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Investigation of a family cluster outbreak of COVID-19 indicates 
the necessity of CT screening for asymptomatic family members 
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Background: To investigate whether asymptomatic close-contact family members of patients diagnosed 
with coronavirus disease (COVID-19) should immediately undergo CT screening in addition to the viral 
nucleic acid test.
Methods: We retrospectively analyzed the data of a family cluster of 8 individuals, of whom 1 family 
member (Patient 3) had an epidemiologic history of having visited Guangzhou from Hubei Province 
on January 20, 2020. Her father (Patient 1) developed a fever and respiratory system symptoms and was 
confirmed COVID-19-positive on February 4–5, 2020 at Zengcheng People’s Hospital, Guangzhou, China. 
Seven close-contact family members of the patients were then screened for COVID-19 on February 5–6 at 
the hospital. The CT imaging manifestation and laboratory tests of this family cluster were investigated and 
reported. 
Results: Five (62.5%) of the 8 family members were confirmed COVID-19-positive. Except for Patient 
1, who had fever, cough, fatigue, and dizziness, the remaining four (4/5, 80%) COVID-19-positive family 
members (Patients 2–5) had no clinical symptoms. Among the 5 patients, 2 had leukopenia (2/5, 40%), 1 
had low absolute neutrophil counts (1/5, 20%), and 2 had increased high-sensitivity C-reactive protein (2/5, 
40%). Ground-glass opacity (GGO) was found on chest CT imaging in all 5 patients (5/5, 100%), with 
interlobular septal thickening. Thickened blood vessel shadows were seen in 3 patients (3/5, 60%). The 
3 COVID-19-negative family members (Family Members 1–3) did not have CT abnormalities, and they 
showed negative reverse transcription-polymerase chain reaction (RT-PCR) results twice.
Conclusions: CT screening is necessary in close-contact family members of a confirmed COVID-19 
pneumonia case, regardless of the presence of clinical symptoms.
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Introduction

Since December 2019, multiple cases of unexplained 
pneumonia have been found, there was a novel coronavirus 
was detected by the laboratory on January 7, 2020, and 
the entire genome sequence of the virus was obtained 
(1,2). The World Health Organization (WHO) tentatively 
named the new coronavirus “2019-novel coronavirus”  
(2019-nCoV) on January 12, and formally named the 
coronavirus disease “COVID-19” on February 11 (3,4). 
As of February 18, 2020, 72,436 cases have confirmed 
COVID-19, and including 1,868 deaths (5). 

Symptoms of COVID-19 include fever, dry cough, 
shortness of breath, and dyspnea (3). Severe cases can cause 
severe acute respiratory syndrome, kidney failure, and even 
death (6,7). Previous research has found that imported and 
clustered outbreaks have occurred outside Hubei Province, 
especially familial cluster outbreak (8,9). Chan et al. (8) 
reported that 5 members of a family in Shenzhen who 
traveled to Wuhan were diagnosed with COVID-19. They 
developed symptoms such as fever, cough, and diarrhea, 
and another family member who did not go to Wuhan was 
also confirmed to have been infected by human-to-human 
transmission. Early detection of 2019-nCoV infection in 
individuals who was in close contact with patients diagnosed 
with COVID-19 pneumonia is important to prevent further 
spread of the epidemic (9-11). 

In the present study, we retrospectively review a familial 
cluster of COVID-19 pneumonia in a Guangzhou family 
with a history of contact in Hubei. Five of the 8 family 
members were confirmed to have COVID-19 pneumonia 
by reverse transcription-polymerase chain reaction  
(RT-PCR). Four of these patients did not have any clinical 
symptoms related to COVID-19 pneumonia, but their lung 
CT manifestations showed ground-glass opacity (GGO) 
lesions. The epidemiologic histories, symptoms, laboratory 
tests and CT imaging data in this family cluster were 
retrospectively analyzed, and the purpose of our study is to 
suggest the necessity of CT screening of family members 
who was in close contact with confirmed COVID-19 
pneumonia patients.

Methods

Patient information

This study was conducted in accordance with a protocol 
approved by the Research Ethics Committee of Zengcheng 
District People’s Hospital of Guangzhou. We retrospectively 

analyzed clinical data of 8 close-contact family members at 
Zengcheng People’s Hospital in Guangzhou from February 
4 to 6, 2020, of whom 5 were confirmed to have COVID-19 
pneumonia (Patients 1–5), and the remaining 3 tested 
negative (Family Members 1–3). Their epidemiological, 
clinical and laboratory data were collected.

Family information

Patients 1 and 2 are a couple, Patient 3 is their elder 
daughter, Patient 4 is the younger daughter, and Patient 5 is 
Patient 4’s husband. Family Member 1 is Patient 3’s husband 
and Family Member 2 is their son. Family Member 3 is 
the son of Patients 4 and 5. Patient 3 traveled with Family 
Members 1 and 2 from Hubei Province to Guangzhou 
to meet with the 5 other family members on January 20, 
2020. On January 31, 2020, Patient 1 developed a cough. 
He developed weakness after 2 days, dizziness occurred 
after 3 days, fever (37.5 ℃) occurred after 4 days, and he 
ultimately went to the hospital for treatment. On February 
5, his RT-PCR nucleic acid test result was positive for 
2019-nCoV, and he was the first confirmed COVID-19 
pneumonia family member. At the same time, the patient’s 
7 close family members described above were screened for 
COVID-19. Their CT examinations revealed that 4 of 
them had GGO lesions in their lungs and RT-PCR nucleic 
acid test results were positive (Figure 1). 

CT scan protocol

Eight family members were used a 128-slice spiral CT 
unit (SOMATOM, Definition AS, Siemens Healthineers, 
Germany) for chest scans ranging from the apex to the 
bottom of the lung. The supine position was scanned from 
the patient’s head to the foot. Scanning parameters were 
as follows: tube voltage 120 kV, automatic tube current 
110 mA, collimator width 64 mm, rack rotation time  
0.5 s/r, pitch 1.2, scanning field of view 255 mm × 255 mm, 
scanning time 3.98 s, and thickness 1.0 mm images for 
reconstruction.

CT image analysis

CT findings were analyzed by two radiologists with more 
than 10 years of experience on the 1 mm thickness CT 
images. The parameters for viewing CT images were as 
follows: for the lung window, a window width of 1,500 
to 2,000 HU and window level of −450 to −600 HU; 
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for the mediastinum window, a window width of 250 to  
350 HU and window level of 30 to 50 HU. They analyzed 
the patients’ CT images for GGO, consolidation, interlobular 
septum, thickened blood vessels, pleural effusion, and 
pericardial effusion, and the distribution of lung abnormalities.

RT-PCR test

COVID-19 nucleic acid testing was performed using the 
Viral Nucleic Acid Kit (Health, Ningbo, China) to extract 
nucleic acids according to the CCDC recommended kit 
instructions. A COVID-19 detection kit (Bioperfectus, 
Taizhou, China) was used to detect the ORF1ab gene 
(nCovORF1ab) and the N gene (nCoV-NP) according to 
the manufacturer’s instructions using real-time RT-PCR. 
If both the nCovORF1ab and nCoV-NP showed positive 

results, the COVID-19 infection was considered.

Statistical analysis

Statistical analysis was done with SPSS (version 25.0). 
Continuous variables were expressed as mean and 
range. Categorical variables were expressed as count and 
percentage (%).

Results 

Five of the 8 family members were confirmed to have 
COVID-19 pneumonia (5/8, 62.5%). The 5 patients had 
an average age of 53.6 years (range, 41 to 72 years). There 
were 2 males and 3 females. The 3 COVID-19-negative 
family members had an average age of 27 years (range, 15 
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Figure 1 An epidemiological timeline and relationship diagram of a family clustering. (A) The epidemiologic trajectories of five confirmed 
COVID-19 pneumonia patients and the other three family members, the time of first clinical symptoms, the time of CT examination 
results, and the time of RT-PCR test results. (B) Pedigree plot of five confirmed COVID-19 pneumonia patients and the other three family 
members. RT-PCR, reverse transcription-polymerase chain reaction.
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to 47 years). Only Patient 1 (1/5, 20%) of the 5 confirmed 
COVID-19 pneumonia cases developed fever, cough, 
fatigue, and dizziness. The remaining 4 patients (4/5, 80%) 
did not show any clinical symptoms (Table 1). CT results 
of the 5 confirmed COVID-19 pneumonia patients were 
all positive (5/5, 100%), and the CT results of the other  
3 close-contact family members with negative nucleic acid 
tests (twice) for 2019-nCoV were normal.

Epidemiologic history

Patients 1 and 2 returned to Guangzhou from Hubei on 
December 14, 2019, and Patient 3, Family Member 1, and 
Family Member 2 returned to Guangzhou from Hubei 
on January 20. Patient 4, Patient 5, and Family Member 3 
did not travel to Hubei, whom live in Guangzhou all year 
round. Details of their epidemiologic history, the time of 
clinical symptoms, the time of CT examination results, and 
the time of RT-PCR results of the 5 confirmed COVID-19 
pneumonia patients and the other 3 negative family 
members are depicted in Figure 1.

Laboratory results

Among the 5 patients confirmed to have COVID-19 
pneumonia, 2 patients had leukopenia (2/5, 40%), 1 patient 
had decreased neutrophil counts (1/5, 20%), and 2 patients 
had increased high-sensitivity C-reactive protein (2/5, 
40%). Their neutrophil counts, percentage of lymphocytes, 
absolute number of lymphocytes, procalcitonin levels and 
9 respiratory items (legionella pneumophila, mycoplasma 
pneumoniae,  chlamydia pneumoniae,  adenovirus, 
respiratory syncytial virus, influenza A virus, influenza B 
virus, parainfluenza virus, and Q fever rickettsia) are shown 
in Table 1.

CT image analysis

CT images of the 5 COVID-19 pneumonia patients showed 
lobular, segmental, or subsegmental lung abnormalities, 
and the subpleural areas were the most involved. Bilateral 
lung abnormalities were found in 4 cases (4/5, 80%) and 
unilateral lung abnormalities were found in 1 case (1/5, 
20%). GGO lesions (5/5, 100%) and interlobular septal 
thickening (5/5, 100%) were found on the CT images of 
the 5 patients (Figures 2-6). In addition, CT images of 3 
patients showed signs of thickened blood vessels in GGO 
lesion (3/5, 60%) (Figure 2A). No pleural effusion or 

pericardial effusion was found on the CT images of any of 
the 5 patients (Table 1). 

Follow up

These 5 patients with COVID-19 pneumonia were followed 
up for two weeks, and one patient’s condition (Patient 1) 
deteriorated, one patient (Patient 5) developed cough on 
the second day after transfer to the designated hospital, CT 
results from those two patients showed increased GGO 
lesions. Other asymptomatic patients (Patients 2–4) were 
still asymptomatic, and lung abnormalities did not show 
progress on CT scans.

Discussion

We retrospectively analyzed a familial cluster of 5 cases of 
COVID-19 pneumonia. Emergency CT images of Patient 
1 revealed multiple GGO lesions in both lungs. Laboratory 
results showed that the patient’s absolute counts of white 
blood cells and lymphocytes were decreased, and levels 
of high-sensitivity C-reactive protein were increased. On 
February 5, the patient’s RT-PCR nucleic acid test results 
were positive for 2019-nCoV, and he was the first confirmed 
COVID-19 pneumonia case in the family. On the same day, 
7 close family members of the patients were screened for 
COVID-19 with laboratory test and CT scan. Their CT 
examinations revealed that 4 of them (Patients 2–5) had 
GGO lesions in the lungs and RT-PCR nucleic acid test 
results were positive for 2019-nCoV, although they did not 
show any typical clinical symptoms of fever, cough, fatigue, 
or sore throat, etc. Asymptomatic COVID-19 pneumonia 
patients may become an important source of infection 
and increase the difficulty in controlling the outbreak, 
highlighting the importance to screen early and quickly for 
this asymptomatic COVID-19 patients who was in close 
contact with confirmed case in a familial cluster.

In this study case, there were 2 Hubei historical time 
points. The first time point was December 14, 2019. 
Patients 1 and 2 traveled from Hubei to Guangzhou to 
meet with Patient 4, Patient 5, and Family Member 3. The 
second time point was January 20, 2020, when Patient 
3 traveled with Family Members 1 and 2 from Hubei to 
Guangzhou to meet with the 5 other family members. 
Patient 1 began to have clinical symptoms 49 days from the 
first time point and 11 days from the second time point. 
According to recent studies, the longest reported incubation 
period for COVID-19 pneumonia patients was 24 days, and 
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Figure 2 Patient 1, male, 72 years old. CT images showed multiple subpleural GGOs in bilateral lung segmental and subsegmental regions (A,B,C, 
red circles). Thickened blood vessels and interlobular septum thickening were seen in the lesion (A, red arrow). GGO, ground-glass opacity. 

A B C

Figure 3 Patient 2, female, 67 years old. CT images showed multiple sub-segmental small-scale GGOs in the bilateral subpleural region 
(A,B,C, red circle). GGO, ground-glass opacity.

Figure 4 Patient 3, female, 43 years old. CT images showed multiple patchy GGOs under the pleura in the lower lobe of bilateral lungs, 
with thickened blood vessels passing through (A,B,C, red circle). GGO, ground-glass opacity.

A B C

A B C

the general incubation period is 0–14 days with an average 
of about 3–5 days (9,10). It was therefore most likely that 
the second time point of January 20 was the epidemiologic 
history of COVID-19 pneumonia outbreaks in this 
family. We speculate that Patient 3 may be the source of 

infection in the family, and she may have asymptomatically 
transmitted 2019-nCoV to the 4 other family members.

P a t i e n t s  w i t h  C O V I D - 1 9  p n e u m o n i a  c a n  b e 
asymptomatic. Shi et al. analyzed the clinical and CT data 
of 81 patients with COVID-19 pneumonia, and found 
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that 15 patients were asymptomatic (18.5%), but lung CT 
results showed multiple GGO lesions (12). Four of the 
5 patients diagnosed with COVID-19 pneumonia in this 
study did not have clinical symptoms (fever, cough, fatigue, 
sore throat, etc.), but GGO lesions of varying degrees were 
present on their lung CT scans. This finding suggested that 
GGO lesions in the lungs of some COVID-19 pneumonia 
patients appeared earlier than clinical symptoms in the early 
stage of onset. Several recent studies have shown human-to-
human transmission of 2019-nCoV in hospitals and home 
environments, and a familial cluster outbreak of COVID-19 
pneumonia has draw researcher’s attention (8-10,13). 
Chan et al. reported a case of an outbreak of COVID-19 
pneumonia in a Shenzhen family (8). Five of the six family 
members developed fever, cough, and/or diarrhea after 
returning to Shenzhen from Wuhan, and 2019-nCoV was 
positive by RT-PCR. Another 10-year-old family member 
who had not recently been to Wuhan was diagnosed with 

COVID-19 pneumonia after several days of contact with 
4 of the family members, and the “human-to-human” 
transmission was confirmed. In the study of Chan et al., 
there was one asymptomatic patient (1/6, 16.7%) with CT 
abnormalities. In both their study and our data, all infected 
patients in these 2 family clusters had multiple GGO lesions 
on their lung CT imaging.

COVID-19 patients can develop fever, cough, sore 
throat, fatigue, and other clinical symptoms. The most 
common symptoms are fever and cough (7,9). Guan  
et al. (9) analyzed 1,099 cases of COVID-19 confirmed 
by RT-PCR from 552 hospitals across China and found 
that only 43.1% of patients had fever symptoms at the 
time of consultation, 67.7% had cough symptoms, and 
76.4% had lung abnormalities revealed in CT imaging. 
Additionally, 20.9% patients have isolated 2019-nCoV 
infection before or without the development of viral 
pneumonia. They also reported that white blood cell counts 
in COVID-19 pneumonia patients were reduced or normal, 
and lymphocyte counts in most patients were decreased 
(9,14). In our study, the absolute count of lymphocytes was 
within the normal range for 5 cases, and the percentage 
of lymphocytes decreased in 1 case, which was similar 
to most patients reported in previous studies (9,14). In 
our study, Patient 1 and Patient 5 had increased in high-
sensitivity C-reactive protein levels, and was transferred 
to a designated hospital for treatment after diagnosis. 
Unfortunately, after two weeks follow up, one patient’s 
condition (Patient 1) deteriorated, one patient (Patient 5) 
developed cough on the second day after transfer to the 
designated hospital, CT results from those two patients 
showed increased GGO lesions. Other asymptomatic 
patients (Patients 2–4) were still asymptomatic, and lung 
abnormalities did not show progress on CT scans. Guan 

Figure 5 Patient 4, female, 41 years old. CT images showed multiple patchy GGOs in the upper lobe and lower lobe of bilateral lungs, with 
thickened blood vessels passing through (A,B,C, red circles). GGO, ground-glass opacity.

A B C

Figure 6 Patient 5, male, 45 years old. CT images showed a 
subsegmental GGO in the anterior basal segment of the left lower 
lobe (red circle). GGO, ground-glass opacity.
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et al. (9) found that high-sensitivity C-reactive protein was 
significantly higher in severe patients than other patients 
with COVID-19 (P<0.05). Their study and ours suggested 
that high-sensitivity C-reactive protein levels may be an 
important laboratory indicator for patients with severe 
disease.

Considering the rapidly spreading epidemic of 
COVID-19 pneumonia, the priority was to identify 
any suspicious case in order to isolate the patients and 
administer appropriate treatment, especially when there 
are no scientifically proven therapies for the treatment of 
COVID-19 pneumonia (15). With limitations of sample 
collection and transportation, and kit performance, the 
total positive rate of RT-PCR for throat swab samples was 
reported to be about 30% to 60% at initial presentation (16).  
As a conventional imaging tool for the diagnosis of 
pneumonia, chest CT is relatively easy to perform and 
is a non-invasive and accurate rapid diagnostic tool for 
COVID-19 pneumonia (17,18). Ai et al. (15) analyzed RT-
PCR tests and CT scan results in 1014 patients, found 
that the positive rates of RT-PCR assay and chest CT 
imaging in their cohort were 59% (601/1,014), and 88% 
(888/1,014) for the diagnosis of suspected patients with 
COVID-19, respectively. Lung CT result is one of the most 
important evidence for the clinical diagnosis of COVID-19 
pneumonia (12). CT scans play a critical role in screening 
asymptomatic COVID-19 patients who was in close contact 
with confirmed case in a familial cluster. During the early 
stage of infection in patients with COVID-19 pneumonia, 
CT scans are more sensitive in detecting lung abnormalities 
than chest X-ray examination. Early CT manifestations 
of COVID-19 pneumonia are multiple patchy GGO 
lesions and consolidation charges. GGO lesions are 
commonly distributed in segments or sub-segments, and 
mostly distributed along the bronchial vascular bundle and 
subpleural region. Thickened blood vessels and interlobular 
septal thickening can be found in the GGO lesions (4,14,19). 
The CT results of our family cluster (4 of them with 
asymptomatic COVID-19 pneumonia) were consistent with 
those of 51 patients with COVID-19 pneumonia studied 
by Song et al. (14). COVID-19 pneumonia needs to be 
distinguished from pneumonia caused by bacteria or other 
viruses, especially H7N9 and SARS pneumonia (17,20-22).  
Positive lab-tested 2019-nCoV nucleic acid is a mean to 
acquire a final diagnosis. Combining lung CT scan and 
lab-tested 2019-nCoV nucleic acid results can help early 
detection of asymptomatic familial cluster of COVID-19 
pneumonia patients, and play a key role in the prevention 

and control of the epidemic.
There were a few limitations to the present study. 

First, the chest radiograph was not performed in the 
cases we studied, and it was not known whether the chest 
radiographs of the four asymptomatic patients could detect 
any abnormalities. Second, Our study has a sample of 
clustered outbreaks in a family, and larger sample can better 
reflect the true situation of asymptomatic COVID-19 
pneumonia patients.

Conclusions

Asymptomatic COVID-19 pneumonia patients are found 
in clustered family where there is close contact with 
confirmed COVID-19 pneumonia family member patients, 
and they may be an important source of infection and an 
unstable factor in the outbreak. In the current COVID-19 
pneumonia outbreak, asymptomatic COVID-19 pneumonia 
patients should not be overlooked. We believe that 
clustered family members who are in close contact with 
COVID-19 pneumonia patients need to undergo CT 
screening regardless of clinical symptoms. Combining lung 
CT scan and lab-tested 2019-nCoV nucleic acid results 
can help early detection of asymptomatic familial cluster of 
COVID-19 pneumonia patients, and play a key role in the 
prevention and control of the epidemic.
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