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Emerging SFTSV Threat in Thailand: Human
Infections, Animal Reservoirs, and Vector Ecology




Arthropod-borne viruses
(Arboviruses)

 Existed throughout human history
e Causes of human and animal diseases

* Emergence of arbovirus infections

* international trade & transportation,
migration, climate change, difficulties with
treatment, vaccine development, vector
control etc.



Arthropod-borne viruses
(Arboviruses)

Human pathogens:

 Dengue Virus

e West Nile virus

* Yellow fever

e Japanese encephalitis virus
e Chikungunya Virus

e Zika virus

* Oropouche virus

e Mayaro virus

e SFTSV (Dabie bandavirus)



Blood-borne
hepaciviruses
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Tick-borne
flaviviruses

Mosquito-borne
flaviviruses

Phylogenetic analysis of Flaviviridae family

http://www.utmb.edu/discoveringdenguedrugs-together/Diseases/Flaviviridae%20Family.asp
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® @973 CBC Hb 14.9 gm%, Hct 44% WBC 2500
/cumm Platelets 92,000 N71% L18% M8%

® Repeated the day after Platelets 172,000/cumm

® BUN, Cr normal, LFT mild elevation AST, ALT
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Repeated CBC @

» WBC 2300 cumm

e Platelets 130,000 cumm
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Lab investigation

Flu A/B negative, Covid-19 neg

Dengue NS1 neg




K‘ Chikungunya IgG, IgM. neg, RT-PCR neg. ‘

UA negative
* Hemo culture x3D no growth x 2 276
* Scrup typhus IgM negative

* Stool c/s for enteropathogenic bacteria neg

\* Ultrasound hepatomegaly 15.7 cm /




Hb 14.5 gm Hct 44.3%
WBC 1000 cumm

Platelets 78,000 cumm
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Hb 15.9 gm Hct 47.9%

Platelets 68,000 cumm
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Consult Hemato
Repeated CBC

Hb 15.0 gm Hct 47.9%
WBC 5400 cumm

Platelets 68,000 cumm
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#4192 consult 2. 89 Heule

3710 ultrasound




Case 3

Day8 Day9 Dayl0 Dayll

| | .
2 T 0 1,11 D07 T IS WISTEY — THITE]
Days after D;::;:: X q 1V i) Y7
NBBW| Pulse | F r.: 2| 6|10]14] 18] 22| 2 | 6| 10] 14]18]22] 2] 6 [10]14] 18] 22] 2 | & | 10] 14| 18] 22] 21 6 |10 22
GRAMS o WEEE . =
T =
x 183 | wsdg 4 =
[ ]
sof 150- — =
E jg 180 4 | 40 = s = —
I Er‘: ) 3
E £ ¥ - ~ - 3
: ¥ 3 o Sl
oaf g 120- | wezl 3w =
g = = =
§ 50 § 1 o =
£ T el 1 = -
\]' L] | -8 =
oof po- | pac 3r_:___ui‘ = = ; ah — —
&0 m '_'I o — - A > 5"'; :—1 - o -
] b " L e ‘\1 = — I
00 o | sl 36 o = i 2 s I :
j == — S
80-
w| s 38 ] =
Respirations Rate P 2020000 10 Ropofofioho PO 10 ko po fo | {2212 ".*:U i |
io Er‘ystm'r: wohoo nobighyo ek L hiohielnglnofit I b il posidhsol 3
Diastolichp fyolps holsaliokobo hali bake Ll [ kohsl kulaikileo




Severe Fever with
Thrombocytopenia
Syndrome Virus, Thailand.



Case Report

Severe Fever with Thrombocytopenia Syndrome Virus: The First
Case Report in Thailand

Supitcha Ongkittikul, MD' ; Ruedesrat Watanawaong, MD? ; Photchana Romphao, RN?

» Patient: 70-year-old Thai woman
» Begins with fever and nonspecific prodromal symptoms
* Progresses to encephalitis and multi-organ failure

» Laboratory Findings:

WBC: 2,100/mm?3 (45% neutrophils, 50% lymphocytes)

Platelet: 88,000/mm3

D-dimer: 2.96 pg/mL — Coagulopathy/DIC

Peripheral smear: | platelets, few schistocytes, polychromasia

Liver enzymes: AST 814, ALT 142 IU/L

CPK: 1,336 U/L

LDH: 2,407 U/L

Dengue PCR and IgM: Negative

Specimens collected for rabies testing (saliva, serum, hairline, urine, CSF) — All results negative

Serum PCR detected SFTSV RNA — Confirmed diagnosis of Severe Fever with Thrombocytopenia Syndrome
» Upon further history taking, it was revealed that:

Her seven pet cats had fallen ill and died within one week, one month before her symptoms.
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Abstract

Infection with severe fever with thrombocytopenia syndrome (SFTS) virus, which can cause hemorrhagic febrile illness, is often
transmitted by ticks. We identified 3 patients with SFTS in or near Bangkok, Thailand. Our results underscore a need for heightened
awareness by clinicians of possible SFTS virus, even in urban centers.

Severe fever with thrombocytopenia syndrome (SFTS) is a tickborne viral disease associated with acute fever, possibly accompanied by
vomiting, diarrhea, fatigue, myalgia, and leukocytopenia (7). Most reports of infection have come from studies in South Korea, Japan, and
China, although Taiwan, Vietnam, and Myanmar have had confirmed cases in recent years (2). Severe infections can cause hemorrhagic
fever and multiple organ failure leading to death. SFTS results from infection by the SFTS virus (SFTSV, newly renamed Dabie bandavirus),
an RNA virus in the family Phenuiviridae, genus Bandawirus (3). More frequent arbovirus infections in Thailand, primarily dengue and
chikungunya, often confound diagnosis of febrile iliness caused by other viruses such as SFTSV because most clinicians lack awareness.

Archives of Virology (2023) 168:271
https://doi.org/10.1007/500705-023-05897-1
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Abstract

Severe fever with thrombocytopenia syndrome virus (SFTSV) has been reported in many countries in Southeast Asia, which
expands the original geographic range of China, Korea, and Japan. Here, we report the complete genome sequences of two
Thai SFTSV strains previously identified in patients with undifferentiated febrile illness in 2020. Phylogenetically, both clus-
tered with SFTSV genotype B strains and were most closely related to those previously reported in central China (>99.0%
nucleotide sequence identity) in the L, M, and S gene segments. Nine amino acid residues encoded by one or more Thai
SFTSV genomes differed from those found in global strains. Interestingly, the observed differences in numerous residues
between the Thai strains suggest possible separate introductions of different variants into the region.




Severe Fever with Thrombocytopenia Syndrome Virus (SFTSV)

https://doi.org/10.1186/s12985-023-
02033-y

Enveloped, negative-sense, single-
stranded, three-genomic segmented,
RNA virus

Order: Bunyavirales (formerly
the Bunyaviridae family)

Family: Phenuiviridae

S: 1746 nts
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M: 3378 nts
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L: 6368 nts
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Genus: Bandavirus

Renamed as Dabie bandavirus

L -
Potential vectors: ticks (Haemaphysalié’ﬁ
longicornis, Amblyomma testudinarium,
Ixodes nipponesis, and Rhipicephalus

microplus),




Severe Fever with Thrombocytopenia Syndrome (SFTS)

a tick-borne viral disease, caused by SFTSV, associated with acute fever, which may
accompany vomiting, diarrhea, fatigue, myalgia, rash, and leukocytopenia
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Clinical disease course
1. Incubation: 5 to 14 days
since tick bites - onset

2. Fever: 1 to 7 days -- fever,

e

Multi-organ
Dysfunction

headache, and Gl symptoms i
When virus load ot
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3. Multiple organ failure

4. Convalescence



SFTSV infection has increased rapidly in both
incidence and geographical range since 2009

China South Korea  Thailand Vietnham Myanmar Taiwan

Pakistan

Taiwan

Myanmar
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Most frequent arbovirus infections
in Thailand, primarily dengue and
chikungunya, often confound febrile

illness caused by other virus

Patients with acute

fever N=2,511

.

i nfECtiO ns Chikungunya virus testing
gRT-PCR and lgM
At the end of 2018, an upsurge of | Negamt: = ] | Pmim{ ]
chikungunya virus (CHIKV) infection in I “
Thailand found that >70% of acute febrile Dengue and Zika virus

testing gRT-PCR

illnesses were laboratory-confirmed CHIKV |

'

(Khongwichit S et a/,, 2021). |
Megative = 804

The eventual decreasing proportion of

Both DEMV/ZIKV positive = 2

DENV positive = 54
ZIKV positive =42

CHIKV-positive samples led to screening for
other viral etiologies of acute fever including

dengue and Z|ka. Sufficient mate‘rials remaining
for SFTSV testing
At the time, SFTSV was reported in Vietnam. N

Therefore, samples tested negative for all
three viruses were examined for possible
SFTSV infection.

Appendix Figure. Febrile iliness samples chosen for SFTSV testing

P. Rattanakomol et al., 2022
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A possible SFTSV in urban centers

Table. Detection of SFTSV in Thai patients, 2019-2020.

Patient 1 Patient 2 Patient 3

Information

Age and gender 60, male 16, male 52, female

Location Bangkok Chachoengsao Bangkok

Collection date 14 Nov 2019 10 May 2020 19 Oct 2020

Clinical manifestations _

Temperature and symptoms 37.2°C 406 °C 38.1°C
Myalgia, arthralgia, Myalaia Myalgia
cough, nausea, Arthralgia
vomiting,
abdominal pain,
diarrhea .

Laboratory findings (most extreme) N

White blood cells (4,100-10,900 1,790 900 2,770

cells/uL)

Neutrophil (40-72 %) 45 31 121,000

Lymphocyte (18-49 %) 42 59 62

Platelet (140,000-400,000 cells/uL) 107.0L° 45,000 34

Aspartate aminotransferase (<40 Na: cone 102 1,758

u/L)

Alanine aminotransferase (<41 U/L) 24 63 973

Pathogens not detected Y ¢

Rickettsia/Orientia spp. and Influenza A/B Influenza A/B, Epstein- Hepatitis A/B

Barr,
Hepatitis B/C, SARS-
CoV-2,

Malaria, Leptospira,
Burkholderia pseudomalle




Archives of Virology (2023} 168:271
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ANNOTATED SEQUENCE RECORD

Severe fever with thrombocytopenia syndrome virus genotype B

in Thailand

Patthaya + Sarawut Kt

hit' @ . Watchaporn Chuchaona’

Yong Poovorawan'

+Sompong Vnngpunsawad‘

Phylogenetic analysis of the SFTSV strains in Thailand

L segment (6,246 nt)

100 [~ @ 00341226 Thaitand 2020 (BK324T)|

&iq.“'lus'|hlilll|llﬂﬂn[mﬂw'-|]
MK355639 China 2012
MKS24359 China 2017
KLISUTELS China 2011
MGTIT069 South Korea 2016

LC732568 Japan 2021
100 MMNI0270 Taiwan 2019
98 MEK301483 South Korea 2017

100

JQ670934 China 2011
100 KY 789434 South Korea 2015
KRO17843 China 2013
MZ773015 China 2020

100 HOQ141601 China 20010

100 — NC 018136 China 2010
KF711882 China 2012
OM453293 China 2018
KP663731 South Korea 2014
100 - HQ141604 China 2010

L. HMB802202 China 2010

100 r KRO17830 China 2012
KF358691 South Korea 2012

(A0

100 OMN402252 China 2022
T-I‘I:KFSSM China 2011

1B

M segment (3,214 nt)

Ic

I o B

100 ¢ @OO341221 Thailand 2020 (BK2M7)
I.u._L.OQil 12112 Thailand 2020 (BK3247)
l— MIK355638 China 2012
L MKS524358 China 2017

KJ597824 China 2011
MGTATITH South Korea 2016

9

LCT30376 Japan 2021

ﬂE MNE30174 Taiwan 201%
4 ME301484 South Korea 2017

JO670930 China 2011
- KYTH0437 South Korea 2015
- KROI7862 Chifa 2013
MZT730340 China 2020
(T3 HQI41602 China 2010
NCDIB138 China 2010

100
™ KF711921 China 2012
100 OM4S2613 China 2018

KPa63732 South Karea 2014
1on ¢ HQ141605 China 2010

[_ HME02203 Chima 2000

KF356531 China 2011

5

OMN4I2258 China 2022
KROT784% China 2012
1 KF358697 South Korea 2012

1o

Ic

S segment (1,674 nt)

" @ONEISHE Thailasd 2019 (BKIS61)
—t’«mmw Thailand 2029 (BK2347)|
N NS Thailand 2020 (BK3M7)

W‘I_ KU664012 China 2012
MK524357 China 2017 1B
MGT37286 South Korea 2016

KJ597823 China 2011

LCT0375 Japan 2021

ME30148S South Korea 2017
MNEIONTI Taiwan 2019

100 KRO17824 China 2013

100 KYT89440 South Korea 2015

TiM

99 HQ 141603 China 2010
MZTT3HM6 China 2020

a0 JORTO032 China 2011
—: KP663713 South Korea 2014

OM451920 China 2018 )]

W
L E KFT11892 China 2012
NC 018137 China 20010

100 ||IQI41606 China 2010 I .
L— HMEB02204 China 2010 E

L ON402264 China 2022
100 :1@15&&19 China 2011

0.0

100 KROTTRIT China 2012
LKF]Q“»” South Korea 2012

Phylogenetic analysis of the S, M, and L segments confirmed that Thai strains clustered
together and were most closely related to previously reported Chinese strains.
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Comprehensive Surveillance of Severe Fever with Thrombocytopenia
Syndrome Virus in Patients with Acute Febrile lllness, Wild Redents, and
Trombiculid Larval Mites, Thailand

Sukhothai

Ban Dan Lan Hoi District
(CG2020)

=15 e 25.0% (4) ¥ 21

Mueang District
(CG2019)

~t 83 ¢ 56.6% (47) % 5,229 % 269
Nakhon Sawan '

Takli District
(CG2019)

e 28 e 14.3% (4) ¥ 228 w43

Muak Lek District
(CG2022-CG2023)

~of 20 e 24.1% (T} 47

Sample \ :

Khao Chamao, Wang Chan, Pluak Daeng districts source
cG201

9-CG2023) & Human
0380 48.4% (184) ¥ 14,1096 3,279 This [« Rodent
study | # Chigger
e Chigger infestation
in rodent, % [no.)
- Flea
thng Tham District ® Tick
fosatze Clusters
~of 66 —er 77.3% (51) ® 9,271 B Frimar

Secondary
3§ Previous SFTSV case
reported in Thailand (32)

t T SFTSV Igh-positive
in dog [33)

Molecular and Serologic Evidence of SFTSV
Infection in Acute Febrile lliness Cases in Khon
Kaen, Thailand

SFTSV RNA was detected in 1.6% (38/2,425) of AFI
patients at Chum Phae Hospital, Thailand (2015-2021).

Mugang, Wa Thon? districts
TCGM 9-2020)

RO Sex ratio (M:F): 1.4:1.0
Median age: 47.2 years (range: 15.9-86.7; IQR: 29-64)

Chum Phae District
(GEIS2023)

o No co-infections with other pathogens
Mm.phamm_m Clinical features:
e e Fever (mean 38.0°C, range 36.1-40.3°C)
e Headache (20.5%), dizziness (12.8%)

‘Watthana Nakhan, Tapraya districts
(CG2021, CG2023)}

e 360 65 508 14 e Thrombocytopenia in 3 cases
All patients recovered without severe complications

Khao Khitchakut, Kaeng Han% Maeo districts
(CG2021-CG2023)

it r27e 0N T2 N A SFTSV seropositivity: 16 patients (0.7%) IgM, 54 patients
(2.2%) 1gG, 3 patients (0.1%) both = total 73 of 2,425 (3%)

Bo Rai District
(CG2021-CG2022)
—er 135 3 61.5% (83) ¥ 6,841 %5 W1

Average OD450 of SFTSV IgM positive Average OD450 of SFTSV IgG

control: 0.233 positive control: 0.172
A 1.0 B 1.0 9
.
0.8 0.8 1
.
Eos E 06
2 2
= £l 2 .
=] L] 2
S 04 © 04 4 .
i .
0-".' [
H
- S
iwed .. 'E. Bl > sseree
0.0 oo
Individual  Individual  MNegative  Healthy IgM Individual  Individual  Megative  Healthy 19G
posilive negative control SEIUMS positive positive negative: control SEFUMS posilive
s2rums serums control Serums serums control

Appendix Figure 2. ELISA results showing optical density at 450 nm of the tested samples.
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Comprehensive Surveillance of Severe Fever with Thrombocytopenia

Syndrome Virus in Patients with Acute Febrile Illness, Wild Rodents, and

Trombiculid Larval Mites, Thailand
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- 55 —or 40.0% (22) ¥ 1,765
e

Watthana Nakhon, Tapraya districts
{CG2021, CG2023}

+01] .1 36.9% (65) ¥ 5,588 W 114

Chanthaburi

Khao Khchakut Kaung Hang Maes ditics
(C62021-CG 2023}

o 158 -t 12.7% (20) % TI2 K 174 98 3

Trat

Bo Rai District
(CG2021-CG2022)

135 S E1.5% (B3) ¥ 6,841 W5 W1

Table 2. Positivity rates of SFTSV RNA detected in wild rodents, Thailand, 2015-2021*

Assessing Rodents in SFTSV
Transmission: gRT-PCR of 1,019

Rodents

SFT3Y RNA—positive, by tissue

Family Species Mo, (%) positive Lung Liver Spleen  Awverage RNA level, copies/mL
Muridae Rattus tanezumi rat 1/558 (0.2) - 1 - 4.07 = 10*
R. exuians rat 1788 (1) - - 1 3.05 x 102
R. novegicus rat 1716 (6.3) 1 - - 573102
Mus cenvicolor mouse /G - - - -
M. caroli mouse 17 (14.3) 1 — — 4.03 = 102
Bandicota indica rat 21113 (1.8) 1 1 - 489 x 102
B. savileii rat 21121 (1.7) - 2 - 1.01 = 104
NMaxomys surfer rat 023 - - -
Niviventer fulvescens rat /5 - - -
Beryimys berdmorei rat 1/23(4.3) — — 1 1.71 =104
B. bowersi rat 01 - - - -
Chiromyscus chiropus rat [T - - - -
Tupaiidae Tupaia belangen shrew 019 — — — —
T. glis shrew 0/9 - - - -
Sciuridae Menetes berdmorei squirrel 2119 (10.5) 1 - 1 4.06 = 10°
3 families 15 species 111,019 (1.1) 4 4 3

*SFTSV, severe fever with thrombocytopenia syndrome virus; — negative result.

Eleven rodents from 8 species were
positive for SFTSV RNA, indicating an
overall positivity rate of 1.1%.
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Comprehensive Surveillance of Severe Fever with Thrombocytopenia
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Sukhothai

Ban Dan Lan Hoi District
(CG2020)

- 15— 25.0% (4) ¥ 21

Tak

Mueang District
(CG2019)

—f B3 —or 5B.6% (47) W 5,229 ¥ 269

Nakhon Sawan

Takli District
(CG2019)
—ef 28 . 14.3% (4) % 228 %43

Muak Lek District
(CG2022-CG2023)

o 20 e 24.1% (T) W 47

i Sample " k
a : source
(CG2019-CG2023) [1 Human

o Chamao, Wang Chan, Pluak Daeng districts

= Rodent

& Chigger

= Chigger infestation
in rodent, % [no.)

—aof 360 —ar 48.4% (184) ¥ 14,109°63,279

This
skudy

-Flea
Khlo!? Thaom District ® Tick
(Casaz2) Clusters
o 66 o 77.3% (51) % 9271 ® Primary
Secondary

Previous SFTSV case

h reperted in Thailand (32)

t B SFTSV ighi-positive
in dog {33)

njarim

Phitsanulok

Mugang, Wang Thong disiricts
D?CGZD 9-2020)

o 116 o 7.8% (0) % 273 ¥ 4

Khon Kaen

Chum Phae District
(GEIS2023)

—e 57 e 1.8% (1) ¥ 298191 § 2425

o)

Musang, Phattha Nikhom, Chai Badan districts
(CG2023)

o 55 0 40.0% (22) ¥ 1,165

Watthana MNakhon, Tapraya districts
(CG2021, CG2023}

~#f 176 e 36.9% (65) ¥ 5,568 ™ 114

g =l Chanthaburi

Khao Khitchakut, Kaeng Han% Maeo districts
(CG2021-CG2023)

o 158 ar12.7% (20) W TI2 X174 3
it

Bo Rai Districl
(CG2021-CG2022)

o135 S 61.5% (83) ¥ 6,841 ¥ 5 W1

from Wild Rodents

Appendix Table 2. SFTSV RNA positivity rates in chiggers

SFTSV RNA Detected in Chiggers

N positive by host species

" - & -
=, 8% ogsE S 2z B
fpgy JE2fecty ¢
N 2 c 3 30F S E=15
RSN RS ER,305
gwagusg‘;{tﬂhzﬁ-ﬁg
s 8 CCB80EE2 e dg
SES9SSEESEE RS
s EES " s58%5553 ¢
Nposive © — & om= S gaEF 2 Average RNA
Family Genus N chigrer (%) < Q level (copies/mly
Trombiculidae ~ Ascoschoengastiasp. 178 1(06%) 1 = = = = = = & =« &« = =« = = = 1.85 = 10*
Leptatrombidium sp. 73 1(14%) - - - - - - - - - - - -1 - - 1.49 = 10#
Walchia sp. 163 B(31%) 1 - - - - 13 - - - - - - - - 289x10°
Blankaartia sp. 1 1(100%) - - - = =1 - = = = = = =« = = 1.38 x 10°
Gahrlispia sp. 136 -
Waichiella sp. ]
Schoengastielia sp. 3
Eutrambicula sp. 2
Helenicula sp. 1
Unidentified Other mites 10 -
10 genera 573 B(14%) 2 - - - - 23 - - - - -1 - - 2.39 x 10*

8 of 573 chiggers (1.4%) from 155 wild
rodents were SFTSV RNA—-positive (avg. 2.4 x
10* copies/chigger); positive chiggers were
collected from 6 rodents and belonged to 4
chigger genera.
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ONB40548/BK1861Human/THA

Erveng Infect D, 2034 o, 30(Supol 21:5111-5119, dok 1 ONB40549/BK294T/Human/THA
ONB40550/BK324T Human/THA
Comprehensive Surveillance of Severe Fever with Thrombocytopenia '— LC733203/Dog//Thailand/2022/Canis lupis familiaris/THA Genotype B-1
Syndrome Virus in Patients with Acute Febrile Iliness, Wild Rodents, and —— KY78943%/CB1/Human/KOR
Trombiculid Larval Mites, Thailand {{ MM39504 5/USAMRIID-HLP23 S Tick/Haemaphysalis lengicornis/KOR
I MTEB3685/AFMC 171/HumanKOR

AB985548/SPL106AHUman/JPN
KPE63T42/KAGBHEHuman/KOR
— i[ MGT3T257/115KST2/Human/KOR
LC462231/H10/Miyazakii2018/H JPM Genotype B-2
ABB17995/YG1/Human/JPN
h!ledB&CB7IHumamKOR
KY273138/KAGWT/Haemaphysalis longicornis/KOR
MGT37240/15K523/Human/KOR
KUS07555KAGNH/ Human/KOR
‘l MK301482/CB6/Human/KOR
MZS501597/CBCBO1/Dog/KOR

| A\ PTCNiro culture/Human/KOR: (**)
{Tmmm PLOD4AHuman/JPN Genotype B-3

OK423754/1P418/Dog/KOR
{h{isﬁ??MfKADG H2/Human/KOR

L] KF374683/Zhac/Human/CHN
8- KRO17812/ZJZHSHLU/China/10/2011/Human/CHN

KRE98330/Rodent01/NBICHN/2014/Apodemus agrarius ni is/CHN
@ R9457IRattus tanezumi/THA
@ S2655HumanTHA
@ R4229/Rattus norvegicus/THA
@ S7795MHuman/THA
KF887433/LN201241/Human/CHN Genotype D
_memaaacsamumanmoa

— HMB02205/5D24/Human/CHN
KC505137/J5201+062/Human/CHN
—— HQ141606/J54/Human/CHN ]GEnDtype E
90| AB9B5541/SPLOSTA/Human/JPN ]Gemly c
MGT737282/16M5322/Human/KOR pe
HQ1415984/AH15MHuman/CHN
KF791950/HL/Larvae/G2Haemaphysalis lengicornis/CHN | Genotype A
MGT7 37283/16KS96/Human/KOR J
HQ141591/AH12Human/CHN
=l kr358693/Gangwon/Ki 2012/t OR ]Genotvpe F
KF356527/YPQX03/Human/CHN
KFB87435/LN201258/Human/CHN
JF26TT85/J501/Dog/CHN
JQET0933/AHZIChinal2011/Human/CHN
JQBB4BTHISDLZtick12/2010Haemaphysalis longicornisich | G&notype F
MGT37218/14KS39/Human/KOR
KC473538/)52012goatd1/Goat/CHN
KC473542/J52012tick01Haemaphysalis longicormisiCHN
JX005842/ Heartland virus/Patient1/Human/USA

0.20 0.15 0.10 0.05 0

Phylogenetic analysis of the partial NS gene sequence (124 bp) from two SFTSV RNA-
positive patients and two rodents revealed a close genetic relationship to genotype D.

The strains shared high nucleotide similarity with strain LN2012—-41 (GenBank accession no.

KF887433), which was previously identified in a patient in China in 2012.
33
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Dog serum samples (n=458) were collected from 16
districts across six provinces in Thailand between
April 2021 and April 2022.

Chonburi Province
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Pattaya City
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Detection of Anti-SFTSV

Antibodies from Dogs

Results of the anti-SFTSV IgG ELISA and virus-neutralization test in dogs in Thailand.

Province District ELISA (OD = 0.129) 50% Focus Reduction Neutralization Test (21:10) Minimum Positive Ratio
No. of Examined Dogs No. of Positive Dogs No. of Examined Dogs No. of Positive Dogs (%)
Prachinburi 17 1 1 0 0.0
Bangkok 143 12 12 6 4.2
Chachoengsao 18 2 2 2 11.1
Samutprakan 81 19 16 10 12.3
Rayong 14 2 2 1 7.1
Chonburi  Mueang Chonburi 27 6 6 3 11.1
Bang Lamung 56 5 5 3 5.4
Sattahip 95 56 52 50 52.6
Pattaya city 7 3 2 1 14.3
Total 458 106 98 76 16.6

» First screening showed 106 dogs (23.1%) were seropositive for anti-SFTSV IgG.

e 76 0f 98 (16.6%) samples were confirmed positive by FRNT50

» Highest regional seropositive rate:
— Sattahip, Chonburi with 52.6%
*  Further analysis revealed:

— Most positive samples came from a dog shelter in Sattahip
— In February 2022, 50 of 64 dogs at this shelter were positive (78% seropositivity)



Eogh Bepomrlece o SerceFerer il R SFTSV RNA Detect I on an d Genome
- Sequencing

RT-PCR performed on 57 dog serum samples (Sattahip, Feb 2022)
— 7 samples excluded due to insufficient volume
SFTSV RNA detected in 1 sample from a healthy dog
Complete coding sequences of S, M, and L segments were obtained
Virus designated:
— SFTSV/Dog/Thailand/Dog1/2022
Nucleotide sequences closely related to:
— SFTSV strains from Thailand and China

J3

......

HE2014-31 (KYO33707.1)
SFTSVIDegThailand/Dog1/2022 (LCT33205.1)

JS 1 HEB147 (MK355639.1) p—
12

0

J3 . it
SFTSVIDog i Thailand/2022 (LE733204)
1B2014-31 (KY933691)

HB2015-09 (MK513905)
HB147 (MK355638)

HB2017-17 (MK524358)
HB2014-37 (KY9335694)
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Seroprevalence study in humans and molecular

SFTSV Seroprevalence in Humans and PCR-
v with rambocgope srome s Based Tick Surveillance in Thailand,

Table 1 Human seroprevalence of severe fever with thrombocytopenia syndrome and
molecular analysis of Rhipicephalus sanguineus ticks in Thailand.

From: Seroprevalence study in humans and molecular detection in Rhipicephalus sanguineus ticks of severe fever with thrombocytopenia syndrome virus in

Sample Callectian Lacatian Pravince SFTSV

Mo.total MNo.pos No.total No.pos  No. total Mo. pos
Human sera Bloed donors Thai Red Cross Banghkok 940 5 5 ] MNA MA
Human sera Dengue suspected Phanphisai Hospital Mang Khai 222 7 7 0 MA MA
fh. sanguineus ticks Dogs Tha Takiap Subdistrict Chachoengsao  NA MA NA NA 433 (50 poals) O
Rh, sanguineus eggs Rh. sanguineus ticks Tha Takiap Subdistrict Chachoengsao NA, NA NA, NA 12 pools 0

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.

IPathogens: SFTSV, Crimean-Congo hemorrhagic fever, Coxiella spp., Bartonella spp., and Rickettsia spp.

e 1,162 human serum samples from Bangkok (940 asymptomatic adult volunteer blood
donors) and Nong Khai (individuals suspected of dengue virus) were tested for anti-SFTSV
19G

— 12 samples (1.1%) were ELISA-positive
— All 12 negative in virus neutralization test

» 433 Rh. sanguineus ticks from 49 dogs (Chachoengsao, 2023) tested for: SFTSV, CCHF,
Coxiella spp., Bartonella spp., and Rickettsia spp.

— No pathogens detected 37



Outbreak of SFTS with 2

Fatal Cases
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Case 1. (Fatal case)
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M529519N18

* Good consciousness with, agitation,
not pale, no jaundice

* Heart lungs: Uné

e Abdomen: soft, mild tender at mid
lower abdomen

e Ext.: no edema

* Neuro: mild agitation, follow to one
step command, disorientation to place



CBC W5nN5U

HB 13.9 gm%
WBC 3210/mm’
Platelets 117,000/mm3



Platelets count bi5N5L

117000 » 38000 cumm
(13-6-68) E> (18-6-68)



Temperature

Date 13-06-2025 14-06-2025 15-06-2025 16-06-2025 17-06-2025
Time 10|14l |22| 2|6 |10]|14]18|22]2 1014|8226 |10|14]18]|22 10|14 |18 | 22
105.8F 41C
104.0F 40C
h r
102.2F 39¢
T[] A
/ | Pt /
100.4F 3sc L L
v
o
//"_ No—1|-e0-0
98.6 F 37C /./—-
96.8F 36
Date 18-06-2025 19-06-2025 Discharged on 20-06-2025 13:43
Time 1014|118 |22 2|6 |10|14|18|22] 2 10 |14 |18 |22 2|6 |10]14 |18 |22 10 | 14 |18 | 22
105.8 F a1c
104.0F 40¢
102.2F 39¢C
100.4F 38C
98.6 F 37¢ ‘-\\ IP' i
| @4
" ===
Mo
96.8F 36C 7




Pulse rate

Date

13-06-2025

14-06-2025 15-06-2025 16-06-2025 17-06-2025
140
130 L
120 ’“. &
L o 0 [\
N % [\ & w \ - i
~ - SR e | B 'a
o 70 4 \II T — d
- ] B
40
30
20
10
Pain Score 3 3 3 3 3.00 3 3 3 3 3.00 3 3.00 3.00 3
Respirations 20 |22 |22 |22 Jaa [22 20 |22 f24 f2a J22 f22 [24 Js 20 J20 Jao Jo [0 |20 J16 Jis Jie |16 |16 [18 Ji8 |15
02 Sat 9% |99 |99 |97 J97 |97 |wo |96 f95 [o5 Jo8 o7 [97 Jo7 |o8 |00 J1o0 Jwo f97 |98 |98 |96 Jos |96 |94 [98 |94  |ea
B.P Systolic 143|108 (142 [142 [159 [160 [152 153 [142 [143 134 101 [139 112 |18 [101 [J129 [127 125 [134 130 [111 Jioe [112 [123 |05 |110 |89
mm Hg Diastolic 76 les |72 ez Q75 (71 |79 |so [83 [77 ;1 st [re |63 |e3 |52 Jeo e8 [71 |61 |ea |59 |e2 |59 |59 [68 s |se
Weight (kgs.)
Height (cms.)
Diet NPO t3ugn Ensure (1:1) 200 mI*4 fds. + U1e7H .. NPO Ensure(1:1) 250 mI*4fds + 1A 5... Ensure 1:1 250 ml*4 feed
[Oral fluid [ a00.0 7500 | 2000 | so00.0 5500 | 50.0 600 | 4000 | 3000 600.0 | [ 3000
Date 18-06-2025 19-06-2025 Discharged on 20-06-2025 13:43
140 »
130 1
s e
w 110 J “‘—w. I
W b 7 i \
- » B
80 --’";‘L I#
| 70 {W‘
m 60 —
50
40
a0
20
10
Pain Score 3 3 3 3 3 3 3 3
Respirations 22 |22 22 22 22 22 22 22 22 22 26 22 26 24 24 |24
02 Sat 96 |95 |97 [100 [100 [100 Joe for |93 fea f96 |96 Joo |85 100 |a0
B.P Systolic [98 107 [102 |115 [141 125 J115 [123 111 119 |155 [108 J122 133 [87 |ss
mm Hg Diastolic Js5 |52 |so [e3 [76 |87 |58 |es |73 |83 [92 |s4 Je8 |63 |52 |40
Weight (kgs.)
Height (cms.)
Diet NPO NPO t3ugn
[oral fluid

50.0




Case 2 Severe Fever with
Thrombocytopenic Syndrome

® 71g lng 56 1 Hypertension and BPH mﬁalazmiﬂa 99196
LW?J‘i‘jJ‘iEvo He lived in the rural area in the farmland and
exposure to stray and pet dogs.

® He was referred from Wang Pong Hospital. He had fever,
dyspnea, cough, and malaise for 1 day and referred from
district hospital. 1 day after admission, the patient had high
fever and worsening respiratory distress despite mechanical
ventilation.

® He had a dark lesion on the left foot.

® He had closed contact with the first case with confirmed SFTS
case on 9/6/2568.



M529519N18

e Vital Signs: BT: 38.1 °C PR: 148/min RR:
32/min BP: 74/55 mmHg Sp0,: 100%

* BT 38.1 °C PR 148 /min. RR 32 /min. BP
= 74/55 Sp02 100 %

e drowsiness on sedation, mild agitation,
not follow to command.



CBC W5nN5U

HB 16.4 gm%
WBC 8210/mm°
Platelets 203,000/mm°



Platelets count bi5N5L

» 93,000 cumm
(13-6-68) ':> (18-6-68) cumm

203,000
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Characteristics of specimens positive
for SFTSV, Thailand

Age

Sex

Day of illness

Specimen types

gRT-PCR

(Ct value)

CSF

Plasma

34.18
26.29

Plasma
Urine
Stool

Nasopharyngeal
swab
Throat swab

29.45
32.25
28.59
30.00

28.98
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From house of patient case-2




BTG !

Rhipicephalus sanguineus

Nymph




Rhipicephalus sanguineus

Adult male




Rhipicephalus sanguineus

Adult female










Real-time RT-PCR Results for SFTSV Detection

Fluorescence History

140
s 1304

r
f=]

w m ow o= =
.22 2.2 .2

Fluorescence {465-51

Cycles

Negative control

s Positive control for SFTSV (Ct = 27.56)
Sample ID: PHU12, urine collected at 30/06/2025 (Ct=32.25) -
Sample ID: PHU12.2, sediment (centrifuged) (Ct=31.91) Case No.2
Sample ID: PHN12, NP collected at 30/06/2025 (Ct=30.00)

Y TUBY YUNA
mmmmm Sample ID: PHT12, throat swab collected at 30/06/2025 (Ct=28.98)

Sample ID: PHF12, stool collected at 30/06/2025 (Ct=28.59)

1) SFTSV RNA was detected in all sample types collected from the patient, including urine,
nasopharyngeal swab, throat swab, and stool. 2) The lowest Ct values, indicating the highest viral load,
were observed in the stool and throat swab specimens. 3) Centrifugation of urine slightly improved
detection sensitivity compared to unprocessed urine. 4) These findings suggest that collecting multiple
specimen types can enhance diagnostic accuracy in SFTSV infection.

Patient case 2



Partial S segment of the SFTSV

Case No. 2

Urine NP throat swab stool

PHU12 PHN12 PHT12 PHF12 NEG

== 477 bp

Partial S segment (477 bp) of SFTSV was successfully amplified from urine, nasopharyngeal swab, throat swab, and stool
samples of the patient. This demonstrates that SFTSV RNA can be detected in multiple specimen types, supporting
molecular confirmation across different clinical materials.

Patient case 2



Real-time RT-PCR Results for SFTSV Detection

Fluorescence History

Partial S segment of the SFTSV

Rhipicephalus sanguineus

12525 12526 12529 12530 12532 12533 12534 12535 12536 12543 12546 12548 12557 NEG

eppp———— R B B el 477 bp




Summary of SFTSV Detection in Ticks from Pet

Dogs of the Second Fatal Case

e A total of 44 ticks were collected from 5 pet dogs
belonging to the second patient who died from
SFTSV infection in Thailand.

e 13 ticks tested positive for SFTSV RNA by gRT-
PCR.

 These positive ticks were found on 4 dogs:
Satang amsea (black and white) — 9 ticks
Makham uzana (white) — 2 ticks
Taew uma (brown) — 1 tick
Ting #s (brown) — 1 tick

e Life stages and sex of the SFTSV-positive ticks:

Adult females: 7 ticks
Adult males: 6 ticks

e The positivity rate was 29.5% (13 out of 44 ticks).




Laboratory testing to determine the presence of
neutralizing antibodies against SFTSV (HB29 strain)
using the SFTSV RVP microneutralization assay

Host No. of positive Positive rate per species
Human (n=48) 8 16.67%
Dog/Canine (n=30) 11 36.67%
Cat/Feline (n=7) 0%
Cow/Bovine (n=2) 0 0%
Rodent (n=1) 1 100.00%

We tested 88 sera from close contacts and animals, all PCR-negative. Using the SFTSV
microneutralization assay, 23% were positive overall, mainly dogs and one rodent,
with some humans. This suggests the virus is already circulating locally, with dogs and

rodents likely being part of its natural cycle.




SFTSV Detection in Animals and Ticks
Phitsanulok and Phetchabun Provinces, Thailand

Animal Samples (Dogs & Cats) — Phitsanulok
Total tested: 139 samples (90 dogs, 49 cats)
PCR results:
3 dog samples positive for SFTSV RNA
- Bang Rakam District (Ct = 33.15, 35.39)
- Chat Trakan District (Ct = 37.23)
Serology:
13 sera tested for neutralizing antibodies (6 dogs, 7 cats)
2 dog sera positive for neutralizing antibodies against SFTSV

Tick Samples — Phitsanulok & Phetchabun

Total ticks tested: 227
- Phitsanulok = 183

- Phetchabun = 44
PCR results:

No SFTSV RNA detected in any tick samples



Maximum likelihood phylogenetic tree of SFTSV based

on the partial S segment nucleotide sequences

PX309560_SFTSV-TH-PH12-Throat swab_Thailand_2025 (Patient 2)
PX309561_H1T01_C12481_Thailand_2025 (Tick from patient 1 household)
PX309557_SFTSV-TH-PH12-Urine_Thailand_2025 (Patient 2)
PX309558_SFTSV-TH-PH12-Stool_Thailand_2025 (Patient 2)
PX309554_SFTSV-TH-ABS366-CSF_Thailand_2025 (Patient 1)
PX309562_H2T01_C12530_Thailand_2025 (Tick from patient 2 household)
PX3I09555_SFTSV-TH-ABSJEE-Plasma_Thailand_2025 (Patient 1)
PX309559_SFTSV-TH-PH12-Nasopharyngeal swab_Thailand_2025 (Patient 2)
PX309556_SFTSV-TH-PH12-Plasma_Thailand_2025 (Patient 2)

— ONB40549_BK2847_Thailand_2020

ONB40550_BKI24T_Thailand_2020

100 — LCT33203_SFTSVIDog/1/Thailand/2022_Dog_Thailand_2022

ONB40548_BK1861_Thailand_2019

— PQ46574T_06-Lu an[CHN)-2024_China_2024

0Q389092_HBHG2021-02/Huanggang Luctian/2021_China_2021

MK513904_HE2015-09_China_2015

KUBB4012_HB147_China_2012

MHKE24357_HB2017-17_China_2017

ABB17997_SPLOD4A_Japan_2012

HRO17812_ZJZHSH-LUIChinaM0/2011_China_2011 B-3
"0l KF3T46683_Zhao _China_2013

MGT3IT240_15KS23_South Korea_2015

KUS07555_KAGNH_South Korea_2013

AB985548_SPL106A_Japan_2013

KY273138_KAGWT_Haemaphysalis longicomis_South Korea_2013

AB817995_YG1_Japan_2012

LCBTE306_522-67_Japan_2022

KFT91950_HL/Larvae/G2_Haemaphysalis longicomis_2013

MGT3T283_16KS96_South Korea_2018

AB9B5541_SPLOBTA_Japan_2013

1] MGTIT282_18MS322_South Korea_2016

B-2

HMB02205_SD24_China_2010
MK301488_CE3_South Korea_2016

D

125) HQ141606_JS4_China_2010
HMB02204_SD4_China_2010

E

[ JQ670933_AHZ/China/2011_China_2011

L MGT37218_14KS39_South Korea_2014

B-1

Phylogenetic analysis showed that all
sequences obtained in this study
(patients and representative tick
samples) were identical and clustered
within genotype B-1 together with
previously reported Thai strains and
closely related Chinese strains (2012-
2024).






Case 3: 54-year-old Male, Ban Phaeo,
Samut Sakhon

Timeline X o . , .
U0 KUS=30916U28001n1S10001K1S Lan1gIkadKal1gAsy

pIMskua wveiasulanememelasaverisingm

RT-PCR Wul¥la SFTSV: Ct value = 26.92

EsUNTIneRlsanEnUIatULY B9ANSIVITY

WNYIEI@9599 RT-PCR for SFTSV

v . i - o
i fuau wrineilsameuraduuna uar glisdetinluiwduiu

luga Gsufswy infunsinuiilsamenatmuuiiz

asdnsumyu Wuguluvaeeily

1 A.A. 68
2 n.A. 68
3 A.n 68
4 f.A. 68
5 A.A. 68
& f.A. 68
7 n.A. 68
8 a.A. 68
9 f.A. 68
10 A.A. 68
11 A.A. 68
12 A.A. 68
13 A.A. 68
14 A.A. 68
15 A.A. 68
16 A.A. 68
17 A.A. 68
18 A.A. 68
19 A.A. 68
20 A.A. 68

fiu1: Slide AfuKUDUUL SW.UAUUWI DOANISUKIBU
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RT-PCR Amplification of SFTSV Genome
Segments (S, M, L) from Patient Sample

3000
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AB530 ] ~mmeem—
L1 L2 13 v
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L2 =
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L4 =

S=1746
M1 =2041

2080
1958
2055
1349
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Detection of SFTSV RNA in Multiple Clinical Specimens from
Patient No. 3 (Real-Time RT-PCR and Conventional PCR)

Fluorescence History

S1 = Urine (Ct = 29.31), collection date 13 Oct 2025

j;g S2 = Urine sediment (Ct = 28.68)
2 280 S3 = CSF (Ct = 37.87), collection date 11 Oct 2025
§§i-g S4 = Sputum (Ct = 29.47), collection date 14 Oct 2025
E 20, S5 = Hemoculture H665 (Not detected), collection date 15 Oct 2025
E fgg $6 = Hemoculture H666 (Not detected), collection date 15 Oct 2025
£ 180] S7 = Pus for slide (Ct = 31.68), collection date 15 Oct 2025

1:& == — S8 = Stool (Ct = 30.71), collection date 13 Oct 2025

T T T T o 5 7 @ S9=Pusfromrtear1 (Ct=32.34), collection date 14 Oct 2025
L= $10 = Pus from rt ear 2 (Ct = 28.99), collection date 14 Oct 2025

S11 = Plasma (Heparin)(Not detected), collection date 14 Oct 2025
$12 = Plasma (Heparin)(Not detected), collection date 15 Oct 2025
$13 = Plasma (EDTA)(Ct = 26.79), collection date 16 Oct 2025

$14 = Plasma (Heparin)(Ct = 33.64), collection date 16 Oct 2025
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Screening of Dog and Cat Samples for SFTSV
RNA by RT-PCR

Fluorescence History

32.0{
_ 30.0]
-

5 260
2 260

g 200 Dog No. 11 (Ct = 35.46)

Ezz.& /
$ 200 ﬁﬂ\mﬁ\‘i ! LAY

=]
= 1680 —
16,0 —m—————
14.H
12 4 B g 10 13 16 19 2 25 28 2 3 Kr 40
Cycles

A total of 13 animal samples, including eight dogs and five cats, were
tested for the presence of SFTSV RNA using real-time RT-PCR and
confirmed by conventional PCR. One dog sample (Dog No. 11) tested
positive
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Results Summary: SFTSV Detection in Humans
and Animals (Ban Phaeo, Samut Sakhon)

Human Samples:

* Total tested: 84 serum samples

* Result: All samples were negative (Not detected) by real-time RT-PCR

* Interpretation: No evidence of active SFTSV infection among human participants

Animal Samples:
* Total tested: 13 samples
e Dogs: 8
e Cats: 5
* Result: One dog sample tested positive (Ct = 35.46)
* All other samples: Negative
» Confirmation: Positive dog confirmed by conventional PCR and gel electrophoresis



Sample collection sheet SFTSV in
Dog and Cat a druwnguae




Sample collection sheet SFTSV in Dog
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Sample collection sheet SFTSV in Dog and Cat
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Sample collection sheet SFTSV in Dog and Cat

() a ai 74
b sm‘f,na’iﬁwm (U9 L’JNYI%HJ'JEINWI’]%@’I‘W]‘S) :




Fonddunisivuad

AU
e lLlLlﬂ']SlﬂUCDOEJ']OlaOOGJHUﬁJHTﬂaUOlla DJUDEJC]']UU.EJ']UHOC]SDOH']\)HOOUZ]UC]ﬂ']S

o Aamugdudalnasauasirsiuidulugsy tasanIuwgIuIa
aad

e dNOUNISIAUGIDEIEDQTUYEVASIDNIVKDVUJUANS

e Jagnmdatiurkua (Ivermectin) tRAuguuluusDUBLBU
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[Characteristics of specimens positive for SFTSV, Thailand

A

Source Age Sex Collect date Specimen gRT-PCR RT-PCR Isolate GenBank

Day after the types (Ct value) accession no.
onset of fever
Patient 2 54 Male 12 Plasma 26.79 +ve SFTSV-TH XXXXXXXXXXX
9 Urine 29.31 +ve SFTSV-TH XXXXXXXXXXX
7 CSF 37.87 Wkly.+ve -
10 Sputum 2947 +ve SFTSV-TH XXXXXXXXXXX
10 Pus (Rt. ear) 28.99 +ve SFTSV-TH XXXXXXXXXXX
9 Stool 30.71 +ve SFTSV-TH XXXXXXXXXXX
11 Vascular fluid 31.68 +ve SFTSV-TH XXXXXXXXXXX
B

Sample No. Positive Remarks Specimen gqRT-PCR RT-PCR Isolate GenBank
Source Tested n (%) types (Ct value) accession no.
Dogs 18 1(5.6) +ve in temple Serum - +ve SFTSV-TH XXXXXXXXXXX

dog
Cats 5 0 All -ve Serum - - -

Ticks 268 6(2.24)  Adult male (2) No.1 (neighboring dog) 19.7 -ve SFTSV-TH XXXXXXXXXXX
Adult female (4)  No. 2 (patient’s room) 18.64 +ve SFTSV-TH XXXXXXXXXXX
Patient’s room 18.23 +ve SFTSV-TH XXXXXXXXXXX
333 +ve SFTSV-TH XXXXXXXXXXX
19.39 +ve SFTSV-TH XXXXXXXXXXX
33.19 +ve SFTSV-TH XXXXXXXXXXX




Summary

Human infections

Confirmed cases, including fatalities. Viral RNA detected in multiple
specimens (plasma, CSF, urine, stool, respiratory), showing systemic spread
and the need for testing beyond plasma.

Animal reservoirs
Dogs show notable seroprevalence with RNA-positive samples; wild
rodents also harbor SFTSV.

Vector ecology

SFTSV detected in dog-associated Rhipicephalus sanguineus ticks and
chigger mites; tick sequences identical to human strains, indicating a
complex zoonotic cycle.

Public health implications

Human cases, animal reservoirs, and competent vectors confirm SFTSV as
an emerging threat in Thailand, requiring clinician awareness, multiplex
diagnostics, and One Health surveillance.
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