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A B S T R A C T

Real-time reverse transcription PCR is currently the most sensitive method to detect severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). Defining whether a patient could be contagious or not
contagious in the presence of residual SARS-CoV-2 RNA is of extreme importance in the context of public
health. In this prospective multicenter study, virus isolation was prospectively attempted in 387 nasal
swabs from clinically recovered patients showing low viral load (quantification cycle, Cq, value greater
than 30). The median Cq value was 36.8 (range 30.0–39.4). Overall, a cytopathic effect was detected in
nine samples, corresponding to a culture positivity rate of 2.3% (9/387). The results of this study help to
dissect true virus replication and residual viral RNA detection in recovered patients.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

On February 20, 2020, Lombardy, a region in northern Italy, was
struck by an outbreak of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection. Soon afterward, the
epidemic involved other Italian regions, with a north-south
gradient. Several containment measures were adopted, including
lockdown of affected areas, social distancing, and quarantining of
individuals with laboratory-confirmed COVID-19 as well as their
close contacts. Laboratory confirmation of SARS-CoV-2 infection
relied on positivity of a nasopharyngeal swab on virus-specific
real-time reverse transcription PCR (RT-PCR) targeting several

SARS-CoV-2 genes (Centers for Disease Control and Prevention,
2020; WHO, 2020a; Wang et al., 2020).

In the early phases of the epidemic, when containment of the
infection was the most urgent goal, prudence required that even
minimal amounts of SARS-CoV-2 RNA were considered sufficient
for imposing quarantine on a suspected COVID-19 patient.
Similarly, quarantine relief rules required two negative nasal swab
results from samples taken at least 24 h apart. All these measures
were somewhat effective in limiting SARS-CoV-2 circulation, as
shown by the marked reduction of new COVID-19 cases by the end
of May. On the other hand, while most clinically recovered patients
tested negative at the end of the quarantine period and were able
to return to their normal working and social life, a substantial
proportion (about 16.6%) still tested positive on the required
second testing, sometimes forcing them into a never-ending
quarantine–positive test loop (Wu et al., 2020). Previous reports
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indicated that viable virus could not be isolated from samples with
low SARS-CoV-2 genome loads (Huang et al., 2020; Atkinson and
Petersen, 2020; Wölfel et al., 2020). In the initial phase of the
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nfection (when viable virus is obviously present and the patient is
nfectious), this finding could be due to sampling bias or culturing
nconsistencies (e.g., delayed delivery of the sample to the
aboratory). On the other hand, in clinically recovered patients,
he presence of residual viral RNA is more likely related to
limination of degrading viral materials.
Our hypothesis is that despite the high sensitivity of SARS-CoV-

-specific molecular assays, in the monitoring of the presence
ARS-CoV-2 for release of individuals from quarantine, this
pproach could be a double-edged sword because of detection
f the prolonged presence of a single gene.

ethods

To understand whether residual SARS-CoV-2 RNA load in
linically recovered patients could be associated with ongoing
irus replication or is a result of catabolism of the virus or virus-
nfected cells, we submitted to cell culture isolation 387 nasal
wabs from patients resident in the Lombardy, Emilia-Romagna,
nd Toscana regions showing low SARS-CoV-2 RNA amounts with a
uantification cycle (Cq) value greater than 30, according to MIQE
uidelines (Bustin et al., 2009). Clinical samples were obtained at
he time of discharge from the hospital or during the quarantine
eriod from hospitalized patients, symptomatic healthcare work-
rs, or persons tested as part of the early epidemic response.
amples were anonymized before the analysis, and no clinical
nformation was available.

This study was conduced in collaboration with five different
enters: (1) Molecular Virology Unit, Microbiology and Virology
epartment, Fondazione IRCCS Policlinico San Matteo, Pavia, (2)
stituto Zooprofilattico Sperimentale della Lombardia e dell'Emilia
omagna, (3) Microbiology and Virology Unit, S. Maria delle Scotte
niversity Hospital of Siena, Siena, (4) Virology Unit, Fondazione
RCCS Ca' Granda Ospedale Maggiore Policlinico, Milan, and (5)
icrobiology Unit, Clinical Pathology Department, Guglielmo da
aliceto Hospital, Piacenza. Nasal swabs collected in universal
ransport medium (UTMTM, Copan Italia, Brescia, Italy) were
rospectively analyzed for the diagnosis of SARS-CoV-2 infection
y real-time RT-PCR targeting the E gene according to WHO
uidelines (WHO, 2020b) and protocols of Corman et al. (2020) at

centers 1 and 2, while at centers 3–5, a commercial multiplex assay
including the N gene as a target (AllplexTM 2019-nCoV assay;
Seegene, Korea) was used. A series of nasal swabs collected from
convalescent patients from April 1 to August 1, 2020, and positive
for SARS-CoV-2 RNA with Cq value greater than 30 with the E or N
gene were included in the study. To investigate the infectious
potential of samples, a 200 mL sample was inoculated into a Vero
E6 (VERO C1008 (Vero 76, clone E6, Vero E6); ATCC1 CRL-1586TM)
confluent 24-well microplate for virus isolation. All samples were
inoculated between 8 and 24 h after positivity results and kept at 4
�C before processing. After 1 h incubation at 33 �C in 5% CO2 in air,
the inoculum was discarded and 1 mL of medium for respiratory
viruses (Eagle’s minimum essential medium supplemented with
1% penicillin, streptomycin, and glutamine and trypsin at 5 mg/mL)
was added to each well. Cells were incubated at 33 �C in 5% CO2 in
air and observed with a light microscope every day for a cytopathic
effect. After incubation for 7 days, 200 mL of supernatant from a
well showing a cytopathic effect was tested for the presence of
SARS-CoV-2 by molecular assay (gene E real-time RT-PCR) or SARS-
CoV-2-specific immunofluorescence assays using antibodies to N
protein.

In a subset of samples positive for the N gene (with Cq value of
35 or greater), both direct RNA and amplicon sequencing
approaches was performed with a MinION instrument (Oxford
Nanopore Technologies, UK). The sequencing run was managed by
MinKNOW (version 19.12.5), and amplicon reads were mapped to
the reference genome Wuhan Wu-1 (GenBank accession no.
MN908947).

Results

Among the samples tested by real-time RT-PCR, 89.4% (346/
387) had Cq values greater than 30 for the E gene and 10.6% (41/
387) had Cq values greater for the N gene (Figure 1A). The median
Cq value was 36.8 (range 30.0–39.4). In detail, the median Cq value
was 36.9 (range 30.0–39.4) for the E gene and 35.5 (range 32.0–
39.4) for the N gene (Figure 1A). A cytopathic effect was observed
in only nine samples, corresponding to a culture positivity rate of
2.3% (9/387). Among these samples, five had a high Cq value for the
E gene, while the others had a high Cq value for the N gene (Figure
igure 1. Cq values observed in samples included in the study according to (A) the target gene used in the diagnostic severe acute respiratory syndrome coronavirus 2 (SARS-
oV-2)-specific real-time reverse transcription PCR and (B) isolation positive or negative.
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1B). In these samples, the occurrence of active replication of SARS-
CoV-2 was determined by real-time RT-PCR in five samples
(median Cq value 14.5; range 12.4–16.8) and immunofluorescence
assays in the other four samples.

The median Cq value of culture-positive samples was not
significantly different from that observed in culture-negative
samples (35.6 vs. 36.9; p = 0.37, Figure 1B).

In a series of five samples, long-read sequencing data analysis
was performed by third-generation sequencing with Nanopore
technology. Bioinformatic reconstruction of sequenced RNA
showed how samples did not have the whole viral genome, but
only few and very short gene fragments (<600 nucleotides). This
finding indicates that the residual RNA detected by molecular
testing was not functional and represented only pieces of the
degraded viral genome.

Discussion

This prospective multicenter observational study demon-
strates that residual SARS-CoV-2 RNA load, with a minimum
amount of only one gene target, is not substantially associated
with ongoing virus replication. Indeed, less than 3% of samples
that were positive by real-time RT-PCR with low or very low RNA
amounts were still able to transmit infection in cell monolayers.
Our data are in agreement with a French study that reported an
isolation rate lower than 50.0% in samples with a Cq value
between 30 and 35 (only 24 samples) and no isolation for samples
with a Cq value greater than 35 (only four samples) (La Scola et al.,
2020). Similar results were very recently reported by Singanaya-
gam et al. (2020), where the estimated probability of recovery of
virus from samples with a Cq value of 35 or greater was 8.3%. The
concept that medium/high viral load is needed for virus isolation
was assessed in a recent publication aimed at clarifying the
correlation between the culturability of the virus and the RNA
copy number (Huang et al., 2020). In that study, the mean Cq
value of culturable samples was always less than 30 (Huang et al.,
2020). Our data are even more straightforward when one
considers that samples were inoculated early after collection,
thus minimizing the infectivity loss during transport to the
laboratory. In addition, all samples were drawn from clinically
recovered patients. The implications of the results of the present
study are important at both the individual level and the
epidemiologic level. On the individual side, dissection between
true virus replication and residual detection of virus genes has the
immediate effect of releasing patients from prolonged quaran-
tine, safely allowing them to return to work and social activities.
From an epidemiologic standpoint, these data pose the question
of whether it is correct to consider these molecular “low-
positivity” cases as real virus positives. Indeed, while the
analytical positivity of highly sensitive real-time RT PCR methods
is correct (a fragment of SARS-CoV-2 RNA is detected), their
clinical significance is less than certain (a fragment of viral RNA
does not indicate either the presence of the whole virus or that
the patient is still contagious). The number of messenger RNAs
that originate during SARS-CoV-2 replication is largely different,
although they are collinear with the viral genome and are
simultaneously targeted by real-time RT PCR methods. Thus, the
results of molecular assays have to take into account the virus
biology (Huang et al., 2020). Finally, in the infection recovery
phase, neutralizing antibodies are generated, and an impact of

could be biased by different sensitivities of the assays; however,
WHO and CDC reports showed comparable sensitivity for both
assays (WHO, 2020b; Corman et al., 2020; Canters for Disease
Control and Prevention, 2020). Indeed, a nationwide external
quality assessment conducted for more than 100 Korean laborato-
ries showed overlapping results for Cq values obtained by real-
time RT-PCR assays used in the present study (Sung et al., 2020).

An additional limitation was the unavailability of clinical
information because of the anonymization of samples. However,
these data, which were consistent among the five different
laboratories in northern and central Italy, lead us to propose that
the individuals are no longer contagious when the molecular
diagnosis is based on a high Cq value (�35) of one gene target, and
this is supported by clinical data. The major caveat of this study is
the evidence that most recovered patients (97%) with a high Cq
value do not carry infectious virus, and that prolonged quarantine
periods are not justified. Thus, revision of current guidelines is
highly recommended.
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