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Abstract

Background: Little is known about the characteristics of those who transmit SARS-CoV-2 infection vs those
who do not, but this information could inform disease control policies. This study described the features of
clusters in the first wave of COVID-19 in Shanghai and compared contagiousness by clinical and health
care risk factors.

Methods: In this retrospective cohort study of cases in Shanghai in January and February 2020, cases with
successive generations were considered to be “contagious.” Characteristics of contagious and non-
contagious cases were compared in log-binomial models that also adjusted for age and sex.

Results: Between January 21 and February 17, 2020, 333 cases of COVID-19 were reported in Shanghai
across 28 known infection chains. Contagiousness was higher among cases with a sore throat (risk ratio
[RR]: 3.41,95% CI: 1.59, 7.35, P=0.0051), and those with heart disease (RR: 2.06, 95% CI: 0.72, 5.90). Delays
in diagnosis were also associated with higher risk of contagiousness. Having =2 medical visits before
diagnosis was associated with 4.46 times higher risk of contagiousness (95% ClI: 2.03, 9.83, P=0.0002),
and there was a non-significant increase in risk with increasing numbers of days between disease onset
and isolation (for each day, RR: 1.08,95% ClI: 1.01, 1.16, P=0.1734).

Conclusions: Individuals with mild COVID-19 symptoms in the upper respiratory tract may still be
contagious, and such individuals should be prioritized for early diagnosis and isolation to limit further
chains of transmission.

Background

The novel coronavirus disease (COVID-19) [1] has attracted intense global attention since the beginning of
the outbreak in Wuhan, China, in December 2019 [2]. The World Health Organization (WHO) declared the
outbreak to be a Public Health Emergency of International Concern on January 30 and a pandemic on
March 11 [3].

Clusters of COVID-19 cases have been reported worldwide, such as on the cruise ship Diamond Princess in
Japan [4], among believers in the Korean Shincheonji church [5], and in prisons in 3 provinces in China [6].
In China, most cases have a traceable source of infection and are part of clusters. The clustered cases
account for 50%-80% in all confirmed cases and have been the focus of outbreak control [7].

Information regarding the epidemiological and clinical characteristics of COVID-19 clusters is limited. But
this information is key for control of the spread of COVID-19. Understanding what clinical features or
conditions are most associated with contagiousness can help policymakers and public health officials
prioritize testing, contact tracing, and isolation efforts. This study collects information from all confirmed
COVID-19 cases in Shanghai between January 21 and February 17, 2020, and separated them into those
with subsequent chains of transmission (i.e., “contagious”) and those without. This study describes the
features of clusters in the first wave of COVID-19 in Shanghai and compared contagiousness by clinical
and health care risk factors.
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Methods

Study design and data source

In this cross-sectional study, we conducted a descriptive and exploratory analysis of clusters of COVID-19
confirmed cases in Shanghai. All confirmed cases, diagnosed on the basis of the working national protocol
[8], and reported through the China Information System for Disease Control and Prevention before February
17, 2020, were enrolled. According to the cluster investigation technical guidelines in China [9], a cluster is
>2 confirmed cases or asymptomatic infected persons found in a small area (such as households,
workplaces, vehicles, etc.) within 14 days. This definition considers the possibility of human-to-human
transmission caused by close contact or exposed to a common infection source.

Individual data from filed investigation reports through interviews by CDC staff and medical records were
entered and managed in EpiData version 3.1 (EpiData Association, Odense, Denmark). Cases were coded
by unique identification numbers and were de-duplicated prior to analysis. Variables of interest included
demographic information (age, gender, occupation), initial symptoms at onset (self-reported by the cases
during epidemiological investigation), comorbid condition (including body mass index (BMI)), severity of
illness [10], and indicators at first clinical visit.

Statistical analysis and study definitions
Epidemiological description of clusters in Shanghai

We graphed epidemic curves of clusters by both date of illness onset and date of report. Time of cluster
formation was defined as the time when the second case involved fell ill or was identified. Key dates
relating to important events (i.e. lockdown of Wuhan, Chinese Spring Festival, launch of first-class response
in Shanghai, announcement of work resumption in Shanghai) were also labelled to explore their influence
on the spread of the outbreak.

Analysis on the transmission features of clusters

Using information gleaned about the relationship between clustered cases, we divided the clusters into 4
types: familial, occupational, social and mixed.

Analysis of the serial interval (i.e. the average time between onset of cases in a chain of transmission) was
conducted based on explicit chains we selected according to the following criteria [9]: (1) Contact with one
case of the previous generation within 1-14 days before the onset of illness; (2) No history of trips or
residency related to Wuhan and surrounding areas or other communities where confirmed cases existed;
(3) No other potential exposures, such as hospital visits. Cases were excluded if they had exposure to two
or more cases of the previous generation within 1-14 days before onset.

Cases were categorized into those who were contagious (i.e., had a successive generation) and those who
did not. In a multivariable log-binomial regression model, these were adjusted for age and sex. Only those
risk factors which had at least 5 contagious cases been considered. Each risk factors were putin a
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separate regression model, and p-values across models were adjusted for multiple testing with the Holm-
Bonferroni method. Significance was assessed at an a=0.05 level. Data were analyzed in SAS version 9.4
(SAS Institute, Cary, NC). Figures in the study were progressing by R (v4.0.4, R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.org/) and Excel 2016 (Microsoft Office, Redmond,
WA, USA).

Ethics approval

This study was reviewed and approved by the Shanghai Municipal CDC Ethical Review Committee. Cases
were not given an informed consent form as the data were collected as part of on-going public health
surveillance.

Results

A total of 333 cases of COVID-19 were reported in Shanghai between January 21 and February 17, 2020.
Most (186, 56%) of cases occurred in clusters, with 61 clusters being reported in this time period. Most
clusters (64%, 39/61) only had two cases, with a declining proportion held by clusters of more cases: 15%
(9/61),11% (7/61) and 10% (6/61) for clusters of 3, 4, and = 5 cases, respectively.

Epidemiological description of clusters in Shanghai

By date of onset, clusters began to occur sporadically from January 3, reaching a peak (8 clusters) on
January 29 and then gradually decreasing. By date of report, clusters began to be identified on January 21
and then declined after reaching the peak (8 clusters) on January 31. We found the report peak occurred
about 2 days after the onset peak. After accumulatively reporting 3 clusters on January 24, also the first
day of the Chinese Spring Festival (Chinese New Year) holiday, the Shanghai government launched what
they termed a first-class response, and a decline in the clusters was observed about 7 days later by onset
date. After considering the increased risk of COVID-19 transmission during the massive human migration
across provinces that occurs during the holiday (January 24- February 2), the Chinese national government
delayed the start of work to February 10 (Fig. 1).

A total of 83 cases (45%, 83/186) were locally infected in Shanghai, and 89 cases were infected in five
other provinces in China, including 39% (72/186) in Hubei, 5% (9/186) in Jiangsu, 3% (5/186) in Anhui, 1%
(2/186) in Shandong, and 1% (1/186) in Heilongjiang; Seven cases (4%, 7/186) were infected in foreign
countries (four in Europe and three in Asia); The location of infection for 7 cases (4%, 7/186) were not able
to be determined. Of the 103 cases who were infected outside of Shanghai, 33% (34/103) arrived in
Shanghai by aircraft, 29% (30/103) by high-speed railway/bullet train, and 25% (26/13) by driving private
cars.

Transmission features of clusters

An analysis of the relationship among cases involved in the 61 clusters revealed that familial transmission
was predominant, accounting for 84% (51/61) of clusters (Fig. 2). Exposure in workplaces was responsible

Page 5/18


https://www.r-project.org/

for 1 cluster of 3 cases. Three clusters (5%, 3/61) occurred during social activities (e.g., on the same tour
group, real estate transactions, taxi rides), involving 2 cases each. Additionally, 6 clusters (10%, 6/61) were
not able to be identified into one type of cluster; all these mixed clusters involved familial transmission.

The serial interval was calculated for 28 clear transmission chains we selected from 61 clusters, excluding
2 chains with equivocal onset time. We found that the serial interval in Shanghai ranged from - 1.83 to
14.63, and the median and IQR were 5.50 (2.47, 11.47) (Fig. 3). Two peaks emerged at 1-3 days and 11—
13 days. Two chains with onset of subsequent generations earlier than the last generation (1.83, 0.5 days)
were observed, indicating transmission during the incubation period. We observed a large variability in
serial interval when two generations contacted 1-2 times instead of having continuous exposure (= 3 or
more days, such as when living together), i.e. 14.63 days (contacted twice), 12.63 days (contacted once),
12.46 days (contacted once), 2.08 days (contacted once), 1.63 days (contacted once). The serial interval in
the other 23 chains with continuous exposure ranged from - 1.83 to 12.83, median and IQR were 5.05
(2.50,9.33)

Development trends of clustered cases under specific policies

In the early stage, clustered cases were mainly imported from Hubei province, supplemented by local
infections in Shanghai; imported cases from other regions were relatively scarce. Following the policies
locking down Wuhan on January 23 and the initiation of a first-class response to public health
emergencies in Shanghai on January 24, clustered cases imported from Hubei gradually declined after
reaching the onset peak on January 28—-30. The reported peak was observed to be delayed by 1-3 days.
Imported cases from Hubei province were rarely identified in clusters past 14 days (one incubation period)
after adopting the effective prevention and control measures. At this point, locally infected cases began to
dominate.

The means of identifying cases are presented in Fig. 4. Among 83 local clustered cases, cases were mainly
identified through community screening (28%, 23/83), collective isolation points (16%, 13/83), and
personal clinical visit (57%, 47/83). Clustered cases started to be identified through active community
screening and collective isolation points from January 24 and January 31 respectively, and the proportion
of cases identified through personal clinical visits gradually decreased. Besides these three means of
detecting cases, imported cases could also be identified through checkpoint examinations. Since January
26, a total of 6 cases had been found at checkpoints. Individual clinical visits still dominated for imported
cases (community screening: 24%, 23/96; collective isolation point: 7%, 7/96; checkpoint: 6%, 6/96,
individual clinical visit: 63%, 60/96).

Individual risk factors of contagiousness

We separated individuals into those who were non-contagious cases and those contagious, i.e., having

successive generations (Table 1). Contagiousness was higher among cases with a sore throat (risk ratio

[RR]: 3.41,95% CI: 1.59, 7.35, P=0.0051), and those with heart disease (RR: 2.06, 95% Cl: 0.72, 5.90).

Delays in diagnosis were also associated with higher risk of contagiousness. Having = 2 medical visits

before diagnosis was associated with 4.46 times higher risk of contagiousness (95% CI: 2.03,9.83,P =
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0.0002), and there was a non-significant increase in risk with increasing numbers of days between disease
onset and isolation (for each day, RR: 1.08,95% CI: 1.01,1.16, P=0.1734).
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Table 1
Epidemiological and clinical characteristics of sporadic cases and clustered cases

&%T.net{, ) ggcvt?% ious case (Rglgléé rgtlgoa

Age°®

0-20 years 14 (4%) 0 (0%)

20-39 years 106 (32%) 10 (9%)

40-59 years 107 (32%) 6 (6%)

60—-88 years 106 (32%) 11 (10%)

Gender

Male 173 (52%) 12 (7%)

Female 160 (48%) 15 (9%)

Initial symptoms

Fever 207 (62%) 18 (9%) 1.17 (0.55,
2.52)

Chill 20 (6%) 1(5%)

Dry cough 106 (32%) 9 (8%) 1.10 (0.51,
2.36)

Productive cough 29 (9%) 2 (7%)

Sore throat 31 (9%) 7 (23%) 3.41 (1.59,
7.35)

Headache 30 (9%) 1(3%)

Dizziness 8 (2%) 1(13%)

Nasal obstruction 13 (4%) 0 (0%)

4 Models adjusted for age group and gender, but no other risk factor. Only risk factors with =5
contagious cases were considered.

b P.value corrected for multiple testing through the Holm-Bonferroni method.
© mean: 48.3 years, standard deviation: 17.6 years

d mean: 23.9, standard deviation: 4.2

€ mean: 1.5 visits, standard deviation: 0.9 visits

fmean: 5.0 days, standard deviation: 4.3 days

P
valueP

1

.

0.0051
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Runny nose
Muscle soreness
Sore joints
Weakness

Chest stuffiness

BMId

Underweight

Normal

Overweight

Comorbid condition

Diabetes

High blood pressure

Heart disease

Lung disease

Clinical manifestation

Mild (non-pneumonia)

Mild (pneumonia)

Count
(col. %)

19 (6%)
25 (8%)
25 (8%)
40 (12%)
7 (2%)

35 (11%)

189 (57%)
109 (33%)

28 (8%)
64 (19%)
24 (7%)

5 (2%)

15 (5%)

293 (88%)

Contagious case
(row %

4(21%
3(12%

)
)
3 (12%)
4 (10%)

)

2 (29%

1(3%)

12 (6%)
14 (13%)

6 (21%)
9 (14%)
4 (17%)

1(20%)

1(7%)

20 (7%)

Risk ratio?
(95% CI)

0.61 (0.08,
4.46)

ref

2.28 (1.08,
4.83)

3.40 (1.29,
8.92)

2.21 (0.93,
5.23)

2.06 (0.72,
5.90)

0.96 (0.13,
6.98)

ref

4 Models adjusted for age group and gender, but no other risk factor. Only risk factors with =5

contagious cases were considered.

b P.value corrected for multiple testing through the Holm-Bonferroni method.

© mean: 48.3 years, standard deviation: 17.6 years

d mean: 23.9, standard deviation: 4.2

€ mean: 1.5 visits, standard deviation: 0.9 visits

fmean: 5.0 days, standard deviation: 4.3 days

P
valueP

0.2184

0.0645

0.5704

0.0002
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Count Contagious case Risk ratio? P

(col. %) (row % (95% Cl) value?
Severe 9 (3%) 2 (22%) 3.78 (1.01, 1
14.21)
Critically severe 16 (5%) 4 (25%) 4.96 (1.66, 0.0168
14.85)
Seeking medical help
> 2 medical visits before diagnosis® 112(34%) 19 (17%) g-gg)(z-O?" 0.0002
Days between onset and isolation _f _f 1.08 (1.01, 0.1734
(continuous)’ 1.16)

4 Models adjusted for age group and gender, but no other risk factor. Only risk factors with =5
contagious cases were considered.

b p.value corrected for multiple testing through the Holm-Bonferroni method.

® mean: 48.3 years, standard deviation: 17.6 years

d mean: 23.9, standard deviation: 4.2

€ mean: 1.5 visits, standard deviation: 0.9 visits

fmean: 5.0 days, standard deviation: 4.3 days

Discussion

The number of cases of COVID-19 outside China has increased greatly [11, 12]. In contrast, the course of
the outbreak in China has plateaued and declined gradually after implementation of robust actions. As an
international metropolis which is the largest city in China, Shanghai stayed open to the outside during the
outbreak and still made great achievements in curbing the epidemic. Breaking the chains of transmission
acts as the key to controlling the outbreak. This study examined the epidemiological characteristics of 61
clusters identified in Shanghai to inform an evidence-based control strategy for the global community.

Several features were associated with contagiousness, and therefore could be a target for disease control
efforts in locations with limited resources. Upper respiratory symptoms, like sore throat or runny nose, were
either significantly associated with contagiousness or were near this border. These symptoms could
represent increased viral replication in the upper respiratory tract [13], which could be associated with more
or more efficient shedding of virus. We also found that individuals with a severe clinical presentation had
greater contagiousness, which could be related to increased viral load.

Delays in diagnosis or isolation were also associated significantly (or near significantly) with
contagiousness. This represents failures to control disease spread within the community. The inability to
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rapidly diagnose individuals and insure isolation could explain difficulties controlling disease in locations
like the US [14].

Familial transmission was the main type in Shanghai and is consistent with other regions in China. The
median of serial interval was 5.50 from the 28 explicit transmission chains we identified, which is relatively
shorter than the findings from Li et al’s analysis of five clusters (7.5 + 3.4 days, 95%Cl, 5.3 to 19) [15]. We
included chains potentially transmitting during an incubation period, which could partly explain the
difference. In addition, we observed greater variability of the serial interval when two generations were not
in continuous contact. Two peaks emerged at 1-3 days and 11-13 days. Since no significant change has
been observed in the genetic makeup of the virus [16], we thought the variability might be mainly due to the
exposure situation and incubation period of the two generations, which warrants further study with more
transmission chains.

As an international metropolis, Shanghai has curbed COVID-19 even after resuming work. This could be
credited to the holistic measures of prevention and control taken. We explored the timeliness and
effectiveness of policies, and note that the local government initiated their first-class response to public
health emergences after 3 clusters had been identified in the city.

The comprehensive approaches undertaken in the “first-class response” in Shanghai included immediate
detection and isolation of cases, precise management of people arriving in Shanghai according to the risk
of their origin, rigorous tracing of close contacts, and insuring community compliance with restriction of
movement. Shanghai also encouraged social distancing (e.g., working from home, closing schools, limiting
mass gatherings and public events) and implemented mandatory and voluntary quarantine through active
surveillance. Individual behaviors, such as promoting hand hygiene and the wearing of masks, were also
included in this response [17].

Examination of the outbreak’s epicurve shows that initial achievements were made in about half an
incubation period (7 days) after adopting the first-level response measures. The number of clusters fell
from the peak and the outbreak has been generally contained since February 14. The city resumed work on
February 10, after 11 consecutive days of a decline following the peak on January 30. Early and precise
implementation of prevention and control measures was vital to controlling the epidemic.

Limitations

Our study has limitations. First, the information extracted from field investigation was inevitably influenced
by recall bias and reporting bias of the respondents. Second, the source of infection could not be clearly
defined in each of the patients, which brought difficulties in our analysis. Third, the relatively low number of
cases in Shanghai limits the statistical power of our analyses.

Conclusions
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In conclusion, COVID-19 has spread widely and brought a huge impact on people's daily life worldwide. In
the absence of a vaccine and cure, the Chinese government has implemented several public health actions
to contain the spread of virus. Extending the Chinese New Year holiday, for instance, was temporally
associated with a decline in the number of clusters. Yet even after resuming work, the number of clusters
remained consistently low. The practical experience of Shanghai can be a reference point for other global
cities faced with outbreaks of COVID-19 in the future.
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Onset and reported clusters from 28 chains of infection in Shanghai.
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Transmission features of clusters in Shanghai.
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Serial intervals from 28 chains of infection in Shanghai.
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Regions and report routes of clustered cases.

Page 18/18

No. of local clustered cases

No. of imported clustered cases

25

20

35

25

20

v I

2 8 & g8 8 ] a =
= - - - i
Date of report
mCommunity = Colleclive isolation  Self-discovery
— -
==
e
@« - - - =2 o™ w -] -
I o o o 2 & & B =
= = = =3 = @
" Date of report .
= Community Collective isolation & Checkpoint Self-discovery

214

214

217

217



