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Abstract

Background: The super-spreading events were
associated with the outbreaks of SARS and MERS,
but their association with the outbreak of COVID-19
was unknown before we first published a report in
medRxiv preprint in March 2020. Here, we reported a
super-spreading transmission chain of SARS-CoV-2
involving an index patient, seven cancer patients, 40

health care workers and four family members.

Methods: We conducted a retrospective study to
identify the index patient and the exposed individuals
linked to a chain of transmission associated with
COVID-19. We collected and analyzed the data on
demographic features, exposure history, clinical
presentation, laboratory investigation, radiological

examination, and disease outcome of these patients.

Results: We identified the index patient and another
presumptive “super-spreader”, who initiated and
amplified a super-spreading transmission chain
associated with COVID-19, respectively. There were
31 female and 21 male patients in this cohort, and the
median age was 37 years (range: 22-79 years). Each
of them had an exposure history with the index patient
or his close contacts. Approximately 87% (45/52) of
the patients had fever or other symptoms, 96%
(50/52) had abnormal chest CT-scan findings, 86% of
the tested patients (39/45) were positive for SARS-
CoV-2 in the nasopharyngeal or throat swab
specimen, 85% of the tested patients (29/34) were
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positive for SARS-CoV-2-specific IgM and/or 1gG,
15% of the RT-PCR positive patients were tested
negative for the specific IgM and/or 1gG at the
convalescent phase, and 15% of the RT-PCR negative
patients were tested positive for the specific IgM
and/or 1gG. The severe patients experienced a
significant  decrease in  oximetry saturation,
lymphocyte, and platelet counts, along with a
significant increase in C-reactive protein, D-dimer,
and lactate dehydrogenase. All six fatal cases had
comorbidities and five of the seven cancer patients
(71%) died within 2-20 days of the disease onset.

Conclusions: Our findings suggested that the super-
spreading events associated with COVID-19 took
place at the early stage of the disease outbreak in
Wuhan. The cancer patients appeared to be highly
vulnerable to SASR-CoV-2 infection.

Keywords: COVID-19; SARS-CoV-2; Super-

spreading; Super-spreader; Nosocomial transmission

1. Introduction

The initial outbreaks and the ongoing pandemic of
coronavirus disease 2019 (COVID-19), which was
caused by the SARS-CoV-2, have posed tremendous
challenges to the international communities [1-12]. As
of July 16, 2021, more than 188 million confirmed
cases and over 4 million deaths worldwide have been
reported to the World Health Organization [12]. This

is the first pandemic caused by a coronavirus [12].
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Coronaviruses (CoV) are a large family of RNA
viruses that cause a variety of mild and severe
diseases in humans and animals [13]. Prior to the
COVID-19, there were two severe outbreaks of
human coronavirus diseases in the past two decades,
the severe acute respiratory syndrome (SARS) and the
Middle East respiratory syndrome (MERS) [14-18],
which were caused by SARS-CoV and MERS-CoV,
respectively. SARS was first reported in November
2002 in Guangdong Province, China [19]. There were
8,422 confirmed SARS cases, including 919 deaths in
32 countries between November 2002 and August
2003 [19]. MERS was first identified in September
2012 in Saudi Arabia [20]. There were 2494
confirmed MERS cases, including 858 deaths in 27
countries between September 2012 and November
2019 [20].

The super-spreading events, by which an individual
patient spread an infection to a large number of
susceptible people, were associated with the outbreaks
of SARS and MERS [21-24]. While case clusters with
human-to-human transmission of SARS-CoV-2 were
reported [25-27], it remained unknown whether super-
spreading events occurred before we first published a
report in medRxiv preprint in March 2020 [28]. Here,
we conducted a retrospective study and identified a
super-spreading chain of transmission associated with
CoVID-19.

2. Methods

2.1 Patients and data collection

This retrospective study was approved by the
institutional review board of Renmin Hospital of
Wuhan University (No. WDRY2020-K019). Oral
consent was obtained from the patients or their family

members, whereas written informed consent was
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waived by the Provincial and National Health
Commissions in  China under the exceptional
circumstances for investigation of an ongoing disease
outbreak. In this cohort, we identified a super-
spreading chain of transmission involving 52 linked
patients with COVID-19 in three separate hospitals in
Wuhan, the epicenter of an outbreak of COVID-19
across China. The data we retrieved from the
electronic medical records included demographic
features,  comorbidities,  clinical ~ presentation,
laboratory investigation, RT-PCR testing for SARS-
CoV-2, serum specific IgM and IgG antibodies, chest
computed tomographic (CT) scan, and the disease
outcome. The contact and exposure history were also
collected through communications with the patients

and/or their family members.

2.2 Case definition

All patients with COVID-19 enrolled in this study
were diagnosed and classified according to World
Health Organization interim guidance and the
“Guidelines on the Diagnosis and Treatment of the
Novel Coronavirus Infected Pneumonia” developed
by the National Health Commission of People’s
Republic of China [29-31].

The severe cases showed at least one of the following
presentations: (1) Respiratory distress, Respiratory
rate (RR)>30 times/min; (2) At rest, oxygen
saturation<93%; (3) Arterial partial pressure of
oxygen (PaO2) /Fraction of Inspired Oxygen
(Fi02)<300mmHg (ImmHg=0.133kPa). Patients who
had close contact with the index patient were defined
as secondary cases. Patients who contracted the
disease from the secondary cases were classified as

tertiary cases.
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2.3 Laboratory investigations

The routine laboratory investigations were performed
by the certified clinical diagnostic laboratories inside
the designated hospitals. The RT-PCR testing for
SARS-CoV-2 was conducted by the Standard
Operation Procedures published previously [28, 29].
Serum specific IgM and 1gG antibodies against
SARS-CoV-2 were detected using the immunoassay
kit provided by the YHLO Biotech Co., Ltd.
(Shenzhen, China) and the fully-automated
chemiluminescence immunoassay analyzer (UniCel
DxI800, Beckman Coulter, Inc., USA) according to

the instructions of the manufacturers.

The immune activities were measured as a relative
light unit (RLU). The analyzer automatically converts
the RLU from the immunoassay into an absolute unit
by fitting the standard master calibration curve. A
cutoff value of >10.0 AU/ml is considered as positive

for both antibodies.

2.4 Statistical analysis

For statistical analysis, all of the continuous variables
were performed by Shaprio-wilk test and Levene test
to analyze normality and homogeneity. Continuous
variables were expressed as median (IQR) and
compared with T test or Mann-Whitney U test.
Categorical variables were expressed as number (n/N
%) and compared by y? test, continuity-adjusted x? test
or Fisher’s exact test. A two-sided a of less than 0.05
was considered statistically significant. Statistical

analyses were done using the SPSS 22.0 software.

Archives of Clinical and Biomedical Research

DOI: 10.26502/acbr.50170187

3. Results

In this report, we conducted a retrospective study and
identified a super-spreading chain of transmission
involving the index patient, seven cancer patients, 40
health care workers and four family members (Figure
1 and Table 1).

3.1 Identification of the index patient (C-1)

On January 3, 2020, a male patient in his 50s
developed fever (38.8°C), headache, chest pain and
myalgias when he visited his relative in a wardroom
(Ward-X in Figure 1) shared by four female cancer

patients at Hospital A.

He initially thought that he had a “cold” and
continued to visit this ward until he was admitted to
hospital B on January 10, 2020. His Chest CT-scan
findings showed a rapid progression of bilateral
infiltrates in the lungs (Figure 2). He received
antibiotics treatment for one week but was ineffective.
On January 18, he was tested positive for SARS-CoV-
2 and diagnosed with COVID-19. He died of severe

respiratory failure on January 26, 2020.

While the exact exposure history of this patient
remained unclear, he did not visit the “Huanan Wet
Market”, the suspected origin for this outbreak in
Wuhan. Of note, the “Huanan Wet Market” is located
in the Hankou District of Wuhan city, which is
separated from the Wuchang District by the Yangtse
River. The two hospitals (A and B) where the index

patient visited were located in Wuchang District.
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Figure 1. A schematic diagram showing a super-spreading chain of transmission associated with COVID-19. There were 52 individuals
in this cohort at multiple clinical departments in three separate hospitals in Wuhan, China. Dept.=Department; DR=Doctor; G1=Group 1:

G2=Group 2; GI=Gastrointestinal; H-A=Hospital A; H-B=Hospital B; H-C=Hospital C; NE=Nurse.

Figure 2. Representative chest CT images of the index patient (C-1) showing rapid progression of bilateral infiltrating shadows in the lungs.

A.  Animage taken on 01/10/2020 (the admission day);
B. Animage taken on 01/13/2020 (three days after admission);
C. Animage taken on 01/16/2020 (6 days after admission).
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3.2 A super-spreading event initiated by the index
patient

Eleven people presented fever and abnormal CT-scan
findings after close contacts with the index patient C-
1 between January 3 and January 10, 2020 (Figure 1
and Table 1). Below was a timeline for the initial
transmission events. (1) C-1 visited his relative C-2 in
Ward-X that was shared by other three cancer patients
(C-3, C4, and C-5) at the Department-I of hospital A
when he first developed fever and other symptoms on
January 3. All four cancer patients had close contacts
with C-1 and subsequently developed fever (38°C-
40°C) and abnormal CT-scan findings between
January 4 and January 15. All were RT-PCR positive
for SARS-CoV-2, but the assays for the serum
specific antibodies were not available at that time. All
four patients did not have other exposure records and
epidemiological history before their disease onsets.
Three of them died of severe respiratory failure within
9-20 days after the onsets. C-2 developed symptoms
on January 9 (6 days after the onset of C-1) and died
on January 17. C-3 developed symptoms on January 4
(one day after her close contact with C-1) and died on
January 24. C-4 developed symptoms on January 15
and transferred to a designated hospital on January 30,
where she remained at a stable condition after the
treatment. C-5 developed symptoms on January 15

and died on January 29.

(2) On January 3, C-1 also visited the office area of
the health care workers at the Department-1 of
hospital A to discuss the treatment plan for his
relative C-2. Four doctors (C-6, C-7, C-8 and C-9)
and one nurse (C-10) developed fever and abnormal
CT-scan findings between January 9 and Januaryl3
(within 10 days after close contacts with C-1). In

addition, a cluster of eleven health care workers (C-17
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to C-27) from the same department who had close
contact with their co-workers (C-6 to C-10) presented
fever and abnormal CT-scan findings between
January 16 and January 21 (within 3-12 days after
their exposure to the secondary cases). All the health
care workers were previously healthy and did not
have other exposure records and epidemiological
history (Figure 1 and Table 1).

(3) On January 10, C-1 was admitted to hospital B,
where he was diagnosed with COVID-19. Two
doctors (C-51 and C-52) had close contacts with C-1
when they met with him on a medical consultation
meeting to discuss his treatment plan. They presented
fever and abnormal CT-scan findings on January 21
and January 26, respectively. Both of them were
previously healthy and did not have other exposure
records and epidemiological history. Our findings
suggested that C-1 was the source patient and
considered as a “super-spreader” who initiated this

super-spreading chain of transmission.

3.3 Another super-spreading event initiated by a
doctor from Department-11 in hospital A

Between January 14 and January 20, 2020, a total of
twelve doctors and nurses (C-29 to C-40) from
Department-1l in hospital a developed fever and
abnormal CT-scan findings (Figure 1 and Table 1).
All twelve individuals were previously healthy, and
none of them except C-29 had other exposure records
and epidemiological history. C-29, a male doctor in
his 50s, attended medical consultation meetings
between January 3 and January 8 at the Department-I
to discuss treatment plans for two lung cancer patients
(C-2 and C-3). Of note, Department-l and
Department-11 were located at two separate buildings
in hospital A. C-29 had close contact with the health
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care workers (C-6 to C-10) on the consultation
meetings before he developed fever and abnormal
CT-scan findings and was diagnosed with COVID-19
on January 14. All eleven co-workers (C-30 to C-40)
had close contacts with C-29 before his disease onset.
In addition, C-29’s relative (C-41) was diagnosed
with COVID-19 on January 25. Our findings
indicated that C-29 was likely the source patient who
was responsible for introduction of COVID-19 into
this cluster, and therefore was considered as a “super-

spreader”.

3.4 A cluster of tertiary cases linked to a gastric
cancer patient

C-13, a female with gastric cancer, was initially
hospitalized in Ward-Y at Department-1 in hospital A.
She was transferred to Department-I11 on January 10
and had surgical operation on January 12. She had
close contacts with C-9 and C-10 who were in charge
of her treatment at Department-l, However, she did
not present fever and other symptoms until January 15
(i.e. 3 days after her surgical operation). She was
transferred to a designated hospital after her
confirmation with COVID-19 on January 23 and
remained at a stable condition. Two Doctors (C-14
and C-15) who conducted the operation procedures
were diagnosed with COVID-19 on January 21 and
January 22, respectively. In addition, C-16 (C-15’s
relative) showed fever and other symptoms on
January 23 after close contact with C-16 at home.

3.5 A cluster of tertiary cases linked to a colon
cancer patient

C-42, a female colon cancer patient, was admitted to
the same hospital wardroom (Ward-Y) as C-13 on
January 10 and treated by the same medical team (C-9
and C-10). She developed fever (39.9°C) and other
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symptoms on January 16 and died of severe
respiratory failure on January 18. She did not take
CT-scan and RT-PCR testing due to her sudden death.
C-43, a male doctor from Department-V examined C-
42 on January 15 and was diagnosed with COVID-19
on January 23 (8 days after his close contact with C-
42). Moreover, C-44 was accompanying his relative
C-42 in hospital A and diagnosed with COVID-19 on
January 17 (one day after the disease onset of C-42).
Two doctors (C-45 and C-46) who conducted the
medical treatment on C-44 at Department-V in
hospital A were diagnosed with COVID-19 on
January 24 and January 25, respectively. Furthermore,
C-44 was transferred to hospital C on January 17.
Four doctors (C-47, C-48, C-49, and C-50) at hospital
C had close contacts with C-44, and developed fever
and other symptoms between January 24 and January
27. Our findings also suggested that C-44 was a
potential “super-spreader” since he transmitted the
disease to six people who had direct contacts with

him.

3.6 Additional tertiary cases

(1) C-11 was diagnosed with COVID-19 after direct
contact with his relative C-10 at home. (2) C-12, a
male doctor from the Department-VI, conducted
medical treatment on C-4 and C-5 on January 14, and
was diagnosed with COVID-19 on January 19 (5 days
after direct contacts with C-4 and C-5). (3) C-28, a
male liver cancer patient in his 60s (Ward-Z), was
diagnosed with COVID-19 on January 20 (4 days
after the disease onset of his doctor C-17) and died of

respiratory failure on January 23, 2020.

3.7 Clinical features and laboratory findings
(Figure 1, Table 1, and Table 2). There were 31

female and 21 male patients in this cohort, and the
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median age was 37 years (range: 22-79 years). None
of them were linked to the “Huanan Wet Market”, the
suspected origin for this outbreak in Wuhan. Each of
them, however, had a contact history with the index
patient C-1 or his close contacts. Approximately 87%
(45/52) of the patients had fever or other symptoms,
96% (50/52) had abnormal chest CT-scan findings,
86% of the tested patients (39/45) were positive for
SARS-CoV-2 in the nasopharyngeal or throat swab
specimen, 85% of the tested patients (29/34) were
positive for SARS-CoV-2-specific IgM and/or IgG,

DOI: 10.26502/acbr.50170187

negative for the specific IgM and/or 1gG at the
convalescent phase, and 15% of the RT-PCR negative
patients were tested positive for the specific IgM
and/or 1gG. The severe patients experienced a
significant  decrease in  oximetry  saturation,
lymphocyte, and platelet counts, along with a
significant increase in C-reactive protein, D-dimer,
and lactate dehydrogenase. Five of the seven cancer
patients (71%) died within 2-20 days of the disease
onset. All six fatal cases had comorbidities, whereas

all the health care workers were previously heathy

15% of the RT-PCR positive patients were tested individuals.
Case Age Sex Date of Exposure history Fever and Abnormal RT-PCR Serum Serum Disease outcome
ID onset other CT-scan for specific specific
symptoms findings SARS-CoV- antibody antibody
2 IgM 19G
(days after (days after
onset) onset)

C-1 50s M 01/03/20 Unknown but + + NA NA Died
Index no exposure to the 01/26/20
patient “Wet market”
C-2 50s F 01/09/20 Close contact + + NA NA Died
Patient with C-1 01/18/20
(relative of
C-1
C-3 60s F 01/04/20 Close contact + + NA NA Died
Patient with C-1 01/24/20
C-4 50s F 01/15/20 Close contact + + NA NA Transferred to a
Patient with C-1 designated hospital

on

01/30/20
C-5 70s F 01/15/20 Close contact + + NA NA Died
Patient with C-1 01/29/20
C-6 40s F 01/09/20 Close contact + - - + Discharged
Doctor with C-1 (51 days) (51 days) 02/25/20
Cc-7 20s M 01/10/20 Close contact + + + + Discharged
Doctor with C-1 (39 days) (39 days) 03/01/20
Cc-8 20s F 01/11/20 Close contact + - + + Discharged
Doctor with C-1 (41days) (41 days) 02/10/20
C-9 20s M 01/13/20 Close contact + + — + Discharged
Doctor with C-1 (47 days) (47 days) 02/27/20
C-10 20s M 01/13/20 Close contact + + + + Discharged
Nurse with C-1 (47 days) (47 days) 02/13/20
Cc-11 30s M 01/19/20 Close contact + + + + Discharged
Doctor to C-4and C-5 (44 days) (44 days) 03/07/20
C-12 30s F 01/19/20 Close contact with + + - - “Home
relative C-10 (46 days) (46 days) isolation”
of C-10 for 14 days
C-13 50s F 01/15/20 Close contact + + NA NA Transferred to a
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Patient with C-9 and designated hospital

C-10 on

01/23/20

C-14 30s 01/21/20 Close contact + + - + Discharged
Doctor with C-13 (30 days) (30 days) 02/09/20
C-15 30s 01/22/20 Close contact + + - - “Home isolation”
Doctor with C-13 (41 days) (41 days) for 14 days
C-16 50s 01/23/20 Close contact NA NA NA NA “Home isolation”
relative with C-15 for 14 days
of C-15
C-17 30s 01/16/20 Close contact with + + + + Discharged
Doctor C-6to (17 days) (17 days) 03/02/20

C-10
C-18 30s 01/16/20 Close contact with + - + + Discharged
Doctor C-6to (17 days) (17 days) 02/15/20

C-10
C-19 40s 01/16/20 Close contact with + NA NA NA “Home isolation”
Doctor C-6to for 14 days

C-10
C-20 40s 01/18/20 Close contact with + + NA NA Discharged
Doctor C-6to 02/16/20

C-10
Cc-21 20s 01/19/20 Close contact with + + + + Discharged
Doctor C-6to (45 days) (45 days) 03/08/20

C-10
C-22 30s 01/20/20 Close contact with + - - + Discharged
Doctor C-6to (58 days) (58 days) 02/18/20

C-10
C-23 20s 01/20/20 Close contact with + + - - Discharged
Doctor C-6to (65 days) (65 days) 02/13/20

C-10
C-24 30s 01/21/20 Close contact with + + NA NA Discharged
Doctor C-6to 02/27/20

C-10
C-25 40s 01/21/20 Close contact with + - NA NA “Home isolation”
Doctor C-6to for 14 days

C-10
C-26 30s 01/21/20 Close contact with + + - + Discharged
Nurse C-6to (28 days) (28 days) 03/07/20

C-10
Cc-27 20s 01/21/20 Close contact with + - - + Discharged
Nurse C-6to (43 days) (43 days) 02/15/20

C-10
C-28 60s 01/20/20 Close contact + + NA NA Died
Patient with C-17 01/23/20
C-29 50s 01/14/20 Close contact with + + + + Discharged
Doctor C-6to (39 days) (39 days) 02/29/20

C-10
C-30 30s 01/14/20 Close contact with + + + + Discharged
Nurse C-29 (48 days) (48 days) 02/18/20
C-31 30s 01/16/20 Close contact with + + — + Discharged
Nurse C-29 (46 days) (46 days) 02/14/20
C-32 50s 01/16/20 Close contact with + + + + Discharged
Doctor C-29 (46 days) (46 days) 02/27/20
C-33 30s 01/16/20 Close contact with + + - + Stable
Doctor C-29 (50 days) (50 days) Remained at

hospital
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C-34 30s F 01/16/20 Close contact with + + + + + Discharged
Doctor C-29 (46 days) (46 days) 02/14/20
C-35 50s M 01/17/20 Close contact with - + + - + Discharged
Doctor C-29 (46 days) (46 days) 02/27/20
C-36 40s M 01/17/20 Close contact with + + + — + Discharged
Doctor C-29 (47 days) (47 days) 02/08/20
C-37 20s F 01/19/20 Close contact with + + + — + Discharged
Doctor C-29 (47 days) (47 days) 02/27/20
C-38 40s M 01/20/20 Close contact with | + + + — + Discharged
Doctor C-29 (44 days) (44 days) 02/28/20
C-39 30s F 01/20/20 Close contact with | — + + - - Discharged
Nurse C-29 (44 days) (44 days) 02/14/20
C-40 30s F 01/20/20 Close contact with | — + + - - Discharged
Nurse C-29 (44 days) (44 days) 02/14/20
C-41 50s F 01/25/20 Close contact with | — + + + + Discharged
Patient C-29 (28 days) (28 days) 02/26/20
(relative of

C-29)

C-42 70s F 01/16/20 Close contact with | + NA NA NA NA Died on
Patient C-10and C-11 01/18/20
(relative of

C-44)

C-43 30s M 01/23/20 Close contact + + + + + Discharged
Doctor with C-40 (36 days) (36 days) 02/16/20
C-44 70s M 01/17/20 Close contact + + + NA NA Stable
Patient with C-40 Remained at
(relative of hospital
C-40)

C-45 30s M 01/24/20 Close contact + + + - + Discharged
Doctor with C-42 (36 days) (36 days) 02/27/20
C-46 30s M 01/25/20 Close contact + + + + + Discharged
Doctor with C-42 (38 days) (38 days) 03/02/20
C-47 50s F 01/24/20 Close contact + + + + + Discharged
Doctor with C-42 (42 days) (42 days) 03/10/20
C-48 50s F 01/26/26 Close contact + + + + + Discharged
Doctor with C-42 (40 days) (40 days) 03/10/20
C-49 40s F 01/27/20 Close contact + + NA NA NA Discharged
Doctor with C-42 03/05/20
C-50 20s F 01/27/20 Close contact + + NA NA NA “Home isolation for
Doctor with C-42 14 days
C-51 30s F 01/21/20 Close contact + + NA NA NA Discharged
Doctor with C-1 02/07/20
C-52 30s F 01/22/20 Close contact + + NA NA NA “Home isolation”
Doctor with C-1 for 14 days

M=male. F=female. NA=not available. +=positive. +=negative. Gl=gastrointestinal. CT-scan=computed tomographic (CT) scan; of note, the pre-existing conditions of the patients were removed
and the specific ages were replaced with an age range, e.g. 20s, and 30s, etc. to avoid identifying information. There were five patients (C-6, C-8, C-18, C-22, and C-27), who were tested
negative for RT-PCR but positive for the specific IgM and/or

1gG at the convalescent phase (highlighted in blue color); There were five patients (C-12, C-15, C-23, C-39, and C-40), who were tested positive for RT-PCR but negative for the specific IgM
and/or 1gG at the convalescent phase (highlighted in red color).

Table 1: Demographics, clinical features and laboratory findings of patients associated with COVID-19.
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All patients Severe cases Non-severe cases p

N | IQRorn/N N IQR or n/N N IQRorn/N value
White blood cell count, x 10%/L 44 | 426 (3.65-594) 9 5.87(3.37-7.61) 35 4.13(3.72-5.50) 0.163
<4 - 18/44 (41% ) - 3/9 (33%) - 15/35 (43%) 0.89
>4 - 26/44 (59% ) - 6/9 (67% ) - 20/35 (57%) /
Neutrophil count, x 107 /L 44 2.74(1.90-4.30) 9 437(1.78-6.34) 35 2.65(2.03-3.79) 0.176
Lymphocyte count, x 10°%/L 44 0.95( 0.66 - 1.56) 9 0.30(0.20-0.62) 35 1.08(0.86-1.75) 0.000
<1.0 - 24144 (55% ) - 9/9 (100% ) - 15/35 (43% ) 0.007
>1.0 - 20/44 (45% ) - 0/9 - 20/35 (57% ) /
Haemoglobin, g/L 44 | 13.45(11.50-1450) 9 13.30 (9.65— 14.95) 35 13.60 (12.10 - 14.50 ) 0.423
Platelet count, x 10°/L 43 172.00 (132.00 — 217.00) 9 108.00 ( 64.50 - 153.50) 34 184.00 ( 158.25 —225.25) 0.001
<162 - 18/43 (42% ) - 719 (78%) - 11/34 (32% ) 0.038
>162 - 25/43 (58% ) - 219 (22%) - 23/34 (68% ) /
Oximetry saturation, % 19 92.00(88.0-98.0) 9 88.0(80.0-91.0) 10 97.5(94.0-98.0) 0.006
C-reactive protein, mg/L - - - 0.001
<5 - 18/36 (50% ) - 0/9 - 18/27 (67%) /
>5 18/36 (50% ) 9/9 (100% ) 9/27 (33%) /
Fibrinogen, g/dL 27 | 2.89(2.47-4.09) 8 3.86(2.31-4.36) 19 2.87(2.47-3.77) 0.192
Prothrombin time, s 28 11.15(10.53-11.86) 9 10.90 (10.20 - 11.90) 19 11.20 (10.60—11.90) 0.694
Activated partial thromboplastin | 27 | 29.80(27.40-32.80) 8 29.90(26.10-33.25) 19 29.40(27.40-32.30) 0.777
time, s
D-dimer, mg/L 28 | 054(0.20—2.01) 9 2.35(1.04—4.11) 19 0.23(0.17-0.54) 0.000
Albumin, g/L 41 41.00 (36.25-42.55) 9 33.40(29.10-42.55) 32 41.00 ( 38.88-42.68 ) 0.053
Alanine aminotransferase, U/L 41 20.00 (12.00-32.00) 9 27.00 (20.00-33.50) 32 18.50 (11.25-32.50) 0.313
Aspartate aminotransferase, U/L 41 22.00(18.00-27.00) 9 27.00 (21.50-40.00) 32 21.00(17.25-26.00) 0.028
<32 - 35/41 (85% ) - 5/9 (56% ) - 30/32 (94% ) 0.015
>32 . 6/41 ( 15%) - 4/9 (44%) - 2132 (6%) ]
Alkaline phosphatase , U/L 34 | 60.80 (51.00— 76.18) 8 94.75 (48.68— 143.13) 26 59.05 (51.00 — 70.75) 0.18
Bhilirubin, mmol/L 41 | 950 (7.55-13.05) 9 13.00( 8.50 — 24.47 ) 32 9.10 (7.33—12.08) 0.041
Potassium, mmol/L 38 | 3.87(3.63-4.18) 8 350 (3.10- 4.13) 30 3.93(3.67-4.19) 0.082
Urea, mmol/L 40 | 4.07(3.54-5.48) 8 712(552-13.85) 32 3.85(3.38-4.56) 0.003
Sodium, mmol/L 39 139.90 ( 138.20 - 141.10) 9 137.30 ( 132.75 - 142.65) 30 139.90 ( 138.40 - 141.20) 0.223
Creatinine, pmol/L 41 | 57.0(48.0-75.0) 9 72.00 (43.00—98.30) 32 57.00 (47.75—74.75) 0.25
<80 E 33/41 (80%) - 5/9 (56%) - 28/32 (88%) 0.097
>80 N 8/41 (20%) s 4/9 (44%) - 4132 (12%) ]
Creatine kinase, U/L 35 72.00 (34.00-101.00) 9 28.00 (20.00 - 216.50) 26 74.50 (40.75-95.00) 0.406
<170 E 31/35 (89%) - 6/9(67%) - 2526 (96% ) 0.044
>170 N 4/35 (11%) s 3/9 (33%) - 1/26 (4% ) ]
Lactate dehydrogenase, U/L 35 | 193.0 (161.0-228.0) 9 247.0 (202.5-361.0) 26 184.0 (157.25 - 202.0) 0.001
<214 E 25/35 (71%) - 39 (33%) B 22/26 (85% ) 0.007
>214 - 10/35 (29% ) - 6/9 (67%) - 4126 (15% ) /

Table 2: Laboratory findings of patients with COVID-19.

4. Discussion stage of the outbreak in Wuhan, China. In addition,

In this study, we identified a super-spreading chain of we were able to find the index patient C-1 and C-29

transmission associated with COVID-19 at the early as the presumptive “super-spreaders” who initiated
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and amplified this chain of transmission, respectively.
We understand that “super-spreader” is still a vague
term without a strict scientific definition; we followed
a definition adopted by the epidemiologists during the
SARS outbreak, which defined the “super-spreader”
as an individual with transmission of SARS to at least
eight contacts [21]. Therefore, C-1 and C-29 were
considered as the super-spreaders because each of
them passed the infection of SARS-CoV-2 on to at
least eleven contacts. Since super-spreading events
were associated with the outbreaks of SARS and
MERS [21-24], it would be not a surprise to discover

super-spreading events associated with COVID-19.

Our study has a number of unique features. (1) By
coincidence, this transmission chain started from a
hospital ward shared by four female cancer patients,
and the female health care workers (total of 23)
outnumbered the male co-workers (total of 17). As a
result, there were 60% female (31/52) and 40%
(21/52) male patients in this cohort, which were
different from other reports [3-5]. (2) We were able to
identify several distinct clusters of cases based on the
exposed time and the date of disease onset, which
helped connecting all the related activities and events.
(3) There were seven cancer patients in this study, and
five of them (71%) died of severe respiratory failure
within 2-20 days of their disease onsets, suggesting
that cancer patients were highly vulnerable to
COVID-19 and had rapid disease progression and
high mortality rate due to immune suppression and
comorbidities. (4) Approximately 13.5% (7/52) of
patients were asymptomatic individuals in this study
(Table 1), it would be important to understand the
potential contributions of these individuals to the
disease  transmission if similar portion of

asymptomatic patients existed in the general
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populations with COVID-19 [27]. (5) Approximately
15% of the RT-PCR negative patients were tested
positive for the specific IgM and IgG. On the other
hand, 15% of the RT-PCR positive patients were
tested negative for the specific IgM and/or 1gG at the
convalescent phase. The discrepancy between the
results of the RT-PCR assay and serological testing
suggested the existence of possible “false negative”
and/or “false positive” with these assays. Both
scenarios may significantly affect the clinical
diagnosis and should be addressed accordingly by
additional studies given the fact that strict clinical
validation studies were not performed on any of these
assays due to the urgent need for screening and
diagnosis of COVID-19 during the disease outbreak.
In particular, it would be a huge concern if a
significant portion of SARS-CoV-2 infected patients
were tested negative for the specific IgM and 1gG at

the convalescent phase.

A large number of health care workers were infected
with SARS-CoV-2 in our cohort, which were
consistent with a report that 41% of the 138
hospitalized patients at one of the major tertiary
hospitals in Wuhan were hospital-related transmission
[6]. These findings suggested that serious nosocomial
transmission occurred at the early stage of this
outbreak, which likely changed the dynamics of
COVID-19 and contributed significantly to the
widespread of the disease in a short period of time in
Wuhan and other neighboring cities in Hubei

Province.

We recognized that our study had a number of
limitations and the findings need to be interpreted
with caution. (1) Some cases had incomplete records

of the exact exposure time and epidemiological
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history. (2) RT-PCR and serological testing were not
carried out for some cases due to the irregular service
during the early stage of the outbreak. (3) The viral
genomes of SARS-CoV-2 in this cohort were not

sequenced.

In conclusion, we identified a super-spreading chain
of transmission associated with COVID-19 at the
early stage of the disease outbreak in Wuhan, China.
Given the fact that COVID-19 was spreading rapidly
in many other countries worldwide, we believed at
that time that more super-spreading events associated
with COVID-19 would be identified in future. Indeed,
many super-spreading events have been reported since
our first report published in medRxiv preprint in
March 2020 [28, 32].
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