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Abstract
The prevalence and outcomes of patients who had re-activation of coronavirus disease 2019 (COVID-19) after discharge remain
poorly understood. We included 126 consecutively confirmed cases of COVID-19 with 2-month follow-up data after discharge
in this retrospective study. The upper respiratory specimen using a reverse-transcription polymerase chain reaction test of three
patients (71 years [60–76]) were positive within 11–20 days after their discharge, with an event rate of 19.8 (95%CI 2.60–42.1)
per 1,000,000 patient-days. Moreover, all re-positive patients were asymptomatic. Our findings suggest that few recovered
patients may still be virus carriers even after reaching the discharge criteria.
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Introduction

In December 2019, patients presenting with viral pneumonia
due to 2019 novel coronavirus (2019-nCoV) were firstly re-
ported inWuhan, China [1]. Although the coronavirus disease
2019 (COVID-19) pandemic has been under considerable
control in China, a few discharged patients were reported to
have re-positivation of 2019-nCoV during their follow-up
visits [2, 3]. However, studies on the prevalence, clinical fea-
tures, timing of viral nucleic acid re-emergence, and

infectivity in these patients are very rare. Monitoring of the
coronavirus disease 2019 (COVID-19) prognosis and effec-
tive control of the “second wave of an outbreak” of the epi-
demic remain a huge challenge to the public health.

We aimed to describe the prevalence, demographics, clin-
ical features, and laboratory data of viral nucleic acid re-
emergence by investigating the follow-up data of discharged
COVID-19 patients. Our findings may help to better under-
stand the follow-up management of discharged COVID-19
patients.
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Methods

Participants and data collection

We collected the demographic and clinical data of patients
with confirmed COVID-19 who had been admitted to the
Tumor Center of Union Hospital (Wuhan, China) between
February 15 and March 14, 2020. We obtained and clarified
data by direct communication with attending doctors and oth-
er healthcare providers when data were missing or uncertain
from the medical records. Two physicians (J.C and X.C) ex-
tracted the epidemiological, demographic, clinical, laboratory
data on admission, and treatment data using a standardized
data collection form. The 2019-nCoV was detected by a
real-time reverse-transcription polymerase chain reaction
(RT-PCR) kit (Bio-Germ, Shanghai, China) targeting the
open reading frame 1ab (ORF1ab) gene and nucleocapsid
protein (N) gene, recommended by the Chinese Center for
Disease Control and Prevention [4]. Viral RNA was extracted
from the nasopharynx and oropharynx swab using a viral
RNA extraction kit (Tianlong Scientific Company, Xi’an,
China). It was defined positive when the cycle threshold (Ct)
value less than 37 of both the ORF1ab gene and the N gene
fragment. A Ct value of more than 40 was defined as a nega-
tive test. For a Ct value ranging from 37 to 40, a second test
was required and weakly positive was reported as a recurrence
of Ct value of 37–40. The re-positive results were confirmed
on the sample after re-extraction and on a subsequent sample.
Chest computed tomography findings were reviewed by a
physician (L.G.) and a radiologist (H.L). Two authors (X.P
and S.F) followed up all patients through telephone interviews

until May 31, 2020. Patients could be discharged based on the
China National Health Commission discharge criteria [5]: two
consecutively negative 2019-nCoV molecular tests, normal
body temperature, resolution of respiratory symptoms, with
the improvement of lung CT imaging; and patients were re-
quired to quarantine for 14 days in a designated allocation.
Their upper respiratory specimens were usually collected on
the 7th and 14th days during the quarantine after discharge.

Outcomes

Our primary outcome was a re-positive result of 2019-nCoV
nucleic acid test during the follow-up after discharge.

Statistics

Continuous variables were summarized as means and stan-
dard deviations or medians with interquartile ranges (IQR)
as appropriate. Categorical variables were expressed as counts
with percentages.We calculated the Kaplan-Meier probability
of a re-emergence of 2019-nCoV detected by RT-PCR during
follow-up. All statistical analyses were performed with SPSS
statistical software version 22.0 (IBM Inc).

Results

A total of 126 patients with a median age of 66 (54–69) were
included in the final analysis (Fig. 1), providing 15,200
patient-days follow-up of data. Compared with those with
follow-up data, patients lost to follow-up were similar in age

Patients died during hospitalization
(n=7)

Patients with confirmed COVID-19
(n=164)

Patients discharged
(n=157)

Final analysis

Patients lost to follow-up
(n=31)

(n=126)

Fig. 1 Flow chart of patient
selection
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(67 [55–70] vs 63 [53–70], p = 0.726), to be male (16 [51.6%]
vs 61 [48.4%], p = 0.749), exposure to wet seafood market (1
[3.2%] vs 1 [0.8%], p = 0.851), and time interval between
symptom onset and hospital admission (17 [9–25] vs 13 [7–
20], p = 0.140). Patients lost to follow-up had shorter hospital

stay (21 [16–27] vs 26 [18–33], p = 0.032) and were more
likely to have severe COVID-19 (8 [25.8%] vs 14 [11.1%],
p = 0.035) illness.

One male and two female patients with a median age of 71
(60–76) were re-detectable positive for 2019-nCoV, with an

Table 1 Characteristics at baseline in COVID-19 patients with and without re-positive to 2019-nCoV nucleic test

Total (n = 126) Re-positive (n = 3) Non-re-positive (n = 123)

Age (years), median (IQR) 66 (54–69) 71 (60–76) 62 (53–69)
Male, n (%) 61 (48.4) 1 (33.3) 60 (48.8)
Current smoker, n (%) 13 (10.3) 0 (0) 13 (10.6)
Often drinker, n (%) 3 (2.4) 0 (0) 3 (2.4)
Hypertension, n (%) 39 (31.0) 1 (33.3) 38 (30.9)
Diabetes, n (%) 26 (20.6) 1 (33.3) 25 (20.3)
COPD, n (%) 5 (4.0) 1 (33.3) 4 (3.3)
CHD, n (%) 16 (12.7) 0 (0) 16 (13.0)
Digestive disease, n (%) 13 (10.3) 1 (33.3) 12 (9.8)
Previous tumor, n (%) 8 (6.3) 0 (0) 8 (6.5)
Immunosuppressive drugs, n (%) 2 (1.6) 0 (0) 2 (1.6)
Renal impairment, n (%) 16 (12.7) 1 (33.3) 15 (12.2)
Wet market exposure, n (%) 1 (0.8) 0 (0) 1 (0.8)
Clinical manifestation
Fever, n (%) 87 (69.0) 2 (66.7) 85 (69.1)
Dry cough, n (%) 75 (59.5) 2 (66.7) 73 (59.3)
Productive cough, n (%) 18 (14.3) 0 (0) 18 (14.6)
Fatigue, n (%) 49 (38.9) 0 (0) 49 (39.8)
Muscle or joint ache, n (%) 16 (12.7) 0 (0) 16 (13.0)
Thoracalgia, n (%) 26 (20.6) 1 (33.3) 25 (20.3)
Sore throat, n (%) 17 (13.5) 0 (0) 17 (13.8)
Diarrhea, n (%) 11 (8.7) 1 (33.3) 10 (8.1)
Catarrh, n (%) 4 (3.2) 0 (0) 4 (3.3)
Anorexia, n (%) 41 (32.5) 0 (0) 41 (33.3)
Shortness of breath, n (%) 49 (38.9) 1 (33.3) 48 (39.0)
Headache, n (%) 15 (11.9) 1 (33.3) 14 (11.4)
Total symptoms (IQR) 3 (2–4) 3 (2–4) 3 (2–4)

Routine blood examinations
Decreased leukocytes, n (%) 8 (6.3) 1 (33.3) 7 (5.7)
Decreased lymphocytes, n (%) 39 (31.0) 1 (33.3) 38 (30.9)
Decreased hemoglobin, n (%) 31 (24.6) 2 (66.7) 29 (23.6)
Decreased platelets, n (%) 9 (7.1) 1 (33.3) 8 (6.5)
ALT > 40 U/L 37 (29.4) 0 37 (30.1)
AST > 40 U/L 25 (19.8) 0 25 (20.3)
Albumin <30 g/L 7 (5.7) 0 7 (5.7)
LDH > 245 g/L 39 (31.0) 2 (66.7) 37 (30.1)
CRP > 4 mg/L (data available in 125 patients) 65 (52.0) 2 (100) 63 (51.2)

CT findings, n (%)
Unilateral pneumonia, n (%) 18 (14.3) 1 (33.3) 17 (13.8)
Bilateral pneumonia, n (%) 73 (57.9) 1 (33.3) 72 (58.5)
Multiple mottling and ground-glass opacity, n (%) 35 (27.8) 1 (33.3) 34 (27.6)
Treated with steroid, n (%) 12 (9.5) 0 12 (9.8)
Antiviral, n (%) 123 (97.6) 3 (100) 120 (97.6)
Treated with CTM, n (%) 121 (96.0) 3 (100) 118 (95.9)
Antibacterial, n (%) 97 (72.4) 2 (66.7) 95 (72.5)
Severe COVID-19, n (%) 13 (10.6) 1(33.3) 14 (11.1)
Onset to admission (day), median (IQR) 13 (7–20) 10 (9–12) 13 (8–20)
Hospital stay (day), median (IQR) 26 (18–33) 26 (19–31) 26 (18–33)

Decreasedmeans below the lower limit of the normal range. Leukocytes (× 109 /L; normal range 3.5–9.5); lymphocytes (× 109 /L; normal range 1.1–3.2);
platelets (× 109 /L; normal range 125–350); hemoglobin (g/L; normal range 130–175); ALT and AST (U/L; normal range 0–40); LDH (U/L; normal
range 109–245); CRP (mg/L; normal range < 4.0)

IQR, interquartile range; COVID-19, coronavirus disease 2019; COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; ALT,
alanine transaminase; AST, alanine aminotransferase; LDH, lactate dehydrogenase; CRP, C-reactive protein; CT, computed tomography; CTM, Chines
traditional medicine
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event rate of 19.8 (95%CI 2.60–42.1) per 1,000,000 patient-
days. All re-positive patients were asymptomatic. The demo-
graphics and clinical and radiological characteristics between
patients with and without re-positive findings are shown in
Table 1. Two re-positive patients had increased serum lactate
dehydrogenase (LDH) and C-reaction protein (CRP) levels.
All three re-positive patients were treated with antiviral drugs
and Chinese traditional medicine. The time interval between
anti-2019-nCoV treatment discontinuation and RT-PCR re-
positivation was 10–18 days. The re-positive patients did not
report contact with any personwho had a fever and respiratory
symptoms after discharge. No family member infection was
reported. The dynamic results of RT-PCR in the re-positive
patients after discharge are shown in Supplemental Table 1.

Discussion

Our main finding was that patients with COVID-19 after hos-
pital discharge had a low chance to be tested re-positive for
2019-nCoV. Moreover, all re-positive patients were
asymptomatic.

The time interval between discharge and re-positive RT-
PCR results in our cohort was 11–20 days, which was longer
than previously reported [2, 6, 7]. It was reported that the viral
shedding duration lasted for 65 days in a recovered COVID-
19 patient [8]. Together these findings raise concerns about
the shedding window of COVID-19 and the current criteria
for discontinuation of quarantine.

The 2019-nCoV nucleic acid detection in patients may
fluctuate due to the possible occurrence of false-negative
nucleic test findings and the operator’s experience in
collecting the sample [9]. However, the re-positive cases in
our cohort were likely to have a real re-activation of the infec-
tion after three consecutively negative molecular tests of sam-
ples collected by trained doctors in addition to symptom res-
olution. Few studies reported the changes of exact viral load
(Ct value or copies/mL) in discharged COVID-19 patients. A
case study showed that two discharged COVID-19 patients
had decreased Ct values (compared with baseline Ct values)
when they became symptomatic with COVID-19 again [10].
Another case study reported the recurrent presence of 2019-
nCoVRNAwith fluctuating Ct values in a 33-year-old patient
who were symptomatic after discharge [11]. Interestingly,
2019-nCoV viral load may be similar in asymptomatic as
symptomatic patients [12]. The relationship of baseline
2019-nCoV viral loadwith re-activation needs to be addressed
in future studies.

Re-positive cases pose a major public health concern since
little is known about the infectivity of this population. A pos-
itive RT-PCR result of 2019-nCoV nucleic acid does not nec-
essarily mean that the virus is infectious. All re-positive pa-
tients in our cohort were asymptomatic, with no evidence of

infectivity. The recent Wuhan mass COVID-19 screening re-
ported only 300 asymptomatic cases of 9,899,828 partici-
pants. None of the samples has cultivated a live virus in the
sputum samples and throat swabs from 106 asymptomatic
cases [13]. This promising finding might add key information
for the improved management of patients recovered from
COVID-19.

The limitations of this retrospective observational study
include the small number of patients from a single center.
Additionally, near 20% of patients were lost to follow-up,
which brings selection bias. Due to the tiny number of re-
positive samples, we cannot statistically compare the differ-
ence between patients with and without re-positivity. A pre-
vious study showed that cough accompanying with expecto-
ration and chest congestion accompanying with dyspnea were
associated with an increased risk of nucleic acid re-positivity
[7]. The clinical risk factors for the re-activation of 2019-
nCoV need to be investigated by further large sample–sized
studies.

In conclusion, our study indicates that few discharged pa-
tients with COVID-19 may have re-positive results of 2019-
nCoV detection. The infectivity of this population needs to be
studied urgently.
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