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ABSTRACT ARTICLE HISTORY
Eight members of a big family with laboratory-confirmed COVID-19 pneumonia were admitted to Received 25 April 2020

First Hospital of Jilin University, Changchun, China, from 28 January to 5 February 2020. The Revised 10 August 2020
clinical records, laboratory results, and chest computed tomography (CT) scans were retrospec- Accepted 24 August 2020
tively reviewed. Throat swab samples were positive for severe acute respiratory syndrome
coronavirus 2, confirmed by the Center for Disease Control and Prevention of Changchun. All
eight patients had fever of different degrees; and 6, 3, and 2 had cough; diarrhea; and sore throat.
With disease progression, the percentage of lymphocytes in older patients increased, CT images
worsened, and the ratio of lymphocytes increased when images revealed inflammation absorp-
tion. Although the CT images showed ground-glass opacities in the youngest patient, his lym-
phocyte count did not decrease with mild clinical symptoms, and the images showed that
inflammation was quickly absorbed. Only the oldest patient developed critical illness. The
C reaction protein (CRP) levels of Patient 5 increased significantly, and the rate of decline was
the slowest, while his condition was the most severe. The clinical manifestations of COVID-19 in
this family cluster varied with contact, age, and underlying disease. Lymphocyte count and quality
of chest CT images appeared inversely associated with disease severity. CRP changes may be an
indicator of disease severity and prognosis.
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What is new? (SARS-Cov-2) by the International Committee on
Taxonomy of Viruses. The pneumonia associated with
SARS-Cov-2 infection was named coronavirus disease
2019 (COVID-19) by the World Health Organization
(WHO) on 11 February 2020.

COVID-19 is a self-limited disease with obvious
human-to-human transmission [4]. By 5 August 2020,
there were 18,318,928 confirmed cases globally, with
695,043 confirmed deaths. WHO considers that
COVID-19 is pandemic. According to the Sixth
Chinese National Consensus Report on COVID-19,
the disease progresses in four stages: mild, moderate,
severe, and critical. At the critical stage, severe acute
respiratory distress syndrome (ARDS) or fulminant
myocarditis disease, increases the risk of death.
Clustering onset is a main characteristic of COVID-
Introduction 19, although reports are limited. By 20 February 2020,
there were 91 confirmed cases and 1 death reported in
Jilin Province. Of these, 13 cases were diagnosed at
First Hospital of Jilin University, with 8 cases within
one family. Herein, we summarize the clinical charac-
teristics of these eight cases, to provide some

Our study confirms the clustered-onset characteristics
of COVID-19.

Clinical manifestations of family-clustered onset of
COVID-19 are related to contact history, age, and
underlying disease.

The degree of decline in lymphocytes correlates with
worsening of CT images.

The lymphocyte count and quality of chest CT
images may be inversely associated with severity of
the disease.

An increase of CRP may correlate with disease sever-
ity, while the speed of CRP decrease appeared to corre-
late negatively with severity.

Beginning late December 2019, a series of unexplained
cases of pneumonia appeared in Wuhan, China, which
increased dramatically in January 2020 [1,2]. The
pathogen was a novel coronavirus [3] that was termed
severe acute respiratory syndrome coronavirus 2
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information toward prevention and control of family
cluster-onset of COVID-19.

Methods
Study design and patients

The Medical Ethics Committee of First Hospital of Jilin
University reviewed and approved this study (approval
number 2020-048). Each patient provided written
informed consent.

A retrospective review was conducted of the medical
records of eight members of a big family. Each member
had been admitted to First Hospital of Jilin University,
Changchun, China with laboratory-confirmed COVID-
19 pneumonia; admissions were from 28 January to
5 February 2020. Diagnosis of COVID-19 pneumonia
was based on the New Coronavirus Pneumonia
Prevention and Control Program (Fourth Edition) pub-
lished by the National Health Commission of China.
All eight patients tested positive for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) via
quantitative RT-PCR (qRT-PCR), based on samples
from throat swab samples confirmed by the Center
for Disease Control and Prevention of Changchun city.

Data collection

The first patient presented with fever (maximum 39.0°
C), cough without sputum, and obvious breathing dif-
ficulties and was admitted to the Department of
Infectious Diseases, First Hospital of Jilin University
on 28 January 2020, 9 days after his travel back from
Wuhan, the epidemic center of COVID-19. Chest com-
puted tomography (CT) revealed the presence of

|

Figure 1. Family tree diagram of the 8 patients.
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ground-glass opacities under the pleura in both lungs.
The remaining seven patients, all of whom had a close
familial relationship with the first patient, were
admitted to the hospital 1 to 8 days later.

The symptoms, signs, and epidemiological data of
these patients were collected. Blood routine tests and
biochemical examinations were performed. Throat
swabs were collected for detecting the viral nucleic
acid. During hospitalization, blood routine and blood
biochemical examinations were monitored. The nucleic
acid tests of the throat swabs and chest CT examina-
tions were performed in accordance with the guidelines
for prevention and control of COVID-19 and biosafety
management regulations.

Throat swab samples were collected and transferred
to the Chinese Center for Disease Control and
Prevention (CDC) of Changchun city for detecting
the viral nucleic acid.

Results

The family tree diagram of the eight patients is shown
in Figure 1. The disease onset of the first patient (Pt-1)
occurred upon his return from Wuhan to Changchun
on 19 January 2020. The onset of the other seven
patients was due to close contact with Pt-1 (Figure 2).
On 19 January, Pt-1 was together with his brother-in
-law (Pt-2), younger sister (Pt-3), and nephew (Pt-4).
Pt-1 developed fever on 24 January was admitted to the
hospital on 28 January. The lung CT scan (Figure 3)
revealed ground-glass opacities in both lungs. The
throat swab collected on 29 January was positive for
viral RNA, and Pt-1 was given a diagnosis of COVID-
19. He was hospitalized for 13 days. The nucleic acid
test was negative on the day 17 of the disease course.
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Pt-2 developed fever on 24 January and was
admitted to the hospital on 28 January. The lung CT
scan (Figure 4) revealed ground-glass opacities in both
lungs. The throat swab on 30 January was viral RNA-
positive, and the diagnosis was COVID-19. He was
hospitalized for 8 days, and the nucleic acid converted
to negative on the day 12 of the course of disease.

Pt-3 developed fever on 24 January and was admitted to
the hospital on 31 January. She received a diagnosis of
COVID-19 on 1 February when a throat swab tested posi-
tive for the viral RNA. The lung CT scan revealed ground-
glass opacities in both lungs (Figure 5). She was hospitalized
for 8 days, and the nucleic acid converted to negative on day
14 of the course of disease.

Pt-4 developed fever and diarrhea on 30 January and was
admitted to the hospital on 31 January. He received
a diagnosis of COVID-19 on 1 February due to a positive
test for viral RNA based on the throat swab; and the CT

scan revealed ground-glass opacities in both lungs (Figure
6). He was hospitalized for 10 days; the nucleic acid con-
verted to negative on day 10 of the course of disease.

Pt-1 lived with his father (Pt-5) and mother (Pt-7). Pt-5
developed diarrhea and fatigue on 22 January and was
admitted to the hospital on 29 January. Pt-5 was given
a diagnosis of COVID-19 on 30 January because of the
positive nucleic acid in the throat swab, and ground glass
opacities in both lungs revealed by CT scan (Figure 7). He
was hospitalized for 22 days, and the nucleic acid converted
to negative on day 28 of the disease course. Pt-7 developed
fever and cough on 30 January and was admitted to the
hospital on 30 January. COVID-19 was determined on
1 February because the throat swab was viral RNA-
positive. The lung CT scan revealed ground-glass opacities
in both lungs (Figure 9). He was hospitalized for 10 days,
and the nucleic acid converted to negative on day 10 of the
disease course.
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Figure 2. Timeline of symptom onset and diagnosis of the 8 patients.
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Figure 3. Chest CT scans on days 7, 9, and 18 after onset for Pt-1. CT showed scattered bilateral multiple high-density effusions
on day 7. The high-density effusions were absorbed on day 9 compared to day 7, and obvious absorption was observed on day 18.
Red arrows indicate typical lesions.

Figure 4. Chest CT scans on days 4, 14, and 18 after onset for Pt-2. CT showed scattered bilateral multiple high-density effusions,
faintly exudative shadows along the lungs on day 4. Effusions were absorbed and partially fibrotic on day 14. Obvious absorption
was observed on day 18. Red arrows indicate typical lesions.
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Day 9

Figure 5. Chest CT scans on days 9 and 16 after onset for Pt-3. CT showed scattered bilateral multiple high-density effusions, faintly
exudative shadows along the lungs with partial fibrosis on day 9. Effusions were absorbed and most were fibrotic, and the lesions
were incompletely absorbed on day 16. Red arrows indicate typical lesions.

Figure 6. Chest CT scans on days 3, 10, and 15 after onset for Pt-4. CT showed scattered bilateral multiple high-density effusions
with shadows along the lungs on the third day. Effusions were partially absorbed and fibrotic on day 10. Effusions were obviously
absorbed and most were fibrotic on day 15. Red arrows indicate typical lesions.

After being with Pt-1 on 23 January for half
an hour at Pt-1’s home, his cousin (Pt-6) developed
fever and cough on 2 February and was admitted to
the hospital on 5 February. COVID-19 was deter-
mined on 6 February, because the throat swab was

viral RNA-positive. The lung CT scan revealed
ground-glass opacities in both lungs (Figure 8). He
was hospitalized for 14 days, and the nucleic acid
converted to negative on day 16 of the disease
course.
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Day 22

Figure 7. Chest CT scans on days 10, 17, 22, and 32 after onset for Pt-5. CT showed scattered bilateral multiple high-density

effusions, faintly exudative shadows along the lungs on day 10. Effusions were gradually absorbed and partially fibrotic over time.
Red arrows indicate typical lesions.

Figure 8. Chest CT scans on days 5, 14 and 19 after onset for Pt-6. CT showed scattered bilateral multiple high-density effusions,

faintly exudative shadows along the lungs especially in the left lung on day 10. Effusions were gradually absorbed over time. Red
arrows indicate typical lesions.

Pt-8 was the brother-in-law’s mother (Pt-8). After ~ was admitted to the hospital on 2 February and was
being in contact with Pt-2 for 1 week, she developed  revealed as viral RNA-positive on 3 February. The lung
fever, cough, and chest tightness on 31 January. She  CT scan revealed ground-glass opacities in both lungs
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X-ray Day 2

Figure 9. X-ray on day 2 and Chest CT scans on 9 after onset for Pt-7. X-ray showed high-density effusions in the middle lobe of the
left lung on the second day. CT showed scattered bilateral multiple high-density effusions, faintly exudative shadows along the lungs
especially in the left lung on day 9. Red arrows indicate typical lesions.

(Figure 10). She was hospitalized for 21 days, and the All eight patients showed fever. Six of them had
nucleic acid converted o negative on day 22 of the  cough, three had diarrhea, and two had sore throat.
disease course. Routine blood examinations (Table 1) showed that the

Figure 10. Chest CT scans on days 5, 11 and 18 after onset for Pt-8. CT showed scattered bilateral multiple high-density effusions,
faintly exudative shadows along the lungs especially in the left lung on the fifth day. Effusions were gradually absorbed over time.
Red arrows indicate typical lesions.

Table 1. Blood routine tests for eight patients on days 1, 4, 7, and 14 after onset®.

Day 1 Day 4 Day 7 Day 14
WBC LY abs LY pct WBC LY abs LY pct WBC LY abs LY pct WBC LY abs LY pct

Pt-1 5.1 1 19.2 11 1.1 9.9 11 0.7 6.4 4.5 13 278
Pt-2 5.1 1 193 6.6 1 16.3 - - - 4.1 1.6 38.1
Pt-3 4.4 1.2 26.5 6.7 0.9 13.2 - - - 5 12 249
Pt-4 5.1 14 28.0 5.5 14 25 4.8 15 313 4.1 1.6 39.6
Pt-5 5 0.4 8 8.2 1 12.6 9.6 .8 8 9.8 2.1 218
Pt-6 4.01 1.06 26.5 35 14 38.2 3.6 15 419 - - -

Pt-7 6.6 1.2 18.7 7.1 0.4 6.1 7.1 .8 8.4 4.6 0.7 14.5
Pt-8 4.28 0.79 18.4 37 1 26.3 4.5 1.1 243 - - -

*Blood cells (x10%/L)
LY abs, absolute lymphocytes; LY pct, percentage lymphocytes; Pt, patient; WBC, white blood cell count



total number of white blood cells in all eight patients
was normal, while the percentage of lymphocytes in
five patients was low. Pt-7 was aged 79 years and she
had a significant decrease in lymphocytes. However,
she did not develop severe oxygenation. Pt-4 was the
youngest of these patients, and had no underlying dis-
ease. His lymphocytes remained normal throughout his
illness.

The blood biochemical examinations of the eight
patients showed CRP values that increased to different
degrees (Table 2). The rise of CRP in Pt-5 was the most
obvious, and the decline in the speed was the slowest,
while Pt-5 had the only severe case among the eight
patients. These results showed that the increase of CRP
is positively correlated with severity, while the speed of
the decrease of CRP is negatively correlated with sever-
ity. Other biochemical test results are shown in Table 2;
LDH, CK-MB, CTnl, MYO, AST, ALT in all patients
changed to different degrees, but with no significant
difference. Pt-5, Pt-6, and Pt-7 (ages 79, 79, and 85 y)
showed obvious decrease of oxygen partial pressure.
The above results show that old age is the main factor
that causes severe lung lesions in COVID-19.

The chest CT scans of eight patients are shown in
Figure 3 to 10. Pt-1 underwent chest CT scans on days
7,9, and 18 after onset; these showed that pulmonary
inflammation was gradually absorbed (Figure 3). Thus,
inflammatory lesions of the lungs appeared heaviest
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within 1 week of onset. This was consistent with the
blood routine results, and that the lowest lymphocyte
count was observed on day 7 after onset. The youngest
patient, Pt-4, underwent chest CT scans on days 3, 10,
and 15 after onset (Figure 6). These also showed that
pulmonary inflammation was the most serious on day
10, while lymphocytes were normal. The patient, Pt-5,
underwent chest CT scans on days 10, 17, 22, and 32
after onset (Figure 7). Pulmonary inflammation was
still obviously exuding on day 17, with a small amount
of pleural effusions. Partial pulmonary fibrosis
appeared after 1 month. The blood lymphocytes count
had significantly decreased during the course and
returned to the normal range at 1 month. The lung
CT scans of Pt-2, Pt-3, Pt-6, Pt-7, and Pt-8 revealed
varying degrees of inflammatory ground-glass opacities
and the inflammatory lesions were absorbed at different
rates.

In accordance with the Sixth Chinese National
Consensus Report on COVID-19, all patients were
given arbidol (200 mg, tid, po.) as an antiviral treat-
ment for 7 days. Because Pt-5 and Pt-8 were hospita-
lized for a long time, and considering their advanced
age (and especially the significantly elevated CRP for
Pt-5), the two patients were given piperacillin-
tazobactam (4.5 g, q8h, ivd.) as an antimicrobial treat-
ment. Because of the low oxygen partial pressure, slow
inflammation effusion absorption, and positive nucleic

Table 2. Biochemical tests for the eight patients on days 1, 4, and follow-up day after onset*.

Pt-1 Pt-2 Pt-3 Pt-4 Pt-5 Pt-6 Pt-7 Pt-8

Age, y 50 49 48 25 79 45 79 85
Gender M M F M M F F F
Hospitalization, d ? 13 8 8 10 22 14 10 21
CRP, mg/L D1 715 184 334 26.8 88.5 475 334 57.8
D4 123 9.7 3 19.5 86 4.8 24 21.2

Df 0.44 0.27 0.04 0.29 0.28 0.45 0.23 0.11

LDH, U/L D1 397 290 256 150 314 220 256 242
D4 326 220 158 145 308 195 202 175

Df 167 145 165 123 206 166 178 146

CK-MB, U/L D1 17 13 196 10 25 203 196 20
D4 23 8 188 4 15 12 17 8

Df 16 7 17 4 8 5 11 7

CTnl, ng/mL D1 11 7.5 0.9 1.2 11 1.1 0.9 1.2
D4 9.2 5 2.7 0.9 12 0.7 3 0.8

Df 0.11 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012

MYO, ng/mL D1 165 234 19.3 16.5 482 29 19.3 23
D4 192.8 101 244 249 28 25.5 28.7 29.9
Df 16.5 13 14.3 12 329 135 13.5 11.2

AST, U/L D1 39 44 26 15 53 23 26 48
D4 58 32 13 22 17 17 48 21

Df 17 19 10 16 16 16 23 13

ALT, U/L D1 43 71 21 11 54 20 21 31
D4 168 68 18 36 30 14 31 21

Df 38 75 16 34 32 16 22 32

PO, D1 59 97 68 82 65 83 60 59
D4 79 - 78 - 66 - 65 57

D7 85 - - - 59 - 78 63

D14 - - - - 69 - - 65

D20 - - - - 70 - - 69

D1, the first day during hospitalization; D4, the fourth day during hospitalization; Df, the follow up day after discharge
®Hospitalization, length of stay in the hospital; CRP, C-reaction protein; LDH, lactate dehydrogenase; CK-MB, creatine kinase isoenzyme; CTnl, Troponin |; MYO,
myoglobin; AST, aspartate aminotransferase; ALT, alanine transaminase; PO,, arterial partial pressure of oxygen
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acid, on the third day after hospitalization Pt-5 was
given methylprednisolone (40 mg, ql2h, ivd.) for
5 days, which was reduced to 40 mg once daily for
3 days. All the patients were discharged after clinical
symptoms were absent and two consecutive nucleic
acid tests indicated negative conversion (test interval
>24 h). All patients were followed for 1 month after
discharge.

Discussion

The present study summarized the clinical characteris-
tics of eight cases of a family-clustered onset of
COVID-19 in Changchun, Jilin Province. Changchun
is more than 2000 km from Wuhan, Hubei Province,
the epicenter of the original outbreak. COVID-19 has
obvious characteristics of human-to-human transmis-
sion [5,6]. Among the eight patients in the present
population, only one had returned from Wuhan.
Other family members developed symptoms after direct
or indirect contact with the first patient. During the
entire course, the other seven patients had no history of
traveling and had not been to a seafood market, which
is thought to be the source of the virus that causes
COVID-19. Therefore, they were probably infected by
droplets and contact transmission.

Human coronaviruses (HCoVs) have long been con-
sidered inconsequential pathogens, causing the “com-
mon cold” in otherwise healthy people. However, in the
twenty-first century, two highly pathogenic HCoVs
emerged from animal reservoirs to cause global epi-
demics with alarming morbidity and mortality: severe
acute respiratory syndrome coronavirus (SARS-CoV),
and Middle East respiratory syndrome coronavirus
(MERS-CoV) [7,8] SARS-CoV-2, the causal virus of
COVID-19, is the third highly pathogenic HCoV to
emerge and cause serious illness and death; it was first
recognized in Wuhan, China in December 2019 [3].
COVID-19 originating in Wuhan appears clinically
milder than SARS or MERS in severity and fatality
rate, but is more highly contagious [9], which increases
the difficulty of prevention and control.

In the present study, the clinical manifestations of
COVID-19 included fever, sore throat, cough, diarrhea,
and fatigue, without other obvious symptoms in the
upper respiratory tract. All the patients presented with
low fever and dry cough, and most had no sputum. All
eight patients had fever (100%), six had dry cough (75%),
three had mild diarrhea (26.7%), and two had sore throat
(25%). The oldest patient, Pt-5, had a slower absorption of
pulmonary inflammation and a longer course because of
the underlying disease (chronic bronchitis), which was
consistent with previous studies [10-12].

ARDS may occur in some patients with severe
COVID-19 [13], in which case mechanical ventilation
and extracorporeal membrane oxygenation treatments
are needed. Fortunately, although the eight patients in
this study all had pulmonary inflammation, this was
mild and the patients did not experience significant
breathing difficulties.

Blood routine tests in patients with COVID-19 show
a normal or decreased white blood cell and/or lymphocyte
count, and sometimes a decreased platelet count.
A substantial decrease in lymphocytes may indicate that
coronavirus consumes many immune cells and inhibits the
body’s cellular immune function; decreased T lymphocytes
may be an important factor leading to exacerbation [14].
A low absolute lymphocyte count may be used as
a reference index in the clinical diagnosis of COVID-19.

Among these patients, the rise of CRP was most
significant, and decline slowest, in Pt-5, who had the
only severe case. Therefore, we speculate that an
increase of CRP may positively correlate with severity,
while the speed of decrease of CRP may negatively
correlate with severity.

For these eight patients, the leukocyte counts were nor-
mal. The lymphocyte count was low in five patients, espe-
cially in the older patients Pt-5, Pt-7, and Pt-8. With disease
progression in the oldest patient, Pt-5, the changes in lym-
phocyte count correlated with lung CT manifestations.
Therefore, the lymphocyte count and lung CT may be
important predictors of severity and outcome.

The chest CT image of COVID-19 differs from that of
pneumonia caused by other pathogens. It mainly appears
with scattered sub-pleural and lateral field ground-glass
opacities in bilateral lungs. During acute progression of
the disease, the density of ground-glass opacities is not
high, showing a homogeneous and faint exudation [15,16].

Pt-5 and Pt-8 are older patients, respectively aged 79
and 85 years. These patients were each hospitalized for
over 20 days, because their nucleic acids for the virus
remained positive. Our data indicated that older age
and underlying diseases may be risk factors for the
progression of COVID-19 into severe pneumonia, and
recovery needs more time than for younger and heal-
thier patients. They should be monitored closely, and
isolated. Chest CT images and lymphocyte count may
indicate the severity and prognosis of the disease.

Conclusion

This study confirms the clustered-onset characteristics
of COVID-19. The elderly with underlying diseases are
at high risk for the development of severe or critical
illness. CRP changes may reflect the severity status and
prognosis of the disease. The degree of decline in



lymphocyte count, which seems to correlate with the
worsening of CT images, may be an important predic-
tor for the severity of the disease.
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