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Brief summary

We report a unique three-family cluster of infection with SARS-CoV-2. The transmission of SARS-
CoV-2 by individuals with asymptomatic or paucisymptomatic infections is likely occurred. SARS-CoV-

2 was detected in contaminated environments of one household.



Abstract

Data concerning the transmission of SARS-CoV-2 in asymptomatic and paucisymptomatic patients
are lacking. We report a three-family cluster of infections involving asymptomatic and
paucisymptomatic transmission. Eight (53%) of 15 members from three families were confirmed with
SARS-CoV-2 infection. Of eight patients, three were asymptomatic and one was paucisymptomatic.
An asymptomatic mother transmitted the virus to her son, and a paucisymptomatic father transmitted
the virus to his three-month-old daughter. SARS-CoV-2 was detected in the environment of one
household. The complete genomes of SARS-CoV-2 from the patients were >99.9% identical and were

clustered with other SARS-CoV-2 sequences reported from China and other countries.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), that causes coronavirus disease
2019 (COVID-19), emerged in December 2019 in Wuhan, China [1]. It has since been declared a
global pandemic with over 1,000,000 cases reported as of April 3, 2020 [2]. Person-to-person
transmission has been established [3-8], and asymptomatic transmission of SARS-CoV-2 has been
reported [9]. However, studies on the potential transmission of SARS-CoV-2 by asymptomatic
persons and those with mild illness have been limited [10]. Herein, we report a 3-family cluster study
of eight patients associated with asymptomatic and pauciasymptomatic (one mild symptom only)

SARS-CoV-2 transmission in Shandong Province, China.

METHODS

Epidemiological Investigation

The first positive SARS-CoV-2 patients in this cluster were identified on January 21, 2020 triggering
an epidemiological investigation by the local center for disease control and prevention. To identify the
possible infective source, the epidemiological investigation focused on exposure history before the
onset of illness, such as travel history to Wuhan or Hubei Province, visiting live animal markets, and
contact history with febrile persons. Medical records were also closely reviewed to verify the timelines

of events and clarify clinical progressions.

To examine possible environmental contamination of SARS-CoV-2 in households, select
surfaces that may be frequently touched by family members were sampled in the bedroom (door
handle, bedside light switch, and sliding of wardrobe door), kitchen (door handle, faucet switch, light
switch, rice cooker plug), and bathroom (door handle, handrail, the surface of the toilet bowl, sink).

One swab per site (room) with multiple surfaces was collected.

All close contacts of SARS-CoV-2 positive patients were traced, including family members who
lived with the patients and individuals who had contact with the patients within 1 meter without
wearing proper personal protection. Close contacts were quarantined at home and monitored for fever

(238°C) and symptoms. In addition, nasopharyngeal swabs of close contacts were collected every 24



hours from day 1 to 14 to detect SARS-CoV-2 by molecular assay. If any close contact had positive

detection of SARS-CoV-2, they were sent to a hospital for isolation and treatment.

SARS-CoV-2 Molecular Detection, Sequencing, and Phylogenetic Analysis

All collected environmental and patient samples were stored at —80°C before being transported using
cold chain to a biosafety level 2 enhanced laboratory to perform molecular detection of SARS-CoV-2.
A real-time reverse transcriptase PCR (rRT-PCR) Test Kit (GZ-D2RM, Shanghai GeneoDx Biotech
Co., Ltd) targeting the ORF1ab and N genes of SARS-CoV-2 was used. A cycle threshold (Ct) value
less than 37 was interpreted as positive for SARS-CoV-2 RNA and a Ct value of 40 or more was
defined as a negative test. A medium load (weakly positive), defined as a Ct value of 37 to less than
40, required confirmation by retesting. Positive samples were sequenced directly from the original
specimens as previously described [11]. The maximum likelihood phylogenetic tree of the complete
genomes was conducted by using RAXML software (version 8.2.9) [12] with 1000 bootstrap

replicates, employing the general time-reversible nucleotide substitution model.

RESULTS

Description of SARS-CoV-2 Positive Patients

Patients 1 (62-year-old woman) and 2 (65-year-old man) were a couple who lived with their son
(Patient 3), daughter-in-law (Patient 4), and two grandchildren. Patient 1 presented with cough,
rhinorrhea, and sputum on January 12, 2020 (Figure 1). On January 15, she visited a health clinic and
was diagnosed with a common cold. She was prescribed intravenous infusions of ampicillin and
sulbactam, ribavirin, and traditional medicine for five days. On January 16, she developed a fever
(38°C). On January 17, Patient 2 reported symptoms of fever (37.8°C), cough, sputum, earache, and
upset stomach. He was also diagnosed with a common cold at the health clinic and received the
same prescription as Patient 1 for three days. However, their symptoms did not resolve at the
conclusion of the treatment regimen leading both to seek care at a local hospital on January 21.

Nasopharyngeal swabs were collected from both patients at the hospital and confirmed positive for



SARS-CoV-2 by rRT-PCR. Thereafter, they were admitted to the isolation ward of the hospital for
treatment. Major symptoms during hospitalization for both patients included fever, cough, and fatigue

(Figure 1).

Patients 3 (37-year-old male) and 4 (35-year-old female), a young couple, were close contacts of
Patients 1 and 2. They were self-quarantined at home for 14 days starting on the day of the hospital
admission of Patients 1 and 2. Their nasopharyngeal swabs were collected on January 23 for SARS-
CoV-2 testing. Patient 3 was confirmed positive that same day for SARS-CoV-2 by rRT-PCR, but had
no symptoms. Patient 4 tested negative for SARS-CoV-2 but was later confirmed to be positive for
SARS-CoV-2 on January 25 when a repeat pharyngeal swab was collected and tested. Upon hospital
admission, Patient 3 developed a slightly dry and itchy throat. The cough was a major symptom
during hospitalization, and two days fever and four days fatigue of the total hospital stay was also

recorded. Patient 4 had no identified clinical symptoms (Figure 1).

Patient 5, a 53-year-old female, lived with her son (Patient 6) and parents, and was a close
contact of Patients 3 and 4, being the mother-in-law of Patient 3 and the mother of Patient 4. She was
self-quarantined at home beginning the day of Patient 3’s confirmation (January 23). On January 24,
her nasopharyngeal swab was collected to test for SARS-CoV-2 infection, which was later confirmed
positive by rRT-PCR, despite her lack of symptoms. She also did not show any clinical symptoms of
infection during hospitalization (Figure 1). Patient 6, a 28-year-old male, was identified as the close
contact of his mother (Patient 5). He was self-quarantined at home beginning the day of his mother’'s
(Patient 5) confirmed infection (January 24). His nasopharyngeal swab was collected on January 25
and confirmed SARS-CoV-2 positive by rRT-PCR. On admission in the afternoon on January 25, he
developed a fever (37.5°C). Major symptoms during hospitalization included fever and cough, and the

symptoms persisted more than two weeks.

Patient 7, a 35-year-old man, lived with his wife and three children, and was identified as the
close contact of Patient 3. He was self-quarantined at home beginning the day of Patient 3’s
confirmed infection (January 23). On January 25, his nasopharyngeal swab was collected and tested
positive for SARS-CoV-2 by rRT-PCR. During hospitalization, he was paucisymptomatic, with only an
occasional cough. Patient 8, a 3-month-old female infant, was the close contact of Patient 7, her

father. On January 27, her nasopharyngeal swab was collected and was a weak positive for SARS-



CoV-2. A repeat pharyngeal swab was collected on January 29 and was positive for SARS-CoV-2.

The infant had no clinical symptoms before, during, or after hospitalization.

The chest CT images on admission or hospitalization showed that Patients 1-6 had ground-glass
opacities. However, no significant abnormalities were observed for Patients 7 and 8 (Supplemental
Figure 1). As of February 17, 2020, all patients recovered and were discharged to home isolation for

14 days.

Exposure Histories

Patients 1 and 2 traveled to their hometown in Xiaogan December 29, 2019 to January 15, 2020
(Figure 1). Xiaogan is a city adjacent to the epidemic center of Wuhan where the first case was
identified on January 1, 2020. Moreover, they had changed trains at the Hankou railway station in
Wuhan. Patients 3 and 4 had not traveled to Wuhan. They and their parents live together, eat
together, and have frequent face-to-face interactions. Facemasks or other personal protective
equipment (PPE) were not used at home. Patient 5 had contact with Patients 3 and 4 several times at
a factory that they jointly operated. Patient 5 also visited the home of Patients 1-4 on the evening of
January 21 and stayed one night. On the morning of January 22, Patient 5 was driven home by
Patient 3. During these contacts, no facemasks or other PPE were used. Patient 6 did not report close
contact with known COVID-19 cases except for his mother. Patient 7 reported that he had a
frequency of 2 to 3 times daily contact with Patient 3 at the factory from January 15 to 18 and dined
with Patient 3 and other colleagues on January 18. He did not report close contact with any known
COVID-19 cases except for Patient 3. Except for contact with her father, patient 8 had no known

contact with COVID-19 patients.



SARS-CoV-2 in Samples from Patients and Environments and Phylogenetic Analysis

SARS-CoV-2 was detected in nasopharyngeal swabs of all patients during hospitalization, including
asymptomatic and paucisymptomatic patients (Figure 1). A total of 15 (5 per household) surface swab
samples were collected from the bedrooms (n=9, three per household), kitchens (n=3, one per
household), and bathrooms (n=3, one per household) of patient homes. Two (13.3%) of 15 swabs
(one from the bedroom of Patient 3 and another one from his family kitchen) were positive for SARS-

CoV-2 by rRT-PCR.

The full-genome sequences for eight patients were obtained and have been deposited in GISAID
(accession numbers EPI_ISL_414934-414941). The full-genome for the two environmental swabs
positive for SARS-CoV-2 were not obtained due to low-coverage genomes. The full-genomes of eight
patients were >99.9% identical across the whole genome. Phylogenetic analysis revealed that the
viruses from patients were clustered in the same clade and were genetically similar to other SARS-
CoV-2 sequences reported from China and other countries (Figure 2). No significant mutation site
was identified in the eight SARS-CoV-2 viral sequences compared with previous strains in China and

other countries.

Close contacts

Fifteen contacts of either Patient 1 or Patient 2 were identified, and two contacts (Patients 3 and
4) were confirmed with COVID-19. A total of 88 contacts of Patient 3 were identified, and two contacts
(Patients 5 and 7) tested positive for SARS-CoV-2. Seventy-three close contacts of Patient 5 were
identified, and one contact (Patient 6) tested positive for SARS-CoV-2. Two contacts were identified
for Patient 6 and all tested negative. Twenty-one contacts of Patient 7 were identified and one contact
(Patient 8) tested positive. Of 101 close contacts identified for Patient 8, all tested negative. No other
close contacts of the patients were identified during the 14-day follow-up. Thus, a crude estimation of
the attack rate is 3.8% (4/105) for symptomatic and 1% (2/195) for asymptomatic and

paucisymptomatic.



DISCUSSION

We report a unique three-family cluster of infection with SARS-CoV-2, in which eight of 15 members
were confirmed with SARS-CoV-2 infection. Particularly interesting is that of 6 secondary patients,
two were asymptomatic, one was paucisymptomatic, and three were symptomatic. Our findings show
that the transmission of SARS-CoV-2 by individuals with asymptomatic or paucisymptomatic
infections is possible. Patients 1 and 2 were likely first exposed to SARS-CoV-2 after visiting their
hometown in Xiaogan Hubei Province, China. Their son (Patient 3) and daughter-in-law (Patient 4,
asymptomatic), whom they live with, were later found to be infected with SARS-CoV-2. Patient 5
(asymptomatic) was identified to be infected with SARS-CoV-2 after frequent contact with Patients 3
and 4 during work and home visits. She transmitted the virus to her son (symptomatic) whom she
lives with. Patient 7 (paucisymptomatic) was found to be infected with SARS-CoV-2 after frequent
contact with Patient 3 during work. He likely transmitted the virus to his daughter (Patient 8,
asymptomatic). In addition, consistent with previous studies [5-8], the transmission of SARS-CoV-2
during the incubation period of Patient 3 likely occurred. Patients 5 and 7 were infected after their
exposures to a presymptomatic Patient 3 during working or home visits. These findings may help

explain the rapid spread of SARS-CoV-2 between person-to-person.

The currently available evidence shows that SARS-CoV-2 is transmitted between people through
droplets and close contact [13]. A recent study showed extensive environmental contamination by a
SARS-CoV-2 patient [14], suggesting the contaminated environment as a potential medium of
transmission. In this study, we detected SARS-CoV-2 in two environmental swabs from the household
of Patient 3. Such detection of SARS-CoV-2 in contaminated environments of the household may
provide an additional contribution to virus transmission among family members as the virus can
remain viable and infectious on the surface up to seven days [15]. However, the direct research-
based evidence describing exactly how SARS-CoV-2 is transmitted is limited, and further studies are

required.

We cannot rule out the possibility of unknown COVID-19 patients (e.g., asymptomatic carriers)
transmitting the virus. However, according to screening protocols implemented by the provincial,

municipal, and county-level Center for Disease Control and Prevention, all close contacts were



traced, and all patients with positive rRT-PCR results in this study were confirmed by whole-genome

sequencing, including those who were asymptomatic or pauciasymptomatic (Patients 4, 5, 7, and 8).

CONCLUSION

The transmission potential by individuals with asymptomatic and paucisymptomatic infection and the
detection of SARS-CoV-2 in contaminated environments create challenges in control and prevention
for the disease. Further studies are needed to investigate the contribution of persons with

asymptomatic or pauciasymptomatic SARS-CoV-2 infection and the relationship with transmission of

the virus in the household, occupational, and community settings.
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Figure legends

Figure 1. Timeline of relevant exposures and clinical symptoms of eight patients with severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. rRT-PCR: real-time

reverse transcriptase-polymerase chain reaction.

Figure 2. Phylogenetic analysis of full-length genomes of SARS-CoV-2 in eight patients. Red

text indicates SARS-CoV-2 detected in the patients in the present study.
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MT 123282|SAR SCoV21QTCO4/human/2020/CHNIChina
MT049851[SARSCoV2/YunnanQ 1/huma N[China

[ LRTSTORGWuban sesloodiChing

N&mr%mmmnmmlm
MT!SW? SARSCBVZIENMIMNZMNCHN ina

CaV2/235human; E
135011 QVEIDM!MWN

MT020881]2019nCoV/
MN88532 mmwusnwmfmn
MT020880| |M.'USAWMM

MT183713|SARSCaV2WATUWA/human20200USAJUSA

MT188339|USAMNIMDH: SA
MT 188341 |USA/MNIMDH1/2020(USA

MT1&§717]SARSDQV2MMLmMumN2n2MEA\USA
WiTi6aT NAWAELWA AUsA
M 163721|SARS o 2WAGUME Pumar 20201
[SARSCoV2WABLWS human/20200U
T 52024/ SARSCoVZI A bumar 20 USA L
rSARSCﬂVZJShBHmLYUWEﬂZU
SARSCao Y004/
RSCoV2/Shandongl) 2021
RSPl Y8 19520
SARSCoV2/Shandongl Y00712020
S et o)

—T CoV2/ShandongL YDD3/2020
W2/Shande ILY002/2020
MT086175{SARSCaV2INTUO aiwan
MNS88713|2018nCoViUSAIL1/2020|USA
MNM Eg“ B'D)VNSAEA‘ ZDZIEJSA
V0S4 OBISAREC ) B hutnan S020 D s
ll [ MT106054|2018nCoVIUSATX12020jUSA
W _HKUSZ002a_20:

Mnbmmmm ShAz12020jusA
o7528212016nCol._HKUS 2008, 2020(Chiva

MIT1827 731 ARS CoVaInGoV 19028 humar 2 020N AN
1 MT182772[8ARSCoV2InCoV19015/human/2020/ NM|VielNam

WT153715[2019nGoV/USAC bieA17/2020[USA
I . MTot200 Diindia

% VIS AWI1/20201USA

LI MT 123291 N2ICTCOR Mman2020/CHN China
MIT 123283/ SARSCoV2/1Q TGO ¥human/2020iCHNChina

LRHWQB[WW_M

m&'émmms»\mm1mnz usA
159720|2019nCaVIUSACTUis8A4/2020{USA

MNBBBEE801BnCaVIHLY
mWMN&glNOuWUSﬁOEL‘J 91202
MT159710{2019nCoV/USACH HADRD&Q
159718]201 mcﬁmw%}ﬁﬁ
r 2

JSA

T IMCOVILSAC
MT 182759 V2ICGMHC TWN[Talwan

——————— Lc52 [SARSCoV2TKYES182_2020RNAlJapan
- W‘Z’?W&WSCMK]TC 1/human 9y n/2020/CHN|China

MTORA571|SARSCol WEiSuaden
IIJ“— MIOOTSA A Austalan IO 2020 Australl
2;@;{'\”!3@:

I MT066 156} WV21h -
16]SARSCOV2WASUW 1/human/2020/USAJUSA
hankut|China ¥
67 19501 SnCou /SACruisaA15/2020/USA
MT121215) HN[China
MT1597 SOVIUSACH
MT182765{SARSCAV2/PCO0101Prhuman/2020USAUSA
L mToase7aHz1China
WT158708[2019nCoV/USACissA11/2020USA
MT0BS 1T6ISARS CoV2ZNTUG22020 N Talven
[ MIoZTOBsEOtenCavUSACAL 020 USA
018nCoVASAS (=

{
MT118835{2018nCo\V/USACAS/2020|
MNE3E53 1| ina
MNg2652! hina
MT019532|BataCol/Wuhan/IPBCAMSWHO4/2019{China
mlsl 18nCoV/U SACruiseA22/2020JUSA
na

IVOB|Chi

MTO1! [BataCoVAul
MT159712{2018nCoViUSACruiseA14)

MMPMSWHGI!QMQIQ\N
120200USA

M'I'!BQT“FNR!GDWUSAD‘UMMBHD!%USA
MT159711]2019nCoVAUSACHiseA 1 USA
18491 19nCoV/USACH

ruiseA261202
AoV PR 303 7ANAT

L2823 SARSCaVSHUDP g 190Z0RN

MT1848 1250190 CoVILSAC /2020

MT150721|2018nGoV/US,

— WT1E0706120 190y SAcnisansizozousa

1‘]- mmummwmm

ll[ "
TVi/humary. Nepal
u'rmssamg-ﬁfnawmmmmc»mn e
S SahanceatondCHia
07581201 rGoVIUSAGAGZ 20N A sa
T wmisorig |mwus.\c§"|m1mnzqus.\[ o
MNB3BE69|2018nCaVWHLIOZ]
ViT019531|BalaCoVMuhan/IPECAMSWHO32018(China
1BnCoV/USACHisaATI2020{USA
2722010 CoVUEACAsaAG Z0201USA
a
myﬁﬁ%\ﬁu
WT000631|SARSCOVAWHOS Puman 3020/ FMICHr
nCoVUSACAS/2020{USA
MT020781|nGoVF IN28Jan2020fFiniand

MT 1597 17]2019nCoVIUSACruiseA1/2020]USA
i st VIUSAG sa

19nCoVIUSAMA1/2020jUSA

4.0E-5

15



