwhile, the sequences of the other two positive for 
Hemoplasma spp. samples showed 94 to 95% genetic similarity 
to M. haemomuris reported in brown rats (Rattus norvegicus) 
from Japan (AB752303, AB918692) (Fig. 2). One positive 
sample was an adult male collected in Gangwon-do, whereas 
the other sample was a female juvenile from an unidentified 
origin. Two M. haemomuris-like sequences from this study 

were also deposited in GenBank under accession no. KP843891 
and KP843892. 

In this study, we tested for infection of A. phagocytophilum 
and/or E. canis in leopard cats, but no positive specimens were 
observed. However, A. bovis was identified in two of the 
investigated cats. A. bovis is an Anaplasma spp. known to cause 
anaplasmosis in domestic and wild ruminants along with A. 
marginale and A. centrale [6]. In Korea, water deer infected 
with A. bovis and its vector tick species have previously been 
reported [7,9]. However, a recent study from Japan [14] 
detected A. bovis in Tsushima leopard cats with 15% prevalence. 
Although the pathogenicity and/or main vector species of 
Anaplasma/Ehrlichia infection in leopard cats is currently 
unknown, the recent discovery of A. bovis infection in leopard 
cats indicates the need for further study of the potential impact 
of Anaplasma/Ehrlichia spp. pathogens on these animals in the 
wild. 

In previous studies, wild feline species such as the Iriomote 
cat and Eurasian lynx were infected with hemoplasma species 
from domestic cats, such as M. haemominutum, M. haemofelis 
and ‘Candidatus M. turicensis’ [5,10]. However, in the present 
study, the hemoplasma sequence from two positive samples 
showed the highest similarity (94–95%) to Myoplasma sp. or M. 
haemomuris, which have only identified in brown rats to date 
(AB820289, AB752303). Further study is needed to better 
characterize the genetic sequences from these two M. 
haemomuris-like pathogens. Nevertheless, the relatively high 
prevalence of hemoplasma infection (27.6%) observed in the 
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present study and the finding that our samples cover a wide 
geographical and temporal range indicate that leopard cats in 
Korea are regularly infected with feline hemoplasma, similar to 
other wild feline species. 

For mesocarnivores such as leopard cats, ecological competition 
with free-roaming domestic animals including feral dogs and 
cats represents an important challenge [15]. In addition, 
free-ranging domestic animals can serve as hosts in the area, 
maintaining a sufficient population size for constant circulation 
of pathogens and causing infection of wild animals that may 
share the habitat [12]. Because pathogens are shared between 
wild feline species and domestic cats, the potential overlap of 
habitat range of leopard cats and stray/feral cats in rural areas 
may provide higher opportunities for cross-species transmission 
of feline pathogens to leopard cats [1]. The prevalence of 
Anaplasma/Ehrlichia spp. and hemoplasma or its vector species 
in stray/feral cats has frequently been reported [3,11,16]. Since 
we are currently unaware of ecological interactions among 
leopard cats and domestic/stray cats in Korea, understanding 
pathogens of leopard cats that can be transmitted across 
different host species will have critical implications to leopard 
cat management strategies. 
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