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A novel coronavirus (coronavirus disease 2019 [COVID-19]) epidemic
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has been reported since the end of 2019. At present, the virus is
still widely spread worldwide and poses a great threat to people's
health. COVID-19 spread so rapidly that the World Health Organiza-
tion declared a global emergency in this pandemic and named it cor-
onavirus disease 2019 (COVID-19), and this new 2019-nCov was
renamed SARS CoV-2. Most COVID-19 patients have mild to severe
symptoms, such as severe fever, cough, respiratory discomfort, and
influenza.>® Family clusters of infected individuals have been reported,
and cause a serious threat to public health.* In a previously reported
family cluster, most infected individuals had clinical symptoms or they
are asymptomatic cases."” However, clinical temporary progression
and viral shedding of each family member was still elusive. Here, we
report the virological features concerning clinical characteristics and
immune response of a family cluster with mild-to-moderate COVID-19

that required hospitalization. On January 27, 2020, a family cluster of
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An outbreak of a novel coronavirus disease (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) had emerged in 2019 and rapidly
posed a global epidemic. Here, we report the breadth of concomitant virological
features of a family cluster with COVID-19. The period of virus shedding is sig-
nificantly different between upper respiratory and feces samples. Even the SARS-
CoV-2 virus titers were undetectable in feces, it could be positive again soon and
likely related to fluctuated inflammation levels (interleukin-6, etc.) and lowered
immune responses (CD4 + T lymphocyte, etc.). Our findings expand the novel un-
derstanding of the breadth of concomitant virological features during a non-severe
family cluster of COVID-19.
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three, returned from Wuhan to Beijing, was diagnosed with the SARS-
CoV-2 virus by the Beijing Center for Disease Control and Prevention.
The three patients made a relatively slow recovery and were discharged
on February 15, 2020.

In this family of three, one 41-year-old woman (Patient 1) first
had clinical symptoms, a normal lymphocyte count, chest computed
tomography (CT) images, and a positive polymerase chain reaction
(PCR) result on January 27, 2020. By contrast, the other two family
members—a 45-year-old man (Patient 2) and a 13-year-old boy
(Patient 3)—had almost simultaneous clinical symptoms with in-
creased C-reactive protein and lactate and positive PCR results on
the same day. Notably, Patient 2 had abnormal lymphocyte counts
and the chest CT images at that time.

On January 18, 2020, Patient 1 traveled from Beijing to Wuhan
(Hubei, China) with her husband (Patient 2) and son (Patient 3) by high-
speed rail, came back to Beijing on January 27 by self-driving. They had

no history of contact with animals, visits to markets including the
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Huanan Seafood Market in Wuhan. The family stayed in the same room
throughout their travel. After they arrived in Wuhan on January 18,

Patient 1 developed a cough, without a sore throat, arthralgia, myalgia,

chills, fever, or headache. Six days later, when they returned to Beijing,

Patient 2 developed a fever of 38.4°C with cough, fatigue, muscle
soreness. Chest CT scans at the clinic showed bronchopneumonia. On
the same day, Patient 3 also developed a fever of 38.4°C with
bronchopneumonia symptoms by Chest CT scans. They were admitted
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FIGURE 1 Virus shedding in the throat, feces, blood, urine, and hand samples of a Beijing family clusterinfected with SARS-CoV-2 infection
at different time points. LOD, lower of detection; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2
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to the Fifth Medical Center of PLA General Hospital together on
January 27, due to persistent symptoms.

The three patients had normal or lower than average total white
plasma cell counts. Substantially increased C-reactive protein, as-
partate aminotransferase, lactate dehydrogenase levels (Table S1).
Patient 2 showed multifocal patchy ground-glass opacities, especially
around the peripheral parts of the lungs on CT scans, which were
compatible with changes seen in viral pneumonia. With the antiviral
treatment, the pulmonary symptoms significantly improved by lung
CT scanning (Figure S1). On the contrary, the other two patients did
not have obvious pulmonary symptoms (Figure S2).

In this family cluster, we collected the throat, urine, plasma, hand,
and feces samples at different time-point during their stay in the hos-
pital. The respiratory samples of all individuals were positive for the N
gene by real-time reverse transcription-PCR when they were admitted
to the hospital together on January 28. However, virus titers in the
throat of three patients rapidly changed negatively after consecutively
ralproveravir/ritonavir antiviral therapy. Meanwhile, we determined
virus shedding in urine, blood, hand, and feces samples of each family
member. Surprisingly, Patient 1 had significantly higher virus titers in
feces than throat samples from 13 to 42 days after onset. Peaks
achieved at 16 days. Whereas, there was no virus titers could be de-
tected in throat samples of Patients 2 and 3 from 8 to 47 days after
onset. Viral titers in feces of Patient 2 declined to negative on 17 days
after onset. Patient 3 had higher viral titers in feces during the disease
course. Furthermore, virus titers in Patient 1 and 3 could be observed in
the feces and lasted until after 2 weeks discharged. Subsequently, all
samples of three family members were negative in the second follow-up
test. Of note, a feces sample of Patient 2 was positive again on 47 days
after onset. Besides, all patients’ urine, hand, and blood samples were
negative for this SARS-CoV-2 virus (Figure 1). Meanwhile, we analyzed
the kinetics of inflammatory markers (interleukin-6 [IL-6], C-reactive
protein, platelets, serum ferritin) and immune cell response (CD4, CDS,
NK) while they were in the hospital. Results showed that levels of in-
flammatory markers of Patient 2 fluctuate greatly and CD4", CD8" T,
and NK lymphocyte counts were significantly lower than other family
members (Figure S3), suggesting that fluctuated inflammatory marker
levels and lower immune responses were likely related to SARS-CoV-2
virus-positive again. Thus, any of the three individuals could have been
the first one to become infected and thus transmitted the virus to the
other two family members by feces or respiratory tract, because viral
titers in feces were higher and last longer than that of in throat in some
family members.

Collectively, our study provides novel contributions to the under-
standing of the breadth of concomitant virological features during a
non-severe family cluster of COVID-19. To prevent and control this
highly infectious disease as early as possible, people with family mem-
bers with SARS-CoV-2 infection should be closely monitored and ex-
amined to rule out infection. It is necessary to detect the virus in the
feces when the patient is discharged because the virus in feces may also
be a potential source of infection. And the detection of feces virus load
could sever as an essential auxiliary method for the monitoring of latent
or asymptomatic people with negative virus loading in the throat. In the
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case of this family, since the time of discovery and investigations of
SARS-CoV-2 infection was short, more studies, including how long the
virus lasts in the feces, the homology of each virus isolate, etc. are
needed to explore symptoms and test results of infected individuals in
greater detail. Furthermore, our study speculated SARS-CoV-2 virus-
positive again was likely related to fluctuated inflammation levels (IL-6,
etc.) and lowered immune responses (CD4* T lymphocyte, etc.), and

warrants validation in a much large cohort population.
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