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Abstract

We investigated potential nosocomial aerosol transmission of severe fever with thrombocytopenia syndrome virus (SFTSV) with droplet
precautions. During aerosol generating procedures, SFTSV was be transmitted from person to person through aerosols. Thus, airborne
precautions should be added to standard precautions to avoid direct contact and droplet transmission.
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Severe fever with thrombocytopenia syndrome (SFTS) caused by
SFTS virus (SFTSV), a newly discovered emerging infectious disease
with a high case-fatality rate recognized in central China in 2007, has
recently been reported in China, Japan, and Korea.! Although most
SFTS cases occur through tick bites, clusters of SFTS in family
members and healthcare personnel (HCP) between people in several
routes have been reported.'™ The major route of human-to-human
transmission is direct blood exposure without proper personal
protection equipment (PPE)."* For this reason, contact precautions
are recommended when caring for suspected or confirmed SFTS
patients."® A recent outbreak of SFTS in a Korean hospital suggests
possible droplet transmission.” In China, probable aerosol trans-
mission in a family cluster has also been reported.*

Considering the increasing incidence and high overall case
fatality ratio (~32.6%) of SFTS in Korea,” better understanding
the mode of SFTS transmission is essential for infection control.
We report a cluster of nosocomial person-to-person transmission
of SFTSV probably by aerosol and contact routes.

Methods
Case definition and epidemiologic investigations

In September 2017, a SFTS-confirmed patient died at a tertiary-
care hospital in Ansan, Korea. Thereafter, a cluster of 2 confirmed
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or suspected SFTS cases occurred among people exposed to the
index case. With suspicion of nosocomial transmission of SFTSV,
epidemiologic investigations were performed in all people exposed to
the index patient during hospitalization. Epidemiological interviews
included demographic data, clinical symptoms, signs of SFTS, history
of tick bites, animal contacts, routes of possible exposure to risk
factors, the use of protective devices, and protective behaviors.
Paired sera 2 weeks apart were collected for confirmatory tests.

Laboratory tests

Confirmatory tests of SFTSV infection were (1) 1-step, real-time,
or conventional reverse-transcription polymerase chain reaction
(RT-PCR) for detecting M and S segments of SFTSV RNA, (2)
immunofluorescence assay (IFA) for detecting anti-SFTSV immuno-
globulin G (IgG), and (3) isolation of SFTSV in Vero E6 cell culture.®
Genome sequences covering partial M (560-bp) and S (563-bp)
segments were generated using de novo assembly with DNAStar
version 5.06 software (Madison, WI). MEGA 6 software was used for
genomic sequence alignment and phylogenetic analysis using the
maximum-likelihood method.® All confirmatory tests were performed
at the Korea Centers for Disease Control and Prevention (KCDC).

Results

The index patient was a 57-year-old man with onset of illness on
September 22, 2017, after collecting mushrooms on a mountain to
10 days previously. He visited a local clinic on September 24 with
high fever above 38°C, myalgia, watery diarrhea, and decreased
urine output. He was transferred to our hospital and admitted to
general ward on September 27. Physical examination revealed
eschar on his back suggesting a tick bite. The laboratory tests
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Table 1. Clinical and Laboratory Findings of the HCP Contacted the Index Patient

Case 1 Doctor M 31 Try of endotracheal intubation, September 30 Fluid shield mask, glove Yes <1:32 1:256 Positive
Case 2 mortuary beautician M 26 Clean the deceased, October 1 Gown No 1:128 1:256 Negative
Case 3 Doctor F 33 Try of endotracheal intubation, September 30 Fluid shield mask, glove No <1:32 <1:32 Negative
Case 4 Doctor M 26 Try of endotracheal intubation, September 30 Fluid shield mask, glove, gown No <1:32 <1:32 Negative
Case 5 Nurse F 24 Assistance of endotracheal intubation, September 30 Fluid shield mask, glove No <1:32 <1:32 Negative
Case 6 Nurse F 26 Assistance of endotracheal intubation, September 30 Fluid shield mask, glove No <1:32 <1:32 Negative
Case 7 Nurse F 26 Assistance of endotracheal intubation, September 30 Fluid shield mask, glove No <1:32 <1:32 Negative
Case 8 Nurse F 29 Assistance of endotracheal intubation, September 30 Fluid shield mask, glove No <1:32 <1:32 Negative
Case 9 Nurse F 26 Suction, September 30 Glove No <1:32 <1:32 Negative
Case 10 Nurse F 26 Suction, October 1 Glove No <1:32 <1:32 Negative
Case 11 Nurse F 23 Suction, October 1 Glove, gown No <1:32 <1:32 Negative
Case 12 Nurse F 24 Suction, October 1 Surgical mask, glove No <1:32 <1:32 Negative
Case 13 Nurse F 24 Suction, October 1 Surgical mask, glove, gown No <1:32 <1:32 Negative
Case 14 Doctor M 47 Assistance of endotracheal intubation, September 30 Fluid shield mask, glove No <1:32 <1:32 Negative

Note. HCP, healthcare personnel; IFA, immunofluorescence assay; PPE, personal protective equipment; RT-PCR, reverse transcriptase polymerase chain reaction.

Abojoiwapid3 [pydsoH  1043u0D U0II3JU|

6€C


https://doi.org/10.1017/ice.2018.330

240

Q733560 HB154 2011 Human China (D)
@ 10733566 HB156 2011 Human China (D)
%3 Q733563 HB155 2011 Human China (D)
HM802201 SD24 Human China (D)
7 NCO018138 HB29 Human China (D)

KP663732 KASJH 2014 Human Korea (D)
4‘00‘_{. 2018 KA Death M Human Korea
1@ 2018 KA Doctor M Human Korea
KY789437 CB2 2015 Human Korea (A)
KF791953 HL Injected Human China (A)
KF791954 HL EggG2 Tick China (A)
97| |KF791955 HL LanaeG2 Tick China (A)
—{ KF791956 HL NymphG2 Tick China (A)
KF791957 HL AdultG2 Tick China (A)

100 HMB802203 SD4 Human China (E)
—EQ141605 JS4 Human China (E) ] ﬁenutype E
Q141590 AH12 Human China (F)

KRO17849 AH YTY 2012 Human China (F)
KF358692 Gangwon 2012 Human Korea (F)
KCAT3541 J$2012tick01 Tick China (F)
Q684872 SDLZick12 2010 Tick China (F)
KR706566 QD7 Human China (F)

JQ670930 AHL 2011 Human China (C) ] Genotype C

AB9B5309 SPLOSTA Human Japan (D) ] Genotype D

KRO17859 ZJZHSHFDE 2012 Human China (B) 7
74| KRO17864 ZJZHSHWRF 2014 Human China (B)
KF374684 Zhao Human China (B)
KRO17863 ZJZHSHLWL 2014 Human China (B)
KUS07548 KADGH 2013 Human Korea (B)
KY789436 CB1 2014 Human Korea (B)
KUS07552 KAINH 2013 Human Korea (B)

99 KP663744 KACNH3 2014 Human Korea (B)
ﬂs B3 2016 Human Korea (8)
KUS07550 KAGNH 2013 Human Korea (8)
93| KP663735 KAGWH3 2014 Human Korea (B)
KY273137 KAGWT 2013 Tick Korea (B)
KP863741 KAGBHG 2014 Human Korea (8)
KUS07551 KAGNH4 2013 Human Korea (B)
ABB17991 SPLO10A Human Japan (8)
AB817987 YG1 Human Japan (B)
KP663738 KAGBHS 2014 Human Korea (B)
ABB17988 SPLOO3A Human Japan (8)
AB817994 SPLO3SA Human Japan (B)

M segment

Genotype D

Genotype A

Genotype F
%

Genotype B

23

—_—
001

S segment

Jaeyoung Moon et al

HM802205 SD24 Human China (D)

NC018137 HB29 Human China (D)

JQ733565 HB155 2011 Human China (D)
JQ733562 HB154 2011 Human China (D)
951Q733568 HB156 2011 Human China (D)
JQ670932 AHL 2011 Human China (D)

KP663733 KASJH 2014 Human Korea (D)

@ 2018 KA Death S Human Korea

95! @ 2018 KA Doctor S Human Korea

gg | HM802204 SD4 Human China (E)
HQ141606 JS4 Human China (E)

KR706565 QD7 Human China (F)
4‘"“’; KC473542 JS2012tick01 Tick China (F)
JQ684873 SDLZtick12 2010 Tick China (F)
100 HQ141591 AH12 Human China (F)
455{ KR017811 AH YTY 2012 Human China (F)
KF358693 Gangwon 2012 Human Korea (F)

AB9B5541 SPLOSA Human Japan (C) ] Genotype C
————— KY789440 CB2 2015 Human Korea (A)
4 KF791949 HL EggG2 Tick China (A)
5 KF791948 HL Injected Human China (A)
KF791950 HL LarvaeG2 Tick China (A)
KF791951 HL NymphG2 Tick China (A)
KF791952 HL AdultG2 Tick China (A)
KRO17821 ZJZHSHFDE 2012 Human China (8)
90| KRO17825 ZJZHSHLWL 2014 Human China (B)
KRO17826 ZIZHSHWRF 2014 Human China (8)
KF374683 Zhao Human China (B)
KUS07557 KAJNH2 2013 Human Korea (B)
KU507553 KADGH 2013 Human Korea (B)
KY789439 CB1 2014 Human Korea (B)
95 KP663745 KACNH3 2014 Human Korea (B)
= % E KY789441 CB3 2016 Human Korea (B)
KUS07556 KAGNH4 2013 Human Korea (B)
|— KU507555 KAGNH 2013 Human Korea (B)
KP663742 KAGBHG 2014 Human Korea (B)
54| KP663736 KAGWH3 2014 Human Korea (B)
KY273138 KAGWT 2013 Tick Korea (8)
KPB63739 KAGBHS 2014 Human Korea (B)
AB817995 YG1 Human Japan (B)
ABB817996 SPLO03A Human Japan (B)
ABB17999 SPLO10A Human Japan (B)
AB818002 SPLO35A Human Japan (B)

63
Genotype D

:IEenolype E

Genotype F

Genotype A

Genotype B

—
0,005

Fig. 1. Phylogenetic analysis based on partial nucleotide sequences of M and S segments of severe fever with thrombocytopenia syndrome virus (SFTSV) strains using the
maximum likelihood (ML) method and the Kimura 2-parameter model. Numbers on branches indicate bootstrap percentages based on 1,000 replications, and the scale bar
indicates nucleotide substitutions per site. The index patient and case 1 are marked with closed circles.

showed leukopenia, thrombocytopenia, and elevated levels of aspartate
transaminase, alanine transaminase, and creatine phosphokinase. On
September 29, he rapidly deteriorated with hypersomnia and dis-
orientation. He was transferred into the intensive care unit (ICU). On
September 30, incidental epistaxis and oral bleeding appeared. The
patient was intubated for mechanical ventilation following a seizure
attack with hypoxemia. On October 1, he expired from progression of
multiorgan failure. Confirmatory RT-PCR test revealed that he was
positive for SFTSV, with 1.9 x 10° copies/mL of viral titer at admis-
sion. During ICU hospitalization, standard and contact precautions
were implemented with suspicion of SFTS.

Epidemiologic investigation revealed that a total of 14 HCP
contacted the index patient during his hospitalization (Table 1).
Of these, 2 were confirmed or suspected to have SFTS, including a
31-year-old male doctor who tried endotracheal intubation for
the index patient (case 1) and a 26-year-old male mortuary
beautician (case 2). Case 1 was admitted with fever of 39.3°C and
chills on October 10. SFTS was confirmed by detecting SFTSV
RNA (6.6 x 10* copies/mL) from his serum and >4-fold increase
in antibody titers. He had short contact (within 10 minutes) with
the index patient during endotracheal intubation, wearing a fluid-
shield mask and gloves. During intubation, frequent oro-tracheal
suctions were done to ensure visibility due to patient’s naso-oral
bleeding. Case 2 had contact with the index corpse without gloves
or mask. He felt malaise without documented fever 1 week after
contact. He had a 2-fold increase in serial IgG titer from 1:128 to
1:256 in sera collected at 25 days and 60 days after contact,
respectively, without detection of SFTSV RNA. He denied any
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recent history of outdoor activity. The remaining 12 HCP were
negative for SFTSV by IFA.

PCR sequencing was performed for the index patient and case 1.
Sequences of M and S segments from case 1 shared 100% nucleotide
identities with the index patient. Phylogenetic analysis for sequences
of M and S segments from the isolated virus were classified as
genotype D and clustered with sequences of PCR products from case
1 and the index patient (Fig. 1).

Discussion

We have documented a cluster of nosocomial SFTS using epi-
demiologic and viral genomic evidence. The index patient and
case 1 were classified as genotype D, although genotype B strains
of SFTS were predominant in Korea during 2013-2017.” Genotype D
was isolated from only 1 case in 2014. Both M and S segments
showed 100% homology in nucleotide sequences, confirming the
same origin of SFTS infection between the index patient and case
1. Epidemiological investigation showed that all HCP wore fluid-
shield mask and gloves during potential exposure period. How-
ever, these PPEs cannot protect conjunctiva or upper respiratory
tract against aerosols containing the pathogen. Case 1 might be
infected through aerosols generated from suctions of oral bleeding
during endotracheal intubation. Previous studies reported that
doctors contracted this disease after performing endotracheal
intubation>>” and suggested droplet or possible aerosol trans-
mission.> We believe that case 2 was infected through direct
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contact with contaminants of blood or bloody secretions pro-
duced by index patient’s mouth or nose.

In general, transmission of communicable diseases has 3 routes:
airborne, contact, and droplet. Unique control procedures and PPE
are recommended for each route.'” However, there is limitation in
dichotomization of airborne and droplet transmission. Some
viruses such as influenza virus and severe acute respiratory syn-
drome coronavirus (SARS-CoV) are transmitted through small-
particle aerosols in addition to droplet and contact routes. This case
supports the hypothesis that a fatally ill patient with high viral
loads of SFTS may be highly contagious by releasing viable
pathogen through small-particle aerosols. Therefore, additional
airborne precautions such as particulate respirator (N95 mask or
equivalent), a face shield, and negative pressure ventilation may be
needed during aerosol generating procedures for SFTS patients,
especially fatally ill patients with high viral loads. Because there is
no definitive treatment or vaccine against SFTSV to date, infection
control is extremely important in the healthcare setting.

This study has some limitations. Case 2 was not confirmed by
detection of SFTSV RNA or 4-fold increase in serial IgG titer
because his first sample was taken very late after contact.
Although case 1 might have contracted the disease through
contact transmission, he also immediately washed a small droplet
on his intact skin.

In conclusion, our findings indicate that SFTSV could be
transmitted from person-to-person through aerosol, which
highlight the importance of adding airborne precaution during
aerosol-generating situations.
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