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Background. Short-term recurrence of positive severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) ribonucleic
acid (RNA) polymerase chain reaction (PCR) in discharged coronavirus disease 2019 (COVID-19) patients attracts the public’s con-
cern. This study aimed to determine the clinical and epidemiological results of such patients.

Methods. This retrospective study was conducted on 32 designated hospitals for COVID-19 patients discharged from January
14 to March 10, 2020. After 28-day followed-up, patients who tested positive again for SARS-CoV-2 RNA and confirmed by reverse-
transcriptase polymerase chain reaction were re-admitted to hospital for further treatments. All of the close contacts of patients who
tested positive again were asked to self-segregate for 14 days. Data of epidemiology, symptoms, laboratory tests, and treatments were
analyzed in those patients, and their close contacts were investigated.

Results.  Of 1282 discharged patients, 189 (14.74%) tested positive again for SARS-CoV-2 RNA during 28-day follow-up. The
median time from discharge to the next positive test was 8 days (interquartile range [IQR], 5-13). Patients in the group that tested
positive again were younger (34 vs 45 years, P <.001) with a higher proportion of moderate symptoms (95.77% vs 84.35%, P < .001)
in the first hospitalization than in the negative group. During the second hospitalization, all patients who tested positive again
showed normal peripheral white blood cells and lymphocytes and no new symptoms of COVID-19; 78.31% further improved on
chest computed tomography scan compared with the first discharge, yet 25.93% accepted antiviral therapy. The median time of
re-positive to negative test was 8 days (IQR, 4-15). None of the close contacts developed COVID-19.

Conclusions. Our data suggest that the short-term recurrence of positive SARS-CoV-2 RNA in discharged patients is not a re-
lapse of COVID-19, and the risk of onward transmission is very low. This provides important information for managing COVID-19
patients.
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Because the pandemic of coronavirus disease 2019 (COVID-
19) has swept across the globe, attention has been drawn to the
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epidemiological and clinical features of patients [1-3], the ther-
apeutic strategy [4, 5], and the ways to increase cure rate and
decrease mortality in countries and regions [6]. However, the
knowledge about the novel COVID-19 is still limited, particu-
larly in the management of convalescence stage after discharge.

With increasing numbers of patients who were cured and
discharged, we are facing serious problems with posthospital
surveillance and follow-up of COVID-19 patients. Some spo-
radic case reports from many cities in China, such as Wuhan
[7], Dongguan [8], Weihai [9], and Guangzhou [10], found
that some patients had detectable recurrence of positive se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
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ribonucleic acid (RNA) polymerase chain reaction (PCR) in
nasopharyngeal swab or anal swab 5-13 days after being dis-
charged from the hospital. A recent report from Shenzhen city
showed that the recurrence rate reached to 14.5% in 172 dis-
charged patients [11]. Although these studies did not show the
threat that was induced by the recurrence of positive SARS-
CoV-2 RNA in patients, the findings aroused great concern for
people because the evidence of highly human-to-human trans-
mission was found in COVID-19 patients [12, 13]. Moreover,
these archived studies were either case reports or small-sized
and single-center studies with a short follow-up period; there-
fore, it was hard to ascertain the panorama of those populations
with recurrence of viral RNA PCR positivity. In particular, the
following questions were of great concern and have not been
answered clearly. (1) What is the ratio of re-positive patients in
all discharged COVID-19 patients in Guangdong Province? (2)
Does the recurrence of positive SARS-CoV-2 RNA mean that
COVID-19 would relapse like other infectious diseases such as
typhoid fever [14, 15]? (3) Are re-positive patients transmis-
sible to others? The answers to these questions can have a direct
impact on a strategic formula for disease control and preven-
tion. Considering the ongoing global pandemic of COVID-19,
it is essential to carry out large-scale studies to better under-
stand the issue of recurrence of positive SARS-CoV-2 RNA in
COVID-19 patients. In response to these emerging concerns,
we conducted a multicenter, retrospective, observational study
of patients who tested positive again for COVID-19 and tar-
geted 1282 patients from 32 designated hospitals in Guangdong
Province, China.

METHODS

Study Design and Participants

A multicenter, retrospective, observational study was con-
ducted at 32 hospitals in Guangdong Province that were des-
ignated to treat COVID-19 patients [16]. All confirmed
COVID-19 patients who were discharged from January 14 to
March 10, 2020 were followed up for 28 days. According to the
policy of Guangdong Province, the follow-up was divided into
2 stages. During the first stage, patients who were discharged
before February 25, 2020 were required to self-segregate for
14 days (section A), whereas patients who were discharged after
that time were mandatorily required to be quarantined in des-
ignated sites for 14 days (section B). Clinical symptoms (body
temperature, cough, and other respiratory symptoms) of these
patients were recorded every day, and SARS-CoV-2 RNA in na-
sopharyngeal and anal swabs specimens was tested every 3 days.
During the second stage of the 14-day follow-up, patients were
self-segregated at home (section C), and the community mem-
bers tracked their symptoms by telephone and carried out viral
RNA test once a week. See the protocol in Figure 1.

Patient Consent Statement

This study was authorized by the Guangdong Provincial
Health Commission and was approved by the Ethics
Committee of the Guangdong Provincial People’s Hospital
(No. GDREC2020028H). The whole course of treatment and
follow-up for all COVID-19 patients were free. Data were col-
lected by a public health surveillance system—the electronic
medical information reporting system (E-System) built by the
Guangdong Health Commission—and all personal data were
deidentified before analysis. Written informed consent was
waived due to the use of deidentified data for the purpose of
public health surveillance.

Data Collection

To ensure the quality and homogeneity of medical treat-
ment, the Guangdong COVID-19 Prevention and Control
Headquarters was set up to direct and coordinate the manage-
ment for COVID-19 patients across the province. An electronic
medical information reporting system (E-System) was built by
the Guangdong Health Commission for the entire provincial
medical data collection, through which all data in this study
were collected.

Information on demography, epidemiology, comorbidities,
and clinical data of the first hospitalization was collected;
clinical symptoms monitoring and SARS-CoV-2 RNA tests
were made as described above. All patients who tested posi-
tive again (recurrence of SARS-CoV-2 RNA PCR positivity)
were re-admitted to the hospital for observation or antiviral
(arbidol, lopinavir, and ritonavir, etc) treatment. Daily clin-
ical symptoms (temperature, cough, and other respiratory
symptoms) and laboratory tests were recorded. All of the close
contacts of patients who tested positive again were asked to
self-segregate at home for 14 days. During the observation
period, their clinical symptoms were monitored every day,
and SARS-CoV-2 RNA in nasopharyngeal and anal swabs was
checked every 3 days.

Specimen Collection

Swabs for detecting SARS-Cov-2 RNA were collected by quali-
fied medical staff through standard procedures under level 3 bi-
osafety protection according to the guidance of a previous study
[17-19]. For nasopharyngeal specimens, a swab was inserted
into the nostril parallel to the palate to a depth equal to the dis-
tance from the nostrils to the outer opening of the ear. The swab
was left in place for several seconds to absorb secretions and
then was slowly removed with rotation. For anal specimens, a
swab was inserted into anus 2-3 cm, swiped the plica around it,
and generally rotated for several circles, then removed it slowly.
Specimens were immediately stored at 2-8°C and transported
under the same conditions for viral RNA extraction and mo-
lecular testing.
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Figure 1. Flow chart for follow-up of coronavirus disease 2019 (COVID-19). As shown in the figure, during the first 14 days, patients discharged before February 25, 2020

in Guangdong Province were required to self-segregate for 14 days (A), whereas patients discharged after that time were mandatorily quarantined in designated sites for
14 days (B) and had no close contact since then. During the second 14 days, patients were self-segregated at home (C), and the community members followed up their
symptoms by telephone and carried out viral ribonucleic acid (RNA) test once a week. Both A and C would generate close contacts. Once re-positive severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) RNA was tested, a second test would be carried out within 24 hours to determine the re-positive patient (see definition). Lung com-
puted tomography was performed when positive SARS-CoV-2 RNA recurrence was confirmed. According to the results of SARS-CoV-2 RNA tests during follow-up, discharged
patients were divided into a re-positive group and a negative group. Patients in the re-positive group were admitted to the designated hospital for further observation and
treatment, and they were discharged again when they met the discharge criteria. Patients who had finished the processes above were included in our study.

Definitions

Recurrence of Positive Severe Acute Respiratory Syndrome
Coronavirus 2 Ribonucleic Acid

In COVID-19 patients who were cured and left hospital after
meeting the discharge criteria (see below), SARS-CoV-2 RNA
tested by real-time reverse-transcriptase PCR (RT-PCR) was
conducted on nasopharyngeal and anal swab and tested posi-
tive twice in each swab (24-hour sampling time interval) in the
designated hospital [8, 10, 11].

Moderate Symptoms

Moderate symptoms consisted of fever and mild respira-
tory symptoms (cough, sore throat, runny nose, etc), mul-
tiple patchy shadowing and ground-glass opacity in lung

computed tomography (CT), and normal range of vital signs
(3, 16].

Severe Symptoms

Severe symptoms consisted of respiratory distress (respiratory
rate >30 breaths/minute, SaO, <93%, arterial oxygen tension/
inspiratory oxygen fraction <300 mmHg under resting condi-
tion) (1 mmHg = 0.133 kPa). In addition, lung CT showed that
the range of pulmonary lesions increased by more than 50%
within 24-48 hours [4, 16].

Criteria for Discharge
Patients were discharged if they met all of the following criteria:
(1) body temperature returned to normal for more than 3 days;
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(2) respiratory symptoms improved significantly; (3) substan-
tial improvement in both lungs by CT scans; (4) SARS-CoV-2
assays in both nasopharyngeal and anal swabs specimens were
negative for 2 consecutive times (24-hour interval) [5, 16].

Improvement of Chest Computed Tomography Images

Investigators noted improved CT images after comparing the
last chest CT results and observing whether the size and density
of pulmonary lesions were reduced; if the lesions were signif-
icantly reduced by more than 50%, it was considered to be a
substantial improvement [14, 20].

Close Contacts

Close contacts are persons who have had close contact with
re-positive patients without effective protection with masks,
such as living and working together, which was confirmed
by registered public health practitioners from the Center for
Disease Control and Prevention (CDC) [21].

Confirmation for Recurrence of Positive Severe Acute Respiratory
Syndrome Coronavirus 2 Ribonucleic Acid

Both nasopharynx swabs and anal swabs samples from each
re-positive patient were collected for the RT-PCR test in a lab-
oratory at the CDC in Guangdong Province. Once re-positive
patients were reported by designated hospital, the specimens
described above were collected by laboratory staff of the CDC.
Total RNA was extracted using a prefilled viral total NA kit-
Flex (catalog no. KFRPF-805296, Labserv; Fisher Scientific,
https://www.fishersci.com) following manufacturer’s in-
structions. A commercial RT-PCR assay kit targeting the
ORFlab and N genes was used to detect SARS-CoV-2 RNA
(catalog no. DA0931; DaAn Gene, Guangzhou, China).
Amplification was performed on an Applied Biosystems 7500
Real-Time PCR System (Thermo Fisher Scientific, https://
www.thermofisher.com) as follows: 50°C for 15 minutes and
then 95°C for 15 minutes, followed by 45 cycles of 94°C for
15 seconds and 55°C for 45 seconds. When both ORF1ab and
N gene target amplification curves were generated within 40
cycles, the samples were considered to be positive for SARS-
CoV-2 RNA.

Statistical Analysis

Continuous variables were expressed as median (interquar-
tile range [IQR]) and compared by Mann-Whitney U test,
except for continuous variables of cycle threshold (Ct) value
of RT-PCR that conform to normal distribution, and were ex-
pressed as mean + standard deviation and 95% confidence in-
terval (CI). Categorical variables were expressed as number
(%) and compared by x” test or Fisher’s exact test as appro-
priate. A 2-sided a of less than 0.05 was considered statisti-
cally significant. Statistical analyses were done using the SPSS,
version 25.0.

RESULTS

Features of Recurrence of Severe Acute Respiratory Syndrome Coronavirus
2 Ribonucleic Acid Polymerase Chain Reaction Positivity

In the first 14 days of follow-up, 160 patients tested positive
again for SARS-Cov-2 RNA, among them 111 re-positives
were found from 809 discharged patients in section A and 49
re-positives from 473 cases in section B. The remaining 1122
cases were self-guarding for the next 14 days (section C), and 29
re-positives were found. Compared with the negative group, the
re-positive group had a younger age (34 vs 45 years, P < .001)
and more young components (63.49% vs 40.35% in 0-39 years
range, P <.001) (Table 1, Figure 2A).

The median re-positive time from the first discharge was
8 days (IQR, 5-13), which was mainly concentrated within
15 days (90.48%), and presented with 3 peaks at the 1st, 7th, and
14th day, respectively (Figure 2B, Table 2). Most of the recur-
rence for positive SARS-Cov-2 RNA (84.66%) occurred within
2 weeks, among which 54.50% were in the range of 0-39 years
old (Figure 2C).

Characteristics of Re-Positive Patients at the First Hospitalization

In clinics, re-positive patients showed a larger proportion of
moderate symptoms (95.8% vs 84.4%, P < .001) at the first ad-
mission but a lesser proportion of comorbidities (11.11% vs
22.69%, P < .001) and a lower incidence of fever (60.85% vs
68.34%, P = .043) and cough (38.10% vs 49.77%, P = .003) than
negative patients. The clinical treatment protocol for re-positive
patients was not different from treatment for negative ones,
including antivirals (84.66%), antibiotics (25.93%), cortico-
steroids (11.64%), and oxygen therapy (92.59%). The median
length of the first hospitalization in re-positive patients was
shorter than the negative ones (17 days vs 19 days, P = .013).
The median time from the last negative to re-positive of viral
RNA was 10 days (IQR, 7-15) (Table 1).

Features of Negative Conversion in Re-Positive Patients

In total, 188 of 189 re-positive patients turned negative eventu-
ally during the second hospitalization in 1 to 37 days by April 7,
2020. The median conversion time from re-positivity was 8 days
(IQR, 4-15) (Table 2). The majority (87.77%) of them converted
within 20 days; however, 12.23% cases needed 21-37 days to
recover (Figure 3A). A total of 46.28% of re-negatives were
0-39 years old and converted within 2 weeks (Figure 3B). The
remaining patient did not test negative until May 3, 2020.

Characteristics of Re-Positive Patients at the Second Hospitalization

The median length of the second hospitalization for patients
who tested positive again was 10 days (IQR, 6-17). Several pa-
tients still had lingering symptoms from the last disease course
of COVID-19—30 (15.87%) patients cough at second admis-
sion, 2 (1.06%) had fatigue, 2 (1.06%) had myalgia, 1 (0.53%)
had diarrhea, and 7 (3.70%) had dyspnea—and 152 (80.42%)
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Table 1. Characteristics of Patients in Re-Positive and Negative Groups at the First Hospitalization®

Characteristics Total (n = 1282) Re-positive Group (n = 189) Negative Group (n = 1093) PValue
Sex (male), n (%) 626 (48.83%) 103 (54.50%) 523 (47.85%) .091
Age (years), median (IQR) 43.00 (32.00-57.00) 34.00 (24.00-49.00) 45.00 (33.00-58.00) <.001
<40 561 (43.76%) 120 (63.49%) 441 (40.35%) <.001
Incubation (days), median (IQR) 8.00 (5.00-13.00) 9.00 (6.00-13.00) 8.00 (5.00-13.00) .236
Comorbidities, n (%) 269 (20.98%) 21 (11.11%) 248 (22.69%) <.001
Diabetes 59 (4.60%) 7 (3.70%) 52 (4.76%) 523
Hypertension 124 (9.67 %) 10 (5.29%) 114 (10.43%) .027
Cardiovascular disease 34 (2.65%) 2 (1.06%) 32 (2.93%) 140
Cerebrovascular disease 11 (0.86%) 1(0.53%) 10 (0.91%) NA
Chronic kidney disease 9(0.70%) 0 9(0.82%) NA
Chronic lung disease 34 (2.65%) 4(2.12%) 30 (2.74%) .620
Chronic liver disease 40 (3.12%) 3 (1.59%) 37 (3.39%) 189
History of cancer 14 (1.09%) 0 14 (1.28%) NA
Symptoms, n (%)
Fever 862 (67.24%) 115 (60.85%) 747 (68.34%) .043
Cough 616 (48.05%) 72 (38.10%) 544 (49.77 %) .003
Fatigue 149 (11.62%) 16 (8.47 %) 133 (12.17%) 142
Myalgia 106 (8.27 %) 17 (8.99%) 89 (8.14%) .695
Diarrhea 33 (2.57%) 3 (1.59%) 30 (2.74%) 461
Dyspnea 91 (710%) 8 (4.23%) 83 (759%) .097
PE, Median (IQR)
Respiratory rate 20.00 (19.00-20.00) 20.00 (19.00-20.00) 20.00 (19.00-20.00) 733
Heart rate 83.00 (77.00-92.00) 85.00 (77.00-95.75) 82.00 (77.00-91.00) .069
Mean arterial pressure 93.00 (86.00-100.33) 91.67 (84.67-99.33) 93.33 (86.00-100.33) .18
Oxygen saturation (Sa0,) 98.00 (97.70-99.00) 98.00 (97.80-99.00) 98.00 (97.70-99.00) 224
Laboratory Test, Median (IQR)
PCT 0.06 (0.03-0.18) 0.06 (0.02-0.18) 0.06 (0.03-0.18) .544
WBC 5.46 (4.34-6.70) 5.40 (4.30-6.68) 5.46 (4.35-6.71) .620
Lymphocyte 1.48 (1.10-1.94) 1.59 (1.17-2.05) 1.46 (1.10-1.91) .039
AST 21.00 (16.60-28.40) 22.00 (17.00-30.50) 21.00 (16.40-28.00) .196
ALT 21.90 (14.00-34.00) 19.00 (13.00-31.70) 22.00 (14.00-34.10) .071
CK 54.00 (37.00-80.00) 57.50 (38.33-76.00) 53.50 (37.00-80.00) 475
Moderate symptoms, n (%) 1103 (86.04 %) 181 (95.77%) 922 (84.35%) <.001
Severe symptoms, n (%) 179 (13.96%) 8 (4.23%) 171 (15.65%) <.001
Length of hospitalization (days), median (IQR) 18.00 (14.00-24.00) 17.00 (13.00-23.00) 19.00 (14.00-25.00) .013
0-9 years 14.00 (12.00-22.00) 14.00 (12.25-18.75) 17.00 (12.00-25.00) NA
10-19 years 15.00 (11.50-21.00) 13.5(9.00-18.75) 16.00 (12.560-22.00) NA
20-29 years 16.50 (13.00-22.00) 15.00 (13.00-21.00) 17.00 (13.00-23.00) NA
30-39 years 16.00 (13.00-22.00) 17.00 (13.5-23.5) 16.00 (13.00-22.00) NA
40-49 years 19.00 (15.00-24.00) 1750 (15.00-21.00) 19.00 (15.00-24.00) NA
50-59 years 20.00 (15.00-25.00) 21.00 (17.00-30.50) 20.00 (15.00-25.00) NA
60-69 years 22.00 (16.00-28.25) 18.00 (14.50-26.50) 22.00 (16.00-29.00) NA
>70 years 21.00 (15.50-27.00) 23.00 (19.75-27.00) 20.00 (15.00-27.00) NA
Treatment, n, (%)
Antiviral 1093 (85.26%) 160 (84.66%) 933 (85.36%) .801
Antibiotics therapy 289 (22.54%) 49 (25.93%) 240 (21.96%) 228
Oxygen therapy 1211 (94.46%) 175 (92.59%) 1036 (94.78%) 224
Corticosteroids therapy 162 (12.64%) 22 (11.64%) 140 (12.81%) .655

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; IQR, interquartile range; NA, not applicable; PCT, procalcitonin; PE, physical examination;

WBC, white blood cells.

Data are presented as median (IQR) or n (%). P values are calculated by XZ test or Mann-Whitney U test between re-positive patients and negative patients.

NOTE. Missing Data: InTable 1, 477 patients lack data of incubation days for vague, ambiguous exposure history. Twelve patients lack data of respiratory rate, 10 patients lack data of heart
rate, 36 patients lack mean arterial pressure (MAP), and 106 patients lack SaO, at the first-time admission due to incomplete admission records. Two hundred thirty-five patients lack data of
PCT, 100 patients lack WBC count, 107 patients lack lymphocyte count, 119 patients lack AST and ALT, and 350 patients lack data of CK due to lacking of inspection or incomplete laboratory
test records. In the re-positive group, 2 patients lack data of respiratory rate, 3 patients lack data of heart rate, 16 patients lack MAR, and 20 patients lack oxygen saturation at the first-time
admission. Five patients lack PCT data, 28 patients lack WBC and lymphocyte counts, 37 patients lack AST, 38 patients lack ALT, and 78 patients lack CK data.
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Figure 2. Age distributions and the features of re-positive ribonucleic acid (RNA) in re-positive patients. As shown in A, age pyramid count graph, patients in the re-positive
group account for 12.70% in patients aged 0-9 years, 7.94% in patients aged 10-19 years, 19.58% in patients aged 20-29 years, 23.28% in patients aged 30-39 years,
11.64% in patients aged 40-49 years, 11.11% in patients aged 50-59 years, 11.64% in patients aged 6069 years, and 2.12% in patients aged >70 years, whereas patients
in the negative group account for 3.20% in patients aged 0-9 years, 3.39% in patients aged 1019 years, 10.89% in patients aged 2029 years, 22.87% in patients aged
30-39 years, 17.02% in patients aged 40—49 years, 19.85% in patients aged 50-59 years, 17.93% in patients aged 60—69 years, and 4.85% in patients aged >70 years. As
shown in B, bars represent frequency of patients tested re-positive from first discharge to re-positive at different re-positive time. Taller bars illustrate 1-15 days, presented
with 3 peaks at the 1st, 7th, and 14th day. Eighteen cases (9.5%) exceeded 15 days for severe acute respiratory syndrome coronavirus 2 RNA re-positive. As shown in C, time
from first discharge to re-positive was divided by per 7 days and matched with age group divided by per 10 years. The figures in the boxes represent the number of cases.
The area of 0-21 days in the y axis, especially of 0—14 days, contains the largest number of dots, which represent patients. The number of patient days from first discharge
to re-positive are as follows: 89 patients, <7 days; <71 patients, 7 days; <20 patients, 14 days, <14 days; <8 patients, 21 days; <1 patient, <28 days, 28 days . In addition, in
the x-axis, the density of dots in the area of 20—40 years is the highest; 81 dots are located in this area.

patients had relief from symptoms, but were only re-admitted  the first discharge. Only 49 cases (25.93%) accepted antiviral
for re-positive SARS-Cov-2 RNA. Nevertheless, none of the 189 therapy (Table 2).
patients had newly developed symptoms of COVID-19 during

The Cycle Threshold Val f Real-Ti R -Ti ipt
the second hospitalization. White blood cell and lymphocyte A e S

Polymerase Chain Reaction for Recurrence of Positive Severe Acute
counts were within normal range either in the second admis- Respiratory Syndrome Coronavirus 2 Ribonucleic Acid

sion (5.70 x 10°/L and 1.82 x 10°/L, respectively) or at discharge After our best efforts, 121 samples from 61 re-positive patients,
(6.01 x 10°/L and 1.99 x 10°/L, respectively) from hospitaliza-  including 61 nasopharynx swabs and 60 anal swabs, were col-
tion. Chest CT scans also showed no aggravations (140 im-  lected and tested by RT-PCR. The Ct values of ORFlab gene
proved, 8 cured, and 36 no remarkable changes) compared with and N gene in nasopharynx specimen were 37.55 + 1.32 (95%
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Table 2. Clinical Features of Re-positive Patients at the Second Hospitalization®

Clinical Features

Total (n = 189)

Days from last negative to re-positive, median (IQR)
Days from first discharge to re-positive, median (IQR)
New symptoms of COVID-19
Clinical Symptoms
Fever
Cough
Fatigue
Myalgia
Diarrhea
Dyspnea
None
Length of second hospitalization (days), median (IQR)
Chest CT Scan Alteration Compared With the First Discharge, n (%)
Improvement
Healing
No alteration
No check
Antiviral therapy
No antiviral therapy

10.00 (7.00-15.00)
8.00 (5.00-13.00)
None

0

30 (15.87%)

2 (1.06%)

2 (1.06%)
1(0.53%)

7 (3.70%)

152 (80.42%)
10.00 (6.00-17.00)

140 (74.07 %)
8 (4.23%)
36 (19.05%)
5 (2.65%)
49 (25.93%)
140 (74.07 %)

Abbreviations: CT, computed tomography; COVID-19, coronavirus disease 2019; IQR, interquartile range.

?Data are presented as median (IQR) or n (%).

NOTE. Missing Data: In Table 2, 27 patients lack data of white blood cell (WBC) and lymphocyte count at the second-time admission and 37 patients lack WBC and lymphocyte count at the
second-time discharge due to lack of inspection or incomplete laboratory test records. Two patients lack data regarding length of second-time hospitalization because they had not been
discharged from hospital by April 7, 2020 (the closing day of our study), 1 of whom also lacked data of time from re-positive to negative because it had not turn to severe acute respiratory

syndrome coronavirus 2 ribonucleic acid negative again.

CI, 36.88-38.22; n = 61) and 36.56 + 1.39 (95% CI, 36.07-37.05;
n = 61) and 37.05 £ 2.13 (95% CI, 36.06-38.05; n = 60) and
36.00 + 2.25 (95% CI, 35.17-36.80; n = 60) in anal specimen,
respectively.

Clinical Outcomes of Close Contacts

After strict investigations during the 28-day follow-up period,
only the patients in section A (Figure 1) generated close con-
tacts. Of a total of 111 re-positives in section A, 69 generated
209 close contacts. The median age of the contacts was 46 years
old (IQR, 37-65), and 26.80% were male. None of them re-
ported a travel history to the COVID-19 epidemic area or had
ever been infected by SARS-CoV-2. During the 14 days of quar-
antine, none of them developed clinical symptoms of COVID-
19, eg, fever, cough, or dyspnea. The tests for SARS-CoV-2 RNA
in nasopharyngeal or anal swab specimens were all negative.

DISCUSSIONS

Coronavirus disease 2019 has infected more than 6 million
people [22]. Recurrence of positive SARS-CoV-2 RNA after
discharge is a serious public health concern for the manage-
ment of discharged COVID-19 patients and prevention of fur-
ther spread of COVID-19. This retrospective study aimed to (1)
analyze clinical and epidemiological information of 1282 pa-
tients discharged from 32 designated hospitals in Guangdong
Province and (2) reveal the features of short-term recurrence of
positive SARS-CoV-2 RNA in those populations.

In this study, we found that 14.74% (n = 189) of 1282 dis-
charged patients in Guangdong Province had recurrence of
positive SARS-CoV-2 RNA during 28 days of follow-up, and the
median time of re-positive RNA distributed from 7 to 11 days
at different age range. Lapse time from the first discharge was
mainly within 15 days (90.48%).

Based on the strict process of prevention and control policy
in Guangdong Province, all positive results of RNA must be re-
checked with the same source of samples within 24 hours and
issued by the CDC of Guangdong Province before they were
diagnosed as re-positives. We believe that the recurrence of
positive viral RNA in all COVID-19 cases is universal. A recent
small-sized study in the neighboring city of Guangdong showed
similar data to ours [11].

Furthermore, we showed that these re-positive of viral
RNA means the continuation of the first infection, but not a
re-infection of virus particles.

Epidemiological Evidence

The median length of the first hospitalization of re-positive
cases was 17 days (IQR, 13-23). It was reported that the specific
antibody of immunoglobulin (Ig)G can be detected on the 4th
day after symptom onset, and 85% of the patients could pro-
duce IgG on the 10th-13th day and 100% on the 17th day [23],
which supported that most of the patients in our study had pro-
duced specific antibodies at the time of discharge. Meanwhile,
we combed the close contacts of the re-positive patients and
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Figure 3.

Age (yr)

Features of negative conversion of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) ribonucleic acid (RNA) in re-positive patients. As shown in A,

re-positive patients turned negative eventually at the second hospitalization with conversion time ranging from 1 to 37 days. Taller bars illustrate 1-19 days with peak at 3 days.
Atotal of 87.23% patients turned to negative from re-positive within 19 days, 78.19% in 15 days, and 12.77% (n = 24) needed a longer time of 20-37 days to convert. As shown
in B, the area of 0—20 days in the y-axis, especially of 0—10 days, contains the largest number of dots. One hundred six patients spent <10 days from re-positive to negative
again, while fifty eight patients spent 10-19 days, nineteen patients spent 20-29 days, five patients spent 30-39 days. The figures in the boxes represent the number of case.
Data are missing for 1 patient because the patient was not SARS-Cov-2 RNA negative again after being re-positive by April 7, 2020, which was the closing day of our study.

found that they had not been to the epidemic area nor were they
exposed to COVID-19 patients. Even though an asymptomatic
case of COVID-19 re-infection confirmed by whole-genome
sequencing was reported [24], we noted that this case was diag-
nosed 142 days after the first symptomatic episode when the
patient traveled to Spain and the United Kingdom and had a lot
access to infected people. In this study, 49 discharged patients
were tested for recurrence of positive SARS-CoV-2 RNA during
the mandatory quarantine period without contacting anyone

but medical staff (section B of Figure 1), which was the solid
evidence to rule out re-infection. Therefore, the possibility of
re-infection in this group is extremely low.

Clinical Evidence

In this study, although a small group of patients still had re-
maining symptoms from last disease course of COVID-19—
such as cough, fatigue, and dyspnea—all 189 re-positive patients
showed neither new symptoms of COVID-19 nor aggravation
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on chest CT images during follow-up. Most of chest CT images
for them further improved when compared with their first dis-
charge. In addition, white blood cell and lymphocyte counts
were within the normal range. All the above data indicated that
the immunocompetence of re-positive patients was recovering.

Virological Evidence
The Ct value of specific ORFlab gene in anal and nasopharynx
specimens derived from re-positive cases ranged from 36 to 40,
which were close to the detection limit of quantitative PCR. This
suggested that the SARS-CoV-2 RNA content in re-positive
cases was too low to provoke an onset of disease. Moreover,
re-positive patients turned SARS-CoV-2 RNA negative again
within 8 days (IQR, 4-15), and 74.07% of them did not accept
antiviral therapy at their second admission, indicating clear-
ance of virus achieved automatically. Therefore, our study sug-
gests that short-term recurrence for positive SARS-CoV-2 RNA
in discharged patients did not represent relapse of disease but
rather a phenomenon in a stage of the viral clearance process.
Our data also show that there was no communicability of
re-positive patients. None of the 209 close contacts of 69 pa-
tients developed clinical symptoms of COVID-19 (eg, fever or
cough), and the RT-PCR also tested negative in both nasopha-
ryngeal and anal swab samples. Therefore, it is possible that
re-positive patients were barely communicable. Additional ev-
idence suggests that the viral load of SARS-CoV-2 in nasopha-
ryngeal swab reached extremely low limits of detection until the
21st day [25]. The live virus can only be isolated in nasopha-
ryngeal swabs within 8 days after symptom onset with a viral
load more than 10° copies/mL [26]. In the median 18 days of
hospitalization at the first admission, we determined that the
possibility of excreting live virus was extremely low.

Finally, we explain why the recurrence of positive viral RNA
frequently occurred in younger populations. Previous studies
reported that the time of virus shedding in COVID-19 survivals
was 17-24 days, and it even reached 49 days in individual cases
[27, 28]. In our data, however, the median hospitalization time
for negative group of patients was significantly longer than the
re-positive group, especially in ages <30 years. It is possible that
the insufficient length of hospital stay may be one of the explan-
ations why the SARS-CoV-2 RNA was tested re-positive after
discharge. In our study, patients in the re-positive group had
younger age, lower incidence of fever and cough at admission
with less proportion of severe symptoms, but higher lymphocyte
counts. Although the younger patients and patients with mild
symptoms could recover within a shorter period of time after
hospitalization, meeting the discharge criteria did not mean
that the virus was completely cleared. Thus, the larger propor-
tion of recurrence for positive SARS-CoV-2 RNA in younger
patients may be related to the shorter time of hospitalization.

There are limitations in our study. First, due to the complexity
of the epidemic situation, we cannot achieve a cohort-based

design and implementation in a short period of time, nor can we
identify the virus genotypes. Second, serum antibody test and
live virus isolation of re-positive patients were not conducted,
and less than half of re-positive patients were drawn for viral
RNA confirmation because total samples could not be obtained.
Third, only 209 close contacts were generated, which might not
be enough to fully assess the risk for communicability.

CONCLUSIONS

In conclusion, in this multicenter, retrospective, observational
study with the large samples and 28-day follow-up among the
discharged COVID-19 patients in Guangdong Province, China,
we found that (1) the younger and more physically active pa-
tients accounted for a large proportion of recurrence for posi-
tive viral RNA after discharge, (2) the recurrence is not a relapse
of COVID-19, and (3) the re-positive patients are not commu-
nicable. This may be a common process in convalescence of
disease, with low risk of onward transmission of the virus. Our
findings have potentially important information for clinicians
currently managing COVID-19 patients. However, due to the
limited knowledge regarding SARS-CoV-2 at this time, close
monitoring and followed quarantine after discharge from hos-
pital are still needed.
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