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1 | INTRODUCTION

We primarily quantified exposure patterns, transmission characteristics, and the
clinical spectrum of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection among household contacts of individuals with severe coronavirus disease-
2019 (COVID-19). We conducted a retrospective cohort study of 20 index patients
hospitalized with severe COVID-19 and 79 of their household contacts. We de-
termined the transmission frequency, range of manifestations of SARS-CoV-2 in-
fection, and factors associated with infection in household settings. Of the 79
household contacts, 53 (67%) developed SARS-CoV-2 infection (49 [62%] sympto-
matic, 4 [5%] asymptomatic). Eight patients (10%) developed severe COVID-19, and
one died of COVID-19 pneumonia (case-fatality rate: 1.9%). The probability of
SARS-CoV-2 infection was similar in children and adults (55% vs. 72%, p = .14), with
children being less likely to develop the symptomatic disease (46% vs. 68%, p =.06).
Handwashing = 5 times/day was associated with reduced infection risk (52.8% vs.
76.9%, p = .04). SARS-CoV-2 has a high frequency of transmission among household
contacts. Nonhospitalized individuals with SARS-CoV-2 infection should be quar-
antined in patient care facilities rather than at home to minimize spread, if possible,

and frequent handwashing should be practiced to prevent transmission.
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shortness of breath, sore throat, congestion or runny nose, or difficulty

breathing. However, other clinical presentations often associated with

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a
recently identified virus belonging to the family of human coronaviruses.*
The disease caused by SARS-CoV-2 was named coronavirus disease-
2019 (COVID-19) by the World Health Organization (WHO). On March
11, 2020, the WHO declared COVID-19 a global pandemic. The median
and mean incubation periods of SARS-CoV-2 have been estimated as 3
and 5 days, respectively, with a range of 0-24 days.>®> COVID-19 typi-

cally presents with respiratory symptoms, such as fever or chills, cough,

COVID-19 included fatigue, muscle or body aches, headache, the new
loss of taste or smell, nausea, vomiting, diarrhea, and skin rashes. The
estimated mean basic reproduction number (Rpy) for COVID-19 is 227
and the estimated case-fatality rate is 2.3% among individuals with
confirmed SARS-CoV-2 infection in China,” which is similar to the range
of RO from 1.4 to 2.5 reported by WHO.® Although the RO did not differ
from that in SARS in China ¢ (RO of 2.0-3.0), the case fatality rate was
much lower than that of SARS (2.3% vs. 11%). Data on Middle East
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respiratory syndrome (MERS) are unavailable in China. Nevertheless, the
case RO of less than 1 and fatality of 34.4% among patients with MERS
have been reported by a study in another country.”

Recent advances have been made in identifying the clinical features,
diagnostic methods, and treatment strategies of individuals with COVID-
19.2871° However, current published studies focus mainly on diagnosed
cases that represent only a fraction of all those infected.>® 2 Many cases
of SARS-CoV-2 infection may be missed if contact tracing and testing
protocol have not been implemented, especially in the cases of asymp-
tomatic infection without the progress to overt COVID-19.2*7%¢ Thus,
the frequency of SARS-CoV-2 infection and the proportions of individuals
infected with SARS-CoV-2 who develop the clinical disease (COVID-19)
and severe COVID-19 are unknown. Wu and McGoogan” reported that
64% of 1183 case clusters in 20 provinces outside of Hubei in China
were outbreaks within family households. Furthermore, some studies
reported elder ages of household contacts and spouse relationship
with index case were risk factors for transmission of SARS-CoV-2
within household.””"*° There is no commonly agreed approach
regarding quarantine policies for individuals with asymptomatic or mild
SARS-CoV-2 infection.

We conducted a household study to investigate the epidemiological
characteristics and range of clinical manifestations after SARS-CoV-2
exposure. The primary objective was to quantify exposure patterns,
transmission characteristics, and the clinical spectrum of SARS-CoV-2
infection. Household contact is the major source of SARS-CoV-2 infec-
tion, which particularly puts children at risk.'? Children have a very dif-
ferent subset of illness, who may develop an exaggerated immune
response, characterized by exaggerated cytokine release and manifests
with features similar to Kawasaki disease. The syndrome has been re-
ferred to as multisystem inflammatory syndrome in children with nega-
tive clinical outcomes.” We further investigated the characteristics and
outcomes of children with COVID-19.

2 | PATIENTS AND METHODS

2.1 | Study design and participants

We conducted a single-center cohort study on the household con-
tacts of individuals with COVID-19. Patients were recruited from
Beijing Ditan Hospital, which is affiliated with the Capital Medical
University, an academic tertiary care center in Beijing, China, de-
signated for the diagnosis and treatment of COVID-19. The standard
of care for patients with SARS-CoV-2 is described in Section S1.
Eligible patients were those who presented to our medical center
and also had at least one family member with a confirmed diagnosis
of COVID-19. The date range of admission/hospitalization was be-
tween January 21 and February 14 in 2020. Epidemiological and
clinical data were collected, including data for transmission tree
analysis with the chronology of symptom onset and virus transmis-
sion recorded; the history of the first presentation and disease
progression; and physical findings, laboratory testing results, imaging
results, treatment, and outcomes. The requirement for informed

consent was waived because the study was retrospective and posed
minimal risk to the individuals included in the analysis.

Data were collected from medical records and self-reported data
from a questionnaire administered during the patient's visit to the clinic
or their hospital stay. A sample of the questionnaire is presented in
Section S2. Details of the laboratory procedures, sample collection, and
testing are also described in Section S3. All computed tomography (CT)
findings were confirmed by the chief of the radiology department. The

records to obtain the data used in this study were accessed on March 30.

2.2 | Study measurements

Primary measurements included aggregated case counts on outcomes to
the proportion of patients with SARS-CoV-2 infection, proportion of
patients with COVID-19, proportion of patients with severe COVID-19,
and case-fatality rates among household members.

The proportion of household members who tested positive for
SARS-CoV-2 and the proportion who developed COVID-19 were
measured to determine the frequency of SARS-CoV-2 infection and
symptomatic disease, respectively. The proportion of household
contacts that developed severe COVID-19 and the case-fatality rate,
which was defined as the percentage of those with SARS-CoV-2 in-
fection who died due to COVID-19, were also measured.

Secondary measures included: (1) epidemiological predictors of
transmission of SARS-CoV-2 by comparing individuals with and
without COVID-19 after exposure to index patients; (2) epidemio-
logic parameters, including the incubation period, the interval from
symptom onset to the first medical visit or hospitalization, and the
duration of symptoms and recovery; (3) clinical baseline predictors of
the development of severe COVID-19; and (4) a comparison of the
clinical presentation of COVID-19 in children and adults.

In our study, the index case in the household referred to the
first person in the household with a confirmed COVID-19 or positive
COVID-19 PCR test without clinical confirmation yet. Other household
members were defined as successive (secondary) cases with exposure
and their data were included in a separate dataset. Case confirmation for
SARS-CoV-2 infection was based on laboratory microbiological diagnosis
through detection of the virus using reverse transcription polymerase
chain reaction (RT-PCR) assays, regardless of the presence of clinical
signs and symptoms. Samples were obtained for RT-PCR testing at the
first clinic visit or on the day of admission to the hospital. Those with
negative RT-PCR results, who were clinically suspected to be infected,
were admitted to a single-occupancy isolation room for further ob-
servation until they met the discharge criteria. Successive patients with
SARS-CoV-2 infection were assigned further into the subgroups of
asymptomatic, mild/moderate COVID-19, and severe COVID-19.

Patients who met any of the following criteria were considered as
having severe COVID-19: (1) dyspnea with a respiratory rate more than
30/min; (2) hypoxemia with oxygen saturation less than 93%; (3) PaO,/
FiO, less than 300 mmHg; or (4) complications including sepsis, meta-
bolic acidosis, organ failure, or acute respiratory distress syndrome.
Noninfected family members were those who had negative RT-PCR test
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results on at least two samples collected on separate dates and no clinical
evidence of COVID-19. Household contacts who did not meet any of

these definitions were classified as possible cases.

2.3 | Ethical considerations

The study protocol was approved by the Institutional Review Board
of Beijing Ditan Hospital, Capital Medical University in Beijing (ap-
proval number: 2020-015-01). Data were collected from medical
records. All data were deidentified before analysis. The need for
informed consent was waived by the Institutional Review Board

because the study posed minimal risk to the enrollees.

24 | Statistical analysis

Transmission trees were constructed that allowed for the tabulation of
exposure frequency and the numbers of successive cases with genera-
tions of infection from the index case. Using data from each individual,
aggregated case counts of varying disease severity were analyzed and
reported as the percentage of participants in each outcome category. )(2
or Fisher's exact tests were used to identify risk factors for severe
COQOVID-19. Variables with p < .05 in the univariate analyses were further

MEDICAL VIROLOGY

investigated in a multivariate logistic regression model. All statistical
analyses were performed using SPSS Version 16.0 (SPSS Inc.). All tests
were two-tailed, and p values of less than .05 were considered statisti-

cally significant.

3 | RESULTS

The index cases had a reported date of symptom onset between January
21, 2020 and February 14, 2020. All individuals in the household were
followed with the last follow-up of the last patient on March 5, 2020.
There were 99 participants from 20 unrelated households enrolled in the
study. Their median age was 38 years (range: 0.8-86 years), with 41
(41%) males and 22 (22%) children under 18 years (median age: 5.4
years, range: 0.8-13 years). Six of the 20 index patients (30%) had severe
COVID-19. The transmission trees of familial SARS-CoV-2 outbreaks
linked to the index patient in each household are shown in Section S4
(Figure S1). All secondary cases within the households comprised only
one generation of infection if the index case was classified as Generation
0. Details regarding recruitment and disease severity are shown in
Figure 1 and Table 1. Among the household contacts of the index pa-
tients (N = 79), the proportion of patients with SARS-CoV-2 infection, the
diagnosis of COVID-19, and severe COVID-19 were 67% (53/79), 62%
(49/79), and 10% (8/79), respectively. Among the household contacts, the

‘ 99 eligible subjects from 20 family clusters were enrolled ‘

|

l

20 COVID-19 patients
identified as index patients (one

from each cluster) contact

Household

> family exposure to patients with

14/20 (70%) had non-
severe COVID-19

v

6/20 (30%) had severe
COVID-19

i

79 family members had subsequent

confirmed COVID-19

23/79 (29%) had
no COVID-19

3/79 (4%) possible
infection (unlikely)*

| 4/79 (5%) asymptomatic,
RT-PRC positive

41/79 (52%) non-
severe COVID-19

8/79 (10%) severe
COVID-19

FIGURE 1 Study subjects and their status of SARS-CoV-2 infection with disease ranges. *These family members were classified as possible infected
cases because two had one day of fever (<37.5°C and one had diarrhea (6-7 loose stool/day for 2 days) after contacting the index patients. The
community health providers considered that they were unlikely infected and advised patients to be quarantined at home for 14 days. Thus, clinical
workup or laboratory investigations were not conducted at the onset of their symptoms, although two of them had two consecutive negative RT-PCR
results on throat swab samples after the quarantine period. There were no new infected patients reported to be linked to these family members. There
were 69 patients of COVID-19 in our cohort, including 20 index patients and 49 subsequent infected patients in 20 family clusters. These patients were
confirmed with the diagnosis between January 21 and February 14 in 2020. During this period, 365 new patients were confirmed with COVID-19 in
Beijing City. Thus, our infected patients represented 19% of all cases in the city. The daily reports of cases with confirmed COIVD-19 in Beijing can be
found on the website: (https://ncov.dxy.cn/ncovh5/view/pneumonia_area?aid=110000&from=dxy&link=&share=&sourc).
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incidence of asymptomatic infection was 5% (4/79), and the case-fatality

rate among secondary cases was 1.9% (1/53).

3.1 | Epidemiologic features and risk of infection
In terms of the locations of possible exposure to the virus for the 20
index patients, 13/20 (65%) of them were residents of Wuhan City or
had traveled from Wuhan City to Beijing; 2/20 (10%) of them had en-
vironmental exposure at work or had attended social events in Beijing
where transmission was believed to have occurred through cases origi-
nating from Wuhan; the remaining 5/20 (25%) of the patients had no
contact with a known source. The timelines of disease occurrence within
each household and individual history of exposure, chronology of
symptom onset, and disease course are shown in Figure 2. All family
members in each household had a clear direct exposure to the index
case, except for two members of one family (Household 20), in which
there were two adults (grandparents) who had family exposure only to
the infected child of the index patient. They had no direct contact with
the index patient and did not become infected.

On the basis of the individual data, we estimated the epide-
miologic parameters for 53 successive cases. Household members
with no symptoms or with symptom onset before the index case
were excluded (n = 7). The mean incubation period and serial interval
(time between the onset of symptoms in an index patient and onset
of symptoms in an infected contact) were 5.5 (95% confidence in-
terval [Cl]: 4.52-6.48) days and 5.5 (95% Cl: 4.43-6.57) days, re-
spectively (n=46). The mean interval from illness onset to the first
medical visit and hospital admission (n=49) was 2.2 (95% Cl:
1.93-2.48) days and 2.5 (95% Cl: 1.66-3.34) days, respectively. The
mean interval from the onset of COVID-19 related symptoms to
recovery (n=49) was 15.1 (95% Cl: 12.5-17.7) days.

To investigate the predictors of SARS-CoV-2 infection, we
compared epidemiologic features between the noninfected par-
ticipants and participants with first-generation infection
(Table 2). The analyses showed that a significantly higher pro-
portion of those who did not develop infection washed their
hands more than five times per day (77% [20/26] vs. 53% [28/53],
p =.04). However, there were no differences in other variables
between the two groups, including travel history, disease se-
verity of the index case, time and location of SARS-CoV-2 ex-
posure, physical contact with the index case, household size,
income status, family member's highest education level, or

knowledge about the disease.

TABLE 1
Index patients
Variables (N =20) (N=79)
Disease ranges Nonsevere disease Severe No infection
disease
Proportion 14 (70%) 6 (30%) 23 (29%)
Ratio Nonsevere versus severe =7:3

3 (4%)

3.2 | Clinical features and children with COVID-19
Among the 73 participants with laboratory-confirmed COVID-19, in-
cluding the 20 index cases and 53 secondary cases, six who had transient
mild symptoms or asymptomatic infection underwent monitoring for the
development of COVID-19 (thus, some variables were not recorded). The
clinical data of the 73 case patients are shown in Table 3. Their mean age
was 42 years and 43% were male. Common initial symptoms included
fever (80%), cough (56%), and fatigue (44%), and myalgia/arthralgia
(25%), whereas diarrhea (8%) or nausea/vomiting (1%) occurred infre-
quently. Common initial findings were as follows: lymphopenia (63%),
elevated C-reactive protein (54%), lactate dehydrogenase (LDH; 50%),
and bilateral patchy shadowing (58%) or ground-glass opacities (76%) on
CT scans. The date of symptom resolution was documented for 69 of 73
household contacts with SARS-CoV-2 infection (four asymptomatic cases
were excluded). The mean duration of symptoms was 15.1 (95% CI:
12.5-17.7) days. One of the 53 secondary cases with SARS-CoV-2 in-
fection (the father of Index Patient 12) died and the other 52 recovered.

Compared to the nonsevere cases, patients with severe
COVID-19 were significantly older and were more likely to have a
history of smoking or pre-existing chronic conditions. Severe cases
were significantly more common among men than women.
Characteristics of severe COVID-19 included fever (temperature >
38°C), shortness of breath, oxygen saturation less than 93%, lower
PaO,/FiO,, lymphopenia, hyponatremia, hypochloremia, elevated
creatinine kinase, elevated LDH, elevated aspartate aminotransfer-
ase, and bp-dimer levels 20.5mg/L. In the multivariate competing
risks model, the independent predictors of severe disease included:
history of smoking (odds ratio [aOR]: 28.32; 95% Cl: 3.24-247.50),
shortness of breath (aOR: 20.12; 95% Cl: 3.19-126.76), and pre-
existing chronic diseases (aOR = 6.00; 95% Cl: 1.20-29.94).

There was no significant difference in the frequency of SARS-
CoV-2 infection among children and adults (55% [12/22] and 72%
[41/57], respectively, p =.14), but children were less likely than
adults to develop the symptomatic disease (46% [10/22] and 68%
[39/57], respectively, p=.06). None of the children developed
severe COVID-19. Although the mean incubation time in children
was similar to that in adults, a lower proportion of children had
pre-existing chronic conditions, fatigue, multiple symptoms,
lymphopenia, hyperkinemia, hypochloremia, or an elevated
C-reactive protein level (Table 3). However, there was no sig-
nificant difference in the mean duration from symptom onset to
recovery between children and adults (19.1+5.6 days vs
11.8 £ 6.5 days; p=.75).

Spectrum of infection and disease severity among the index patients and their household contacts

Outcomes among the household contacts of the index patients

Possible case Asymptomatic infection Nonsevere disease Severe
disease
4 (5%) 41 (52%) 8 (10%)

Noninfected versus infected = 3:7
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1 Clinically well Severely ill Exposure to the index case A Exposure to the community patients &b RT-PCR positive
1 Mildly ill B Critically ill EEEE® Exposrue to non-index patients #Onset of symptoms © RT-PCR negative
Cluster 1 san[ 14 15] 16] 17 18] 19] 20 [21]22] 23] 24 25] 26 [ 27 28] 20 ] 30 [ 31 [Fet] 2 [3] 4 [ 5[ 6 ] 7 [ 8 o [10[11]12[13[14] 15[ 1617 18] 19] 20 21 ]22] 2324 [ 25[ 26 [ 27 [ 28] 20 ]ma] 2
Index case 1 (IC1)
M 36 Infected ZZ [ Wuhan [BJ] Hospital, Beijing [ Hotel, Beijing
Mother of IC1 T* (&)
F 60 Infected Zhengzhou Hotel, Beijing [ Hosptial [ Hotel, Beijing
Wife of IC1 Ga 9
F 36 Infected Wuhan Hotel, Beijing | Hospital, Beijing [ Hotel, Beijing
Daughter of IC1 * GB @
F 0.8 Infected Wuhan Hotel, Beijing | Hospital, Beijing | Home, Beijing
Daughter of IC1 [ [&)
F 10.9 Infected Wuhan Hotel, Beijing | Hospital, Beijing | Home, Beijing
Son of IC1 @
M 6.2 Not infected Wuhan Hotel, Beijing [ Hotel, Beijing
Z Z = Zhengzhou city; W H = Wuhan city; B J = Beijing city
Cluster 2 san] 15] 16] 17] 18] 19] 20] 21] 22] 28] 24 25] 26 27] 28] 29[ 0] 31Fet] 2 [3[ 4 [ 5[ 6 [ 7[ 8] o [10] 111218 14] 15] 16 [17] 18] 1] 20] 21[22] 23] 24 25[ 26[ 27] 28] 20]ma] 2 [ 3 [4 | 5
Index case 2 (IC2) f a; 9
M 33 Infected WH] Home, Beijing [ Hospital, Beijing [ Home, Beijing
Mother of IC2 GD 9
F 56 Infected Home, M D J Home, Beijing [ Hospital, Beijing [ Home, Beijing
Father of IC2 * @
M 59 Infected Home, MD J Home, Beijing [ Hospital, Beijing [ Home, Beijing
Wife of IC2 * GB
F 32 Infected Home, Beijing | Hospital, Beijing
Daugher of 1C2 i . i [S5) =
F 5.7 Infected Home, Beijing [ Hospital, Beijing [ Home, Beijing
Daughter of 1C2 2000000k <)
F 3.2 Infected Home, Beijing [ Hospital, Beijing [ Home, Beijing
M D J = Mu Dan Jiang city; W H = Wuhan city
Cluster 3 san] 18] 19] 20 21 [ 22] 23] 24 25 26 [27 [ 28 20 [0 [ a1 [Fer] 2 [ 3[4 [ 5[ 6 [ 7 [ 8] o [10] 1] 12] 13141516 17 18] 10] 20] 21 222824 ] 25[ 26 27 [ 28] 20 |ma] 2 [3 [ 4[5 [ 6
Index case 3 (IC3)
M 29 Infected Shenyang | Home, Beijing | Hospital, Beijing
Wife of IC3 * P [&)
F 29 Infected Home, Beijing | Hospital, Beijing | Home, Beijing
Daughter of IC3 7070, * (S5 S
F 2.9 Infected Home, Beijing Hospital, Beijing | Home, Beijing
Brother of IC3 70k =
M 38 Infected Home, Beijing Hospital, Beijing ‘ Home, Beijing
Sister-in-law of IC3 T % (&) (S5)
F 36 Infected Home, Beijing | Hospital, Beijing
Nicee of IC3 7707077 % e
F 11 Probable case Home, Beijing
Mother of 1C3 07007 (&)
F 64 Probable case Home, Beijing
Cluster 4 Janl 12‘13]14|15| 16| 17| 1B| 19|20|21|22[23]24|25|26|27|ZB|29|30|31|Feb[ 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 |10‘ 11[12| |3| 14| 15| 16| 17| 18| 19|20‘21 [22[23|24|25|26|27|28|29|Mar| 2
Index case 4 (IC4)
F 33 Infected Hangzhou | Home, Beiing [ Hospital, Beijing [ Home, Beijing
Mother of IC4 Qﬁ
F 58 Infected Home, Beijing | Hospital, Beijing
Father of 1C4 m 2 Q
M 58 Infected Home, Beijing [ Hospital, Beijing [ Home, Beijing
Husband of IC4 @
M 33 Infected Home, Beijing Hospital, Beijing Home
Daughter of IC4
F 5.5 Not Infected Home, Beijing |—HFspitaI| Home, Beijing

FIGURE 2 The timelines of the individual's history of exposure, chronology of symptom onset, and disease course

4 | DISCUSSION SARS-CoV-2 is transmitted primarily through respiratory droplets ex-

pelled from coughing, talking, and sneezing.'®> Data on influenza have
We examined a cohort of 99 individuals from 20 households and de- demonstrated that airborne viruses are transmitted by touching in-
termined the incidence of secondary cases of SARS-CoV-2 infection and animate objects covered with the virus and then touching the nose or

COVID-19, the proportion of individuals with severe COVID-19, and the eye.’ The same may apply to SARS-CoV-2 transmission. In the epide-
case-fatality rate among household contacts. Recent studies suggest that miological data analyses, we observed that handwashing at least five
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Cluster 5 Jan|18|19|20|21|22|23|24|25|26|27|28|29|30|31 |Feb| 2 | 3 | 4| 5 | 6 | 7 | 8 \ 9 |10|11|12‘13|14|15|16‘17|18|19|20‘21|22|23|24|25|26|27|28|29‘Mar| 2 | 3 | 4| 5 | 6
Index case 5 (ICS 1t Q
F 56 Infected Home, Beijing I Hospital, Beijing | Home
Husband of IC5 @
M 58 Infected Home, Beijing Hospital, Beijing [ Home, Beijing
Cluster 6 Janl14|15|16|17|18|19|20|21|22|23[24[25|26|27|28|29|30|31|Feb| 2 | 3 \ 4 | 5 | 6 | 7 | 8 \ 9 |10|M|12|13‘14|15|16|17|18|19|20|21‘22|23|24|25|26‘27|28|29|Mar| 2 | 3
Index case 6 (IC6)
M 50 Infected WH[  Home, Beiing | Hosptial, Beijing [ Home, Beijing

Wife of IC6 GD 9
F 55 Infected Home, Beijing Hosptial, Beijing | Home, Beijing

W H = Wuhan city

Cluster 7 san] 15] 16 [ 17 [ 18 19 20[ 21 [ 22[ 28] 24 ] 25 26 27 28] 29[ a0 31 [Fer] 2[ s [ 4 [ 5[ 6 [ 7 [ 8] o [10] 11]12] 13] 14] 15] 16 7] 18[ 10 20] 21 [ 22] 28] 24 [ 25[ 26[ 27 [ 28] 29 ma] 2 [ 3 ] 4
Index case 7 (IC7) f GB
M 52 Infected Beijing Xiaogan| Home, Beijing [— Hospital, Beijing

Daughter of IC6 G;

F 2.2 Infected Home, Beijing L Hospital, Beijing Home, Beijing

Wife of IC6 O [aea)

F 46 Not infected Home, Beijing Hospital, Beijing | Home, Beijing

Cluster 8 san] 14] 15] 16] 17] 18] 19] 20[ 21[ 22[ 23] 24 5] 26] 27[ 28[ 29[30[st[Fe] 2 [3 4[5 [ 6] 7 [ 8 [ o [10]11]12] 13] 1a] 15] 16 17[ 18] 19 20[ 21] 22 28] 24 ] 25] 26[ 27] 28] 20[maf 2 [3 [ 4 [ 5 ] &
Index case 8 (IC8)

F 60 Infected NC | Relative's home, Beijing [— Hospital, Nanchang | Home, Nanchang

Husband of IC8 Q§ g

M 58 Infected Home, Nanchang|Relative's Home, Beijing Hospital, Nanchang | Home, Nanchang

Son-in-law of IC8 * b I
M 37 Infected Home, Beijing | Hospital, Beijing

Daughter of IC8 Dz 77 D D
F 33 Infected Home, Beijing | Hospital, Beijing

Father-in-law of IC8's G; 4+ Q

daughter, M 65 Infected Home, Beijing [ Hospital, Beijing [ Home, Beijing
Mather-in-law of IC8's 4 GB €B
daughter, F 64 Infected Home, Beijing [ Hospital, Beijing

Grand mother-in-law of IC8's //////////////////////////,,77////// Q§

daughter, F 86 Infected Home, Beijing [ Hospital, Beijing [ Home
Grandson of IC8 +* GB @ |

M 0.9 Infected Home, Beijing | Hospital, Beijing

Granddaughter of IC8 777 %77, & [S]

F 6.8 Infected Home, Beijing —f Hospital, Beijing Home, Beijing

Mother-in-law of IC8
F 84 Probable case Home, Xinyu |Relative's home, Beijing Home, Xinyu

N C = Nanchang, city

Cluster 9 Jan|15|16|17|18|19|20|21|22|23|24|25|26|27|28|29|30|31 |Feb| 2 | 3 | 4 | 5 \ 6 | 7 [ 8 [ 9 ‘10|11|12|13‘14|15|16|17‘18|19|20|21|22|23|24|25|26‘27|28|29|Mar| 2 | 3
Index case 9 (IC9) t*
M 58 Infected Wuhan | Baoting [Home, B[ Hospital, Beijing [ Home, Beijing
F 50 Infected Home, B J aoting me, ospital, Beijing lome
sonor1C9 R © S—

Not infected lome, aotin, me, Beijin

B I = Beijing city ? =

Cluster 10 Jan|1ﬁ|19|20|21|22| 23| 24 |25|26|z7|2s|29|ao|31 |Feb‘ 2 | 3 | 4 \ 5 | s|7| 8 | 9 |1o|11j12|13|14\15|1e|17|15|19|20|21|zz|23|24\25|ze|27\23|29|Mar| 2| 8 | 4 | 5 | 6
Index case 10 (IC10)
M 43 Infected Wuhan [Hotel, B J[f Hospital, Beijing | Hotel, Beijing
Wife of IC10 Dz, b

F 29 Infected Wuhan Hotel, Beijing Hospital, Beijing | Hotel, Beijing

h
Mother-in-law of IC10 D *P O
F 52 Infected Wuhan Hotel, Beiing | _ Hospital, Beijing | Hotel, Beiing
Sister-in-law of IC10 —

uhan otel, Beijing

*b

F 27 Infected Hospital, Beijing Hotel, Beijing

Brother-in-law of IC10
M 24 Not infected Shanghai
Son of IC10 D700 %

M 5 Not infected Wuhan Hotel, Beijing
B J = Beijing city

Hotel, Beijing

OIN®

FIGURE 2 Continued
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Cluster 11 Jan|18|19|20|21 |22|23|24|25|26|27|28|29|30|31 |Feb| 2 | 3 | 4 | 5 | 6 ‘ 7 | 8 | 9 |10|11 ‘ 12|13|14|15|16‘17|18|19|20|21 ‘22|23|24|25|26‘27|28|29|Mar| 2 | 3 | 4 | 5 | 6
Index case 11 (IC11)
F 76 Infected Wuhan | Beijing [ Hospital, Beijing [ Home, Beijing

Mother of IC11°s grandson-in-law 9
F 61 Infected Home, Beijing Hospital, Beijing | Home, Beijing
Grandson-in-law of IC11 Q
M 37 Infected Home, Beijing Hospital, Beijing | Home, Beijing

Granddaughter of IC11 @

F 30 Not infected Home, Beijing

Great granddaughter of IC11 9

F 13 Not infected Home, Beijing

Great granddaughter of IC11 Q

F 0.8 Not infected Home, Beijing

Cluster 12 Jan] 18] 19] 20[ 21 22] 28] 24 [ 25 26 [ 27 [ 28] 29[ 3031 ]Fet] 2[ 3[4 [ 5 [ 6 [ 7 [ 8 o [10[11]12] 13] 141516 17] 18] 19]20[ 21] 22 [ 23 24 ] 25] 2627 [ 28 20[ma] 2 [ 3[4 [ 5] 6
Index case 12 (IC12) 1t ﬂﬁ |

M 50 Infected Wuhan [ Home, Beiing | Hospital, Beijing [ Home, Beijing
Father of IC12 K

M 82 Infected Home, Beijing Hospital, Beijing

Son of [C12 Vi &) |

M 19 Infected Wuhan Home, Beijing Hospital, Beijing | Home, Beijing

Sister-in-law of IC12 D [

F 47 Infected Home, Shanghai Home, Beijing T \ Hospital, Beijing. | Home, Beijing
Brother of IC12 * QB @

M 47 Infected Home, Shanghai Home, Beijing | Hospital, Beijing | Home, Beijing
Sister of IC12 o D O SES)

F 52 Infected Home, Beijing Secondary residential house, United State

Mother of IC12 | D7 )

F 79 Not infected Home, Beijing
Cluster 13 san[13[14] 15[ 18] 17[ 18] 19]20] 21 [ 22] 28] 24 [ 25 [ 26 [ 27 [28]29 [0 31 Feb] 2 [3[a [ 5[ e[ 78] o10]r1]r2]13[1a]15]16]17] 18] 19]20]21]22] 28] 24] 25 [26
Index case 13 (IC13) 1t GW
M 39 Infected Wuhan | Home, Beijing | Hospital, Beijing | Home, Beijing
Daughter of IC13 *P (&) (S
F 4.5 Infected Home, Beijing | Hospital, Beijing | Home, Beijing
Wife of IC13 9
F 36 Not infected Home, Beijing [ Hospital, Beijing [ Home, Beijing
Son of IC13 @
M 8 Not infected Home, Beijing
Cluster 14 san| 22] 23] 24 [ 25 26 [ 27 28] 29 30 [31]Feb] 2 [ 3[4 [ s [6 [ 7 [8 [ o [10] 11[12]13[1a[ 15[ 6] 17[ 18] 19] 20 21] 22 23] 2¢ [ 25 26 [ 27 [ 28 20 [ma 2 [ 3 [ 4 [ 5
Index case 14 (IC14)
M 42 Infected M] Home, Beijing [ Hospital, Beijing [ Home, Beijing
Mother-in-law of IC14 “ S [ | —
F 65 Infected ome, Beijing ospital, Beijing ome, Beijing
Wit of 13 T — | —
F 37 Infected lome, Beijing ospital, Beijing lome, Beijing
Son of IC14 — | —
M 7.3 Infected lome, Beijin ospital, Beijin lome, Beijin:
M = attented a meeting i|J1 Bgeljing : = =
Cluster 15 san] 8| 9 [10] 11]12]13] 4] 18] 16] 17 [ 18] 10] 20] 2122 28] 24 25 26 [ 27 28] 28 0 a1 [Fer] 2 [ s[4 [ s [ 6 [ 7] 8] o [10[ 11]12] 13] 14] 1516 [ 17 [ 18 10] 20 21 ] 22] 28] 24] 25
Index case 15 (IC15) T
F 49 Infected BJ | Sanya | Home, Beijing | Hospital, Beijing | Home,Beijing
a—— T s — 0o | —
F 20 Infected anya ome, Beijing ospital, Beijing lome,Beijing
Husband of IC15 HQ _ | I
M 49 Not infected anya lome, Beijing otel, Beijing lome, Beijing

B J = Beijing city

FIGURE 2 Continued
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Cluster16 Jan|14|15|16|17|18|19|20|21|22|23|24|25|26|27|28|29 30|31|Feb[ 2| 3[4 | 5|6 7|8|9‘10|11|12|13|14‘15|16|17|18|19‘20|21|22|23|24‘25|26|27|28|29‘Mal‘|2
Index case 16 (IC16) +* 4 (&)
F 72 Infected E'zhou \ Home, Beijing [ Hospital, Beijing | Home, Beijing
Husband of IC16 7777777 %* D =
M 74 Infected E'zhou Home, Beijing Hospital, Beijing | Home, Beijing
Daughter of IC16 G; 9
F 41 Infected Home, Beijing | Hospital, Beijing ‘ Home, Beijing
Cluster 17 san] o [10] 1] 12]13] 14 ] 15[ 16] 17 [18] 19] 20 21 22] 23] 24 [ 25 ] 26 27 [ 28203031 1 [ 2[ 3[4 [ 5[ 6 [ 7] 8 [ o [10] 11 [12]13] 14[15] 16] 17[ 18] 1920 21 [ 22 [ 28] 24 [ 25 [ 27
Index case 17_(IC17) +* [aa)
M 38 Infected Wuhan \ Home, Beijing | Thailand | Home [— Hospital, Beijing —[ Home, Beijing
Mother of IC17 ) N o
F 62 Infected Home, Beijing I Hospital, Beijing Home
Wife of IC17 D222 7222272, ® D (&)
F 36 Infected Home, Beijing Thailand Home | Hospital, Beijing [ Home, Beijing

Father of IC17 [

M 63 Infected Home, Beijing Hospital, Beijing | Secondary residential house, Beijing
Daughter of IC17 @

F 10 Not infected Home, Beijing Thailand Home, Beijing

Daughter of IC17 H

F 4 Not infected Home, Beijing Thailand Home, Beijing

Cluster 18 Jan|18|19|20|21|22|23|24|25|26|27|28|29|30|31|Feb| 2|3‘4|5 6|7]8]|9|10]|11|12[13[14[15[16]17|18]|19|20|21|22(23 |24 25|26|27|28‘29|Mar| 2|3|4| 5|6
Index case 18 (IC18) L3

M 57 Infected Wuhan | Home, Beijing [ Hospital, Beijing
Mather of LC18 ==- .
F 81 Infecte ome, Beijing ospital, Beijing
Wi orlCIs - GB | -
F 45 Not infecte: uhan ome, Beijing eilongjiang
Cluster 19 Janl 18|19|20|21|22|23|24|25|25|27|28|29|30|31 |Feb|2|3 | 4 | 5 \ 6 \ 7| s| 9 |10|11|12|13|14|15|16|17|18|19|20|21‘22‘23|24|25|26|27|28|29|Mar| 2 | 3 | 4 | 5
Index case 19 (IC19)
M 64 Infected Wuhan \ Home, Beijing [— Hospital, Beijing | Hotel, Beijing
s — A—
F 61 Infecte 'uhan lome, Beijing lospital, Beijing otel, Beijing
Gm“ds"ﬂf"ﬂfw Beiji ‘- Hospital, Beiji | Hotel, Beiji
M 6.8 Infecte eijing lome, Beijing ospital, Beijing otel, Beijing
Dz‘lght“ Offla?i Beiji -- @H tal, B | Hotel, B
F 37 Not infecte eijing lome, Beijing ospital, Beijing otel, Beijing
Granddaughcr of 1C19 (&) —
F 1.3 Not infecte uhan lome, Beijing otel, Beijing
S of €1 - ] — o
M 37 Not infectex eijing lome, Beijing otel, Beijing
W H = Wuhan city
Cluster 20 Jan|17|m|19|zc|21|22|23|24|25|2e|27|2a|29|3c|31 |Feb| 2 \ 3 | 4 | 5 | 6 | 7 \ 8 | 9 |10|11|12‘13|14|15|16|17‘1B|19|20|21|22‘23|24|25|26|27‘28|29|Mar| 2 | 3 | 4 | 5
Index case 20 (IC20)
F 54 Infected Wuhan | Beijing [ Hospital, Beijing [ Hotel, Beijing
S/[r;l?;lsl(r);c(::f;iczo’* Home #1, Beijing Home #2 reB Hospital, Beijing Hotel, Beijing
Daughter of IC20 +0 O &b
F 32 Infected Home #1, Beijing | Hospital, Beijing Hotel, Beijing
Husband of IC20 %//////////////////,%
M 58 Not infected Wuhan | Beijing Hospital, Beijing | Hotel, Beijing
M 35 Not infected Home #1, Beijing | Hotel, Beijing To take care of his son in the hospital, Beijing Hotel, Beijing
Father-in-law of IC20's =
daughter, M 61 Not infected Home #2, Beijing
Mother-in-law of IC20's =
daughter, F 62 Not infected Home #2, Beijing

FIGURE 2 Continued
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TABLE 2
Variables No. (%), or as specified
Proportion of all cases with exposure
Age, median (IQR), years
Sex, male
Index patient lived at or traveled to Wuhan
Index patient had severe COVID-19
Exposure period to the index patient, mean (95% Cl), days
Contact time with the index patient > 7 h/day
Had been exposed to cough or sneeze from the index patient
Slept in the same room as the index patient
Frequent physical contact with the index patient

Wearing mask > 50% of the time before the index patient was
diagnosed

Wearing mask > 50% of the time after the index patient's
diagnosis was confirmed

Washed hands > 5 times/day during the period with the index
patient

Living area > 100 m?

Member of the household with a postgraduate degree
Household size > four persons (including the index patient)
Annual household income > US$ 30,000

Cigarette smoker in the household

Staying in the same residence for quarantine

Understand how the disease could be transmitted

Initial care by infectious disease specialists

Received instructions from healthcare providers

Noninfected family members? (n = 26)
26/79 (32.9%)
32.5 (7.6-51.3)
10/26 (38.5%)
20/26 (76.9%)
4/26 (15.4%)
7.5 (5.89-9.11)
14/26 (53.8%)
6/26 (23.1%)
7/26 (26.9%)
9/26 (34.6%)
7/26 (26.9%)

20/26 (76.9%)

20/26 (76.9%)

8/26 (30.8%)
12/26 (46.2%)
20/26 (76.9%)
19/26 (73.1%)

5/26 (19.2%)

7/26 (26.9%)
11/26 (42.3%)
26/26 (100%)
23/26 (88.5%)

MEDICAL VIROLOGY

Epidemiological data of family members after contact with the index patients

Infected family members® (n=53) p

53/79 (67.1%) NA
37.0 (19.5-58.5) .25
18/53 (34.0%) .69
32/53 (60.4%) .15
15/53 (28.3%) 21
9.1 (7.94-10.3) 12
38/53 (71.7%) 12
21/53 (39.6%) SIS
20/53 (37.7%) .34
22/53 (41.5%) .56
11/53 (20.8%) .54
47/53 (88.7%) .30
28/53 (52.8%) .04
23/53 (43.4%) .28
27/53 (50.9%) .69
41/583 (77.4%) .97
34/53 (64.2%) 43
8/53 (15.1%) .89
10/53 (18.9%) 41
26/53 (49.1%) .57
53/53 (100%) >.99
46/53 (86.8%) >.99

Abbreviations: IQR, interquartile rangel; RT-PCR, reverse transcription polymerase chain reaction.

@Participants in this group comprised individuals with no change in health and negative RT-PCR results on at least two samples collected on different
days (confirmed noninfected), and possible cases but unlikely to be infected (clinically well and RT-PCR negative at the end of the quarantine period).

PIndex patients were excluded from this group.

times per day was associated with a reduced risk of infection. Our study
is the largest cohort in China to provide evidence on the transmissibility
of SARS-CoV-2 and outcomes after household contact with an individual
with COVID-19. A previous study by Jing et al.?° found that patients
aged more than 60 years were most susceptible to household infection of
SARS-CoV-2. However, the transmissibility of the virus was during the
incubation periods was less than that in the period of overt disease.
When compared the household data on COVID-19 with those of SARS
or MERS, COVID-19 infection seems more transmissible than SARS and
MERS in the households. The secondary attack rates were estimated to
be 10.2%-17.1% for COVID-19 in China. In contrast, the estimated rates
were 6.2% and 4.0% for SARS in China and for MERS in Saudi Arabia,
respectively.”?* In addition, our study results suggest that maintaining
hand hygiene is effective in reducing the risk of SARS-CoV-2 infection
among household contacts. In our study, the proportion of household

contacts who developed SARS-CoV-2 infection, symptomatic COVID-19,
and severe COVID-19 were 67%, 62%, and 10%, respectively. Among
family members who were exposed to the index cases and became in-
fected, if we calculated the percentage of severe cases (n=8) among
COVID-19 patients (n = 49), the proportion of severe cases (16.3%) was
similar to that (15.7%) found in a study conducted by Guan et al.® (patient
exposure routes were mainly in the community setting). The case-fatality
rate of 1.9% among the secondary cases with confirmed SARS-CoV-2
infection was lower than that reported (2.3%-3.4%) in previous stu-
dies.*?> None of the previous studies have reported all the cases of
SARS-CoV-2 infection in the community, and it is likely that many cases
were not included in these studies because they were undetected. In
addition, children were underrepresented in previous studies as they
often have mild infections and do not require healthcare.?>%%22-24
Therefore, our results provide a more reliable estimate of the
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case-fatality rate since we studied all cases of infection and followed
them until their recovery or death.

Patients with asymptomatic infection remain a major concern re-
garding SARS-CoV-2 transmission. Many published studies have pre-
sented the epidemiologic and clinical features of patients with COVID-19
admitted to hospitals.>® 2 However, these cohorts only investigated the
pathogenicity of SARS-CoV-2 and the case-fatality rates of COVID-19.
The asymptomatic SARS-CoV-2 infection was first largely reported on
the Diamond Princess Cruise ship, where an estimated 17.9% of cases
were asymptomatic on the board.?® Buitrago-Garcia et al.?® reported that
the overall estimate of the proportion of asymptomatic was 20% with a
prediction interval of 3%-67% and the secondary attack rate was lower
in contacts of people with asymptomatic infection than those with
symptomatic infection in their living systematic review. The incidence of
asymptomatic infection requires further investigation. In a recent pub-

lication, Sahu et al.*®

outlined the process of the viral transmission from a
person to others into 4 potential categories. These included pre-
symptomatic transmission (incubation period), asymptomatic transmis-
sion (index patients never have symptoms), symptomatic transmission,
and environmental/community transmission (unable to trace the con-
tact). Further efforts could be made on the prevention of COVID-19
transmission by initiating the stepwise contact tracing protocol, which
includes a discussion with the index patients and obtaining details of all
individual encounters, contacting all encounters with assessing the risk of
exposure, creating interventional plans stratified by the exposure risk for
all encounters, and execution of the plan with clear instructions of when
and how to complete the quarantine period. In our study, since our focus
was on the transmission of the family cluster, our data reflects the local
practice patterns on contract tracing among the transmission within the
household and family members, which did not include all encounters of
the index cases.’® In the clinical data analyses, we identified the following
independent predictors for developing severe COVID-19: shortness of
breath as an initial symptom, pre-existing chronic conditions, and a his-
tory of smoking. Patients with such characteristics should be considered
for close monitoring in the hospital, ideally for a period of 18 days based
on the maximum time for recovery in our study. Further studies are
needed to determine methods for the prevention of SARS-CoV-2 infec-
tion among children in the household setting.'” Since none of the chil-
dren had severe COVID-19, our data supported the approach of medical
monitoring without hospital admission for children, unless they are
younger than one year.

Our study had several limitations. In the comparisons of severe and
nonsevere cases, and adults and children, findings that lack statistical
significance should be interpreted with caution because of the relatively
small sample size and limited statistical power. Nonsignificant p values do
not necessarily rule out a clinically or epidemiologically important dif-
ference between groups, and these differences should be further de-
termined by more quantitative assessments in future studies. However,
several important associations, including handwashing and predictors of
severe COVID-19, were statistically significant, and these findings have
important implications for the prevention of SARS-CoV-2 infection and
the treatment of COVID-19. Although our study has the inherent lim-
itations of the retrospective study design and relatively small sample size,
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it is by the larger study on household transmission conducted to date,
and household transmission has epidemiological features that are distinct
from those of community transmission. Further investigations are needed
to understand if the transmission of SARS-CoV-2 in families can be re-
duced by the household members wearing facemasks. Data from
household contact studies have indicated that asymptomatic infections
indeed occur, and evidence from laboratory and epidemiological suggest
that asymptomatic individuals may be as likely as individuals with
symptoms to transmit SARS-CoV-2 to others.”” The transmission from
asymptomatic individuals was estimated to account for more than half of
all transmission. The identification and isolation of persons with asymp-
tomatic COVID-19 will play an important role in reducing the spread of
SARS-CoV-2.

In summary, SARS-CoV-2 has a high frequency of transmission
among household contacts. In our patient cohort, the estimated Ry was
2.00, which is similar to the transmissibility of SARS-CoV-2 in the
household to that reported in community outbreaks. Household contact
led to 67% of the family members being infected with SARS-CoV-2 in this
study. Isolating a patient with infection at home may lead to further
spread of infection and it may be preferable to send individuals with mild
disease to a designated facility with appropriate levels of patient support
(in nonhospital setting) after confirming the infection. The study also
provides empirical evidence supporting public health messaging about
handwashing as a preventive measure. Our data can also be adopted in
the statistical models used for estimating disease scale and severity in

community settings, where household outbreaks are dominant.
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