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1. Molecular detection of severe fever with thrombocytopenia syndrome

virus(SFTSV) in feral cats from Seoul, Korea(Hwand.J., et al., Ticks and

Tick-borne Diseases(2016))
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This study tested serum samples of feral cats from a highly urbanized habitat, Seoul, Korea to determine
the infection to severe fever with thrombocytopenia syndrome virus (SFTSV). From 126 samples tested,
SFTSV was detected by RT-PCR in 22 (17.5%) cats from various sites of Seoul. Sequences identified from
this study were grouped with clusters from China and Japan. Our result provides data that SFTSV may
have been circulating in settings that were suspected to have relatively low risk, such as highly urbanized
habitats. Thus it warrants further study to investigate the ecology of SFTSV in urban-dwelling animals
including ticks, human and other potential host species.

© 2016 Elsevier GmbH. All rights reserved.

1. Introduction

Severe fever with thrombocytopenia syndrome virus (SFTSV)is
a novel bunyavirus and a causative agent of an emerging disease,
severe fever with thrombocytopenia syndrome (SFTS). It is classi-
fied in the family Bunyaviridae and the genus Phlebovirus, and it
was first identified in rural areas of China in 2010 (Yu et al., 2011).
Common clinical symptoms of SFTS in humans include high fever,
thrombocytopenia, leukopenia, and multi-organ dysfunction (Liu
et al., 2014b). The non-specific symptoms of SFTS have led to cases
of misdiagnosis as other well-known tick-borne diseases, such as
anaplasmosis or scrub typhus (Kim et al.,, 2015; Liu et al., 2014b).
Current reports show average case fatalities varying from 12 to 47%
(Liu et al., 2014b; Park et al., 2014a). Until recently, most cases of
SFTS have been reported in China, especially in provinces in the
central eastern region (Liu et al., 2014b). However, following the
first identification of SFTSV in China in 2010, there have been sub-
sequent reports of SFTS cases in South Korea in 2012, and in Japan
in 2013 (Kim et al., 2013; Yoshikawa et al., 2014).

* Corresponding author.
E-mail address: jschae@snu.ackr (J.-S. Chae).

http://dx.doi.org/10.1016/j.tthdis.2016.08.005
1877-959X/© 2016 Elsevier GmbH. All rights reserved.

SFTSVs are mainly transmitted through tick bites, especially
from Haemaphysalis longicornis, which is the dominant tick species
in East Asia(Kim et al., 2011; Luetal., 2013 ). The highest prevalence
of SFTSV was reported in H. longicornis compared with other tick
species in previous studies (Zhang et al., 2012; Park et al., 2014b).
Based on the risk analysis of SFTS infection in hurmnans, rural habi-
tats and ownership of free-ranging domestic animals have been
identified as important factors for SFTSV infection in addition to
seasonality and age range (Ding et al., 2014; Liu et al., 2014a).
Recent studies from China showed the seroprevalence of SFTSV
using ELISAs in various domestic animals, including cattle, goats,
chickens, and dogs. Goats and cattle showed the highest prevalence
at 75-95% and 57-80%, respectively (Ding et al., 2014; Niu et al,,
2013). However, many questions remain regarding SFTSV infection
in animals, such as the identification of host species functioning
as main reservoirs, potential host range, and pathogenesis/clinical
signs in infected animals.

In metropolitan cities, feral cats live in high population densities
and utilize various anthropogenic resources (Finkler et al., 2011).
Considering the sharing of habitats between feral cats and humans
or other domestic animals in urban areas, identifying the potential
role of feral cats in SFTSV circulationis critical in providing informa-
tion for the management of public health and the welfare of feral

Please cite this article in press as: Hwang, |., et al., Molecular detection of severe fever with thrombocytopenia syndrome virus (SFTSV)
in feral cats from Seoul, Korea. Ticks Tick-borne Dis. (2016), http://dx.dol.org/10.1016/]j.ttbdis.2016.08.005
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Table 1
Detection of SFTS virus by RT-PCR from feral cats in Seoul.

Items Classification

Number of PCR results;
No. of positives (%)

Number of samples

Collected regions Guro-gu
Mapo-gu
Geumcheon-gu
Seongdong-gu
Yongsan-gu
Dongdaemoon-gu
Gangnam-gu
Total number of samples

11 1(9.1%)
8 3(375%)
60 9(15%)
30 7(23.3%)
4 1(25%)

12 1(8.3%)

1 0(0%)
126 22(17.5%)

cats. This study investigates the prevalence of SFTSV in feral cats
that inhabit Seoul, Korea.

2, Material and methods

Serum samples were collected from animal hospitals through
the Trap-Neuter-Return (TNR) program within Seoul. Blood sam-
ples were collected in serum separation tubes. Serum sample
separated by centrifugation was stored in a freezer at —70°C until
laboratory analysis. RNA was extracted from serum samples using
a viral RNA extraction kit (Intron, Korea) according to the manu-
facturer’s instructions. S segment of SFTSV genome was selected
as target marker. S segment encodes N (nucleoprotein) and NSs
(nonstructural) proteins, and is known as relatively conserved
region compare to other two, L and M segments (Zhang et al.,
2012). We performed one-step RT-nested PCR to amplify the S
segment of the SFTS viral RNA gene using SFTSV genome-specific
primer sets NP-2F(5-CATCATTGTCTTTGCCCTGA-3') and NP-2R (5~
AGAAGACAGAGTTCACAGCA-3') for the first round of PCR (ampli-
con size: 461 bp) and N2F (5-AAY AAG ATC GTC AAG GCA TCA-3)
and N2R (5-TAG TCT TGG TGA AGG CAT CTT-3') for nested PCR
(amplicon size: 346 bp) (Yoshikawa et al., 2014; from this study).

The first round of PCR amplifications was carried out in a reaction
mixture (30 L) containing 1.5 p.L (10 pmol) of each of forward and
reverse primers, 4 L of extracted RNA, 8 wLof TE buffer, and 15 p.L
ofone-step RT-PCR premix (Solgent, Korea). The mixture for nested
PCR consisted of 1 pLof primer PCRproduct, 1 p.L(1 pmol) of each of
forward and reverse primers, and 17 j.L of HiPi PCR PreMix (Elpis-
bio, Korea). The conditions for primary PCR were as follows: an
initial step of 30 min at 50 °C was carried out for reverse transcrip-
tion followed by 15min at 95°C for denaturation. Next, 40 cycles
of20sat 95°C, 40 at 52 °C, and 30s at 72 °C were run, followed by
a final extension step of 5min at 72 °C. The reaction for nested PCR
was performed with 25 cycles of 20s at 94 °C, 40s at 55°C, and 30s
at 72 °C. The PCR products were visualized by gel electrophoresis
using a 1.5% agarose gel (the positive control was kindly provided
by professor Oh at Seoul National University, College of Medicine).
For all steps of molecular analysis, strict protocols were followed
to prevent cross-contamination of samples, including use of ded-
icated pipettes for each step, changing gloves between steps, and
using negative control for every tests. Positive controls were only
used for condition optimization, but excluded for sample analysis.

All 21 positive PCR amplicons were directly sequenced on an
ABI prism 3730 DNA sequence analyzer (PE Applied Biosysterns,

KP994430 Korea
KP994434 Korea
KP994432 Korea
KP994421 Korea
KP994429 Korea
KP994433 Korea
KP994426 Korea
KF282702 Korea Human
KP994427 Korea
KR612076 Korea Human
KJ739544 Korea Human
a7/ AB985559 Japan Human
AB817997 Japan Human
KF374683 China Human
JX462454 China Human
[ AB985577 Japan Human
AB818001 Japan Human
9|| AB818000 Japan Human
AB821348 Japan Human
- KM201296 China Human
JF908043 China Tick
JF906050 China Tick
KG292287 China Human
a0/ | HM802204 China Human

‘ JQ693002 China Sheep
JX987717 China Tick

_ Uukuniemi virus KM114251 United Kingdom Tick
82 Uukuniemi virus KM114248 Czech Republic Tick

v '
02

@t Valley fever virus DQ380177 Mauritania Human
99 Rift-valley fever virus EU312125 Angoloa Human

Fig. 1. Phylogenetic analysis of severe fever with thrombocytopenia syndrome viruses based on small segment sequences (346bp). The tree was constructed by using the
neighbor-joining method with MEGAS (1000 bootstrap replicates ). Scale bar indicates the nucleotide substitutions per position. Numbers at nodes indicate bootstrap values.

Sequences detected from this study are in bold letters.

Please cite this article in press as: Hwang, |, et al., Molecular detection of severe fever with thrombocytopenia syndrome virus (SFTSV)
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Foster City, CA, USA) at the National Instrumentation Center for
Environmental Management (NICEM) sequencing facility (Seoul,
Korea). Sequences acquired from sequencing were identified using
the Basic Local Alignment Search Tool (BLAST) network service. To
compare the relationship between the sequences from this study
and other deposited sequences in GenBank, sequences were aligned
using the Clustal W algorithm and analyzed with the program
MEGA 5. Phylogenetic trees were constructed using the neighbor-
joining method and the data set was resampled 1000 times to
generate bootstrap values. Sequences of SFTSV from previous stud-
ies identified in Korea, China, and Japan were included in the
phylogenetic tree for comparison (GenBank accession numbers:
KM201296, [X987717, [F906043, [F906050, AB821348, AB818000,
AB818001,AB817997,KC189857, HQ179752, KF282702, K]739544,
JX462454, KF374683, KP663742, JQ693002).

3. Results

One hundred and twenty-six samples were collected from
seven districts (Guro-gu, Geumcheon-gu, Seongdong-gu, Mapo-
gu, Dongdaemoon-gu, Yongsan-gu, Gangnam-gu) within Seoul.
Among the 126 samples collected, 56 and 57 were identified as
female and male individuals, respectively. The sex of 13 sam-
ples was unidentified. We detected the RNA sequence of SFTSV in
22{126 samples (17%) with 10/57(18%) and 11/56 (20%) of the indi-
vidualsidentified asmale and female, respectively (Table 1). Thesex
of an individual tested positive from the Guro district was uniden-
tified. According to the phylogenetic tree, the subset of sequences
acquired from this study was clustered with sequences identified
in China, whereas the others were closer to sequences from Japan
(Fig. 1). The acquired sequences were deposited in GenBank under
accession number KP994421-KP994441.

4. Discussion

In this study, we identified SFTSV sequences in feral cats inhab-
iting highly urbanized habitats. In addition to identifying another
potential host species for SFTSV, the results of the study suggest the
existence of on-going transmission of SFTSV infection in urbanized
areas, which has been a relatively neglected habitat type in SFTS
studies. So far, investigations of SFTS prevalence have been focused
in rural areas as exposure to ticks bites and natural vegetation (e.g.
shrubs, weeds) has been considered as critical risk factors of SFTS
infection (Ding et al., 2014; Liu et al., 2015). Accordingly, previous
studies showed higher levels of tick infection and/or higher preva-
lence of tick-borne disease inrural host populations compared with
urban conspecifics (Gregoireet al., 2002 ; Labruna et al., 2007). How-
ever tick infestation in urban residents and animals, both wild and
domestic, have been also reported, especially in relation to avail-
ability of green patches within the city (Dautel and Kahl, 1999;
Foldvari et al., 2011; Smith et al., 2011). The active use of urban
green area by stray cats may allow circulation of SFTSV within city
stray cat populations. Unfortunately, there is a lack of data on the
tick infestation rates of Seoul stray cats, and no ticks were found
from our sampling processes.

Additionally, there have been recent reports proposing the fea-
sibility of SFTSV transmission through contact with blood andfor
secretion of infected individuals (Gai et al., 2012 ; Kim et al., 2015).
For instance, there have been cases of SFTSV infection in a hos-
pital in Ulsan, Korea caused by nosocomial transmission (Kim
et al., 2015), where 4 out of the 27 workers who contacted the
patient were diagnosed with SFTS by seroconversion. Considering
the behavioral ecology of stray cats, which allows individual cats
to frequently contact with each other in close proximity, such as
grooming andfor sharing of food source, there may be possibility

of direct contact playing a role in transmission of SFTSV in urban
stray cat population in addition to tick-bite.

Currently, it is yet unknown how SFTSV is transmitted among
urban stray cats. Hence, additional studies are critical to further
clarify the major route of transmission for SFTSV in urban stray
cat populations, with focus on the role of tick-borne transmission.
These may include screening for SFTSV in ectoparasites collected
from Seoul stray cats, as well as comparisons of SFTS infection in
feral cats from urban versus rural habitats, potentially with differ-
ent ectoparasite infestation rates.

Despite the high prevalence of SFTSV in urban stray cats
reported from our study, epiderniological reports of SFTSV infection
in human residing in Seoul, or other metropolitan area have been
rare. Such lack of urban human cases may be due to insufficient
surveillance effort of urban residents. In addition, low feasibility
of direct contact between stray cat and human, which is required
to allow interspecies tick transmission andfor direct exchanging of
body fluids, may be limiting the interspecies transmission of SFTSV.
Several concerns may arise based on the results of this study, such
as (1) the probability of cross-species transmission of SFTSV from
feral cats to humans, and vice versa, in urbanized habitats, and (2)
the pathogenicity of SFTSV in domestic cats that may affect the
health of both pets and feral cats. Hence, further efforts are required
to elucidate the mechanisms involved in SFTSV circulation, and its
pathogenic impact in urban-dwelling animals, including feral, wild,
and other pet animals, and human residents.
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