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Abstract

Background
Novel coronavirus disease 2019 (COVID-19), severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-caused emerging
infectious disease, �rstly identi�ed in Wuhan (Hubei, China), is pandemic. However, data concerning presymptomatic SARS-CoV-
2 transmission and disease diversity among family members are limited.

Objectives
To investigate the epidemiological and clinical characteristics of presymptomatic transmission-caused familial clustering cases
of SARS-CoV-2 infection in Zhoushan island, China.

Methods
All family members were tested for SARS-CoV-2 genomic RNA by quantitative reverse transcription PCR in 3 different samples
and serum antibody immunoglobin M (IgM) and IgG against SARS-CoV-2. Exposure identi�cation, laboratory test, and imaging
were performed according to the national guideline of COVID-19 (7th edition, China).

Results
Of the 6 cases, index case who ever met his relative with COVID-19 from Xianning, Hubei on January 26–31, 2020, transmitted
SARS-CoV-2 to his family members in Zhoushan via visiting family during January 31 and February 3, 2020. The index was
identi�ed as common-type COVID-19 on February 6, 2020. All 5 family members were infected with SARS-CoV-2. Of those, a 7-
year-old girl was an asymptomatic carrier whereas her grandparents, especially her grandfather, were very sick. Case 6
(grandfather) remained positive for SARS-CoV-2 RNA in his sputum specimen in subsequent 2 months. Case 2 (mother) tested
negative for SARS-CoV-2 RNA in all samples but positive for IgM and IgG to SARS-CoV-2 since February 9, 2020.

Conclusions
Presymptomatic transmission of SARS-CoV-2 causes familial cluster of COVID-19. Exposed to the same source of infection,
family members present their differences in disease severity and viral clearance.

Introduction
Novel coronavirus disease in 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
being pandemic since it was �rstly identi�ed in Wuhan, China, in late December 2019 [1]. The case number keeps increasing. As
of June 9, 2020, the global con�rmed COVID-19 cases and deaths increased to 7039918 and 404396, respectively [2]. Family
clustering and hospital-based transmission were the two major epidemiological features of this outbreak at the early stage, and
continued to be an important cause of community-based SARS-CoV-2 transmission in a low prevalence region [3–8]. However,
data concerning SARS-CoV-2 transmissibility in the incubation period and the diversity in disease progression among affected
family members are very limited.

To provide the information for recognizing the transmissibility of SARS-COV-2 in the incubation period, we studied the
epidemiological, immunological, and clinical characteristics of family clustering COVID-19 cases in Zhoushan, an archipelago
with a population of 1.152 million in Eastern Zhejiang province of China.

Methods
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Familial clustering of COVID-19
From February 6 to February 12, 2020, Municipal Center for Disease Control and Prevention (CDC) of Zhoushan received a report
that 6 individuals within a family might be infected with SARS-CoV-2. We then carried out a �eld epidemiological study to
investigate their exposure history and clinical data and then followed up these patients to obtain complete information.
Diagnoses and clinical typing of COVID-19 were carried out according to the protocol for the diagnosis and treatment of COVID-
19 (Version 7th), National Health Commission of the People’s Republic of China [9]. Brie�y, COVID-19 was diagnosed if the
patient’s nasal and throat swab, fecal sample, or sputum sample was tested positive for SARS-CoV-2 genomic RNA. All
diagnosed COVID-19 patients were classi�ed as mild, common, severe, and extremely severe types. This study was approved by
the Ethics Commission of Second Military Medical University. Written informed consent was waived for emerging infectious
diseases.

Epidemiological survey
A semi-structured questionnaire was applied to obtain demographic information, exposure information of the familiar clustering
cases via face-to-face interview and telephone calls by well-trained professionals. The data regarding any travel history to
Wuhan of Hubei province and other areas with COVID-19 epidemic, contact with con�rmed cases or asymptomatic carriers
tested positive for SARS-CoV-2 genomic RNA, contact with patients with some symptoms like fever, cough, and expectoration in
the past 2–3 weeks before illness onset. Any chance and duration of attending any kinds of population gatherings were
recorded as well.

Clinical and radiographic data
Clinical information included the date of symptom onset and admission to designated hospitals, clinical manifestation, routine
laboratory examinations, and radiographic examinations. The clinical manifestation, chest computed tomography (CT) images,
and laboratory results were collected from the electronic medical record systems in the two designated hospitals: Zhoushan
Maternal and Child Health Care Hospital and Putuo Hospital. Two researchers independently reviewed all of the data to doubly
check the accuracy of data collected. Patients were regularly followed-up to the last days when they were all negative for 3
consecutive tests.

Detection of SARS-CoV-2 genomic RNA
Quantitative reverse transcription-PCR (qRT-PCR) assay was applied to detect SARS-CoV-2 genomic RNA in nasal and throat
swabs, sputum, and feces of patients. Two targets, the open reading frame 1ab (ORF1ab) and nucleoprotein (N) genes of SARS-
COV-2 were detected using the testing kits manufactured by Shanghai GeneoDx Biotech Company (Shanghai, China) [10].
Sample was positive if the cycling threshold (CT) values of both ORF1ab and N genes were less than 37. Sample was negative if
no CT value, or CT value of greater than 40, or unrepeatable CT value in the range of 37–40.

Detection of antibodies against SARS-COV-2
Immunoglobulin M (IgM) and immunoglobulin G (IgG) to SARS-CoV-2 in the frozen reserved fasting serum samples was
detected using the diagnostic kit for human IgM & IgG detection of SARS-CoV-2 (enzyme-linked immunosorbent assay), which
was manufactured by Nanjing Wending Biotech Company (Nanjing, China). Speci�cally, IgM and IgG antibodies against the
recombinant nucleocapsid protein of SARS-CoV-2 were qualitatively detected by mouse anti-human IgM- horseradish peroxidase
(HRP) and IgG-HRP secondary antibody, respectively. Sample was positive if the ratio of optical density (OD) to the cut-off value
(CO) was equal or greater than 1 and negative if the ratio was less than 1. A higher OD/CO value indicated a higher level of
antibody concentration.

Results

Epidemiology
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The familial clustering cases consists of 6 SARS-CoV-2-infected family members: case 1 (index), case 2 (wife of case 1), case 3
(daughter of cases 1 and 2), case 4 (sister-in-law of index), case 5 (mother-in-law of index), and case 6 (father-in-law of index).
Of this familial cluster, 5 were laboratory-con�rmed COVID-19 cases and one was asymptomatic carrier.

Case 1 had been working in Wuxi city, Jiangsu province of China. During January 26 and January 31, 2020, he contacted with
one of his relatives, a con�rmed COVID-19 patient from Xianning city, Hubei, China. On January 31, 2020, he went back to
Zhoushan and lived with six family members from January 31 to February 3, 2020. Then, case 1 left Zhoushan to Wuxi on
February 3, 2020. On February 6, case 1 got pneumonia and was tested positive for SARS-COV-2 genomic RNA in Wuxi. Putuo
CDC was then informed by Wuxi CDC to quarantine his family members. After being quarantined in Zhoushan on February 8,
2020, the 5 family members were examined for the presence of SARS-COV-2 by qRT-PCR. Apart from case 2, cases 3, 4, 5, and 6
were tested positive for SARS-COV-2 and then transferred to the designated hospitals at that night. On the next day, chest CT
showed pulmonary in�ammation and ground-glass opacity in cases 4, 5, and 6, rather than in case 3. Case 2 was negative for
SARS-COV-2 genomic RNA but positive for IgG and IgM. She was then subjected to take chest CT scanning for further diagnosis.
Due to the sign of pulmonary infection, she was admitted to Putuo hospital as well. According to epidemiological investigation
by Zhoushan CDC, cases 2, 3, 4, 5, and 6 lived together all the time and never left Zhoushan at the last 2–3 weeks before onset
of illness. During this period, they had not contacted with other COVID-19 patients, patients with respiratory symptoms, and any
wild animal. The chronology of family relationship, exposure history, symptom onset, and identi�cation of SARS-CoV-2 genomic
RNA and antibodies �ndings are presented in Fig. 1.

Clinical, and radiographic �ndings
Case 1, a 41-year-old man, was diagnosed as COVID-19 of the common-type. He got pneumonia and then hospitalized on
February 6, 2020. Case 2, a 41-year-old woman, presented positive pneumonia CT image at admission and was ever febrile
during hospital stay (February 9 to February 28, 2020). She was also diagnosed as common-type COVID-19. Case 3, a 7-year-old
girl, was asymptomatic carrier. She was positive for SARS-CoV-2 genomic RNA on February 9, 2020, but free of any clinical
manifestation. CT images and laboratory parameters of this girl were normal as well. Case 4 was a 42-year-old woman who was
diagnosed as common-type COVID-19. She developed fever, cough, and diarrhea at admission. On March 17, 2020, she was
discharged from hospital and tested positive for IgM and IgG antibodies to SARS-CoV-2. Case 5, a 64-year-old woman,
developed common-type COVID-19. Expectoration was the only symptom. Routine blood test showed lower saturation of
haemoglobin oxygen saturation. On February 17, 2020, illness of case 5 progressed but did not meet the criteria of severe-type
COVID-19. Case 6, a 66-year-old man, had the most serious COVID-19 and the longest duration of hospitalization of this familiar
cluster. He was mild at the early stage of hospital stay (February 10–16, 2020), but progressed rapidly to be severe COVID-19. He
suffered apparent clinical symptoms since illness onset, including fever, productive cough, diarrhea, and dyspnoea. Except case
3, the asymptomatic carrier, all cases had abnormal chest CT images, indicating pneumonia was present at admission (Table 1).
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Table 1
Epidemiological, clinical features, pathogen and serological results of the family cluster infected with SARS-CoV-2

  Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Age (years) 41 41 7 42 64 66

Gender Male Female Female Female Female Male

Travel history            

Wuxi + – – – – –

Zhoushan + + + + + +

Contact
history

           

Con�rmed
patients

+ + + + + +

Wild animal – – – – – –

Domestic
animals

– – – – – –

Interval
between
exposure and
symptom
onset (days)

11 11 – 9 9 9

Interval
between
symptom
onset and
hospitalization
(days)

0 1 – 0 0 0

Main
symptoms

           

Fever – + – + – +

Cough – – – +(dry) +(productive) +(productive)

Short of
breath

– – – – – +

Diarrhoea – – – + – –

Pathogen and
Serological
tests at
admission

           

qRT-PCR-CT
values

           

Throat swab NA 0.00 22.00 0.00 NA 0.00

Sputum
specimen

NA 0.00 NA 0.00 NA 30.63

Fecal
specimen

NA 0.00 36.61 0.00 NA 0.00

CT, cycling threshold; OD/CO, optical density/cut-off value; COVID-19, novel coronavirus disease in 2019; NA, not available; +,
positive;

–, negative.
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  Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

OD/CO of anti-
IgM

NA 0.29 NA 16.11 NA 32.26

OD/CO of anti-
IgG

NA 0.25 NA 19.15 NA 25.62

Chest
radiography
�ndings

Present Present Absent Present Present Present

Clinical
classi�cation
of COVID-19

common common asymptomatic carrier common common severe

CT, cycling threshold; OD/CO, optical density/cut-off value; COVID-19, novel coronavirus disease in 2019; NA, not available; +,
positive;

–, negative.

Dynamics in pathogenic and serological �ndings
Pathogenic and serological tests were regularly conducted during hospital stay and follow-up period. However, cases 1 and 5
refused to be followed-up. Thus the continuous data of the two patients were lacking. For case 3, viral load of SARS-CoV-2 in
fecal samples, re�ected by the CT values of qRT-PCR, declined gradually during hospital stay and follow-up period. On March 17,
2020, the OD/CO value of IgM and IgG antibodies to SARS-COV-2 in case 3 were 1.05 and 3.96, respectively. Case 4 was positive
for IgM and IgG antibodies to SARS-COV-2 and negative for SARS-COV-2 genomic RNA at her last follow-up on March 17, 2020.
Case 6 remained positive for SARS-CoV-2 genomic RNA in his sputum specimens, rather than in throat swabs and fecal
specimens, during February 17 and April 8, 2020, thereafter he was tested negative for 3 consecutive times at 1 day interval.

Interestingly, case 2 was admitted to hospital due to her positive CT image. She was negative for SARS-CoV-2 viral RNA in throat
swabs, sputum samples, and fecal samples. Meanwhile, the titers of serum IgM and IgG antibodies to SARS-CoV-2 kept
increasing during hospital stay and follow-up period from February 9 to March 24. The OD/CO ratio of IgM increased from 1.02
to 8.06 and the ratio of IgG increased from 1.50 to 4.62. The titers of IgM and IgG antibodies increased again after decreased on
March 8, 2020 (Fig. 2). Thus, case 2 might recovered from COVID-19 before centralized isolation in hospital and then be exposed
to SARS-CoV-2 again, possibly from her affected family members.

Discussion
In this study, we reported introduced family clustering cases of COVID-19 in a relative isolated archipelago in Eastern China
where COVID-19 was rarely introduced. Our epidemiological evidence chain clearly showed that an index case got the infection
of SARS-CoV-2 from his sick relative from Hubei province and transmitted SARS-CoV-2 to all of his family members in Zhoushan
in his presymptomatic incubation period. This way of transmitting the deadly virus is of great epidemiological signi�cance
because the family members are usually unaware of the coming danger, thus being hard to take actions for the prophylaxis.
Different coronaviruses have different transmission dynamics. Transmission of severe acute respiratory syndrome-related
coronavirus (SARS-CoV) occurred mainly in the second week of illness when viral load in the upper airway peaks on day 10 of
illness [11]. The incubation of SARS-CoV was 4 days on average [12]. That means SARS-CoV is unlikely to transmit within its
incubation period. SARS-CoV-2 transmits more quick than do SARS-CoV [13]. Although the kinetics of transmission remains
unknown, SARS-CoV-2 should replicate quickly in the sensitive cells and reach the level of causing horizontal transmission
before clinical manifestation. The presymptomatic transmission of SARS-CoV-2, especially in the terminal stage of incubation
period, was also evident in other non-epidemic zones [14–18]. This might be one of the reasons why the intra-familial
transmission contributed to approximately 75% of SARS-CoV-2 transmission events in a low prevalence region [19]. It was
reported that presumed asymptomatic carrier transmitted COVID-19 [20–23]. However, the most (approximately 70%) of
asymptomatic SARS-CoV-2 carriers either progressed into "symptomatic" or developed the typical CT images of pneumonia [21].
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The most asymptomatic transmission could be classi�ed as presymptomatic transmission in the incubation period. Thus,
transmission of COVID-19 in the incubation period should be an important mode of infection for the prevention and control of
SARS-CoV-2 transmission worldwide, especially in a low prevalence region.

In this family cluster of COVID-19, the seven-year-old girl and her grandparents were exposed to the same source of infection.
However, they had diverse clinical manifestations: this girl was asymptomatic whereas her grandparents, especially her
grandfather, were very sick. This observation is quite in consistent with the �ndings of large epidemiological studies. Children
who get SARS-CoV-2 infection mostly have mild respiratory symptoms or are asymptomatic [24]. Elderly patients with COVID-19,
especially male patients, are more likely to progress into severe-type and even die of this disease [25, 26]. Thus, difference in the
immune response to the same SARS-CoV-2 virus between children and elderly male patients should be essential in elucidating
the mechanisms by which severe COVID-19 is generated.

Case 2, wife of the index case, presented with interesting clinical and laboratory �ndings. She might be infected on January 31,
2020 and presented with a pneumonia-speci�c chest CT image after hospitalization on February 9, 2020. However, this patient
was tested negative for SARS-CoV-2 in all available samples but the titers of IgM and IgG antibodies to SARS-CoV-2 kept
increasing from February 9 to March 8, 2020, indicating that SARS-CoV-2 in case 2 had been quickly eradicated by host anti-viral
immunity. Interestingly, the titers of IgM and IgG antibodies increased again after decreased on March 8, 2020, possibly because
she was re-exposed to SARS-CoV-2, possibly from her affected family member(s) when she took care of them.

In summary, SARS-CoV-2 can be e�ciently transmitted to family members in the incubation period, especially in the terminal
stage of incubation, via close contact. This mode of infection is extremely important in understanding COVID-19 epidemiology in
low prevalence regions. Family members who exposed to the same source of infection have a diverse clinical process, ranging
from asymptomatic carrier to severe-type COVID-19. This study is of public health importance in the prevention and control of
COVID-19 pandemic, especially in a low prevalence region.

Abbreviations
COVID-19: coronavirus disease 2019; SARS-CoV-2:severe acute respiratory syndrome coronavirus 2; qRT-PCR:Quantitative
reverse transcription-PCR assay; IgM:Immunoglobulin M; IgG:immunoglobulin G.
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Figure 1

Chronology of symptom onset of the family cluster and their contacts in Zhoushan, China Dates �lled in yellow are the duration
that case 1 had close contacts with his COVID-19 relative. Dates �lled in blue are the duration the 6 cases lived together.
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Figure 2

The trend of IgM and IgG antibody levels in case 2 from February 9 to March 24, 2020


