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Abstract: Severe fever with thrombocytopenia syndrome virus (SFTSV) is the causative agent of
SFTS, an emerging tick-borne disease in East Asia, and is maintained in enzootic cycles involving
ticks and a range of wild animal hosts. Direct transmission of SFTSV from cats and dogs to humans
has been identified in Japan, suggesting that veterinarians and veterinary nurses involved in small-
animal practice are at occupational risk of SFTSV infection. To characterize this risk, we performed a
sero-epidemiological survey in small-animal-practice workers and healthy blood donors in Miyazaki
prefecture, which is the prefecture with the highest per capita number of recorded cases of SFTS
in Japan. Three small-animal-practice workers were identified as seropositive by ELISA, but one
had a negative neutralization-test result and so was finally determined to be seronegative, giving a
seropositive rate of 2.2% (2 of 90), which was significantly higher than that in healthy blood donors
(0%, 0 of 1000; p < 0.05). The seroprevalence identified here in small-animal-practice workers was
slightly higher than that previously reported in other high-risk workers engaged in agriculture and
forestry in Japan. Thus, enhancement of small-animal-practice workers’ awareness of biosafety at
animal hospitals is necessary for control of SFTSV.

Keywords: cats; dogs; SFTS; Bandavirus; public health; Japan

1. Introduction

Severe fever with thrombocytopenia syndrome (SFTS) is a fatal, emerging, tick-borne
zoonosis in East Asia. SFTS shows nonspecific clinical symptoms including high fever,
strong fatigue, gastrointestinal symptoms, and leukocytopenia [1]. The SFTS mortality rate
ranged from 10 to 27% in endemic countries such as China, Japan, and South Korea [2–4].
The causative agent of SFTS is Dabie bandavirus, which is generally known as SFTS virus
(SFTSV), and is classified in the family Phenuiviridae and the genus Bandavirus. SFTSV
is thought to be maintained among ticks and a range of host animals in the wild, and is
sporadically transmitted to humans through tick bites [5]. At the time of discovery of
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SFTSV in Japan, people engaged in agriculture and forestry were considered to be at risk
of infection, as with cases in China [1]. Recently, many cases of SFTS in domestic cats were
reported in western Japan [6] and close contact with companion animals is also thought to
be an important risk factor for SFTSV infection [3], suggesting that other workers might
also be at occupational risk.

As of May 2020, in Japan, 517 confirmed cases of SFTS had been reported. Miyazaki
prefecture, which is located in the south-east of Kyushu island (Figure 1), has the highest
per capita number of recorded cases of SFTS in Japan, with 13.9% (72 of 517) of the total
SFTS cases among only 0.8% of the country’s population.
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We have previously identified direct SFTSV transmission from an infected cat to a
veterinarian and a veterinary nurse at a small-animal hospital in Miyazaki prefecture [7].
Similar cases have also been reported in other SFTS-endemic prefectures [8], indicating
that small-animal-practice workers, including veterinarians and veterinary nurses and
assistants, might be at high risk of SFTSV infection. Our objective in this study was to
determine the occupational risk of SFTSV infection among small-animal veterinarians and
veterinary nurses, in order to contribute to the improvement of public health by enhancing
awareness of those who are at risk.

2. Materials and Methods
2.1. Ethical Statement and Sample Collection

All protocols and procedures were approved by the research ethics committee of the
Miyazaki Prefectural Institute for Public Health and Environment (Approval No. 2 on
23 May 2017).

In November 2018, 90 serum samples were collected from small-animal veterinarians
(n = 43) and nurses (n = 47) working in Miyazaki prefecture. All participants were informed
of the purpose of the study and gave written consent prior to blood sampling. A struc-
tured questionnaire was prepared and completed by the participants to collect information
on job history; usage of personal protective equipment such as disposable gloves, mask,
face shield, and goggles during medical examinations with animals; experience of contact
with animals confirmed and/or suspected of having SFTS; and history of SFTS-like symp-
toms. The respondents in this study did not include the veterinarian and the veterinary
nurse who were involved in the previously reported cat-to-human direct-transmission
case [7]. The control group consisted of 1000 serum samples collected by the Japan Red
Cross Society. All samples were provided according to the guideline of the effective use
of donated blood for research and development (Acceptance No. 30J0025). The donors
were healthy 18–64-year-old residents of Miyazaki prefecture who had been confirmed as
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antibody-negative for human immunodeficiency virus, hepatitis B and C viruses, human
T-cell leukemia virus type 1, primate erythroparvovirus 1, and Treponema pallidum.

2.2. Enzyme-Linked Immunosorbent Assay and Focus-Reduction Neutralization Test

The indirect enzyme-linked immunosorbent assay (ELISA) to detect human IgG
antibodies against SFTSV antigens was performed as described previously [9]. Serum
samples were diluted 100 times with PBS containing 5% Block Ace (Dainihon Seiyaku Co.,
Osaka, Japan) and 0.05% Tween-20. The value for detection by ELISA was calculated by
the OD405 in wells coated with lysates of virus-infected cells minus the OD405 in wells
coated with lysates of mock-infected cells, and the cut-off for a positive identification was
set as 0.3 in this study. For any serum sample with an ELISA result greater than the cut-off
value, further testing was performed with a focus-reduction neutralization test (FRNT)
to quantify the FRNT50 value against SFTSV, as described previously [10]. The FRNT50
value is the reciprocal of the highest serum dilution that reduces the number of foci to
50% of the number in control wells. A FRNT50 value ≥10 was considered to indicate a
seropositive sample.

2.3. Statistical Analysis

The Fisher’s exact test was used for comparison of the numbers of seropositive
and seronegative samples between the small-animal-practice workers and blood donors.
The analysis was performed using GraphPad Prism 6 software (GraphPad Software,
San Diego, CA, USA). p < 0.05 was considered statistically significant in this study.

3. Results

Three serum samples (3.3%, 3 of 90), which were obtained from two veterinarians and
a veterinary nurse working at small-animal hospitals, exceeded the cut-off value of the
ELISA test (Table 1).

Table 1. Seroprevalence of severe fever with thrombocytopenia syndrome virus in Miyazaki prefec-
ture, Japan.

Group No. of ELISA-Positive
Sera (Total No. of Tests)

No. of FRNT-Positive
Sera (Total No. of Tests)

Seropositive Rate (No.
Seropositive/Total No. Tested)

Small-animal-practice
workers 3 (90) 2 (3) 2.2% (2/90)

Blood donors 0 (1000) ND 0% (0/1000)

ELISA, enzyme-linked immunosorbent assay; FRNT, focus-reduction neutralization test; ND, not done.

The corrected OD405 values of these sera (sample IDs #4, #126, and #127) were 2.77,
3.17, and 1.56, respectively (Table 2).

The FRNT50 values of the sera were 10, >160, and <10, respectively, so serum sample
#127 was classified as seronegative, and the seropositive rate in the studied group of
small-animal-practice workers in Miyazaki prefecture was 2.2% (2 of 90). By comparison,
no seropositive cases were identified among 1000 serum samples obtained from blood
donors in Miyazaki prefecture. The seropositive rate among the small-animal-practice
workers was significantly higher than that among the blood donors (Fisher’s exact test,
p = 0.0067).

According to the data gathered by questionnaire, a veterinarian who was seropositive
(#126) and a veterinary nurse who was seronegative by FRNT, but seropositive by ELISA
(#127), had both had previous contact with animals with SFTS-like presentation and
had developed subjective SFTS-like symptoms. The other seropositive veterinarian (#4)
had also had contact with animals with SFTS-like presentation but did not recall having
noticeable symptoms indicating SFTS. Although the response rates for questions regarding
the usage of personal protective equipment varied, 85.0% (57 of 67) and 86.3% (57 of 66)
of small-animal-practice workers who responded to these questions indicated that they
wore disposable gloves and masks, respectively, during clinical examinations. However,
only 22.6% (12 of 53 respondents) indicated that they wore goggles or face shields.
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Table 2. Characteristics of the serological reaction to severe fever with thrombocytopenia syndrome virus and the results
from the questionnaire.

Participant ID Occupation ELISA OD405 Value
(Test Minus Control) a FRNT50 Value b

Experience of Contact
with Animals with

SFTS-Like Presentation

Experience of
SFTS-Like
Symptoms

#4 Veterinarian 2.27 10 Yes No
#126 Veterinarian 3.17 >160 Yes Yes
#127 Veterinary nurse 1.56 <10 Yes Yes

ELISA negative veterinarians and
veterinary nurses - - Yes: 41.3% (26/63 c) Yes: 1.6% (1/63 c)

Test wells were coated with lysates of SFTS-infected cells, and control wells were coated with lysates of mock-infected cells. b The FRNT50
value is the reciprocal of the highest serum dilution that reduces the number of foci to 50% of the number in control wells. c Number of valid
responses other than the above three cases was 63. ELISA, enzyme-linked immunosorbent assay; FRNT, focus-reduction neutralization test;
SFTS, severe fever with thrombocytopenia syndrome.

4. Discussion

To determine the occupational risk of SFTSV infection, we conducted a serological
survey with samples from small-animal-practice workers and healthy blood donors in
the prefecture with the highest per capita case load of SFTS in Japan. We found that 2.2%
(2 of 90) of small-animal-practice workers were seropositive, indicating prior infection
with SFTSV. By comparison, no seropositive samples were identified in the sera from
1000 healthy blood donors in the prefecture. The seropositive rate among small-animal-
practice workers was significantly higher than among healthy blood donors (p = 0.0067).
In this study, no seropositive case was confirmed among 1000 blood samples. Statistically,
even if no seropositive case in more than 312 blood donors or two seropositive cases in
1000 blood donors had been confirmed, the significant difference of the seropositive rate
among small-animal-workers was still recognized. In previous studies conducted in Japan,
SFTSV seroprevalence was found to be 0.14% (1 of 694) among people >50 years old in
Ehime prefecture, and 0.8% (1 of 125) among hunters in Kagoshima prefecture [11,12].
Although our sample size was limited, the seropositive rate that we identified among
small-animal-practice workers was slightly higher than those found in other high-risk
groups in Japan.

In a study involving experimental infection of cats, high copy numbers of SFTSV were
found in the serum, eye swabs, saliva, rectal swabs and urine [10]. As cat-to-human SFTSV
transmission has been reported [7,8], small-animal practice should be considered as one
of the occupations that is at high risk of SFTSV infection. Most of the veterinary workers
who responded to the questionnaire in our study indicated that they wore disposable
gloves and masks during clinical examinations (85.0–86.3%). However, only 22% wore
face shields or goggles, suggesting that biosafety dissemination and awareness raising
should focus on the wearing of face shields or goggles in addition to other basic personal
protective equipment such as gloves, masks, and surgery gowns when handling cats and
dogs suspected of having SFTS.

The results of serological surveys are affected by the detection methods that are used.
ELISA is a simple and high-throughput method, but nonspecific reactions may result in
overestimation of the positive rate. Therefore, confirmatory virus-neutralization tests are
considered desirable after positive results of screening by ELISA in serological surveys of
SFTSV [11,12]. Here, we identified one case with a positive result by ELISA but a negative
result by neutralization test. Although it is possible that a nonspecific reaction resulted
in a false-positive detection by ELISA, another possibility is that the decay of SFTSV-
neutralizing antibodies may have led to a false-negative result by FRNT. This veterinary
nurse had experience of direct contact with a dog with SFTS-like presentation more than
10 years ago and had developed SFTS-like symptoms after the contact. Neutralizing
antibodies against SFTSV have been shown to be maintained for >4 years post-infection [13].
Further research to follow the neutralizing-antibody profiles over time in relation to initial
antibody titers will improve the precision of serological studies of SFTSV.
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Our results have provided further evidence that small-animal-practice workers are at
risk of occupational exposure to SFTSV. We have discussed this risk previously in relation
to a case report of direct transmission of SFTSV from a cat to veterinary workers at a
small-animal hospital [7]. The results of these studies demonstrate the urgent need for the
establishment of veterinary standard precautions and improved biosafety education for
veterinarians and veterinary nurses.

Author Contributions: Y.K., T.N., and T.O. designed and organized the study. Y.K., A.Y., and T.S.
contributed to the serum sampling from veterinary workers. Y.K., M.M., K.I., P.E.S., and K.M.
performed the laboratory assays. Y.K., E.M., A.S., H.M., and T.O. wrote the manuscript. All authors
have read and agreed to the published version of the manuscript.

Funding: The Collaborative Research Project in the Center for Animal Disease Control, University
of Miyazaki, and the Special Education and Research Expenses by MEXT and AMED under Grant
Number JP19fk0108069 and JP20fk0108081, supported the research described in this study.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of the Miyazaki Prefectural Institute
for Public Health and Environment (Approval No. 2 on 23 May 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical restrictions.

Acknowledgments: We would like to thank the medical staff in Miyazaki Prefectural Miyazaki Hos-
pital, Nobeoka Hospital, and Miyakonojo Medical Association Hospital for their great contribution
to the blood collection from small-animal-practice workers. We also thank Miyazaki Red Cross Blood
Center for kindly providing serum samples.

Conflicts of Interest: The authors declare no conflict of interest. None of the funding sources had
influence upon the design or performance of the experimental study, the interpretation of the results,
or the writing of the manuscript.

References
1. Kato, H.; Yamagishi, T.; Shimada, T.; Matsui, T.; Shimojima, M.; Saijo, M.; Oishi, K.; SFTS Epidemiological Research Group-Japan.

Epidemiological and Clinical Features of Severe Fever with Thrombocytopenia Syndrome in Japan, 2013–2014. PLoS ONE 2016,
11, e0165207. [CrossRef] [PubMed]

2. Choi, S.J.; Park, S.-W.; Bae, I.-G.; Kim, S.-H.; Ryu, S.Y.; Kim, H.A.; Jang, H.-C.; Hur, J.; Jun, J.-B.; Jung, Y.; et al. Severe Fever with
Thrombocytopenia Syndrome in South Korea, 2013–2015. PLOS Negl. Trop. Dis. 2016, 10, e0005264. [CrossRef] [PubMed]

3. Kobayashi, Y.; Kato, H.; Yamagishi, T.; Shimada, T.; Matsui, T.; Yoshikawa, T.; Kurosu, T.; Shimojima, M.; Morikawa, S.; Hasegawa,
H.; et al. Severe Fever with Thrombocytopenia Syndrome, Japan, 2013–2017. Emerg. Infect. Dis. 2020, 26, 692–699. [CrossRef]
[PubMed]

4. Miao, D.; Liu, M.-J.; Wang, Y.-X.; Ren, X.; Lu, Q.-B.; Zhao, G.-P.; Dai, K.; Li, X.-L.; Li, H.; Zhang, X.-A.; et al. Epidemiology and
Ecology of Severe Fever with Thrombocytopenia Syndrome in China, 2010-2018. Clin. Infect. Dis. 2020, in press. [CrossRef]
[PubMed]

5. Silvas, J.A.; Aguilar, P.V. The Emergence of Severe Fever with Thrombocytopenia Syndrome Virus. Am. J. Trop. Med. Hyg. 2017,
97, 992–996. [CrossRef] [PubMed]

6. Matsuu, A.; Momoi, Y.; Nishiguchi, A.; Noguchi, K.; Yabuki, M.; Hamakubo, E.; Take, M.; Maeda, K. Natural severe fever with
thrombocytopenia syndrome virus infection in domestic cats in Japan. Veter. Microbiol. 2019, 236, 108346. [CrossRef] [PubMed]

7. Yamanaka, A.; Kirino, Y.; Fujimoto, S.; Ueda, N.; Himeji, D.; Miura, M.; Sudaryatma, P.E.; Sato, Y.; Tanaka, H.; Mekata, H.; et al.
Direct Transmission of Severe Fever with Thrombocytopenia Syndrome Virus from Domestic Cat to Veterinary Personnel. Emerg.
Infect. Dis. 2020, 26, 2994–2998. [CrossRef] [PubMed]

8. Kida, K.; Matsuoka, Y.; Shimoda, T.; Matsuoka, H.; Yamada, H.; Saito, T.; Imataki, O.; Kadowaki, N.; Noguchi, K.; Maeda, K.;
et al. A Case of Cat-to-Human Transmission of Severe Fever with Thrombocytopenia Syndrome Virus. Jpn. J. Infect. Dis. 2019,
72, 356–358. [CrossRef] [PubMed]

9. Fukuma, A.; Fukushi, S.; Yoshikawa, T.; Tani, H.; Taniguchi, S.; Kurosu, T.; Egawa, K.; Suda, Y.; Singh, H.; Nomachi, T.; et al.
Severe Fever with Thrombocytopenia Syndrome Virus Antigen Detection Using Monoclonal Antibodies to the Nucleocapsid
Protein. PLoS Negl. Trop. Dis. 2016, 10, e0004595. [CrossRef] [PubMed]

http://doi.org/10.1371/journal.pone.0165207
http://www.ncbi.nlm.nih.gov/pubmed/27776187
http://doi.org/10.1371/journal.pntd.0005264
http://www.ncbi.nlm.nih.gov/pubmed/28033338
http://doi.org/10.3201/eid2604.191011
http://www.ncbi.nlm.nih.gov/pubmed/32186502
http://doi.org/10.1093/cid/ciaa1561
http://www.ncbi.nlm.nih.gov/pubmed/33068430
http://doi.org/10.4269/ajtmh.16-0967
http://www.ncbi.nlm.nih.gov/pubmed/28820686
http://doi.org/10.1016/j.vetmic.2019.06.019
http://www.ncbi.nlm.nih.gov/pubmed/31500732
http://doi.org/10.3201/eid2612.191513
http://www.ncbi.nlm.nih.gov/pubmed/33219655
http://doi.org/10.7883/yoken.JJID.2018.526
http://www.ncbi.nlm.nih.gov/pubmed/31366857
http://doi.org/10.1371/journal.pntd.0004595
http://www.ncbi.nlm.nih.gov/pubmed/27045364


Viruses 2021, 13, 229 6 of 6

10. Park, E.-S.; Shimojima, M.; Nagata, N.; Ami, Y.; Yoshikawa, T.; Iwata-Yoshikawa, N.; Fukushi, S.; Watanabe, S.; Kurosu, T.;
Kataoka, M.; et al. Severe Fever with Thrombocytopenia Syndrome Phlebovirus causes lethal viral hemorrhagic fever in cats. Sci.
Rep. 2019, 9, 1–18. [CrossRef] [PubMed]

11. Kimura, T.; Fukuma, A.; Shimojima, M.; Yamashita, Y.; Mizota, F.; Yamashita, M.; Otsuka, Y.; Kan, M.; Fukushi, S.; Tani, H.;
et al. Seroprevalence of severe fever with thrombocytopenia syndrome (SFTS) virus antibodies in humans and animals in Ehime
prefecture, Japan, an endemic region of SFTS. J. Infect. Chemother. 2018, 24, 802–806. [CrossRef] [PubMed]

12. Gokuden, M.; Fukushi, S.; Saijo, M.; Nakadouzono, F.; Iwamoto, Y.; Yamamoto, M.; Hozumi, N.; Nakayama, K.; Ishitani, K.; Nishi,
N.; et al. Low Seroprevalence of Severe Fever with Thrombocytopenia Syndrome Virus Antibodies in Individuals Living in an
Endemic Area in Japan. Jpn. J. Infect. Dis. 2018, 71, 225–228. [CrossRef] [PubMed]

13. Ding, F.; Zhang, W.; Wang, L.; Hu, W.; Magalhaes, R.J.S.; Sun, H.; Zhou, H.; Sha, S.; Li, S.; Liu, Q.; et al. Epidemiologic Features of
Severe Fever With Thrombocytopenia Syndrome in China, 2011–2012. Clin. Infect. Dis. 2013, 56, 1682–1683. [CrossRef]

http://doi.org/10.1038/s41598-019-48317-8
http://www.ncbi.nlm.nih.gov/pubmed/31427690
http://doi.org/10.1016/j.jiac.2018.06.007
http://www.ncbi.nlm.nih.gov/pubmed/30017796
http://doi.org/10.7883/yoken.JJID.2017.497
http://www.ncbi.nlm.nih.gov/pubmed/29709983
http://doi.org/10.1093/cid/cit100

	Introduction 
	Materials and Methods 
	Ethical Statement and Sample Collection 
	Enzyme-Linked Immunosorbent Assay and Focus-Reduction Neutralization Test 
	Statistical Analysis 

	Results 
	Discussion 
	References

