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Summary. Background and aim: Isolation of subjects with active severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection is a pivotal preventive measure in the ongoing coronavirus disease 2019 (COV-
ID-19) pandemic. A growing number of studies reported cases of recurrent SARS-CoV-2 RNA positivity 
following disease recovery, which were identified with a critical literature search and then meta-analyzed in 
this article. Materials and Methods: A digital search was performed in Medline and Web of Science, using the 
keywords “coronavirus disease 2019” OR “COVID-19” OR “severe acute respiratory disease 2” OR “SARS-
CoV-2” AND “recurrence” OR “repositivization” OR “retesting”, without date or language restrictions. Re-
covery was defined as resolution of symptoms, with at least two consecutive negative molecular tests. Results: 
A total number of 17 studies, with 5,182 COVID-19 patients, were included. SARS-CoV-2 recurrent RNA 
positivity in recovered COVID-19 patients ranged between 7-23% across the studies, with follow-up testing 
between 1-60 days. The estimated cumulative rate of SARS-CoV-2 recurrent RNA positivity was 12% (95% 
confidence interval, 12-13%; I2, 74%). Conclusions: Repeated molecular testing on respiratory tracts specimens 
at 1 and 2 months after recovery from COVID-19 is strongly advisable for early identification, isolation and 
clinical management of subjects with SARS-CoV-2 recurrent RNA positivity. (www.actabiomedica.it)
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Introduction

The incessant and unstoppable spread of severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the pathogen responsible for coronavirus dis-
ease 2019 (COVID-19) which was officially declared 
a pandemic infectious disease by the World Health 
Organization (WHO) (1), is not only jeopardizing the 
response capacity of many healthcare systems, but is 
also causing enormous societal and economic burdens 
all around the world (2).

The information garnered thus far on SARS-
CoV-2 allows to strongly suspect that the disease orig-
inated from spill-over of a recombinant bat coronavi-

rus, whilst SARS-CoV-2 is currently spreading from 
person to person through droplets emitted from the 
nose or mouth, particularly when an infected person 
breathes, coughs, sneezes, talks louds, shouts, yells, or 
even sings, especially in indoor spaces (3). Transmis-
sion may also potentially occur after massive inhala-
tion of virus-containing aerosols (4), or by transporting 
infected material deposited on various surfaces to the 
eyes, nose and mouth, though droplet-conveyed trans-
mission likely remains the prevailing modality (5).

Based on the transmission routes of SARS-
CoV-2, the most effective contagion-containment 
strategies encompass nationwide lockdown and stay-
in-place orders (6), followed by social distancing (i.e., 
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at least 6 feet distance), widespread facemask wearing 
(especially in busy, indoor places), and frequent hands 
sanitation (7,8). Most importantly, early and accurate 
identification of positive cases and contact tracing 
is central to effective containment strategies (9,10). 
Isolation of infected subjects, irrespective of their 
symptomatic status (asymptomatic, pre-symptomatic, 
or mildly symptomatic, and so forth), is an essential 
measure for limiting viral spread, since recent data 
reported that more than half of total COVID-19 in-
fections could be traced to transmission from subjects 
with active SARS-CoV-2 infection without clinical 
manifestations (11). 

Recently, reports have been describing a discrete 
number of COVID-19 patients who have already re-
covered from the disease (mostly when symptoms have 
disappeared for at least 14 days and with two negative 
consecutive nucleic acid amplification tests via naso-
pharyngeal swabs) (12), but then turned positive again 
at reverse-phase polymerase chain reaction (RT-PCR) 
testing after a certain period of time. Some of these in-
dividuals developed symptoms, while others remained 
asymptomatic, thus representing another potential 
source of viral spread and contagion within the general 
population.

Therefore, we aimed to critically review the cur-
rent literature and carry out a meta-analysis of pub-
lished articles that have reported SARS-CoV-2 recur-
rent RNA positivity in patients who had previously 
recovered from COVID-19.

Materials and Methods

A digital search was carried out in Medline (Pub-
Med interface) and Web of Science using the keywords 
“coronavirus disease 2019” OR “COVID-19” OR “se-
vere acute respiratory disease 2” OR “SARS-CoV-2” 
AND “recurrence” OR “repositivization” OR “retest-
ing” in all fields, without date or language restrictions. 
The title, abstract and full text of pre-identified docu-
ments were accurately examined by two independent 
reviewers (CM and GL). Clinical studies reporting 
the rate of recurrently positive RT-PCR test results in 
patients recovered after a diagnosis of SARS-CoV-2 
infection (i.e., displaying at least two consecutive neg-

ative tests) and a total sample size >50 COVID-19 
patients were selected. The reference list of all articles 
was also analyzed to detect other potentially eligible 
documents. A meta-analysis was then performed, en-
compassing the calculation of the pooled prevalence 
(95% confidence interval; 95% CI) of recurrently posi-
tive RT-PCR test results after recovering from COV-
ID-19. Heterogeneity was evaluated with the χ2 test 
and I2 statistics. Publication bias was assessed using a 
funnel plot. The statistical analysis was carried out us-
ing MetaXL, software Version 5.3 (EpiGear Interna-
tional Pty Ltd., Sunrise Beach, Australia). The study 
was performed in accordance with the declaration of 
Helsinki and within the terms of the local legislation.

Results

A total of 168 documents were initially identified 
by our search criteria, 154 of which were excluded as 
they did not contain specific data on recurrently posi-
tive RT-PCR test results in patients who recovered 
from COVID-19 (n=109), were case reports (n=18), 
review articles (n=10), letters to the editor without 
original data (n=5) or editorial material (n=4), because 
re-testing was carried out in SARS-CoV-2 initially 
negative patients (n=4), or had an insufficient sample 
size (i.e., <50 total COVID-19 patients) based on our 
inclusion criteria (n=4). Three additional studies could 
be identified from the reference list of the selected ar-
ticles, so that a final number of 17 studies (13-29), to-
taling 5182 COVID-19 patients, were included in our 
analysis. No inter-reviewer disagreements occurred. 
The characteristics of these studies are summarized 
in Table 1. The vast majority of the studies (14/17; 
82.3%) were performed in China, and all employed 
respiratory and/or throat specimens for diagnosing 
SARS-CoV-2 re-infection, whilst fecal samples were 
also used in 4/17 studies (23.5%). The sample size 
ranged between 55 to 2,521 COVID-19 patients, the 
recurrence monitoring period between 1 and 60 days 
for the majority of COVID-19 patients, whilst the 
mean or median age of patients with recurrently posi-
tive tests ranged between 27 to 64 years. The preva-
lence of female sex among the included studies ranged 
between 36% to 71%. 
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The single-study and pooled prevalence of recur-
rent RT-PCR positivity is shown in Figure 1. The rate 
of recurrence of positive SARS-CoV-2 viral RNA in 
recovered COVID-19 patients was reported at be-
tween 7% to 23% across the 17 studies. The calculated 
pooled rate (fixed effects) of SARS-CoV-2 recurrent 
RNA positivity was 12% (95% CI, 12-13%), with 
high heterogeneity (I2, 74%), partly attributable to the 
largely variable sample size among the included stud-
ies. Slightly higher rate of SARS-CoV-2 recurrent 
RNA positivity could be estimated with a random ef-
fects model (14%; 95% CI, 12-17%).

After excluding the large study of Cento et al., 
which accounted for nearly half of the total sample 
weight, the cumulative prevalence modestly increased 

to 14% (95% CI, 13-16%), with a slightly lower het-
erogeneity (I2, 64%). The prevalence did not vary 
substantially when the calculation was carried out in 
studies performed outside of China, as well as in those 
using only respiratory tract specimens (Table 2). The 
funnel plot, shown in figure 2, demonstrates the pres-
ence of moderate asymmetry, suggestive of modest 
publication bias. 

Discussion

The results of our meta-analysis attest a rate of 
cumulative SARS-CoV-2 recurrent RNA positivity of 
~12%. No substantial differences were observed when 

Table 1. Characteristics of the studies included in the meta-analysis

Authors Sample 
Size

Recurrence 
monitoring period1

Setting Samples Age 
(years)2

Females (%)

Abdullah MS et al. 138 11 days Brunei Throat and respiratory 
specimens

41 (24-58) 41%

Cento V et al. 2521 1-60 days Italy Respiratory specimens NCS NCS

Deng W et al. 576 3-35 days China Respiratory and fecal 
specimen

55 (43-68) 59%

Hao S. et al. 104 NCS China Respiratory specimens NCS NCS

Hartman WR et al. 75 19-28 days US Respiratory specimens 53 (38-68) 63%

Hu R et al. 69 9-17 days China Respiratory specimens 27 (4-58) 36%

Huang J et al. 414 3-12 days China Respiratory specimens NCS 59%

Liu T et al. 150 NCS China Throat swabs 49 (37-62) 45%

Tian M et al. 147 7-47 days China Respiratory specimens 37 (4-80) 40%

Wang Y et al. 94 1-14 days China Respiratory specimens 46 (30-70) 50%

Wu J et al. 60 4-24 days China Respiratory and fecal 
specimen

NCS NCS

Xiao AT et al. 70 1-45 days China Throat specimens 64 (51‐73) 40%

Ye G et al. 55 4-17 days China Throat specimens 32 (27-42) 60%

Yuan B et al. 182 1-14 days China Respiratory and fecal 
specimen

40 (20-60) 65%

Yuan Y et al. 172 2-13 days China Respiratory and fecal 
specimen

28 (16-42) 68%

Zhu H et al. 98 1-14 days China Respiratory specimens 54 (44-63) 71%

Zou Y et al. 257 1-12 days China Throat specimens 62 (29-87) 57%
1 For most of patients with nucleic acid amplification test (NAAT) recurrence; 2 confidence interval estimated from original data. 
NCS, non-clearly specified.



C. Mattiuzzi, B.M. Henry, F. Sanchis-Gomara, et al.4

limiting our analysis to non-Chinese studies or those 
in which only respiratory tract specimens were used 
to diagnose SARS-CoV-2 infection. This evidence un-
derscores an important aspect in the clinical epidemi-
ology of COVID-19, since nearly one in ten patients 
may be found positive again for the presence of SARS-
CoV-2 RNA after recovering from the disease. Some 
hypotheses can be made for explaining this not so rare 
phenomenon (30). 

The first assumption entails that some subjects 
might have been re-infected by SARS-CoV-2 due 
to (i) suboptimal therapeutic management of SARS-
CoV-2 infection, (ii) because their natural immunity 
has declined, as recently highlighted by Long et al. 
(31) and Ibarrondo et al. (32), or (iii) because the vi-
rus has undergone some degree of recombination that 

would make the immune response somehow ineffi-
cient against this relatively new infection, thus foster-
ing a second episode of active viral replication (33). 
The second hypothesis is that acute SARS-CoV-2 in-
fection and viral shedding may have been concluded in 
the upper respiratory tract, while the virus may still be 
present in some forms in the lower respiratory tract. 
This hypothesis is supported by evidence that shed-
ding of SARS-CoV-2 seems indeed prolonged in spu-
tum compared to nasopharyngeal and oropharyngeal 
swabs in patients recovering from COVID-19, as re-
ported by Wang et al (34). Systemic re-propagation or 
natural shedding of either the virus or infected cells 
from lower to the upper respiratory tract would then 
be associated with recurrence of nasopharyngeal and 
oropharyngeal swab positivity, but with lower viral 

Figure 1. Single-study and cumulative positivity recurrence rate of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
with nucleic acid amplification tests (NAATs)

Table 2. Cumulative prevalence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) positivity recurrence with nucleic 
acid amplification test (NAAT) in specific settings

Setting Prevalence Heterogeneity

Excluding Cento et al. 0.14 (95% CI, 0.13-0.16) I2, 64%

Only respiratory tract specimens 0.13 (95% CI 0.12-0.14%) I2, 79%

Studies outside China 0.11 (95% CI, 0.10-0.12) I2, 80%
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load (35). It is important to state that it is still largely 
unclear whether this second positivity may be sus-
tained by viable viral particles (and thereby patients 
may still be contagious), viral fragments or extra-viral 
RNA, since all these three possibilities would be as-
sociated with positivity of nucleic acid amplification 
tests. Finally, the impact of some technical drawbacks 
that may have generated false-positive results cannot 
be excluded, including pre-analytical and analytical 
mistakes, the use of different molecular assays during 
follow-up, characterized by variable detection limits 
or functional sensitivity (36), the cross-contamination 
with other coronaviruses (37), along with the use of 
molecular techniques not adequately validated and 
ready for prime time (38).

Whether or not SARS-CoV-2 recurrent RNA 
positivity after recovering from COVID-19 may 
represent an important source of amplified transmis-
sion and enhanced viral circulation within the general 
population requires further investigation with specific 

viral culture and cytopathic studies (39). Nevertheless, 
we believe that repeating molecular testing using RT-
PCR analysis on respiratory tracts specimens at 1 and 
2 months after recovery from COVID-19 would be 
advisable for several reasons. First, this policy will en-
able the early identification and treatment of a unique 
cohort of COVID-19 patients. These patients may be 
at particularly high risk for developing severe or criti-
cal illness, worse than in their prior infection, due to 
the phenomenon of antibody-dependent enhancement 
(ADE). With ADE, non-neutralizing antibodies 
generated during the active phase of the first SARS-
CoV-2 infection may then contribute to amplify the 
internalization of immunoglobulin-bound viral parti-
cles through the Fc receptors present on the surface 
of many immune cells (40). This would result in the 
boosting of viral replication, activation of the immune 
cell, ultimately triggering the release of a vast array of 
pro-inflammatory mediators, which will contribute to 
elicit, propagate or aggravate the devastating “cytokine 

Figure 2. Funnel plot of the studies included in the meta-analysis
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storm” that characterizes the more severe forms of 
COVID-19, as well as the release of new viral particles  
and thus increasing viral load (40). 

Preventive and proactive isolation of recurrent 
SARS-CoV-2 positive cases is another important 
public health strategy in the fight against COVID-19 
pandemic, since it may contribute to lower the pos-
sibility that potentially viable viral particles may be 
transmitted from positive subjects to their close con-
tacts during social interactions. 

In conclusion, this study found that over one in 
ten patients have recurrence of RT-PCR positivity 
within 60 days of recovery from their primary infec-
tion. While it is still unclear if this represents trans-
mittable and infectious viral particles, given these ob-
servations, we recommend repeated testing at one and 
two months post-recovery. Such recurrent RT-PCR 
positive patients should be isolated to reduce the po-
tential for community transmission until further data 
becomes available. Recurrence of RNA positivity re-
quires urgent molecular investigations by the medical 
and public health community, with focused attention 
on specific categories of patients (i.e., asymptomatic 
vs. symptomatic, younger vs. older, women vs. men, ill 
vs. healthy).  
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