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ARTICLE INFO ABSTRACT

Keywords: Background: The duration of viable viral shedding is important to be defined in regards of viral transmission in
COVID-19 SARS-CoV-2 infection with the backdrop of the current worldwide effort for revising isolation polices and
PCR

establishing the duration of infectiousness.

Methods: In this review we searched databases including Medline and google scholar for research articles pub-
lished between January 2020 and January 2022. We included case reports, case series, cross sectional, cohort,
and randomized control trials that reported the duration of shedding of viable SARS-CoV-2 virus. After evalu-
ating the criteria for inclusion, 32 articles (2721 patients) were included.

Result: This review showed that the median for the last day of successful viral isolation was 11 (8.5-14.5 95% CI)
, 20 (9.0-57.5 95 %CI), 20 (9.0-103 95 %CI) for the general population, critical patients and immunocom-
promised individuals, respectively, with significant association between prolonged viral shedding, disease
severity (P-Value 0.024) and immunosuppressive status (P-Value 0.023).

The corresponding higher cutoff of CTv to culturable virus ranged between 26.25 and 34.00 (95% confidence
interval) with median of 30.5, and higher values were observed when critical (25.0-37.37 95 %CI) and
immunocompromised patients (20.0-37.82 95 %CI) have been excluded, this deviation did not represent a
statistical significance (P-Value 0.997 and 0.888) respectively.

Conclusion: Our review highlights that repeating SARS-CoV-2 viral RNA test solely in recovering patients has no
importance in determining infectivity and emphasizes the individualization of de-isolation decisions based on the
host factors and a combined symptom and testing-based approaches with the later benefiting most of correlation
with recently introduced rapid antigen test. Our finding in the review also opposes the most recent CDC Guidance
on shortening isolation duration in term of the last days of viable transmissible virus, therefore caution should be
considered when revising such protocols.

Viral culture

Cycle threshold value
Transmission
Isolation

Abbreviations: RT-PCR, Reverse transcription polymerase chain reaction; RAT, Rapid antigen test; CTv, Cycle thresholdvalue.
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Introduction

Historically, six strains of coronaviruses are believed to infect
humans, of which four strains were identified from upper respiratory
tract infection from patients with common cold (Su et al., 2016), the
other two, are associated with more severe disease and mortality
including severe acute respiratory syndrome (SARS-CoV) and Middle
east respiratory syndrome (MERS-CoV) (Cui et al., 2019). The seventh
coronavirus was identified as a cause of pneumonia outbreak in Wuhan,
China in December 2019 (Zhu et al., 2020), the later three are believed
to be zoonotic in origin although the intermediate carrier of severe acute
respiratory syndrome coronavirus — 2 (SARS-CoV-2) is not yet precisely
known (Surveillances, 2020).

The main route for SARS-CoV-2 transmission is by close contact and
respiratory droplet allowing high rate of infectivity, which poses a real
challenge on health care systems that necessitates the need of contact
tracing and testing. Real time reverse transcription polymerase chain
reaction (RT-PCR) has become the standard of SARS-CoV-2 diagnosis
because of its high sensitivity and specificity (Wiersinga et al., 2020; Li
et al., 2020; Steinbrook, 2020; Shen et al., 2020).

SARS-CoV-2 RNA positivity by RT-PCR has been detected up to 12
weeks, but RT-PCR positivity might not represent the presence of viable
virus (Sun et al., 2020). Confirmation of virus replication and infectivity
requires viral culture, which is not practical in acute settings as the virus
requires prolonged time to be isolated and specific laboratory settings
with biosafety levels of 3 or more (Li et al., 2020).

Based on available published literature, the Center of Disease Control
and Prevention (CDC) stated that discontinuing isolation can be
considered after day 10 of symptoms onset, which can be extended to 20
days for severe cases or immunocompromised individual, awaiting more
solid evidence regarding replication-competent virus shedding, which is
still an area of debate (CDC. COVID-19 Interim Guidance, 2022).
Currently, two years into the pandemic in the post vaccination and
boosting era when the surge of Omicron variant predominated the active
cases worldwide, the CDC shortened the quarantine period to five days
CDC, Media Releases, 2021. While this step is rationalized and endorsed
by some infectious diseases authorities IDSA, 2022, it is still not fully
acceptable by medical communities. (AMA, 2022)

Method
Search strategy and selection criteria

We conducted a comprehensive search on both Medline and google
scholar database up to January 2022, using keywords “COVID-19” Or
“SARS-CoV-2” Or “Coronavirus” combined with “Culture” or “Virus
Isolation” with the use of keywords’ Medical Subject Heading (MESH)
And truncation. The total studies screened were 2540, of which 372 full
text studies were assessed for eligibility.

The total studies included in the review were 32 after exclusion of
347 articles with seven additional studies included from references
search. The main reason for exclusion included if the study method did
not include viral culture, if the purpose of viral isolation was for
sequencing, genotyping or phenotyping purpose, if the study reported
viral culture form non-respiratory body fluid, or if the last day of suc-
cessful isolation was not clearly mentioned in the study [Fig. 1.].

Data analysis

We reviewed the articles to extract the following information from
each: First Author, setting, name of the journal, date of article first
available online, study sample size, number of cases with successful viral
isolation, last day of positive culture, type of sample, cycle threshold
Value (CTv) and inclusion of immunocompromised individuals or crit-
ically ill patients (Supplementary Table 1). The data was analyzed using
SPSS. Median, grouped median, mean values and 95% confidence
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Total studies Identified on Medline/
Google schoolar search (N=2540)

Full text studies assessed
for eligibility (N=372)

Studies Excluded (N=347)

Additional studies included
from references search (N=7)

Total studies included in
meta-analysis (N=32)

Fig. 1. Prisma Algorithm for database search and article selection.

interval of the analyzed values were calculated using Anova-T test with
bootstrapping to number of samples. The level of significance was
established based on linear-by-linear association and 2-sided P-value of
0.05 or less.

Results

The systematic search included 2540 possible relevant articles. After
evaluating the criteria for inclusion, 32 articles (2721 patients) were
included (Supplementary Table 1). Of the 32 articles included, 7 were
done in united states, 7 in France, 3 in Canada, 3 in China, 2 in Japan and
1 in each of the following countries (Australia, Germany, Italy, Neth-
erland, South Korea, Spain, Switzerland, Taiwan, Turkey and United
Kingdom), 17 articles (53.13%) were available online in 2020, 13
(40.62%) in 2021 and 2 (6.25) in 2022.

Regarding the type of patients included in the study, immunocom-
promised were included in 12 articles (37.5%), patients with critical
disease were included in 15 articles (46.9%) while the remaining 20
(62.5%) and 17 (53.1%) studies excluded or did not specify the inclusion
of immunocompromised individuals and critical cases, respectively.

In regard to the type of samples used when assessing viral culture, 29
studies (90.6%) used nasopharyngeal swab, 11 (34.38%) used oropha-
ryngeal swab, sputum samples were used in 5 (15.6) articles and
endotracheal aspirates in 3 (9.38%) articles. 1 (3.13%) study tested
samples directly from saliva and a combination of methods were used in
14 (43.75%) of the studies included.

In regards to the last day of virus isolation by culture, most of the
data retrieved from systematic review of the above-mentioned articles
showed that the last day of successful viral isolation ranged somewhere
between 8.5 and 14.50 days (95% confidence interval (CI)) with median
of 11 days and mean of 28.75 days.

The duration of viral viability appears to be more prolonged in
critical patients with median (9.0-57.5 95 %CI) and grouped median
(9.0-53.0 95 %CI) of 20 days and mean of 47.5 days and shorter if those
patients were not specified of excluded with median and grouped me-
dian of 9 days (8.0-13.0 95 %CI) and mean of 10 days, with estimated 2-
sided statistical significance of 0.024

A similar pattern is also observed when immunocompromised in-
dividuals were included in the reviewed article with calculated median
(9.0-103 95 %CI) and grouped median (9.0-85.98 95 %CI) of 20 days
and mean of 54.36 days which noticed to be shorted with median
(8.0-13.98 95 %CI) and grouped median (8.2-13.33 95 %CI) of 9 days
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and mean of 11.67 if this category of patient was not specified or
excluded (P-Value 0.023).

When looking at the relation of CTv and positive viral culture, the
corresponding higher border of CTv to culturable virus ranged between
26.25 and 34.00 (95% confidence interval) with median of 30.5,
grouped median of 30.67 and mean of 30.82, although this range was
slightly wider when critical cases (25.0-37.37 95 %CI) and immuno-
compromised patients (20.0-37.82 95 %CI) have been excluded with
median of 32.5, but this deviation did not represent a statistical signif-
icance or linear-by-linear association (P-Value 0.997 and 0.888)
respectively (Supplementary Table 2).

Discussion

This narrative review provides data on the understanding of SARS-
CoV-2 infectivity. The findings show that 95% of samples are no
longer viable after day 15 in the general population, with a median of 11
days, and with a mean of 28.75 days. When applying this review on
critical patients and immunocompromised individuals, the viable viral
shedding could last up to 2 and 4 months, respectively, with a median of
20 days. These findings correlate with the initial suggestions made from
the Center of Disease Control, that the duration of infectiousness lasts up
to 10 days for mild to moderate cases and up to 20 days in severe cases or
severely immunocompromised hosts, and materializes liberal short-
ening of the period of quarantine into an exclamatory question (CDC,
Media releases, 2021; CDC. COVID-19 Interim Guidance, 2022).

To date, the diagnosis of COVID-19 has relied on the detection of
SARS-CoV-2 through molecular detection (Wiersinga et al., 2020; Li
et al., 2020; Steinbrook, 2020; Shen et al., 2020). While this method is
the gold standard by the World Health Organization (WHO) as it is both
rapid and highly sensitive (Asrani et al., 2021), there are important
limitations in the context of both duration and rate of positivity.
Noticeably, this discrepancy has been reflected in some reviewed studies
that showed that patients with SARS-CoV-2 continue to have prolonged
viral shedding even up to 60 days, no live virus was isolated by culture
method beyond 18 days (Million et al., 2020). Similarly, out of 84
positive RT-PCR for SARS-CoV-2 in healthcare workers, only one sample
produces a cytopathic effect on the 11th day of incubation (Longtin
et al., 2022). The use of RT-PCR as a follow-up method for SARS-CoV-2
infection might represent dead viral particles and has led to infer
misleading information regarding the duration of infectivity of patients,
defining cases and isolation policies. This subsequently increases the
burden on healthcare utilities and human resources, and needs to be
further interpreted with caution to minimize its impact (Asrani et al.,
2021; Widders et al., 2020).

Vero cells were used primarily for the identification of causative
viruses of the disease and evaluating vaccine effectiveness for such vi-
ruses. Recently, Vero E6 cell line was found to enhance SARS-CoV-2 In
vitro growth by exposing the virus to selective pressure. Although the
use of cell culture to define the virus infectivity has been criticized as it
may overexpresses the viral growth and not truly represent the viral
pathogenesis and transmutability in the human host (Wurtz et al., 2021;
Basile et al., 2020; Ramirez et al., 2021), the study of viral growth in
human airway epithelium revealed comparable viral dynamics and
rebutted this theory (Milewska et al., 2020). Importantly, not all studies
using cell culture for SARS-CoV-2 identification reported the viral
cytopathic effect, which serves as an important role for delineating vi-
ruses’ pathogenicity (Longtin et al., 2022). However, the ability to use
viral culture to determine infectivity remains challenging due to un-
available resources and the labor-intensive nature of the pandemic.

A relationship is apparent between the lower CTv threshold and
positive SARS-CoV-2 viral culture (La Scola et al., 2020), with higher
cutoff of 34 based on most of the published articles (Million et al., 2020;
La Scola et al., 2020; Lescure et al., 2020; Gautret et al., 2020). In this
review the analysis showed that 95% of the viable samples have the
higher cutoff of CTv less than 35 (25.25-34.6) for the total cohort

Clinical Infection in Practice 13 (2022) 100140

representing the general population with a median of 30.5. these find-
ings are supported by similar reviews that correlated lower CTv to
infectivity, although, on the contrary, correlation to disease severity was
not established statically in our review (Rao et al., 2020). Therefore,
according to available evidence; infection prevention and control
guidelines may take into account that CTv equal or above 35 may be
safely discharged and no longer require isolation.

As confirmed by multiple reviews, disease severity and immuno-
suppressive status are widely accepted as independent risks for pro-
longed viral shedding (van Kampen et al., 2021 Jan 11; Feng et al.,
2020). This observation has been confirmed by our review which found
that a viable virus can be isolated from this group of patients for up to
2-4 months with a median of 20 days. While the lengthened duration in
critical patients is attributed to multiple factors, including the me-
chanical ventilation dynamics, the nature of samples and the use of
immunomodulators (Xu et al., 20202020) in immunosuppressed host,
this finding is proposed to be secondary to delayed seroconversion due
to underlying immunosuppressive disease or therapy (Buder et al., 2021;
Murphy and Dzik, 2020 Nov 12). However, the decision of discontinuing
isolation in such an entity of patients remains an ample challenge.
Though a combination of test based along with symptoms-based ap-
proaches could help guide the decision-making process in such entities
of patients as proposed by Alshukairi et al. (Alshukairi et al., 2021 Jul).

The recent introduction of point of care testing including rapid an-
tigen test (RAT), for example the Panbio™ COVID-19 Ag Rapid Test
Device (Abbott Diagnostic GmbH, Jena, Germany) started to be widely
available as it is self-operated, easily interpreted and highly specific,
furthermore, it is more sensitive with lower CTv (less than 25), which is
more determinate of infectiousness, as some recent reports suggested
that PCR-positive/RAT-negative individuals are less likely to have
transmissible diseases, its use in correlation with SARS-CoV-2 RT-PCR
might serve as important de-isolation tool, specifically in patient with
prolonged molecular test positivity (Stromer et al., 2020 Dec 28;
Fenollar et al., 2021 Jan 21; Albert et al., 2021 Mar).

There were several limitations in this systematic review, most of the
studies were of low to moderate quality, importantly, the articles’ data
were heterogeneous in regards to disease severity and patient popula-
tion. Also, some studies did not specifically report the relationship be-
tween CTv and successful virus isolation by culture, but correlated it
rather to RT-PCR. Despite a huge effort done from the start of the
pandemic, further studies regarding SARS-CoV-2 transmissibility dy-
namics are needed, especially in post-vaccination era.

Conclusion

We are providing data on the dynamics of SARS-CoV-2 infectivity.
Our review showed that 95% of samples are no longer viable after day
15 in the general population with a median of 11 days. On the other
hand, the viable viral shedding could last up to 2 and 3-4 months in
critical patients and immunocompromised individuals, respectively,
with a median of 20 days, The prolonged viral shedding observed in our
study opposes the most recent CDC Guidance on shortening isolation
duration. Therefore, caution should be considered when revising such
protocols.

This review also clearly shows that repeat testing SARS-CoV-2 viral
RNA in recovering patients has no importance in determining infec-
tivity. This emphasizes the use of a multi-tier approach for isolation
discontinuation which incorporates patient host factors, disease symp-
tomatology and severity. Thus, benefiting most from a combination of
molecular and serological testing to guide clinical decisions and infec-
tion control policies rather than the sole use of molecular testing.
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