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Background: With the increased number of patients discharged after having COVID-19, more and more stud-
ies have reported cases whose retesting was positive (RP) during the convalescent period, which brings a
new public health challenge to the world.
Methods: We searched PubMed, Web of Science, The Cochrane Library, CNKI, WanFang and VIP from Decem-
ber 1, 2019 to December 31, 2020. The included studies were assessed using JBI critical appraisal tools and
Newcastle-Ottawa Scale. The RP rate of discharge patients was analyzed by a meta-analysis. We adhered to
PRISMA reporting guideline.
Findings: We have included 117 studies with 2669 RP participants after discharge. The methodological qual-
ity of 66 case reports were low to high, 42 case series and 3 cohort study were moderate to high, 3 case-con-
trol studies were moderate and 3 cross-sectional studies were low to moderate. The clinical manifestations
of most RP patients were mild or asymptomatic, and CT imaging and laboratory examinations were usually
normal. The existing risk factors suggest that more attention should be paid to sever patients, elderly
patients, and patients with co-morbidities. The summary RP rate was 12-2% (95% CI 10.6—13.7) with high
heterogeneity (I° = 85%).
Interpretation: To date, the causes and risk factors of RP result in discharged patients are not fully understood.
High-quality etiological and clinical studies are needed to investigate these issues to further help us to make
strategies to control and prevent its occurrence.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Since the outbreak of COVID-19 in December 2019, the pandemic
has spread to 235 countries, areas or territories of the world [1]. The
International Committee on Taxonomy of Viruses (ICTV) has named
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the organism SARS-COV-2 [2], and the World Health Organization
(WHO) has named the disease Coronavirus Pneumonia 2019 (COVID-
19). As of December 31, 2020, there has been a total of 80,733,033
confirmed cases worldwide, including 1,783,619 deaths [1].

There are various detection methods for coronavirus, and RT-PCR
(real-time reverse transcriptases-polymerase chain reaction) test is
the one most used [3,4]. As more and more patients have been cured
and discharged from hospitals, the RT-PCR results of some patients
have been reported as turning positive again during the convalescent
period. The Lan et al. paper [5] was the first to report four cases of dis-
charged patients retesting positive (RP) by RT-PCR test during
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Research in context

Evidence before this study

We searched PubMed, Web of Science, The Cochrane Library,
CNKI, WanFang and VIP from December 1, 2019 to December
31, 2020. Among the 3818 references, 117 articles met our pre-
planned study selection criteria. We also found six systematic
reviews and/or meta-analyses. The existing systematic reviews
reported on the characteristics, potential reasons, infectivity,
treatment and outcome of discharged patients RP for RT-PCR.
However, none of them were comprehensive in terms of litera-
ture search. The three meta-analysis papers, including 17, 14
and 9 cases respectively, reported estimates of 12%, 32¢9% and
15%, respectively for the RP rate of discharged patients.

Added value of this study

Through a rigorous and comprehensive systematic review, we
not only reported the characteristics of RP patients (such as
clinical manifestations, serological tests and virology), pooled
the RP rate, performed the subgroup analysis of gender, but
also summarized and analyzed the risk factors of RP patients,
and the possible causes of RP results.

Implications of all the available evidence

We hope that the results of the current systematic review and
meta-analysis will promote the implementation of appropriate
discharge standards and management measures, so as to
improve people's understanding, diagnosis and proper man-
agement of RP patients. We suggested that discharged patients
should still use personal protection to reduce the possibility of
re-infection or transmission.

convalescence, which has aroused worldwide attention. More studies
since have reported similar incidents. One of the largest case series of
RP patients for COVID-19 is from Italy, which reported 976 RP
patients out of 7127 discharged patients, with a RP rate of 13.7% [6].

The presence of the RP patient has raised public questions regard-
ing current discharge standards. Are discharge standards too lax?
Why do some COVID-19 patients test positive again after they leave
the hospital? Is it due to re-infection or relapse? Are the RP patients
contagious? All of these issues may exacerbate public panic about
COVID-19: it may affect community management of the discharged
populations, and pose new potential risks to social and public health.
Other reviews on a similar topic have mainly reported on the clinical
manifestations of RP patients, sample types of nucleic acid test, and
the potential causes of RP [7,8]. Knowledge about the RP patients is
still inadequate and limited.

Thus, the purposes of this systematic review and meta-analysis are to
comprehensively analyze the COVID-19 patients with RP RT-PCR result
after discharged through the inclusion of extensive relevant studies;
focus on the clinical characteristics, the possible causes and risk factors.

2. Methods

This review was performed and reported in accordance with Pre-
ferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) [9].

2.1. Search strategy and selection criteria

An extensive search strategy (appendix p 2) was designed to
retrieve all relevant articles published from December 1, 2019 to

December 31, 2020, by using six databases: PubMed, Web of Science,
The Cochrane Library, CNKI, WanFang and VIP. We applied no restric-
tions for language of publications. Studies were selected for further
consideration through screening of titles, abstracts, and methods for
relevance based on the selection criteria after excluding duplications.
Three independent researchers (Xiangying Ren, Xiangge Ren and
Jiaao Lou) screened retrieved articles and two of them reviewed each
article. The same investigators independently assessed full texts of
records deemed eligible for inclusion. Any discrepancies were
resolved by discussion with other co-authors.

Studies were selected based on the following inclusion criteria:
(1) Studies about discharged patients with confirmed SARS-CoV-2
infection whose RT-PCR test results were re-positive at any time after
discharge; (2) Reported outcomes of interest included description of
clinical symptoms, relevant examination results of the RP patients
such as, sample types of nucleic acid test, IgG/IgM antibodies, CT
imaging, contact tracing, infection ability, treatment, psychological
status, prognosis, virology, risk factors of RP; (3) Original research
with any type of study designs. Exclusion criteria were: (1) Patients
with other serotypes of severe acute respiratory syndrome coronavi-
rus or Middle East respiratory syndrome coronavirus infection; (2)
The full texts of studies were not available.

2.2. Data extraction and quality assessment

Two independent reviewers (Xiangying Ren, Xiangge Ren)
extracted data from each eligible study and then proceeded to cross
check the results. Disagreements between reviewers regarding
extracted data were resolved through discussion and consensus of
the third reviewer (Jiaao Lou). The following information was
extracted: first author name, date of publication, country, type of
study (case report, case series, cohort study, cross-sectional study,
case control study), age and sex of the RP patients, the proportion of
RP patients in discharged patients, sample type of RT-PCR test, time
from discharge to first RP by RT-PCR, serological tests and the CT
imaging results of the RP patients. Included articles were indepen-
dently assessed for quality by three reviewers (Yuqing Deng, Xiaoyan
Li and Yuexian Shi) using criteria based on the standard principles of
quality assessment. The methodological quality of the included case
reports, case series, cross-sectional and case control studies was
assessed based on JBI critical appraisal tools [10]. The quality of each
checklist item was graded as Yes, No, Unclear or Not applicable. The
methodological quality for the cohort studies were assessed based on
Newcastle-Ottawa Scale [11]. The three reviewers then shared the
quality assessment checklist results and obtained consensus through
discussion.

2.3. Data synthesis and analysis

If no clinical heterogeneity was considered, we performed a meta-
analysis using a random-effects model for the RP rate of discharged
patients among studies where the sample size of discharged patients
exceeded 30 based on the Central Limit Theorem [12]. ? statistic was
used to estimate the statistical heterogeneity among the pooled stud-
ies [13]. We conducted a cumulative meta-analysis to analyze
whether the results tended to be stable with the increase of sample
size. We also did sensitivity analyses and then carried out effect-size
combination [14], so as to test the reliability of the results. Finally, we
explored the risk of publication bias using the Egger tests [14]. Statis-
tical analyses were executed with the statistical package RStudio.

We assumed that different gender, age, disease severity and co-
morbidities might have an impact on patients who were RP. There-
fore, the subgroup analyses were performed by these four factors.
Gender (female or male) and age (< 60 years or > 60 years) were
divided in two groups, respectively. The severity of disease was
divided into four types: (1) Mild Type, defined as that the clinical
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symptoms were mild with no pneumonia manifestations found in
imaging. (2) Moderate Type, patients had symptoms such as fever
and respiratory tract symptoms with pneumonia manifestations seen
in imaging. (3) Severe Type, patients who met any of the following
criteria: respiratory rate > 30 breaths/min; oxygen saturations < 93%
in resting state; arterial partial pressure of oxygen (PaO,)/oxygen
concentration (FiO,) < 300 mmHg. Patients with > 50% lesion pro-
gression within 24 to 48 h in lung imaging should be treated as
severe cases. (4) Critical Type, meeting any of the following criteria:
occurrence of respiratory failure requiring mechanical ventilation;
presence of shock; other organ failure that requires monitoring and
treatment in the ICU [15]. And co-morbidities were classified into
"yes" or "no" categories.

2.4. Role of the funding source

The funder of the study had no role in data collection, data analy-
sis, or data interpretation. The corresponding authors had full access
to all the data in the study and had final responsibility for the deci-
sion to submit for publication.

3. Results
3.1. Search results

A total of 3818 records were identified in the initial literature
search. After removing 916 duplicates, 2902 articles were screened
by titles and abstracts, and 2742 articles were excluded. One hundred
and sixty studies were reviewed from the full texts and finally 117
articles met the inclusion criteria and were analyzed in the system-
atic review and meta-analysis (Fig. 1). Excluded studies and the rea-
son are shown in appendix pp 107—110. Of the 117 eligible studies,
there were 66 case reports [5,16—80], 42 case series [6,81—-121], 3
cohort studies [122—124], 3 cross-sectional studies [125-127] and 3

3818 Records identified through PubMed, Web of Science,
Cochrane Library, CNKI, WanFang, and VIP

—| 916 Duplicates excluded

2902 Records screened through titles and abstracts

| 2742 Records excluded because they
"| did not meet elicibilitv criteria

160 Full-text articles assessed for eligibility

43 Full-text articles Excluded

18 No enough information to identify

patients as discharged patients

v

22 Literature reviews

2 Irrelevant reasons for re-admission

1 Full text not available

A4

117 Studies included in the systematic review

Fig. 1. Study selection.

case-control studies [128—130]. One hundred studies were from
China, 7 from Italy, 3 from Korea, 2 from France, 5 each from Iran,
Brunei Darussalam, Switzerland, America and Portugal. Characteris-
tics of included studies are presented in Table 1.

3.2. Study quality assessment

Overall, the methodological quality of 66 case reports (appendix
pp 3—51) were low to high, 42 case series (appendix pp 51-88) were
moderate to high and 3 case-control studies (appendix pp 91-93)
were moderate. Most studies reported the demographic information
and clinical symptoms of patients in detail, and all studies utilized
WHO endorsed diagnostic methods. Most studies were conducted in
only one hospital and usually restricted to limited geographic areas,
and their representativeness was very limited. The methodological
quality of three cross-sectional studies were low to moderate (appen-
dix pp 88-91). In the cross-sectional study, 2 of 3 studies did not
have clear exposure factors. The methodological quality of two of the
three cohort studies were moderate, while the other was high
(appendix pp 94-96). Neither cohort study mentioned whether they
controlled for confounding factors.

3.3. Characteristics of RP patients

In the included studies, the total sample size was 19,795 and 2669 RP
patients were reported. Most RP patients' clinical manifestations, labora-
tory tests and CT imaging showed only mild abnormalities or were nor-
mal, and they had no or mild symptoms, such as cough, fever, and
fatigue, but a few RP patients died because of co-morbidities.

3.3.1. Symptoms of RP patients

Nineteen studies (n = 101) [16,18,22-25,32,35,36,
49-51,59,73,76,97,104,107,115] showed that discharged patients
had no symptoms when the nucleic acid test was positive. Among
55 studies, 1054 RP patients had symptoms, cough (19-82%)
[20,26,29-31,34,38,42,44,49,52,60,62,63,66,67,69,71,74,78,81,
83-85,88,89,91,94,95,98,101,103,106,108,110,119,121,125,127, 130]
and fever (14-99%) [20,28,29,41,44,46,49,52,67,78,82—-85,95,102,
103,106,119,130] were the main symptoms, followed by fatigue
(6-26%) [30,31,49,61,64,66,81,82,84,85,88,95, 103,106,110,130], dys-
pnea (3-60%) [30,40,44,66,82,85,89,95,108, 110,119], chest pain and
stuffiness (3-51%) [20,34,40,42,57,61,80,83,85,89,91,95,103,106,
109,121,130], myalgia (2-94%) [67,78,83,85, 88,110,119,130], sore
throat (2-37%) [42,49,80,81,84,85,113,119, 121,130], headache
(1-68%) [20,26,84,85,113,119,130], diarrhea (1-42%) [20,30,40,42,81,
84,85,106,110,119,130], sputum production (1-21%) [81,84,127] and
only a few patients had inappetence (0-75%) [52,66,81], shortness of
breath (0-75%) [20,81,84,130], nasal congestion (0-28%) [85,130], chill
(0-27%) [63,119], nausea (0-18%) [88,130], confusion (0-18%) [44,85],
itchy throat (0-18%) [41,42], weakness(0-18%) [60,71], arthralgia
(0-09%) [26], vomiting (0-09%) [119] and expectoration (0-09%) [119].

3.3.2. Sample types of nucleic acid test

Almost all of the patients underwent nasopharyngeal swabs during
the convalescent period, and according to regional and hospital’s
requirements, a combination of nasopharyngeal swabs, fecal and sputum
testing was used in 7 studies (n = 101) [27,34,35,45,74,81,84]. In these
samples, as long as one sample was positive, regardless of whether the
patient had clinical symptoms or CT imaging, the patients were defined
as RP patients and were re-admitted to hospital.

3.3.3. Results of IgG/IgM antibodies

There were 34 studies [16,22-24,27,28,32,37,38,40,43,
46,47,51,59,60,66,67,69-71,75,77,83,85,95,96,98,100,103,106,108,
109,117] reported that viral RNA could still be detected in patients
with SARS-CoV-2 specific IgM and IgG antibodies present, including



Table 1
Characteristics of included studies.
Study Country Study type RP patients RP patients/ Time from discharge Type of specimen collection Serological tests Results
discharged to first RP for RT-PCR
Sex Age (years, patients (days, mean = SD, Upp?r Faec?s sputgm IgG/IgM
Female male $teearr:1ja§31'e ;2;23;& rtile range, ::ftlratory specimen  specimen
interval, range) specimen

Zhang et al. [54] China Case report - 3 9,6,8 3/- 10d - positive — — Neither clinical symptoms nor pathological changes in
lung imaging were found in any cases. Urine and
stool normal. No abnormality was found either in
electrocardiogram and echocardiography, or in
liver, gallbladder, and kidney ultrasound

Gaoetal. [24] China Case report - 1 70 1/- 14d positive - - positive Clinical features were all normal, with acute exudative
lesions on chest CT scanning images substantially
improved

Douetal. [18] China Case report — 1 34 1/- 14d positive — — — Patient showed no obvious clinical symptoms and
chest CT showed that the bilateral lesions were
completely absorbed

Sunetal. [45] China Case report 4 - 3-45 4/- 14d negative positive negative — Clinical manifestations, laboratory characteristics and
chest CT findings showed obvious improvement in
all patients

Yeetal. [51] China Case report 1 - 72 1/- 9d positive - - positive Chest CT revealed new ground-glass shadows in the
patient

Xing et al. [48] China Case report 1 1 40,20 2/62 1-4d positive - - - All patients were asymptomatic and chest CT showed
no deterioration

Yoo et al. [52] Korea Case report — 1 8 1/- 14d positive - positive  — Reoccurrence and deterioration of cough. Laboratory
and imaging studies showed no remarkable
abnormalities

Zhou et al. [58] China Case report - 1 40 1/- - - - - - Recurrent pneumonia after hospital discharge, with
progression of lesions on CT scan, fever, elevated
levels of ferritin and IL2R and reappearance of
lymphocytopenia

Qinetal. [43] China Case report - 3 68, 56, 37 3/- 2-6d positive - - 3 IgG positivel Routine blood reexamination, C-reactive protein,

IgM positive blood biochemistry and chest CT showed no obvious

abnormalities and no obvious clinical symptoms

Teng et al. [25] China Case report - 1 24 1/- 8d positive - positive  negative No obvious cough, sputum production, fever, chest
tightness, fatigue, abnormalities on chest CT or
changes on imaging, and no obvious abnormalities
were found in routine blood tests or related
indicators

Chenetal. [17] China Case report 2 2 29,12,49,34 4/17 3d 3 positive 1 positive  — — The symptoms and CT manifestations of one patient
were not exacerbated. Other patients reported no
clinical manifestations

Wang et al. [46] China Case report - 1 8 1/- 15d positive - - positive Reoccurrence of fever which was quickly controlled
after hospital admission. No abnormalities were
found in CT images

He etal. [26] China Case report 1 - 39 1/- 8d positive - - - On the 8th day of home isolation symptoms of dry
cough, arthralgia, and headache reappeared without
fever. Chest CT showing a small GGO shadow in the
lower lobe of the right lung, but the lesion in the left
lung had almost completely resolved

Caoetal.[16] China Case report 5 3 26-72 8/108 6-28d positive - - 8 IgG positive 2 No chest symptoms shown on the second admission,

IgM positive

CT was almost normal with no signs of viral infec-
tion. Laboratory tests of the readmitted patients
showed all had normal white blood cell count, neu-
trophil count, lymphocyte count, hemoglobin, blood
platelet count, albumin, total bilirubin, urea nitro-
gen, creatinine, and D dimer

(continued on next page)
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Table 1 (Continued)

Study

Country

Study type

RP patients

Sex

Female male

Age (years,
mean =+ SD,
interquartile
interval, range)

RP patients/
discharged
patients

Time from discharge
to first RP for RT-PCR
(days, mean + SD,
interqua rtile range,
range)

Type of specimen collection

Upper
respiratory
tract
specimen

Faeces
specimen

sputum
specimen

Serological tests

1gG/IgM

Results

Zheng et al. [56]

Lietal.[35]

Qiao et al. [42]

Lietal. [31]

Yao et al. [50]

Fengetal. [22]

Duetal.[21]

Lietal.[33]
Lietal.[36]

Yang et al. [49]

Zhao et al. [55]

Lanetal. [5]

Du et al. [20]

Lafaie et al. [29]
Liuetal. [39]

Liuetal. [37]

China

China

China

China

China

China

China

China
China

China

China

China

China

France
China

China

Case report

Case report

Case report

Case report

Case report

Case report

Case report

Case report
Case report

Case report

Case report

Case report

Case report

Case report
Case report

Case report

23-57

71,72,37,73

30

35,36

30, 28, 30,7mon-
th
19-60

63

25
71,37,73

32-71

33

30-36

71

84,90, 84
8-46

35

3/20

4/13

1/15

2/

4/35

5/-

1/-
317

6/14

8/109

4

3/126

3/-
4/-

7d

5-14d

14d

14,17d

9d

15d
5-7d

3-14d

4.d (2 cases)7d (6
cases)

5-13d

11-20d

4-12d

10d

2 positive

positive

positive

positive

positive

positive

positive

3 positive

3 positive

positive

positive

3 positive

positive

positive

2 positive

2 positive

5 positive

positive

negative

positive

positive

positive

3 IgG positive2
IgM positive

1gG positive

All three cases had improved with no fever, and
showed improvement in WBC, lymphocyte counts,
and CT scans

No clinical symptoms of the 4 RP patients and no dis-
ease progression found in lung CT scans

Patient presented with itchy throat, occasional dis-
comfort in the right chest and occasional coughing
with expectoration, while remaining afebrile. Labo-
ratory tests were almost normal. CT scan showed a
light density shadow in the right lower lobe of the
lung

Case 1: Chest CT showed small airway lesions or
uneven distribution of pulmonary blood vessels,
while laboratory tests showed no obvious abnor-
malities Case 2: Chest CT showed cord shadow in
the middle lobe of right lung, and no obvious abnor-
mality was found in other laboratory examinations

All patients had no clinical symptoms

After re-admission, all the patients had no fever, cough
or other discomfort, and CT examination showed
that the lesions were further absorbed since dis-
charge from hospital

Chest CT showed absorption of bilateral lower lung
lesions, obvious fibrous lesions, and increased GGO
shadow in upper lobe of both lungs

No obvious abnormalities were found in chest CT

Routine blood examination, C-reactive protein, blood
biochemistry and chest CT showed no obvious
abnormalities and no obvious clinical symptoms

No new clinical symptoms and original symptoms
were not aggravated. The results of blood routine
reexamination, C-reactive protein, blood biochemis-
try and chest CT plain scan showed no obvious
abnormalities

12-50% patients had cough, and the rest were asymp-
tomatic. They did not cause any secondary trans-
mission. Five patients were local cluster cases

Patients remained asymptomatic on clinician exami-
nation and chest CT findings showed no change
from previous images. No reported contact with any
person with respiratory symptoms. No family mem-
ber was infected

All RP patients were asymptomatic. Two RP patients
had increased serum LDH and CRP levels. RP
patients did not report contact with any person who
had a fever and respiratory symptoms after dis-
charge. No family member infection was reported

All three patients died from co-morbidities

The positive respiratory tract results in patients were
observed prior to the digestive tract symptoms

Clinical symptoms had disappeared but re-emerged,
but just presented with slight cough

(continued on next page)

6€8001 (1202) 7€ aUANPINDILYDT / D 12 UdY X


https://jamanetwork.com/searchresults?author=Lan+Lan&q=Lan+Lan

Table 1 (Continued)

Study

Country

Study type

RP patients

Sex

Female male

Age (years,
mean =+ SD,
interquartile
interval, range)

RP patients/
discharged
patients

Time from discharge
to first RP for RT-PCR
(days, mean + SD,
interqua rtile range,
range)

Type of specimen collection

Upper
respiratory
tract
specimen

Faeces
specimen

sputum
specimen

Serological tests

1gG/IgM

Results

Lietal.[34]

Huang et al. [28]

Zhang et al. [53]

Loconsole et al.
[40]

Fuetal. [23]

Ravioli et al. [44]

Wang et al. [47]
Landi et al. [30]
Huetal. [27]

Douetal. [19]

Peng et al. [41]

Lietal. [32]

Zhouetal. [57]

Liuetal. [38]

Goldman et al.
[60]

China

China

China

Italy

China

Switzerland

China
Italy
China

China

China

China

China

China

American

Case report

Case report

Case report

Case report

Case report

Case report

Case report
Case report

Case report

Case report

Case report

Case report

Case report

Case report

Case report

41

40

10 month-35

48

36,74,34

81,77

33
575
36

21,56

67,38,29,21
(others
unknown)

50

40

35

60—69(specific
age unknown)

1)-

7/-

1)-
6/29

2/-

7)-

1)-

1

17d

5d

11-23d

30d

7-12d

13,23d

14d
22d

16d

17d

8,11,7,144,99d

10d

15d

140d

positive

positive

1 positive

positive

positive

positive

positive
positive

positive

positive

6 positive

positive

positive

positive

positive

6 positive

negative

positive

1 positive

negative

positive

positive

positive

positive

1gG positive

positive

IgM positive

positive

1gG positive

positive

The chest CT image shows scattered plaques and GGOs
in both lungs

The follow-up CT showed some consolidation enlarged
in left lower lobe and right upper lobe, while other
linear consolidation remained

All cases were asymptomatic and chest CT images
showed no change from the pre-discharge scans. No
reports of contact with any suspected or confirmed
persons

New symptoms developed: dyspnea and chest pain.
Imaging showed segmental and sub-segmental
signs of arterial micro-embolism with some parcel
areas of GGOs

All chest CT scans showed multiple patchy GGO shad-
ows in lungs. Patient's remained afebrile with no
special symptoms during readmission

Case 1: RP patient re-admitted with dyspnea, fever
and confusion. Chest CT revealed infiltrates in the
right upper lobe as well as bilateral pleural effusion.
The patient died 4 days post admission Case 2: Chest
CT exhibited ubiquitous GGOs predominantly in the
right upper lobe

No reported clinical manifestations

Patients remained asymptomatic or with mild symp-
toms during the convalescent period

Sixteen days post-discharge, the patient retested posi-
tive with a kit (Daan) different from that (Genuo)
used during hospitalization

Compared with the hospitalization CT examination,
the density and area of lesion in both cases showed
significant decrease in the first follow-up examina-
tion after discharge

Four of the seven RP patients (patient 1-4) were from
one family, including one child, and the remaining
three were young to middle-aged. All 7 RP patients
had shorter hospital stays, lower medical costs, and
milder symptoms in their second hospital visit than
in their first hospitalization. Nonorganic insomnia
and increased anxiety were observed in 2 RP
patients

Patient was asymptomatic, chest CT scans showed
improvement of original lesions, with only a few
GGOs

Patient presented with chest pain and cough with spu-
tum production. Chest CT scan showed absorption
of lung disease

Chest CT imaging showed new lesions in the upper left
lung. This patient did not contact any other persons
with respiratory symptoms, and no person who
contacted her was infected

The patient was less severely ill by physiologic, labora-
tory and radiographic parameters, with higher Ct
values. The results of viral sequencing showed re-
infection with a different strain

(continued on next page)
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Table 1 (Continued)

Study

Country

Study type

RP patients

Sex

Female male

Age (years,
mean =+ SD,
interquartile
interval, range)

RP patients/
discharged
patients

Time from discharge
to first RP for RT-PCR
(days, mean + SD,
interqua rtile range,
range)

Type of specimen collection Serological tests

Upper Faeces sputum  IgG/IgM
respiratory specimen  specimen

tract

specimen

Results

Wei et al. [59]

Zanardi et al. [76]

Zhou et al. [79]

Wuetal. [70]

Wuetal. [71]

Huetal. [61]

Zhangetal. [77]

Song et al. [69]

China

Italy

China

China

China

China

China

Korea

Case report

Case report

Case report

Case report

Case report

Case report

Case report

Case report

68

33,27

15-20
5-10
60-70
40-50
20-30
30-40
(specific age
unknown)

8,46

50.83+23.83

46-25+17-70

36,54,50,55

73,33,31,18
month

2/-

2/

8/117

4/-

4/-

18d

14d,7d

3-15d

12:5(11-8-163) d

15d,25d,6d,15d

4d9d9d9od

_ - positive  positive

positive - - -

- positive — —

- positive - positive

4 positive 2 positive  — IgG positive

positive - - -

positive - - 41gG positive 3
IgM positive
positive - - positive

This patient had persistent viral RNA positivity for
more than 4 months after initial illness in the pres-
ence of low neutralizing antibodies, but without
prolonged clinical symptoms. Multiple anti-viral
drug treatments had no impact and there was no
evidence of re-infection. No infection occurred to
the three family members living with her

Two asymptomatic pregnant women recovered from
SARS-CoV-2 infection who retested positive. Both of
them gave birth to healthy babies

The anal swab positivity rate for SARS-CoV-2 RNA in
discharged patients was 14-3% (6/42). In the positive
group, 40% of the patients (2/5) had a positive stool
occult blood test (OBT), but none had diarrhea. The
median duration of fever and major symptoms
(except fever) in the positive patients was shorter
than that of the negative patients. The incidence of
asymptomatic cases in the positive group (33-3%)
was also higher than that of the negative group
(5-6%)

All indicators of two patients’ re-examination were
normal, and they were released from isolation after
recovery.

They were cured without additional treatment, with
the appearance of antibodies and the recovery of
immune functions

The main symptoms included fatigue, dry cough and
pharyngeal or chest discomfort, which were gener-
ally milder in the re-positive period. Laboratory
indexes and the pulmonary lesions were signifi-
cantly improved. All close contacts were SARS-CoV-
2 RNA-negative

Most of them (7/8) were asymptomatic and CT
showed no obvious change with the previous mani-
festation. Only one 57—year—old female patient
demonstrated mild fatigue and chest distress, CT
showed small areas of ground—glass opacities in the
left lung and small nodules in the right lung. No
close contacts or family members were infected. The
first time positive Ct value upon hospitalization and
second time positive Ct value after discharge,
showed no significant difference

All presented with no symptoms, and the chest CT
scan of three cases was normal

In 4 RP patients, the highest levels of IgG and IgM anti-
bodies were reached after about a month of the
onset of the initial symptoms. Then, the IgG titers
plateaued, and the IgM titers decreased, regardless
of RT-PCR results. The IgG and IgM levels did not
increase after the post-negative positive RT-PCR
results in any of the patients

(continued on next page)
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Table 1 (Continued)

Study

Country

Study type

RP patients

Sex

Female male

Age (years,
mean =+ SD,
interquartile
interval, range)

RP patients/
discharged
patients

Time from discharge
to first RP for RT-PCR
(days, mean + SD,
interqua rtile range,
range)

Type of specimen collection

Upper
respiratory
tract
specimen

Faeces
specimen

sputum
specimen

Serological tests

I1gG/IgM

Results

Lee et al. [63]

Luciani et al. [65]

Xieetal. [72]

Patrocinio de
Jesusetal. [67]

Yang et al. [73]
Lietal. [64]

Qinetal. [68]

Zhu et al. [80]

Yinetal. [74]

Zhietal. [78]
Ma et al. [66]

Kong et al. [62]
Yuetal. [75]

Lietal.[89]

Yuanetal. [101]

Korea

Italy

China

Portugal

China
China

China

China

China

China
China

China
China

China

China

Case report

Case report

Case report

Case Report

Case report
Case report

Case report

Case report

Case report

Case report
Case report

Case report
Case report

Case series

Case series

11 4

17 8

29.5(17-72)

69

9,6/4,9

41

32
32,7 month

68,56, 37

50

31

11,29,51,49,39
54

40/28
38

23-68

28

1/-

1)

1/-

2/-

15/105

25/172

41d

10d

20d

14d

11d

7d

1-13d
16d

11,14d

33d

9-30d

7-32+3-86d

positive

positive

positive

positive
1 positive

positive

positive

negative

positive
positive

positive
positive

positive

11 positive

positive

1 positive

positive

positive

14 positive

negative

1gG positive

positive

1gG positive

A complete genome sequence from one of the 6
patients: a 21-year-old woman was acquired. phy-
logenetic analysis of the viral RNA of positive retest
was clustered into a subgroup distinct from that of
the initial infection, suggesting that this was a re-
infection of SARS-CoV-2 with a different subtype
from that of the primary strain

After three months of hospitalization symptoms
resolved, and two consecutive NPST were negative

Positive viral RNA in the stool specimens persisted for
a long time in all 4 children after pharyngeal swabs
turned negative during follow-up, especially in 3
asymptomatic children

The patient clinically improved on methylpredniso-
lone 80 mg/day (for 7 days followed by tapering),
piperacillin/tazobactam, and remdesivir and was
extubated after 7 days. His-family (mother, father,
and wife) also developed respiratory symptoms and
all tested positive for SARS-CoV-2. Importantly, they
were shielding and reported no other risk contact
besides the one with the patient

No discomfort, fever, cough or expectoration. Blood
routine and CT were not abnormal

One patient occur occasional fatigue, both of cases
have normal temperature and no other symptoms

The viral load of the specimens was very low and
showed weak positive results. Treatment with Lian-
hua Qingwen antiviral drug

There were two consecutive re-positive results, the
first about 11 d, presented with fever of 37.4 °C, dry
pharynx, and slight chest tightness but no other
symptoms

No fever, mild cough, no obvious sputum, no abdomi-
nal pain, diarrhea, CT normal

One asymptomatic patient and 4 with mild symptoms

Wheezing and chest discomfort after activity which
improved, after taking Chinese medicine

Asymptomatic after discharge. The viral nucleic acid
repeatedly positive for more than 60d

The chest CT image shows increased lung texture, no
ground glass shadow, no cable fiber foci lung

All patients’ physical conditions were stable with no
obvious decreased immunity, and there was no
deterioration seen in the CT images. Only one
patient (6-7%) had consolidation

CT scan results indicated that 12 showed improve-
ment of original lesions compared with images prior
to first hospital discharge, while another 8 patients
showed no worsening compared to previous results.
Lymphocyte counts for all 25 patients pre hospital
discharge were significantly positively correlated (r
=0-52, p = 0-008) with the time interval for virus
reappearance

(continued on next page)
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Table 1 (Continued)

Study

Country

Study type

RP patients

Sex

Female male

Age (years,
mean =+ SD,
interquartile
interval, range)

RP patients/
discharged
patients

Time from discharge
to first RP for RT-PCR
(days, mean + SD,
interqua rtile range,
range)

Type of specimen collection

Upper
respiratory
tract
specimen

Faeces
specimen

sputum
specimen

Serological tests

I1gG/IgM

Results

Tianetal. [97]

Lietal.[90]

Liang et al. [92]

Zhou et al. [105]

Shi et al. [96]

Aietal.[81]

Zhuoetal. [107]

Deng et al. [84]

Zhuetal. [106]

Zheng et al. [103]

Chenetal. [83]

Yuan et al. [100]

China

China

China

China

China

China

China

China

China

China

China

China

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series

24

15

36

12

15

51

13

12

35

15

25

12

30

372

38

58-55+19.35

44.77 £ 189

43.833 + 18.766

54.79

54

44

62

41.5

20/147

59/330

12/40

11/-

17/108

30/281

6/33

61/576

17/98

27/285

81/1087

20/182

17.25d

7d

4d

7d

9d

7d (13 cases) 14d (7
cases)

positive

positive

positive

positive

13 positive

positive

36 positive

positive

positive

14 positive

5 positive

16 positive

17 positive

6 positive

1 positive

2 positive

1 positive

8 positive

15 IgG positive 2
IgM negative

6 IgG positive IgM
positive 10 IgG
positive IgM
negative

72 IgG positive 68

IgM positive

14 IgG positive 10
IgM positive

All patients remained asymptomatic, with no reduc-
tion in leukocytes or lymphocytes. Compared with
chest CT images at the first discharge, no progres-
sive lesions were observed

The longest time from the first discharge to the last
nucleic acid test was 57 days. Clinical manifestations
of these patients were not reported

Clinical manifestations of these patients were not
reported

Eight patients (72-8%) developed clinical symptoms
post-discharge. 11 patients were discharged after
the results of the C-reactive protein level was higher
than pre-discharge, the difference was statistically
significant, and there were no statistical differences
in pre and post-discharge results of the leukocyte
count, lymphocyte count, neutrophil count, platelet
count, p-dimer, albumin, erythrocyte sedimentation
rate, calcitonin original level and scope of chest
HRCT lung lesions at checkup

Clinical manifestations of these patients were not
reported

The readmitted patients showed significantly reduced
symptoms, were afebrile and most were
asymptomatic

Nucleic acid reactivation was associated with the
degree of fever on admission and whether imaging
at admission indicated pneumonia

These RP patients were characterized by older age,
chronic co-morbidities and mild conditions. They
had no contact with any person presenting respira-
tory symptoms, and no family member infection
was found

The levels of CD3-CD56 + NK cells during hospitaliza-
tion and 2-weeks post discharge were higher in the
RP group than in the NRP group

RP events occurring in nearly 10% of COVID-19
patients shortly after the negative tests were not
associated with worsening symptoms and were
unlikely to reflect re-infection. Patients’ lack of effi-
ciency in virus clearance was a risk factor for RP
result. Older RP patients (>60 years old) were more
susceptible to clinical symptoms at readmission

Multivariable regression analysis identified elevated
serum IL-6, increased lymphocyte counts and CT
imaging features of lung consolidation during hos-
pitalization as the independent risk factors of
recurrence

There were no significant differences between the RP
group and the NRP group in age, sex, co-morbidities,
epidemiological information, initial symptoms, and
the level of antibodies, Patients aged under 18 years
and those mild and moderately affected showed a
higher re-positive rate. The RP group experienced
longer hospital stay

(continued on next page)
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Table 1 (Continued)

Study

Country

Study type

RP patients

Sex

Female

Age (years,
mean + SD,
interquartile
interval, range)

male

RP patients/
discharged
patients

Time from discharge
to first RP for RT-PCR
(days, mean =+ SD,
interqua rtile range,
range)

Type of specimen collection

Upper Faeces
respiratory specimen
tract

specimen

sputum
specimen

Serological tests

IgG/IgM

Results

Zouetal. [108]

Liu et al. [94]

Zhao et al. [102]

Yeetal. [99]

Lietal [91]

Liuetal. [93]

Bongiovanni et al.
[82]

Hu et al. [87]

Gousseff et al.
[85]

Habibzadeh et al.
[86]
Zheng et al. [104]

Cento etal. [6]

Jiang et al. [88]

China

China

China

China

China

China

Italy

China
France

Iran

China

Italy

China

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series
Case series

Case series

Case series

Case series

Case series

30

64

15

23 62.19

11 48

6 52.3+144

12 48

61 26-95

7 4-58

12 19-79

53/257

15/92

714

12/117

19/71

9/51

125/1146

11/69
11/-

9/13

27/285

976/7127

6/35

46d

14d

7-14d

4.4d

7—--14d

3-43d

9-17d
4-27d

14d

8,14,7,788d

positive -

positive -

positive -

- 4 positive

positive -

positive -

positive -

positive -
positive -

positive -

positive -

positive -

positive -

8 positive

34 1gG positive19
IgM positive

positive

20 IgG positive16
IgM positive

The frequency of recurrently positive RT-PCR results
was significantly lower in those with 3 consecutive
negative results (5-4%) than in those with only 2
consecutive negative results (20-6%)

The increase in serum SARS-CoV-2 specific IgM and
1gG levels correlated with the positive conversion of
RT-PCR retests. The RP group had higher levels of
IgM at the time of discharge and higher levels of IgM
and IgG at the time of retest

Children who experience reactivation had higher neu-
trophil percentage and neutrophil-to-lymphocyte
ratio (NLR) but a lower leukocyte count and lym-
phocyte percentage, underwent fewer nucleic acid
tests, were older but none of these differences were
significant

Multivariable regression showed increasing odds of
positive SARS-CoV-2 retest after discharge associ-
ated with longer hospital stay, and lymphocytope-
nia on admission

Sixteen of the 19 RP patients were in group A (dis-
charged earlier), and 3 were in group B (discharged
later). A lower proportion of patients in Group B
tested positive after discharge, and Group B
required 3 consecutive negative RT-PCR test results
before discharge

Three cases complained of dry cough, 1 case com-
plained of cough with sputum, and the other 6
showed no clinical symptoms. Compared with the
pre-discharge CT features, the lesions were signifi-
cantly reduced, and the lesion density had
decreased. Lung damage was fully absorbed in
55.6% discharged RP patients. There were no instan-
ces of them infecting others

Twenty-nine patients (23-2%) developed clinical
symptoms:fever (n = 16), malaise/fatigue (n = 9) and
respiratory failure (n = 4)

All patients were asymptomatic

All 11 patients showed CT scan signs of acute COVID-
19 during the second episode. Two patients died of
ARDS recurrence and another from worsening of
chronic right heart failure

All patients were asymptomatic

Most patients showed near-complete resolution of
pulmonary CT abnormalities on re-admission, with
no pulmonary re-infection

None of the patients monitored after discharge have
ever shown a resurgence of symptoms, regardless of
RT-PCR results

Of the 6 positive cases, one experienced significant
symptom during the convalescent period, one had
occasional cough, and four cases were asymptom-
atic. No significant difference between recurrent
and control cases in leukocyte, lymphocyte, neutro-
phil, platelet, and albumin counts

(continued on next page)
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Table 1 (Continued)

Study

Country

Study type

RP patients

Sex Age (years,
mean =+ SD,
interquartile
interval, range)

Female male

RP patients/
discharged
patients

Time from discharge
to first RP for RT-PCR
(days, mean + SD,
interqua rtile range,
range)

Type of specimen collection

Upper
respiratory
tract
specimen

Faeces
specimen

sputum
specimen

Serological tests

1gG/IgM

Results

Mei et al. [95]

Wong et al. [98]

Zheng et al. [120]

Huetal. [113]

Chenetal.[110]

Pengetal. [117]

Landietal. [115]

Zhouetal.[121]

Huang et al. [114]

Heetal. [112]

China

Brunei
Darussalam

China

China

China

China

Italy

China

China

China

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series

12 11 27-89

2 7 51,25,
56,75,
11,49,
52,3833

17 13 57.5(27-84)

86 103 34(24-49)

9 5 72+48

10 12 56-4+15.7

16 7 51-0(42—-58)

41 28 —

13 17 66 (42-71)

23/651

21/106

9/41

30/188

189/1282

14/38

22/131

23/368

69/417

30/267

4-38d

11-18d

3-14d

8(IQR5-13)

14d

14d

14d

14d

positive

positive

1 positive

positive

positive

positive

positive

positive

positive

8 positive

positive

7 1gG positive IgM
positive5 IgG
positive [gM
negative

14 positive

positive

Fifteen patients (65%) were asymptomatic at the time
of the retest whereas eight (35%) had at least one
symptom associated with active COVID-19. Specifi-
cally, six patients (26%) presented with fever, two
(9%) with cough, one (4%) with fatigue, one (4%)
dyspnea, and one (4%) chest tightness

The RP risk is more than six times higher in persons
aged 60 years and above. The average Ct value of RP
patients was lower pre-discharge compared to their
readmission Ct value. Out of 111 close contacts
tested, none were found to be positive as a result of
exposure to a RP patient

The clinical manifestation of patients were 1 asymp-
tomatic, 1 mild, 6 moderate and 1 critical

There was no significant difference in age, sex and
severity of disease between the non-re-positive
group and the re-positive group (P>0-05)

Patients in the group that tested positive again were
younger with a higher proportion of moderate
symptoms in the first hospitalization than in the
negative group. During the second hospitalization,
no RP patients showed any new symptoms, 78-31%
showed further improved on chest CT scan com-
pared with the first discharge. None of the close
contacts developed COVID-19

Family cluster infection, higher WBC count, and longer
plasma prothrombin time (PT) are the early risk fac-
tors for RP in recovered COVID—19 children

Persistent sore throat (prevalence ratio=6-50, 95% CI
1-38, 30-6) and symptoms of rhinitis (prevalence
ratio=3.72, 95% CI 1-10, 12.5) were risk factors for
retesting positive for SARS-CoV-2

Using multivariate Cox regression analysis, risk factors
associated with RP included a higher ratio of lym-
phocyte/white blood cell on admission, lower peak
temperature during hospitalization, and the pres-
ence of comorbidities, particularly hypertension or
chronic respiratory system diseases. Antivirus treat-
ment with arbidol was associated with a lower like-
lihood of RP

16.7% recovered patients with PCR positive recurring
one to three times, despite being in strict quaran-
tine. Younger patients with mild pulmonary respi-
ratory syndrome had higher risk of PCR positivity
recurrence

Mild and moderate clinical characteristics were not
able to identify risk of patients retesting positive.
However, severe and critical cases classified high
according APACHE Il and CURB-65 scores, were
more likely to become re-positive after discharge

(continued on next page)
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Table 1 (Continued)

Study

Country

Study type

RP patients

Female male

Sex

Age (years,
mean =+ SD,
interquartile
interval, range)

RP patients/
discharged
patients

Time from discharge
to first RP for RT-PCR
(days, mean + SD,
interqua rtile range,
range)

Type of specimen collection

Upper
respiratory
tract
specimen

Faeces
specimen

sputum
specimen

Serological tests

IgG/IgM

Results

Wangetal. [119]

Liaoetal. [116]

Anetal. [109]

Tangetal. [118]

Haoetal. [111]

Wang et al. [124]

Changetal. [122]

Heetal. [123]

Wangetal. [126]

Luetal. [125]

Wuetal. [127]

China

China

China

China

China

China

China

China

China

China

China

Case series

Case series

Case series

Case series

Case series

Cohort study

Cohort Study

Cohort study

Cross-sec-
tional
study

Cross-sec-
tional
study

Cross-sec-
tional
study

22

14

12

42

16

11

45

555+ 13.7

28 (IQR 20-38)

465

56 median

28

465

12/193

10/28

38/262

22/209

23/369

8/131

4167

24/420

16/67

87/619

10/60

14d

2-15d

14d

7-14d

7,28,15,33d

<14d

7d

3-24d

positive

positive

positive

9 positive

positive

positive

positive

69 positive

5 positive

positive

13 positive

positive

positive

68 positive

6 positive

positive

The incidence of re-positive virus detection in patients
who recovered from COVID-19 during quarantine
was 6-2%

A total of 10 patients tested SARS-CoV-2 positive at
least once and 9 had more than two SARS-CoV-2
positive tests within 30 days after being discharged
from the hospital

These RP patients were characterized as young and
displayed mild and moderate conditions, fewer
symptoms but similar plasma antibody levels dur-
ing their hospitalization compared to NRP patients.
Upon hospital readmission, these RP patients
showed no obvious symptoms or disease progres-
sion. All close contacts of RP patients tested negative
and showed no suspicious symptoms

Re-positive test was significantly associated with older
age (OR=0-95, 95%CI 0-93—0-98) and diarrhea dur-
ing hospital stage (OR=10-44, 95%CI 1-60—68-16)

Results indicated that albumin/globulin ratio may
potentially have a predictive effect in “re-positive”
discharged COVID-19 patients

(RP for RT-PCR is not the measurement outcome of
this cohort study.) All 8 RP patients were asymp-
tomatic at the time of discharge. Most had no obvi-
ous symptoms after discharge. At the endpoint of
this study, seven showed negative SARS-CoV-2
nucleic acid tests. None had contacted infection
after discharge during the convalescent period

(RP for RT-PCR is not the measurement outcome of
this cohort study.) There were 4 RP patients on the
follow-up tests, and none had viral presence for
more than 22 days. Their samples were sent to a
viral culture facility where virus culture could not be
established

A total of 325 subjects were exposed to comprehen-
sive intervention, including Baduanjin exercise, Foot
baths, Moxibustion with acupoint application,
Tongzhi Granule and Wuhan Kangyi Decoction. 95
controls had no intervention. The recurrence rate of
positive RT-PCR test results with comprehensive
intervention was 2-8% (9/325), and that with no
intervention was 15-8% (15/95)

Clinical manifestation of these patients was not
reported

All 87 RP cases had mild or moderate symptoms at ini-
tial diagnosis and were younger on average. RP
cases (n = 59) exhibited similar neutralization anti-
bodies (NAbs) titre distributions to other COVID-19
cases (n = 218) tested. No infectious strain could be
obtained by culture and no full-length viral
genomes could be sequenced from RP cases

None of the RP patients had clinical symptoms of
COVID-19 after hospital readmission, except for
occasional cough in patients 1 and 2, both of whom
were older than 70 years with multiple co-

(continued on next page)
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Table 1 (Continued)

Results

Serological tests

Type of specimen collection

Time from discharge
to first RP for RT-PCR
(days, mean =+ SD,

RP patients/
discharged
patients

RP patients

Study type

Country

Study

IgG/IgM

sputum

Faeces

Upper

Age (years,

Sex

specimen

specimen

respiratory

tract

interqua rtile range,

range)

mean + SD,
interquartile

Female male

specimen

interval, range)

morbidities. 9 medical staff exposed to one of the RP
patients had negative RT-PCR results and had no

symptoms in the following 2 months

All the 44 relapse cases were classified as mild to mod-

14d

China Case control 27 17 49.68 + 16-80 44/-

Chen et al. [128]

erate on readmission. in comparison to 32 cases
retesting negative after 14 days isolation post-dis-

study

charge, relapse cases had markedly elevated con-

centrations of ALT (P

0-007).

0-020) and AST (P=

Moreover, subgroup analysis showed mild to mod-
erate abnormal concentrations of ALT and AST in

relapse cases
All patients were asymptomatic

positive

26/144

383+22:6

Case-control 12

China

Wang et al. [130]

study
Case-control

All patients were asymptomatic

positive

positive

1349+ 4-24d

51/153

45 median

26

25

China

Huetal.[129]

study

X. Ren et al. / EClinicalMedicine 34 (2021) 100839 13

234 patients who were IgG positive and 164 who were IgM positive.
Fifteen studies reported that both IgG and IgM were positive in RP
patients [24,28,32,40,46,47,51,59,60,66,69,70,85,109,117]. However,
one RP patients was reported as testing negative for antibodies in
one study [25].

3.3.4. Findings of CT imaging

In most patients, CT imaging had improved compared with the
first admission, and pulmonary lesions were fully absorbed in some
patients. However, among 656 RP patients having abnormalities in
CT imaging, there were bilateral pulmonary infiltration (15-2%)
[20,28,29,83,84,116,117], consolidation of lung tissue (7-8%)
[77,79,83,86,117], ground-glass opacity (GGO) (7-7%) [20,44,67,78,
84,86,89,104,119], pulmonary plaques (3-5%) [34,80,84], fibrinous
exudation on the surface of the lung (2-7%) [34,104,117], pneumonia
(1-4%) [20,29,104,116], the light density shadow of the lung (0-6%)
[51,77,84], interstitial abnormalities (0-4%) [84], bilateral proximal
lobar pulmonary embolism (0-4%) [29,40], segmental and sub-seg-
mental signs of arterial micro-embolism (0-3%) [40], and pleural effu-
sion (0-15%) [65].

3.3.5. Contact tracing and infection ability of RP patients

Fourteen studies reported that RP patients had contacted with
others before they were RP for RT-PCR [5,18,20,30,37,42,47,52,
59,67,84,93,98,110]. In these studies, only one study reported one RP
patient whose family members developed respiratory symptoms and
tested positive for SARS-COV-2 nucleic acid [67]. Other studies
reported that these contact persons were neither diagnosed with
COVID-19 nor had any respiratory symptoms.

3.3.6. Treatment from discharge to RP result

Most of the reports did not mention whether the discharged
patients continued to take antiviral drugs during the convalescent
period. Two studies mentioned that the discharged patients did not
take any drugs during the convalescent period [47,101]. Fu et al.
reported that three RP patients had received traditional Chinese med-
icine treatment during isolation after discharge [23]. Patrocinio de
Jesus et al. described a patient who received prednisolone after dis-
charge [67]. He et al. reported that the patients received various
interventions during convalescent period, including Baduanjin exer-
cise, Tongzhi Granule, Moxibustion with acupoint application [123].

3.3.7. Treatment of RP patients after re-admission

Most of the studies did not mention the treatment management
for the patients who were readmitted. In the ones that reported treat-
ment strategies, most RP patients took chloroquine phosphate, Lopi-
navir, Arbidol Hydrochloride or Interferon-2B [21,25,37,51,97]. Some
patients were also treated with immune-related drugs such as thymic
pentapeptide [97] or immunoglobulin [51]. Traditional Chinese medi-
cines were also used for treatment during the second hospitalization
[53,77,109,116,124].

3.3.8. Psychological status of RP patients

Only two studies reported the psychological status of patients
after re-hospitalization. Mei et al. reported an 80-years-old RP patient
with suicidal tendency during re-hospitalization [95]. Peng et al.
found nonorganic insomnia and increased anxiety in two RP patients
[41].

3.3.9. Prognosis of RP patients

Eight studies reported prognosis of RP patients, and four of which
reported that the RP patients (n = 4) were in good physical condition
[25,26,40,59]. Raviol et al. reported that an 81-year-old patient who
had been readmitted to hospital with dyspnea, fever, and uncon-
sciousness, suffered progressive symptoms leading to death [44].
Gousseff et al. reported the deaths of three elderly patients with co-
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morbidities, two of whom died from acute respiratory distress syn-
drome and one from chronic right heart failure [85]. Bongiovanni
et al. reported 11 patients with an average age of 86-4 years who
died during follow-up [82]. Lafaie et al. reported three elderly female
patients with multiple co-morbidities who died after relapse [29].

3.4. Virology

3.4.1. Viral load

Five studies with total 16 RP patients reported that their Ct (Cycle
threshold) values was higher than those at their first hospitalization,
suggesting a decrease in viral load [43,47,60,63,98]. Liu et al. reported
that 3 of 4 RP patient’s viral load deceased with the length of dis-
charge time, but one patient had risen [39]. Song et al. reported that
the Ct values fluctuated in all the four patients [69]. Gao et al
reported that the patient who tested repeatedly positive after dis-
charge had higher viral loads at the first and third admission than
during the middle term of the disease [24]. Hu et al. found no differ-
ence in viral load in eight RP patients between the first positive and
repeated positive tests [61].

3.4.2. Viral gene sequencing

Lu et al. reported that they obtained zero full-length SARS-CoV-2
genomes by sequencing 94 samples from 54 patients and the corre-
sponding sequencing coverage ranged from 0.00% to 75-48% [125].
Goldman et al. reported sequenced viruses from two distinct epi-
sodes of symptomatic COVID-19 separated by 140 days in a single
patient, and found the patient was re-infected with a new strain [G0].
Lee et al. reported that they obtained the complete genetic sequence
of the virus from one female patient among 6 RP patients, suggesting
that there was a re-infection of SARS-CoV-2 with a subtype that was
different from that of the primary strain [63].

3.4.3. Virus cultivation

Three studies reported virus culture from 40 nasopharyngeal or
fecal swab samples from RP patients. Two studies failed to produce
live virus [122,125] and only the third study, Gousseff et al., reported
that one of two patients had a positive virus culture and this was
accompanied by typical SARS-COV-2 cytopathic disease [85].

3.5. Re-infection

Two studies found through viral gene sequencing that the positive
nucleic acid tests were due to re-infection in 2 patients [60,63].

3.6. Risk factors for RP patients

Based on the results of included studies [83,98,99,107,110,112,
115,117,118,121,129], we found that patients classified with a severe
first episode [112], aged 60 years and above [98], and co-morbidities
were more likely to be RP after discharge [99,121], especially those
having hypertension or chronic respiratory diseases [121].

When compared with the patients without RP results, the RP
patients had a higher level of fever [107,129], a higher proportion
with symptoms like diarrhea [118], sore throat, and rhinitis [115],
and a higher level of some laboratory indices such as serum IL-6 [83],
ALT, AST [110], erythrocyte sedimentation rate, D-dimer [129], lym-
phocyte ratio [121] than those at the first hospitalization. However,
neutrophil counts were comparatively lower [107]. According to the
results of CT scans, the proportion of patients with lung consolidation
or bilateral pulmonary infiltration were higher in the RP patients
[83]. Moreover, they may have had a longer hospital stay [99,129],
and higher proportion receiving antibiotics and/or glucocorticoid
treatment that those when they were first infected [99].

In addition to the above results, Deng et al. reported that in pedi-
atric patients infected with SARS-CoV-2, family cluster infection,

higher white blood cell counts, and longer plasma prothrombin time
are the early risk factors of RP [117].

3.7. The results of meta-analysis

3.7.1. The RP rate of discharged patients

Forty-three studies with a sample size of more than 30 and with a
total of 17,774 discharged patients were included in the meta-analy-
sis according to our pre-planned rule. Among them, 39 studies were
conducted in China, 3 in Italy, and 1 in Brunei Darussalam. The range
of discharged patients for every study was from 34 to 7127, the RP
rates ranged from 2-38% [20] to 36-8% [117]. The pooled RP rate was
12-2% (95% CI 10-6—13-7) with high heterogeneity (I’ = 85%) (Fig. 2).
Cumulative meta-analysis showed that the point estimation value
was gradually stable with the increase of sample size, and the confi-
dence interval was gradually narrowed, indicating that the accuracy
of results improved with larger samples (appendix p 97).

After removing one study from the analysis each time, the results
of 42 sensitivity analyses showed good consistency with the range of
RP rate from 12-0% to 12.6% (appendix p 98). Meanwhile, Egger’s test
showed there was publication bias among the studies (P = 0-0027).

3.7.2. The results of subgroup analysis

Twelve studies [20,83,87,90,91,99,100,103,104,106—108] also
reported RP rates for males and females, respectively. The results
showed that RP rate of females was 12-3% (95% CI 8.9-16-2) and
males was 12.1% (95% CI 8.1-16-8) with high heterogeneity
(I%=75%) (appendix p 99).

There are no available data for us to calculate the results of sub-
group analyses for age, disease severity and co-morbidities.

4. Discussion

In this systematic review and meta-analysis, the clinical manifes-
tations of the RP patients were usually normal or mild, and the CT
imaging and laboratory examination were mostly normal. However,
the RP patients accounted for approximately 12% of the discharge
patients, which is enough to arouse our concern. Are they not cured
or have they been re-infected? Are the RP patients infectious or not,
and what are the risk factors causing them to retest positive? All
these problems need to be explored in depth at this time.

The chief reasons for patient becoming RP are potentially as
follows:

1. The results of RT-PCR may be a false negative at discharge. RT-PCR
results are often used as an indicator of patients’ diagnosis, dis-
charge and isolation, but the sensitivity of RT-PCR detection is
affected by many factors, such as sample type, sample collection,
sample transportation and instability of test kits or variance of
technicians in different labs. At present, nasopharyngeal swab
samples are commonly used for RT-PCR test. The operation of col-
lecting samples is highly dependent on the operator’s experience
and it is possible that the location of the samples is not accurate.
Even if the operation is correct, the target virus might not be col-
lected [16], which might lead to the possibility of false negative
test results at discharge.

2. The emergence of RP results may due to incomplete elimination of
the virus. The clearance of novel coronavirus from the body may
take a long time [131-133], even after a respiratory specimen
had tested negative for a coronavirus, stool samples have tested
positive for the virus for up to five weeks [132]. Two studies
reported that patients still shed the virus during the convalescent
period which was confirmed by samples collected in the isolation
room [134,135]. One study reported that patients discharged
from hospital might present with SARS-CoV-2 reactivation [136].
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Study Publication.year.month Overall.RP.patients Overall.discharged.patients RP 95% C.l.
Yuanyuan Xing 2020,03 2 62 =— 0.032 [0.001; 0.095]
Hong Cao 2020,05 8 108 —=— 0.074 [0.031;0.132]
Linghui Yao 2020,03 4 35 —&—— 0.114 [0.026; 0.245]
Ying Zhao 2020,03 8 109 —=— 0.073 [0.031;0.131]
Houwei Du 2020,08 3 126 & 0.024 [0.003; 0.059]
Chenxi Li 2020,06 15 105 — - 0.143 [0.082;0.217]
Jing Yuan 2020,04 25 172 —.-— 0.145 [0.096; 0.202]
Maolu Tian 2020,08 20 147 —_— 0.136 [0.085;0.197]
Hao Li 2020,08 59 330 - 0.179 [0.139; 0.222]
Chao Liang 2020,06 12 40 N 0.300 [0.166; 0.452]
Qingyuan Shi 2020,06 17 108 — - 0.157 [0.094; 0.233]
Xiangying Ai 2020,07 30 281 - 0.107 [0.073;0.146]
Li Zhuo 2020,04 6 34 —=— 0.176 [0.064; 0.325]
Wang Deng 2020,06 61 576 - 0.106 [0.082;0.132]
Hui Zhu 2020,06 17 98 - 0.173 [0.104; 0.255]
Jiazhen Zheng 2020,08 27 285 0.095 [0.063;0.132]
Jie Chen 2020,09 81 1087 = 0.075 [0.060; 0.091]
Bo Yuan 2020,07 20 182 —&— 0.110 [0.068; 0.160]
You Zou 2020,06 53 257 —— 0.206 [0.159; 0.258]
Junli Liu 2020,10 15 92 - 0.163 [0.094; 0.246]
Jiajun Li 2020,06 19 Y| — 0.268 [0.170; 0.377]
Hua Ye 2020,08 12 117 —=— 0.103 [0.053;0.165]
Chenbin Liu 2020,07 9 51 — 0.176 [0.082; 0.295]
Marco Bongiovanni 2020,08 125 1146 = 0.109 [0.092;0.128]
Rujun Hu 2020,05 11 69 — - 0.159 [0.081;0.256]
Jiazhen Zheng 2020,07 27 285 0.095 [0.063;0.132]
Valeria Cento 2020,09 976 7127 0.137 [0.129;0.145)
Minlin Jiang 2020,04 6 35 —— 0.171 [0.062;0.317]
Mei Qi 2020,07 23 651 = 0.035 [0.022;0.051]
Justin WONG 2020,06 21 106 - 0.198 [0.127;0.280]
Qianwen Zheng 2020,12 9 41 — 0.220 [0.104; 0.361]
Xingxing Hu 2020,12 30 188 - 0.160 [0.110;0.216]
Shenglong Chen 2020,09 189 1282 = 0.147 [0.129;0.167]
Denggao Peng 2020,10 14 38 —_— 0.368 [0.221;0.529]
Francesco Landi 2020,09 22 131 - 0.168 [0.108;0.237]
Ji Zhou 2020,11 23 368 = 0.062 [0.040; 0.090]
Jia Huang 2020,10 69 417 —-— 0.165 [0.131;0.203]
Shengyang He 2020,10 30 267 4 0.112 [0.077;0.153]
Xiaobing Wang 2020,11 12 193 = 0.062 [0.032;0.101]
Jianghong An 2020,09 38 262 i 0.145 [0.105; 0.190]
Xiujuan Tang 2020,10 22 209 = 0.105 [0.067;0.151]
Yu Hao 2020,10 23 369 = 0.062 [0.040; 0.089]
Junjie Hu 2020.09 8 117 —&— 0.068 [0.029;0.122]

Random effects model
Heterogeneity: /% = 85%, * = 0.0042, 7, = 288.31 (p < 0.01)

<

0 01 02 03 04 05 06
RP

| 0.122 [0.106; 0.137]

Fig. 2. Forest plot of RP rate of discharged patients.

Short duration of immunity that could explain the reactivation of
the virus after a period of negative viral testing.

We have not been able to confirm the exact correlation between
the factors such as use of the glucocorticoids, older age, co-morbid-
ities and the RP events at present, but our results show that patients
with these characteristics have a relatively high likelihood of RP
results. Glucocorticoids are still used in the treatment of COVID-19,
although their clinical application has been controversial [137]. Some
studies have shown that although glucocorticoids can inhibit lung
inflammation, they can also damage the activity of B and T lympho-
cytes, and may inhibit pathogen clearance and immune response of
the body [138,139]. Immunosenescence in older patients also impairs
innate and adaptive immune responses [140,141]. There seems to be
a common denominator among these factors: they all have some
degree of influence on the body‘'s immune response. Immune
response is the body’s response to viral infection. Macrophages, neu-
trophils and dendritic cells produce a nonspecific innate response
that slows the virus' progress and may even prevent the virus from
causing symptoms [142]. After this non-specific response, the body
will generate an adaptive immune response that specifically binds to
the virus, and the adaptive response of this combination may clear
the virus from the body [141]. Therefore, we can infer that if the
patient's immune response has been suppressed, the process of viral
clearance may also be prolonged, and the ability to inhibit virus repli-
cation will be relatively weakened. Therefore, the nucleic acid test
results may become positive again after discharge.

Although nearly 12% of patients still test positive after discharge
based on the available evidence, most of these patients were asymp-
tomatic or with mild symptoms, the viral load was low, the virus cul-
ture showed no activity, and there were only one report of infection
in close contacts, suggesting that the possibility of further virus trans-
mission was low [143]. We should not be panic about RP patients.

But recently, some studies have reported that discharged patients
may become re-infected with different strains of the virus [144-149],
which reminds us that re-infection appears to be a possibility in con-
valescent patients. When confirming the diagnosis of re-infection, it
is necessary to identify two different phylogenetic strains [150]. To
et al. reported the first case of reinfection with COVID-19, whose
result of whole genome analysis showed that different virus strains
were identified in each infection event [147]. These rare phenomena
suggested that previous exposure to COVID-19 might not guarantee
total immunity [148].

Above all, it is still necessary for discharged patients to use per-
sonal protection to reduce the possibility of re-infection or transmis-
sion. In addition, some RP patients experienced high psychological
pressure, leading to organic insomnia and anxiety aggravation, which
in turn may lead to the change of their conditions [41]. It is necessary
to give sufficient mental health care for these RP patients.

Although six systematic reviews and/or meta-analyses have been
already published [142,151—-155], none of them were comprehensive
in terms of literature search. For example, one systematic review did
not report the results of a systematic search, the number of included
studies was uncertain [151]. Another one systematic review only
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described the number of days from discharge to relapse and the
symptoms of PR patients, which provided less information [142].
Three meta-analysis included small numbers of cases, including 17
[155], 14 [154] and 9 [153] cases, respectively. And five of them did
not assess the quality assessment [151—155]. We have summarized
and analyzed the clinical characteristics of these RP cases, pooled the
RP rate, performed the subgroup analysis of gender, focused on the
possible causes of RP results, and provided some suggestions for
management.

However, there are some limitations in this current review. First,
most available studies were from China, and were single-center
observational studies. Additionally, some study types were unclear.
Second, the quality of most articles was not high. Many of studies
have design faults, and some problems may exist in the statistical
methods. For example, the potential confounding factors were not
controlled, which might lead to uncertain estimation. Third, in the
meta-analysis section, we did not conduct subgroup analyses for age,
disease severity and co-morbidities, because the data of the relevant
subgroups could not be completely extracted and merged.

In conclusion, most of the RP patients had normal clinical mani-
festations or only mild symptoms, and laboratory and CT imaging
showed improvement compared with those at their first discharge.
In the future, more high-quality studies with appropriate sample size
calculation are urgently needed to help us understand the etiology
and pathological mechanism of being RP, and further help us to make
strategies to control and prevent its occurrence.
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