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Severe fever with thrombocytopenia syndrome virus (SFTSV) is an emerging tick-borne virus with

a mortality rate of up to 30%. First identified in China in 2009, it was later reported in other Asian
countries, including Thailand in 2020. SFTSV has been detected in several tick species, including
Rhipicephalus sanguineus, known for infesting dogs. We conducted a seroprevalence study of SFTSV
in Bangkok and Nong Khai, Thailand, by analyzing 1162 human samples collected between 2019

and 2023. The testing method relied on IgG detection using ELISA and confirmed though a virus
seroneutralization test. The results indicated that out of the participants, 12 (1.1%) tested positive for
anti-SFTSV IgG antibodies; however, none exhibited positive results in the seroneutralization assay.
Additionally, molecular detection of SFTSV, Crimean-Congo hemorrhagic fever (CCHF), Coxiella spp.,
Bartonella spp., and Rickettsia spp. was performed on 433 Rh. sanguineus ticks collected from 49 dogs
in 2023 in Chachoengsao Province, Thailand. No evidence of these pathogens was found in ticks. These
findings highlight the importance of exploring viral cross-reactivity. Furthermore, it is important to
conduct additional studies to isolate SFTSV from animals and ticks in order to identify the potential

transmission routes contributing to human and animal infections in Thailand.
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Severe fever with thrombocytopenia syndrome (SFTS), is an emerging tickborne disease caused by the severe
fever with thrombocytopenia syndrome virus (SFTSV), also known as Dabie bandavirus (Phenuiviridae fam-
ily, Bandavirus genus)'=. SFTSV has been detected in a range of animal species including sheep, cattle, dogs,
cats, deer, wild boards, raccoons, rodents, and hedgehogs*. Humans are incidental hosts who contract the virus
through bites from SFTSV-carrying ticks, by direct contact with body fluids of infected patients or infected pets>.
Clinical manifestations are broad and include fever, leukopenia (<4000/mm?), thrombocytopenia (< 100,000/
mm?®), gastrointestinal symptoms, neurological symptoms, and multiple organ failure>®, with a case-fatality rate

ranging from 6 to 30%”.
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Haemaphysalis longicornis commonly known as the Asian longhorned tick, acts as the primary transmission
vector and reservoir, and is endemic in the Asia-Pacific region®*. However, SFTSV has also been detected in
several other tick species, including Amblyomma testudinarium, Ixodes nipponensis, and Rhipicephalus microplus’.
Another tick species, Rhipicephalus sanguineus (Acari: Ixodidae), commonly referred to as the “brown dog tick™®?
has also been demonstrated to play a potential vector role in SFTSV transmission'. It is the most common tick
species that parasitizes dogs in both rural and urban areas worldwide, particularly in tropical and subtropical
regions where its prevalence persists throughout the year. Occasionally, it infects humans, often associated with
heavily infected dogs and highly infested environments''.

Severe fever with thrombocytopenia syndrome virus was first reported in humans in China in 2009, in rural
areas of the Hubei and Henan provinces. It subsequently spread to other provinces, leading to outbreaks with
thousands of cases. Later, SFTSV was identified in other Asian countries, including the Republic of Korea, Japan,
Vietnam, Myanmar, Taiwan, and Thailand*!?. In Thailand, the virus was initially reported in 2020 and, as of
January 2024, four cases have been identified. The first case was a 70-year-old woman with suspected transmis-
sion through cats'?, and the remaining cases were identified in a retrospective study conducted among patients
hospitalized in or near Bangkok between 2019 and 2020,

Seroprevalence studies in humans have been conducted in China, Japan, Korea®, Pakistan'®, and Vietnam'®.
In Thailand, seroprevalence studies in humans have not been performed, but a seroprevalence study in dogs
was conducted in 2022, which demonstrated the presence of antibodies. In addition, the virus was also isolated
from a dog*.

In the present study, we conducted the first human seroprevalence study in Thailand by analyzing serum
samples from healthy individuals in Bangkok and from patients with dengue-like symptoms collected in Nong
Khai Province to provide information on the circulation of SFTSV in the country. Furthermore, we performed
molecular detection assays to detect SFTSV and other pathogens, including Crimean-Congo hemorrhagic fever
(CCHE), Coxiella spp., Bartonella spp., and Rickettsia spp. in Rh. sanguineus ticks collected from dogs residing in
rural communities of Tha Takiap Subdistrict, Chachoengsao Province, Thailand, to identify potential pathogen
transmission by this tick.

Materials and methods

Human sample collection and ethical approval

One milliliter of residual serum samples was collected from 940 asymptomatic adult volunteer blood donors
who attended the National Blood Centre of the Thai Red Cross in Bangkok in November 2023. Additionally,
222 leftover samples were obtained from individuals suspected of dengue virus (DENV) infection at Phonphisai
hospital in Phonphisai district, Nong Khai Province, Thailand, between 2019 and 2020 (Fig. 1). Bangkok is the
capital and most populous city of Thailand, with an estimated population of more than 11 million people as
of 2024". Phonphisai district is a rural area in the upper northeastern region of Thailand, with an estimated
population of 71,864 people in 20248,

Serum samples were sent to the Faculty of Medical Technology, Mahidol University in Nakhon Pathom,
Thailand, in cold chain and were stored at—20 °C prior to serological analyses. An anonymous data collection
form was filled out by the National Blood Centre and included data on age, sex, province, district, and occupa-
tion. Data on age and sex were also gathered from individuals presenting dengue-like symptoms.

Ethical approval was obtained from the Mahidol University Central Institutional Review Board (COA No.
MU-CIRB 2023/167.2505), the National Blood Center Thai Red Cross Society (COA No. NBC 15/2023), and
Ethical Review Committee for Human Research Faculty of Public Health, Mahidol University (Protocol No.
88/2564). Written informed consent was obtained from adult participants, or parent/legal guardian in individuals
under the age of 18 years, prior to enrolment.

Human serological testing

A two-step method was used to detect IgG antibodies against SFTSV. First, serum samples were screened using
a commercial anti-SFTSV IgG ELISA kit (Zhongshan Bio-tech Co., Ltd. Guangdong, China), based on the viral
nucleoprotein, and performed according to the manufacturer’s instruction'. ELISA IgG was considered positive
when the sample optical density (OD) was greater than or equal to the cutoff value (the average of OD value of
negative control +0.10). This commercial kit has been employed in other studies'*~*%, demonstrating its effective-
ness in detecting SFTSV antibodies. Second, an in-house virus neutralization test (VNT) was performed for all
samples with a positive ELISA result to detect SFTSV-specific neutralizing antibodies. One hundred TCID50
(tissue culture infectious dose) of the SFTSV SPLO10A strain (provided by European Virus Archive Global
(EVAg)) was mixed with equal volume of serially diluted serum (1:10 to 1:320) and incubated at 37 °C, 5% CO,
for 1 h. Subsequently, the mixture was transferred onto 96 well plate containing confluent Vero cells (ATCC
CCL-81) and incubated at 37 °C, 5% CO, for 1 h. Following incubation, serum + virus mix was removed, and
cell monolayers were washed twice with Minimum Essential Medium (MEM). Finally, 200 pl of MEM/2,5%
fetal bovine serum (FBS) was transferred on each well, and plates were incubated for 72 h at 37 °C, 5% CO,. As
the SPLO10A strain does not exhibit distinct cytopathic effect (CPE) on Vero cells, the endpoint assessment was
conducted by quantifying the quantity of RNA copy numbers using qRT-PCR (Supplementary Table S1). At the
end of the of the incubation; RNA was extracted from cell culture supernatants, and qRT-PCR was performed
using sensitive and specific primers and probe (Supplementary Table S2) (These primers detect both Chinese and
Japanese SFTSV and are capable of detecting viral RNA up to 1 TCDI50/reaction, as described®). The percent-
age reductions of viral copy number for each serum dilution were computed relative to the virus control, which
included only the virus. Titer values were presented as the reciprocal of the serum dilution that reduced the RNA
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Figure 1. Geographical distribution map of sample collection sites. In yellow: human samples. In green:
Rhipicephalus sanguineus ticks collected from dogs. The map was created using Mapchart (https://www.mapch
art.net/).

copy number in the virus control by at least 75%. A constructed control plasmid and a standard IVT-RNA with
a known concentration (Supplementary Table S1) were used for QRT-PCR and VNT, respectively.

A sample was considered positive for SFTSV IgG antibodies when both, ELISA IgG and VNT were positive.
For VNT tests, all experiments were performed in biosafety level 3 laboratory (BSL3) at the Unité des Virus
Emergents, Marseille, France, according to standard BSL3 guidelines. All dilutions and liquid transfers were
performed using an automated system (Epmotion 5075). Reactions were performed using Invitrogen SuperScript
III reverse transcriptase (ThermoFisher Scientific, Massachusetts, USA) in a CFX96 thermal cycler (Bio-Rad,
California, USA), according to the manufacturer’s instructions.

Tick sample collection and ethical approval

In October, 2023, ticks were handpicked from 49 dogs in rural communities of Tha Takiap Subdistrict, Chacho-
engsao Province, Thailand, situated in the eastern part of the country (13°22’53.3" N 101° 42' 04.0” E) (Fig. 1),
which had a population of 19,412 people by 2022%*. The Tha Takiap Subdistrict is characterized by its hilly
slopes, mountain ranges, and relatively intact rainforests. During the collection process, all dogs were captured
and examined for ticks with the assistance of their owners. Ten ticks were randomly collected from each dog,
in cases with fewer ticks, all available ticks were collected. After collection, the live tick samples were sent to the
laboratory at the College of Allied Health Sciences, Suan Sunandha Rajabhat University’s Samut Songkhram
Campus. The non-engorged ticks were euthanized by freezing at — 20 °C for 30 min. Subsequently, all ticks
were washed in sterile physiological saline and preserved in RNAlater, stored in 1.5 ml microcentrifuge tubes
at—20 °C. Morphological identification of the ticks was performed using a taxonomic key? under a Nikon SMZ
800 N stereo-microscope (Nikon Corp., Tokyo, Japan). Engorged female ticks were kept at room temperature for
a week to encourage oviposition. After oviposition, these female ticks and their eggs were preserved and stored
in microcentrifuge tubes at — 80 °C. The ticks were then grouped based on developmental stage (adult, nymph),
sex (male, female), and the host animal from which they were collected. These categorized and labeled tubes
were transported to the Faculty of Medical Technology at Mahidol University in Nakhon Pathom, Thailand, and
stored at — 80 °C for further analysis.
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The experimental protocol and tick sample collection were duly submitted for review and subsequently
received approval from the Institutional Animal Care and Use Committee of Suan Sunandha Rajabhat University
(No. IACUC 66-002/2023).

DNA and RNA extraction

Microcentrifuge tubes containing pooled ticks were immersed in liquid nitrogen and crushed using a sterilized
plastic pestle. After homogenization, the preparations were resuspended in 400-600 pl of sterile 1X phosphate-
buffered saline (PBS) and stored at— 80 °C. Prior to extraction, the homogenates were centrifuged at 8000 rpm
for 5 min at 4 °C, and the resulting supernatants were used to extract the total DNA/RNA using Nucleospin
RNA virus extract kit (Macherey-Nagel, Germany), adding Proteinase K, following the manufacturer’s instruc-
tions, with a final elution volume of 80 pl. Extractions were subsequently stored at — 80 °C for further molecular
analyses.

PCR analyses

Tag-Man real-time polymerase chain reactions (QPCR or RT-qPCR) were employed to amplify pathogens, includ-
ing SFTSV%, Crimean-Congo hemorrhagic fever (CCHF)?, Coxiella spp.?’, Bartonella spp.*®, and Rickettsia
spp.?. Primers and probes (Supplementary Table S2), as well as bacteriophages MS2 and T4 (used as internal
controls®), were provided in a lyophilized format®!. Constructed plasmids were used as positive controls. All
were kindly supplied by the European Virus Archive global (EVAg) and the Emerging Viruses Unit in Marseille,
France. Reactions were performed using Invitrogen SuperScript III reverse transcriptase (ThermoFisher Scien-
tific, Massachusetts, USA) in a CFX96 thermal cycler (Bio-Rad, California, USA), according to the manufacturer’s
instructions. All methods were conducted in accordance with relevant guidelines and regulations.

Statistical analysis

For the expected prevalence of 3.0% based on similar studies conducted in other countries, the required sample
size was 1165 for the margin of error or absolute precision of+ 1 in estimating the prevalence with 95% confidence
and considering the potential loss of 4.0%. With this sample size, the anticipated 95% confidence interval (CI)
was 2.0-4.0%. The sample size was calculated using the Scalex SP calculator®.

Results and discussion

The four human cases reported in Thailand identified in Bangkok and Chachoengsao Province between 2019
and 2020, indicate that SFTSV has been spreading in the country. Therefore, we examined the seroprevalence of
anti-SFTSV IgG antibodies in 1162 human samples collected from 940 healthy blood donors in Bangkok with a
median age of 41 years (range 17-68 years) and from 222 individuals with dengue-like symptoms in Nong Khai
Province, with a median age of 15 years (range 8 months-67 years). The results of the initial ELISA screening
for anti-SFTSV IgG antibodies revealed that 12 (1.1%) human samples were positive, with 5 from blood donors
(3 company employees and 2 civil servants) and 7 from patients, with ELISA optical density ranging from 0.14
to 0.72 (mean OD =0.26). The median age of the positive individuals was 40 years (range 16-57 years), with a
prevalence of males 10/12 (83.3%). After confirmation by VNT, none of the samples tested positive, indicating
the absence of neutralizing antibodies (Table 1).

Seroprevalence studies have also been performed in other countries, including China (0.2-11.3%)***4, Japan
(0.0-4.2%)%**%, South Korea (1.9-7.7%)**~*, Pakistan (2.5%)'°, and Vietnam (3.6%)'°. The detection methods
used were predominantly ELISA tests. Given that the seroprevalence rate in this current study was determined
to be 1.1% using ELISA, this figure aligns with some studies from China, Japan, and South Korea. Further stud-
ies must be conducted to determine whether any viruses antigenically related to SFTSV are present in Thailand.
For instance, Guertu virus (GTV), which was recently isolated from D. nuttalli ticks in China, is closely related
to SFTSV and can also infect humans®.

SFTSV
ELISA VNT qPCR?
Sample Collection Location Province No. total | No. pos | No. total | No. pos | No. total No. pos
Human sera Blood donors | Thai Red Cross | Bangkok 940 5 5 0 NA NA
Human sera Dengue Phonphisai Nong Khai 222 7 7 0 NA NA
suspected Hospital
Rh. sanguineus Tha Takiap
ticks Dogs Subdistrict Chachoengsao | NA NA NA NA 433 (50 pools) | 0
Rh. sanguineus Rh' sanguineus | Tha 'ljaki}ap Chachoengsao | NA NA NA NA 12 pools 0
eggs ticks Subdistrict

Table 1. Human seroprevalence of severe fever with thrombocytopenia syndrome and molecular analysis of
Rhipicephalus sanguineus ticks in Thailand. ELISA Enzyme-linked immunosorbent assay, NA Not applicable,
pos Positive, gPCR Real-time polymerase chain reaction, SFTSV Severe fever with thrombocytopenia
syndrome virus, VNT Virus neutralization test. *Pathogens: SFTSV, Crimean-Congo hemorrhagic fever,
Coxiella spp., Bartonella spp., and Rickettsia spp.
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Severe fever with thrombocytopenia syndrome in domesticated animals has recently gained public attention
for its potential role as an infection source to humans. For instance, the first human case of SFTS in Thailand
was a 70-year old woman suspected of having been infected by cats, as all seven of her cats died". In Thailand,
the presence of stray or neglected companion dogs, and the widespread popularity of dog ownership, pose an
important source of infection, as clinical signs of SFTSV-infected dogs are relatively mild, making the diagno-
sis difficult and barely attracting enough attention to their owners and veterinary professionals®’. Moreover, a
SETSV seroprevalence study published in 2023 and conducted in dogs, demonstrated a total seroprevalence of
16.6% (ELISA and seroneutralization) in the provinces of Bangkok, Chachoengsao, Samut Prakan, Rayong, and
Chonburi, suggesting that infection among the canine population may be similar to those in endemic regions
of China*.

Rh. sanguineus tick infestation in dogs in Thailand is high (e.g. north-eastern 80.0%), which represents pub-
lic health significance due to its greater likelihood of spreading pathogens. Since it requires different hosts for
each blood meal, and in the era of globalization and climate changes, it has been suggested that ticks exposed to
high temperatures attached more to humans, potentially increasing the risk of transmission of certain zoonotic
pathogens'!. Therefore, we collected 433 Rhipicephalus sanguineus sensu lato ticks from dogs in rural communi-
ties of Chachoengsao Province, Thailand, where one human case of SFTSV was identified in 2020, and a sero-
prevalence of 11.1% was found in dogs in 2022 (confirmed by FRNT50)*. Two hundred fifty-three (58.4%) ticks
were male, 55 (12.7%) were females and 125 (28.9%) engorged female ticks. Almost all were adults, except for
four nymphs. In addition, 12 tubes of eggs were collected. All pool of ticks and eggs were tested for the detection
of SFTSV (Table 1). However, none of the pools were positive for RNA detection. As Haemaphysalis longicornis
serves as the primary vector, and considering that livestock are common hosts for this tick?’, we also investigated
the presence of ticks on 10 cattle and 15 goats in the same area of study. These animals are raised in the same
household as dogs. However, no ticks were found on the livestock, probably due to the use of insecticides, since
these animals are raised for sale.

Rh. sanguineus ticks have been identified as responsible for transmitting various well-known canine patho-
gens, including Babesia vogeli, Babesia canis, Hepatozoon canis, and Mycoplasma haemocanis, as well as pathogens
capable of infecting both humans and dogs, such as Ehrlichia canis, Anaplasma platys, and several zoonotic
Rickettsioses!*3#°_ In this study, we tested less common but important pathogens that cause important health
problems in humans, mainly transmitted by other tick species, but also found in Rh. sanguineus ticks, includ-
ing CCHE, Coxiella spp., Bartonella spp., and Rickettsia spp. However, we did not detect RNA or DNA from the
collected tick samples.

This study has some limitations. Firstly, the seroprevalence study involved a disproportionately higher number
of samples from urban areas compared to rural ones, with only a few samples from farmers. The sample size did
not reflect the entire country’s population. Additionally, the study did not consider the influence of socioeco-
nomic factors, outdoor activities, or history of tick-bites. Secondly, molecular identification was performed on a
single tick and animal species and was confined to a specific area, potentially masking positive results. However,
our study also has several strengths. Notably, this is the first seroprevalence study conducted on human sam-
ples in Thailand. The sample sizes are comparable to those of other countries and are appropriate for our study
based on statistical formulas. Serum samples were collected in Bangkok, where most of the positive cases were
identified. Collection from blood donors represents the healthy population and facilitates large-scale and cost-
effective seroprevalence studies, allowing longitudinal trend analysis. In addition, serum samples were collected
from a rural area bordering Laos, where the population may be more susceptible to tick-borne infections. The
combination of ELISA and seroneutralization tests used in this study provides greater specificity, outperforming
methodologies based solely on ELISA. Molecular identification of SFTSV in Rhipicephalus sanguineus ticks col-
lected from dogs is significant due to the high infestation and the presence of human and dog infections found
in the same province where the ticks were collected, potentially representing a source of infection. Although,
no positive results were detected, this information is crucial for identifying potential increases in incidence or
geographic range in the future. To achieve a more comprehensive understanding of the virus and the associated
disease, it is important to conduct further studies across diverse geographic regions and on various tick species,
including Haemaphysalis longicornis.

Conclusion

Severe fever with thrombocytopenia syndrome virus poses an escalating global public health threat not only
due to the segmented nature of its viral genome, which promotes frequent reassortment events, but also because
of its increasing incidence, expanding geographical distribution, and high mortality rates. Individuals engaged
in agriculture and forestry are considered at heightened risk of tick-borne infections. Moreover, close contact
with domestic animals is also thought to be a significant risk factor for SFTSV transmission. To our knowledge,
this is the first study of SFTSV seroprevalence in humans in Thailand. We demonstrate the current absence of
neutralizing antibodies against SFTSV in the samples collected from Bangkok and Phon Phisai district (Nong
Khai province). Additionally, we observed a considerable infestation of the tick species Rhipicephalus sanguineus
in dogs in Chachoengsao, Thailand. Nonetheless, the presence of RNA or DNA of SFTSV, CCHE, Coxiella spp.
Bartonella spp., and Rickettsia spp. was not detected. Our findings highlight the importance of performing
sustained surveillance to promptly detect emerging diseases in animals, vectors, and humans to better respond
to health threats.

Data availability
The data that support the findings of the study are available within the article. Additional data are available upon
request from the corresponding author.
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