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Background.  We aimed to review the evidence from studies relating severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) culture with the results of reverse-transcription polymerase chain reaction (RT-PCR) and other variables that may influence 
the interpretation of the test, such as time from symptom onset.

Methods.  We searched LitCovid, medRxiv, Google Scholar, and the World Health Organization coronavirus disease 2019 
(COVID-19) database for COVID-19 up to 10 September 2020. We included studies attempting to culture or observe SARS-CoV-2 
in specimens with RT-PCR positivity. Studies were dual-extracted and the data summarized narratively by specimen type. Where 
necessary, we contacted corresponding authors of included papers for additional information. We assessed quality using a modified 
Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS 2) risk-of-bias tool.

Results.  We included 29 studies reporting attempts at culturing, or observing tissue infection by, SARS-CoV-2 in sputum, naso-
pharyngeal or oropharyngeal, urine, stool, blood, and environmental specimens. The quality of the studies was moderate with lack of 
standardized reporting. The data suggest a relationship between the time from onset of symptom to the timing of the specimen test, 
cycle threshold (Ct), and symptom severity. Twelve studies reported that Ct values were significantly lower and log copies higher in 
specimens producing live virus culture. Two studies reported that the odds of live virus culture were reduced by approximately 33% 
for every 1-unit increase in Ct. Six of 8 studies reported detectable RNA for >14 days, but infectious potential declined after day 8 
even among cases with ongoing high viral loads. Four studies reported viral culture from stool specimens.

Conclusions.  Complete live viruses are necessary for transmission, not the fragments identified by PCR. Prospective routine 
testing of reference and culture specimens and their relationship to symptoms, signs, and patient co-factors should be used to define 
the reliability of PCR for assessing infectious potential. Those with high Ct are unlikely to have infectious potential.

Keywords.   COVID-19; mode of transmission, viral culture; symptom onset to test date; polymerase chain reaction; SARS-CoV-2.

Effective prevention and management of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infections relies on our ca-
pacity to identify those who are infected or potentially infectious. 
In the absence of predictive clinical signs or symptoms, the major 
means of detection is testing using reverse-transcription quantita-
tive polymerase chain reaction (RT-qPCR) [1–3].

The test amplifies genomic sequences identified in speci-
mens and is highly sensitive, being capable of generating ob-
servable signals from specimens containing minute amounts 
of matching genomic sequence. Amplification of genomic se-
quence is measured in cycle threshold (Ct), each cycle being 
a cutoff for positive detection. There may be a correlation be-
tween Ct values from respiratory specimens, symptom onset 
to test (STT) date, and positive viral culture. Evidence suggests 

the lower the Ct value and the shorter the STT, the higher the 
infectious potential [4] If this is so, we should be able to iden-
tify those with the highest infectious potential.

Identification of a whole virion (as opposed to fragments) and 
proof that the isolate is capable of replicating its progeny in cul-
ture cells is the closest we are likely to get to a gold standard [5]. 
RT-qPCR cannot distinguish between the shedding of live virus 
or of viral fragments with no infectious potential, and it cannot 
measure the quantity of live virus present in a person’s excreta. 
Although viral culture is difficult, time consuming, and requires 
specialized facilities, it potentially represents the best indicator of 
infection and infectious potential. We therefore set out to review 
those studies attempting viral culture, regardless of specimen 
type tested. We investigated the probability of successful culture 
with time from STT and Ct. We also examined the relationship 
between specimen Ct and infectious potential.

METHODS

We searched 4 databases: LitCovid, medRxiv, Google Scholar, 
and the World Health Organization COVID-19 database, using 
the terms “viral culture” or “viral replication” and associated 
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synonyms on 10 September 2020. For relevant articles, citation 
matching was undertaken and relevant results identified.

We included studies reporting attempts to culture SARS-
CoV-2 and those which also estimated the potential infectivity 
of the isolates or observed tissue infection by SARS-CoV-2 and 
related them to other clinical variables such as STT date and 
patient characteristics. Isothermal methods of detection are not 
included in our review, as they do not provide a Ct value.

One reviewer extracted data for each study and a second re-
viewer checked the extraction. Heterogeneity and lack of detail of 
some of the reported data in the included studies prevented pooling. 
We tabulated data and summarized it descriptively by specimen: 
fecal, respiratory, environment, or mixed. Where possible, we also 
reported the duration of detectable RNA and the relationship of 
PCR Ct and log10 copies to positive viral culture.

Where necessary, we contacted corresponding authors of the 
cited papers for additional information. We assessed quality 
using the Quality Assessment of Diagnostic Accuracy Studies 
2 (QUADAS 2)  risk of bias tool, simplified because the in-
cluded studies were not designed as primary diagnostic accu-
racy studies [6]. Our methods are more fully described in our 
protocol (published on 4 July 2020 and updated on 5 October 
2020) [7].

RESULTS

We identified 145 possible articles for inclusion and after 
screening; 29 full texts were read and included (see the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
[PRISMA] [8] flowchart in Figure 1). One unpublished study 
was not included as no permission was given by the authors. 
The included studies were published in 30 articles, 4 of which 
were on preprint servers (see the Supplementary Data for the 
list of Supplementary References). The characteristics of each 
study are shown in Table 1. All included studies were case series 
of moderate quality (Table 2). We could not identify a protocol 
for any of the studies. All had been made public in 2020. We re-
ceived 5 author responses regarding clarifying information (see 
Acknowledgments).

Studies Using Fecal Specimens

Nine studies assessed viral viability from fecal specimens posi-
tive for SARS-CoV-2 based on RT-PCR result [Supplementary 
References 10, 11, 13, 17, 22, 23, 25–27]. One study reported 
infecting ferrets with stool supernatant [Supplementary 
Reference 10]; 2 reported visual growth in tissue [Supplementary 
References 19,  22] and 4 reported achieving viral replication 
[Supplementary References 13, 23, 24,  26]. In 1 additional 
study, the methods were unclear [Supplementary Reference 28].

Studies Using Respiratory Specimens

Seventeen studies reported attempting viral isolation and cul-
ture from respiratory specimens [Supplementary References 

3, 4, 6–10, 13–16, 18, 21–23, 26,  27]. One study successfully 
cultured 26 of 90 nasopharyngeal specimens; positive cul-
tures were observed only up to day 8 post–symptom onset 
[Supplementary Reference 7]. Another study obtained cultures 
from 31 of 46 nasopharyngeal and oropharyngeal specimens 
[Supplementary Reference 3]. The largest study came from the 
La Scola group publications [Supplementary Reference 15] with 
positive cultures from 1941 of 3790 specimens. Another study 
of United Kingdom healthcare workers during a period of low 
viral circulation isolated SARS-CoV-2 from 1 of 19 specimens 
[Supplementary Reference 5].

Two more studies reported a clear correlation between symp-
toms onset, date of sampling, Ct, and likelihood of viral culture 
[Supplementary References 18, 21].

One study [Supplementary Reference 14] of nasopharyngeal spe-
cimens from 638 patients aged <16 years reported achieving culture 
from 12 of the 23 (52%) who tested positive for SARS-CoV-2 with 
a Ct of around 28. Gniazdowski et al [Supplementary Reference 8] 
assessed RNA and infectious virus detection in 161 nasopharyngeal 
specimens from hospitalized COVID-19 patients. Positive culture 
was associated with Ct values of 18.8 ± 3.4 (median, 18.7); nega-
tive culture was associated with mean Ct values 27.1 ± 5.7 (median, 
27.5). More than 90% of the virus isolates were obtained from spe-
cimens with a Ct value <23.

Basile et al [Supplementary Reference 4] reported 24% cul-
ture positivity, with specimens significantly more likely to be 
positive from the intensive care unit. A  report by the Korean 
Centers for Disease Control failed to grow live viruses from 
108 respiratory specimens from “re-positives”—that is, people 
who had tested positive after previously testing negative 
[Supplementary Reference 12].

Ladhani et al [Supplementary Reference 16] reported a suc-
cessful culture rate of 87 of 158 RT-PCR–positive nasopharyn-
geal specimens from 6 nursing homes in London.

Studies Using Environmental Specimens

Two possible (the text is unclear) positive cultures were 
obtained from 95 environmental specimens in 1 study that 
assessed aerosol and surface transmission potential of SARS-
CoV-2 [Supplementary Reference  20]. No viruses could be 
grown from specimens from 7 areas of a large London hospital 
from specimens with a cutoff RT-PCR Ct >30 [Supplementary 
Reference 29].

Ahn and colleagues [Supplementary Reference  1] failed to 
grow live virus from an unspecified number of air specimens 
from isolation rooms of patients with severe COVID-19, but 
were able to grow virus from swabs of handrails and the ex-
ternal surfaces of intubation cannulae.

Mixed Sources

Some studies labeled as mixed-source specimens are also re-
ported by individual specimen in this text.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1764#supplementary-data


e3886  •  cid  2021:73  (1 December)  •  Jefferson et al

Eight studies reported viral culture from mixed sources: 12 
oropharyngeal, 9 nasopharyngeal, and 2 sputum specimens 
[Supplementary Reference  9]; 1 stool specimen and an unre-
ported number of other specimens [Supplementary Reference 10]; 
from saliva, nasal swabs, urine, blood, and stool collected from 
9 COVID-19 patients and a possible specimen stool culture 
[Supplementary Reference 23]; 9 nasopharyngeal, oropharyngeal, 

stool, serum, and urine specimens [Supplementary Reference 13]; 
and 7 sputum specimens, 3 stool specimens, and 1 nasopharyn-
geal specimen of 11 patients [Supplementary Reference 26]. In the 
study by Yao [Supplementary Reference 26], all specimens had 
been taken within 5 days of symptom onset and there was a rela-
tionship between copy thresholds and cytopathic effect observed 
in infected culture cells.

Figure 1.  Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart.
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Kim and colleagues reported no viral growth from an 
unclear number of serum, urine, and stool specimens, de-
spite these specimens being collected soon after admis-
sion [Supplementary Reference 11]. Lu and colleagues also 
reported no viral growth; however, their specimens were 
from 87 cases that tested “re-positive” [Supplementary 
Reference 17].

One study [Supplementary Reference  27] reported 21 
positive cultures from nasopharyngeal specimens of 19 
hospitalized patients in Singapore, but no growth from 
specimens with a Ct value >30 or collected >14 days after 
symptoms onset. No culture was achieved from the urine 
or stool specimens.

Blood Cultures

In 1 study by Andersson et al [Supplementary Reference 2], 20 
RT-PCR–positive serum specimens from 12 individual patients 
were selected at random from a COVID-19 specimen bank at 
3–20 days following onset of symptoms. None of the 20 serum 
specimens produced a viral culture.

Postmortem Study

One study on alveolar specimens from 68 elderly deceased 
patients reported that postmortem studies on lung tissues 
from 6 cases were available for viral isolation. The evalua-
tion showed viable SARS-CoV-2 in all 6 cases—in 1 case on 
day 26 from symptom onset [Supplementary Reference 6].

Duration of RNA Viral Detection

Table 3 shows that 9 studies reported on the duration of viral 
RNA detection as assessed by PCR for SARS-CoV-2 RNA 
[Supplementary References 7, 8, 10, 12, 13, 21, 24, 25,  27]. 
All 9 studies reported RNA detection for >7 days. Young et al 
[Supplementary Reference 27] reported that SARS-CoV-2 was 
detectable from nasopharyngeal swabs by PCR up to 48 days 
after symptom onset.

Live Viral Culture Window

The live viral culture time window was much shorter than for 
viral RNA identification, including reports of <8  days STT 
[Supplementary Reference  23] and Ct <24 [Supplementary 
Reference  7]. Median duration of viral RNA identification in 

Table 2.  Quality of Included Studies

Study [Supplementary Reference]
Description of Methods and  
Sufficient Detail to Replicate

Sample Sources 
Clear

Analysis and Reporting 
Appropriate

Is Bias Dealt 
With Applicability

Ahn 2020 [S1] Yes Yes Yes Partly Unclear

Andersson 2020 [S2] Yes Yes Yes Partly Yes

Arons 2020 [S3] Yes Yes yes Yes Unclear

Basile 2020 [S4] Yes Yes Yes Unclear Unclear

Borczuk 2020 [S5] Yes Yes Yes Yes Unclear

Brown 2020 [S6] Yes Yes Yes Unclear Unclear

Bullard 2020 [S7] Yes Yes Yes Unclear Unclear

Gniazdowski [S8] Yes Yes Yes Unclear Unclear

Huang 2020 [S9] Yes Yes Yes Unclear Unclear 

Jeong 2020 [S10] Yes Yes Yes No Unclear

Kim 2020 [S11] No No No Unclear Unclear

Korean Centers for Disease Control 
[S12]

No Partly Partly No Unclear

Kujawski 2020 [S13] Yes Yes Yes Unclear Unclear

L’Huillier 2020 [S14] Yes Yes Yes Unclear Unclear

La Scola 2020 [S15] Yes Yes Yes Unclear Unclear

Ladhani 2020 [S16] Yes Yes Yes Yes Likely

Lu 2020 [S17] Yes Yes Yes Partly Yes

Perera 2020 [S18] Yes Yes Yes Unclear Unclear

Qian 2020 [S19] Yes Yes Yes Unclear Unclear

Santarpia 2020 [S20] Yes Yes Yes Unclear Unclear

Singanayagam [S21] Yes No Yes Unclear Unclear

Wang 2020 [S22] No Yes Yes No Unclear

Wölfel 2020 [S23] Yes Yes Yes Unclear Unclear

Xiao 2020 [S24] No Yes Yes No Unclear

Xiao 2020 [S25] Yes Yes Yes No Unclear

Yao 2020 [S26] Yes Yes Yes Unclear Unclear

Young 2020 [S27] Yes Yes Yes Yes Yes

Zhang 2020 [S28] Partly Yes Yes No Unclear

Zhou 2020 [S29] Yes Yes Yes Unclear Unclear
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culture was 4 days (interquartile range, 1–8 days) [Supplementary 
Reference 21].

Relationship Between RT-PCR Results and Viral Culture of SARS-CoV-2

Ten studies analyzed the relationship between Ct values and the 
possibility of culturing live virus [Supplementary References 4, 
5, 7–9, 15, 16, 21, 23, 27] and 3 quantified the mean log copies 
of detected virus and live culture [Supplementary References 9, 
14, 18] (Table 4). All reported that Ct values were significantly 
lower and log copies were significantly higher in those with live 
virus culture. Five studies reported no growth in specimens 
based on a Ct cutoff value [Supplementary References 5, 7, 9, 
16, 27], ranging from Ct >24 [Supplementary Reference 7] to 35 
[Supplementary Reference 15].

The estimated probability of recovery of virus from spe-
cimens with Ct=35 was 8.3% (95% confidence interval [CI], 
2.8%–18.4%) [Supplementary Reference 21]. All donors above 

the Ct threshold of 35 (n = 5) producing live culture were 
symptomatic.

In 6 London nursing homes, there was no correlation be-
tween Ct values and symptoms in either residents or staff 
[Supplementary Reference  16], although nearly 50% of both 
categories were asymptomatic.

One study [Supplementary Reference  9] reported dif-
ferent cutoff thresholds depending on the gene fragment 
analyzed. No growth was found for the Nsp 12 fragment at 
Ct >31.5, whereas the value was higher for the N gene frag-
ment (>35.2).

The odds for culturing live virus decreased by 0.64 for 
every 1-unit increase in Ct (95% CI, .49–.84; P < .001) 
[Supplementary Reference 7]; another study [Supplementary 
Reference 21] reported similar results in line with empirical 
evidence of an increased Ct of 0.58 per day since symptoms 
started [9].

Table 3.  Duration of Detectable Severe Acute Respiratory Syndrome Coronavirus 2 RNA in the Included Studies

Study [Supplemen-
tary Reference]

Duration of Detectable SARS-CoV-2 RNA as Assessed by 
PCR Comments on the Clinical Course

Bullard [S7] Specimens included in this study included those positive 
for SARS-CoV-2 by RT-PCR from day of symptom onset 
(day 0) up to 21 d post–symptom onset. 

SARS-CoV-2 Vero cell infectivity of respiratory specimens from SARS-CoV-2–
positive individuals was only observed for RT-PCR Ct <24 and symptom 
onset to test of <8 d.

Gniazdowski [S8] Patients who received repeated testing with longitudinal 
positive results were tested within a time frame that 
ranged from <1 d to >45 d.

Four patients had infectious virus recovered from specimens collected up to 
22 d after the first positive result. Many patients who tested negative for 
SARS-CoV-2 showed a subsequent positive result.

Jeong [S10] Five PCR-positive patients, day 8 to day 30 after symptom 
onset.

Viable SARS-CoV-2 was demonstrated in saliva, urine, and stool specimens 
from COVID-19 patients up to days 11–15 of the clinical course.

Korean CDC [S12] On average, it took 45 d (range, 8–82 d) from the initial 
symptom onset date to testing re-positive after dis-
charge (based on 226 cases symptomatic at the time of 
initial confirmation).

This may indicate duration of viral RNA detection over a long period of time 
and inconsistently.

These data may not be comparable with information from studies specifi-
cally observing the duration of viral RNA detection as an outcome.

Time to retesting positive via PCR is reported among this specific group of 
individuals who retested positive by PCR.

Kujawski [S13] Duration of SARS-CoV-2 detection by RT-PCR was 7–22 d. First 12 identified patients in the United States. Respiratory specimens were 
collected between illness days 1 to 9 (median, day 4). All patients had 
SARS-CoV-2 RNA detected in respiratory specimens, typically for 2 to 
3 wk after illness onset.

Mean duration of fever was 9 d. Two patients received a short course of 
corticosteroids.

Singanayagam 
[S21]

SARS-CoV-2 viral load identified that the level of SARS-
CoV-2 RNA in the upper respiratory tract was greatest 
around symptom onset, steadily decreased during the 
first 10 d after illness onset, and then plateaued up to 
day 21.

Probability of culturing virus declined to 8% in specimens with Ct >35 and to 
6% 10 d after onset.

Xiao [S24] The viral load was higher in feces than in respiratory spe-
cimens collected at multiple time points (17–28 d after 
symptom onset). 

Isolation of virus from fecal specimens collected at later time points was not 
successful, although results for virus RNA remained positive, indicating 
only RNA fragments, not infectious virus, in feces of this patient collected 
at later time points of disease onset.

Xiao [S25] The duration time of positive stool results ranged from 1 
to 12 d.

17 (23%) patients continued to have positive results in stool after showing 
negative results in respiratory specimens.

Young [S27] SARS-CoV-2 RNA was detectable from nasopharyngeal 
swabs by PCR up to 48 d after symptom onset.

Mean duration of viral RNA detection by PCR was 16.7 d (95% CI, 
15.2–18.3). 

Cessation of viral RNA detection by PCR occurred in 4% by day 7, 30% by 
day 14, 78% by day 21, and 91% by day 28. There were no differences 
by disease severity. No virus was isolated when the PCR cycle threshold 
value was >30 or >14 d after symptom onset. 

Abbreviations: CDC, Centers for Disease Control; CI, confidence interval; PCR, polymerase chain reaction; RT-PCR, reverse-transcription polymerase chain reaction; SARS-CoV-2, severe 
acute respiratory syndrome coronavirus 2.
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DISCUSSION

The studies in this review attempted, and some successfully 
achieved, culture of SARS-CoV-2 in the laboratory, using a 
range of different specimens. There is evidence of a positive re-
lationship between lower cycle count threshold, likelihood of 
positive viral culture, and date of symptom onset [10]. This is 
seen clearly in the 2 studies assessing the infectious potential of 
“re-positives”—that is, COVID-19 patients who had been dis-
charged from hospital after testing negative repeatedly and who 
then tested positive after discharge [Supplementary References 
12, 17].

Lu and colleagues considered 4 hypotheses for the origin of 
“re-positives” [Supplementary Reference  17]. On the basis of 
their evidence, they discarded reinfection and latency as ex-
planations and concluded that the most plausible explanations 
were either contamination of the specimen by extraneous ma-
terial or identification in the specimen of minute and irrelevant 
particles of dead SARS-CoV-2 representing virus long neutral-
ized by the immune system.

Rapid expansion in testing capability requires training proto-
cols and precautions to avoid poor laboratory practice, which 
may not be possible in the time pressure of a pandemic. The 
evidence in this review shows that those with high Ct values are 
unlikely to have infectious potential.

Interpreting the results of RT-PCR requires consideration 
of patient characteristics such as symptoms and their severity, 
contact history, presence of preexisting morbidities and drug 
history, the Ct value, the number of days of STT, and the spec-
imen donor’s age [11, 12].

Several of our included studies assessed the relationship of 
these variables; there appears to be a time window during which 
RNA detection is at its highest with low Ct and higher possi-
bility of culturing a live virus, with viral load and probability of 
growing live virus of SARS-CoV-2 peaking much sooner than 
that of severe acute respiratory syndrome (SARS) or Middle 
East respiratory syndrome (MERS) coronaviruses [11]. We pro-
pose that further work should be done on this with the aim of 
constructing an algorithm for integrating the results of PCR 
with other variables, to increase the effectiveness of detecting 
infectious patients.

PCR should be continuously calibrated against a reference 
culture in Vero E6 cells in which cytopathic effect has been ob-
served [Supplementary Reference  6]. Confirmation of visual 
identification using methods such as an immunofluorescence 
assay may also be needed to aid diagnosis [5]. Henderson and 
colleagues have called for a multicenter study of all currently 
manufactured SARS-CoV-2 nucleic acid amplification tests to 
correlate the Ct values on each platform for patients who have 
positive and negative viral cultures. Calibration of assays could 
then be done to estimate virus viability from the Ct with some 
certainty [13].

Ascertainment of infectious potential is all the more impor-
tant as there is good evidence of viral RNA persistence across 
a whole range of different viral diseases with little or no infec-
tious potential in the postinfectious phase of MERS [14], mea-
sles [15], other Coronaviridae, hepatitis C virus, and a variety of 
animal RNA viruses [16].

In 1 COVID-19 (former) case, viral RNA was detectable until 
day 78 from symptom onset with a very high Ct [9] but no cul-
ture growth, implying a lack of infectious potential.

SARS-CoV-2 methods of cell culture vary and to our know-
ledge have not been standardized. Methods vary depending 
upon the selection of the cell lines and the collection, transport, 
and handling and maintenance of viable and healthy inoculated 
cells [17]. We therefore urgently recommend the development 
of standard culture methods and external quality assessment 
schemes for laboratories offering testing for SARS-CoV-2 [18, 
19]. If identification of viral infectious potential relies on visual 
inspection of cytopathic effect, then a reference culture of cells 
must also be developed to test recognition against infected cells. 
Viral culture may not be appropriate for routine daily results, 
but specialized laboratories should use viruses as controls, per-
form complete investigations when needed, and store represen-
tative clinical strains whenever possible [17]. Current evidence 
is too limited to establish the feasibility of generating a uni-
versal Ct value, as this may change with circumstances (eg, hos-
pital, community, cluster, and symptom level) and laboratory 
methods, so more information is urgently needed [20].

We suggest the WHO produce a protocol to standardize the 
use and interpretation of PCR and routine use of culture or an-
imal models to continuously calibrate PCR testing, coordinated 
by designated Biosafety Level 3 laboratory facilities with in-
ward directional airflow [21]. Further studies with standardized 
methods [20] and reporting are needed to establish the magni-
tude and reliability of this association.

The results of our review agree with the scoping review 
by Byrne and colleagues on infectious potential periods [22] 
and those of the living review by Cevik and colleagues [11]. 
The authors reviewed 79 studies on the dynamics, load, 
and RNA detection for SARS, MERS, and SARS-CoV-2 
from symptom onset. They concluded that although SARS-
CoV-2 RNA identification in respiratory (up to 83 days) and 
stool (35  days) can be prolonged, duration of viable virus 
is relatively short-lived (up to a maximum of 8  days from 
symptom onset). Those results are consistent with Bullard 
et  al, who found no growth in specimens with a Ct >24 
[Supplementary Reference  7] or when symptom onset was 
>8 days, and Wölfel et al [Supplementary Reference 23] who 
reported that virus could not be isolated from specimens 
taken after day 8 even among cases with ongoing high viral 
loads. The review by Rhee and colleagues reaches conclu-
sion similar to ours [10].
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The importance of symptom onset and reported PCR 
threshold is shown in a study that collected test data during a 
prospective household transmission study. The authors found 
that Ct values were lowest soon after symptom onset and correl-
ated with time elapsed since symptom onset (within 7 days after 
symptom onset, the median Ct value was 26.5 compared with 
a median of 35.0 at 21 days after onset). Ct values were signifi-
cantly higher among those participants reporting no symptoms, 
and lower in those reporting upper respiratory symptoms at the 
time of specimen collection [23].

The evidence is increasingly pointing to the probability of 
culturing live virus being related to the amount of viral RNA in 
the specimen and, therefore, inversely related to the Ct. Thus, 
detection of viral RNA per se cannot be used to infer infectious-
ness. Duration of excretion may also be linked to age, male sex, 
and possibly use of steroids and severity of illness.

Our review is limited by the lack of standardized reporting 
and lack of standard testing methods among the included 
studies [18]. Ct threshold reporting was inconsistent, preventing 
pooling or further in-depth analysis of the data, and insuffi-
cient clinical details were reported to define the possible role of 
asymptomatic or presymptomatic persons in transmission. The 
included studies were case reports or case series with a mixture 
of laboratory and clinical data, and variable in reporting the re-
lation between donor characteristics and PCR results.

We may have missed some studies or new studies as they 
are published, and we aim to update this review with emerging 
evidence.

CONCLUSIONS

The evidence gathered in this review points to a relationship 
between the time from collection of a specimen to test, Ct, and 
symptom severity. We recommend that a uniform international 
standard for reporting of comparative SARS-CoV-2 culture 
with index test studies be produced. Particular attention should 
be paid to the relationship between the results of testing, clin-
ical conditions and the characteristics of the source patients, de-
scription of flow of specimens, and testing methods. Defining 
cutoff levels predictive of infectious potential [24] should be 
feasible and is necessary for diagnosing viral respiratory infec-
tions using molecular tests.
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Supplementary materials are available at Clinical Infectious Diseases online. 
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