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Objectives: This study aimed to evaluate the associations between COVID-19 severity and active viral
load, and to characterize the dynamics of active SARS-CoV-2 clearance in a series of archival samples
taken from patients in the first wave of COVID-19 infection in the South West of the UK.

Methods: Subgenomic RNA (sgRNA) and E-gene genomic sequences were measured in a retrospective
collection of PCR-confirmed SARS-CoV-2-positive samples from 176 individuals, and related to disease

Keywords: severity. Viral clearance dynamics were then assessed in relation to symptom onset and last positive test.
SARS-COV-2 Results: Whilst E-gene sgRNAs declined before E-gene genomic sequences, some individuals retained
sgRNA

sgRNA positivity for up to 68 days. 13% of sgRNA-positive cases still exhibited clinically relevant levels of
virus after 10 days, with no clinical features previously associated with prolonged viral clearance times.
Conclusions: Our results suggest that potentially active virus can sometimes persist beyond a 10-day
period, and could pose a potential risk of onward transmission. Where this would pose a serious public
health threat, additional mitigation strategies may be necessary to reduce the risk of secondary cases in
vulnerable settings.

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
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Introduction

Ongoing transmission of SARS-CoV-2 remains a problem world-
wide. Patchy vaccination coverage in multiple parts of the world,
vaccine hesitancy in vulnerable groups, and differences in the effi-
ciency of available vaccines mean that virus transmission remains
a problem in community and clinical settings, and in long-term
care of older people. While opportunities for unfettered transmis-
sion remain, selection pressures on the evolving virus raise the
risk of producing variants that significantly increase transmissibil-
ity, morbidity, or mortality, or have the ability to evade the host
immune response produced by previous infection or vaccination.
The impact of more transmissible variants of SARS-CoV-2 has been
observed: the B.1.1.7 Kent variant, which has elevated infectivity

sgRNA, subgenomic RNA.
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(Leung et al., 2021), was implicated as a crucial factor in the sec-
ond wave of infections in the UK (Volz et al., 2021), while vari-
ants carrying similar genetic changes were linked with the emer-
gence of a third wave in Europe and South America (Claro et al.,
2021). Regions of Brazil retained very high rates of new infection,
despite their existing population-wide seropositivity of over 76%
(Sabino et al., 2021). Similarly, India experienced a catastrophic
second wave, despite an estimated 50% of citizens in the largest
cities having had prior exposure (Mallapaty, 2021). Reaching a ‘zero
Covid’ situation globally in the near term seems unlikely, so there
remains a need for strategies to contain transmission of SARS-CoV-
2 for the foreseeable future.

A key component of the prevention of SARS-CoV-2 transmis-
sion is the identification and isolation of infected individuals. A
better understanding of who is likely to present an extended infec-
tious period, and for how long, would greatly inform strategies to
more effectively limit transmission. Limited findings suggest that
most COVID-19 transmission occurs in the early stages of the dis-
ease, or before the onset of symptoms (He et al., 2020; Lauer et al.,
2020; Shrestha et al., 2020; Xu et al., 2020; Yang et al., 2020). Most
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evidence suggests that replication-competent virus cannot usually
be recovered from individuals with mild-to-moderate COVID-19
disease beyond 10 days of symptom onset (Arons et al., 2020;
Bullard et al., 2020). Other studies have suggested that whilst the
shedding of viral fragments may be prolonged, the duration of vi-
able virus is relatively short-lived (Cevik et al., 2021) and pro-
longed transmission potential may only be evident in individuals
with severe disease (van Kampen et al.,, 2021) or in severely im-
munocompromised patients (Aydillo et al., 2020; Avanzato et al.,
2020; Choi et al., 2020). However, assessments of longer-term
shedding of infectious virus in otherwise clinically unremarkable
people are lacking because the widely available tests assess only
the presence of viral fragments, not replicating viral genomes. Indi-
viduals frequently test positive for viral fragments beyond 6 weeks
of onset of symptoms, in a fluctuating positive/negative pattern
(Jang et al., 2021). Moreover, a positive result as detected by quan-
titative real-time PCR (RT-qPCR) for viral genomic sequences does
not represent the presence of replication-competent virus, since vi-
ral fragments may remain after viral clearance (Arons et al., 2020;
Bullard et al., 2020; Lu et al., 2020). The gold standard for deter-
mining infectious potential is viral culture. However, this is not a
process suitable for rapid upscaling and high throughput. More-
over, it carries an obvious infective risk to staff and few diagnostics
laboratories have the facilities to undertake the necessary culture.

A better measure of infectious potential may be the assessment
of subgenomic RNAs (Wolfel et al., 2020). Subgenomic RNAs are
produced by the discontinuous transcription of virion structural
genes during active replication, and result in the formation of re-
arranged template sequences that are not found in juxtaposition
in the native RNA genome of the virus (Wu and White, 2007).
Although the correlation between infectivity and E-gene-derived
sgRNA positivity is not always well conserved (van Kampen et al.,
2021; Alexandersen et al., 2020), it may be a better proxy than E-
gene viral load for replication, and better suited for assessment of
archival clinical samples than other techniques, such as viral cul-
ture. Our study aimed to evaluate the relationship between ge-
nomic SARS-CoV-2 E-gene sequences, E-gene-derived sgRNA SARS-
CoV-2 viral sequences, disease severity, and duration of infectious
period in a retrospective collection of swab RNA samples from 265
clinically confirmed COVID-19 cases from the South West of the
UK during the first wave of infection, between March 17, 2020 and
November 29, 2020.

Methods
Patient samples

Our sample set consisted of RNA extracted from 265 archival
nasopharyngeal swab samples derived from individuals who had
previously tested positive for SARS-CoV-2 sequences at the Royal
Devon and Exeter Hospital between March 17, 2020 and November
29, 2020. This sample set comprised viral genomes from the A.2,
B.1, B.1.1, B.1.1.10, B.1.1.162, B.1.1.206, B.1.1.261, B.1.1.52, B.1.12, B.1.275,
B.1.5, B.1.91, B.1.98, B.1.28, B.1.3, B.1.35, B.1.139, B.1.48, B.1.177.9,
B.1.1.315, B.1.117, and B.1.160.6 strains circulating in the UK popula-
tion at the time of testing. As described previously (Ladhani et al.,
2020), participants were identified during routine clinical practice,
and retrospective samples were obtained through the Royal De-
von and Exeter Tissue Bank (RDETB — ethical approval REC No.
11/SW/0018). The majority of individuals provided a single sam-
ple, but serial samples were available for 17 individuals, taken as
part of routine clinical care. Patient characteristics are shown in
Table 1. Patients were classified as asymptomatic, mild, moderate,
severe, or critical disease categories according to NIH criteria (Clin-
ical Spectrum | COVID-19 Treatment Guidelines (nih.gov).
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Assessment of E-gene and E-sgRNA viral load

RNA was extracted using the Chemagic Viral DNA/RNA Kit
on the Chemagic 360D platform. Viral loads were measured by
quantitative real-time PCR protocols adapted from Corman et al.
(Corman et al., 2020) and Wélfel et al., (Wolfel et al., 2020) for E-
gene and E-gene-derived sgRNA sequences, respectively. Reactions
were performed using the SuperScript™ One-Step RT-PCR System
with Platinum™ Taq DNA Polymerase (Thermo Fisher, Waltham,
USA), according to manufacturer’s instructions. E-gene reactions
contained 5 uL of reaction buffer, 0.4 uL of enzyme mix, 400 nM
of each primer, 200 nM of probe, and 4 uL of sample in a total
volume of 10 uL. Subgenomic RNA reactions contained 5 uL of re-
action buffer, 0.4 uL of enzyme mix, 0.16 uL of MgSQO4, 400 nM
of each primer, 200 nM of probe, and 4 L of sample in a to-
tal volume of 10 uL. PCR conditions were one cycle of 50°C for
10 minutes and one cycle of 95°C for 3 minutes, followed by 45
cycles of 95°C for 10 seconds, 56°C for 15 seconds, and 72°C for
5 seconds. Reactions were carried out in 384 well plates on the
QuantStudio™ 12K Flex Real-Time PCR System (Applied Biosys-
tems, Foster City, USA). Probes and primers were obtained from
Thermo Fisher (Waltham, USA), and the sequences taken from
Corman et al. (Corman et al, 2020) (E gene) and Wéolfel et al.,
(Wolfel et al., 2020) (E sgRNA). The probes in our study were la-
belled at the 5’ end with 6-FAM labels and at the 3’ end with
QSY quenchers. E-gene and E-sgRNA viral loads were determined
in relation to known quantities of synthetic standards by standard
curve analysis. These synthetic standards consisted of the probe
and primer binding sites in a single long oligonucleotide for each
of the E-gene and E-gene-derived sgRNA sequences, and were ob-
tained from Invitrogen (Waltham, USA). Oligonucleotide sequences
are provided in Supplementary File S1. Working stock solutions
of synthetic standards at 1010 copies per mL in TE buffer were
then created, and standard curves were prepared from this stock.
For quantification of sample viral load, standard curves consisting
of a 10-fold serial dilution of synthetic standards from 108-10!
copies/L were then run on each sample plate. Representative stan-
dard curves are given in Supplementary Figure S1. Viral loads were
then determined from test samples by absolute quantification, as
determined from the standard curves.

Association of E-gene and E-sgRNA viral load in relation to disease
severity

The relationship between E-gene or E-sgRNA viral load and dis-
ease severity was assessed by linear regression analysis, with ad-
justment for age, sex, smoking history, and number of comorbidi-
ties. Association between E-gene or E-sgRNA viral load and pres-
ence or absence of symptoms was assessed using ANOVA. Statisti-
cal analyses were carried out using the STATA SE 16 package (Stat-
aCorp, College Station, TX, USA).

Analysis of serial samples

Access to serial samples for analysis was available for 17 indi-
viduals. These samples were taken as part of routine clinical care
and, as such, there was no control over the timing of repeat sam-
ples. Nevertheless, these samples provided an opportunity to ex-
plore the dynamics of viral loads in single individuals over time. E-
gene and E-gene-derived sgRNA viral loads were measured in each
serial sample as described above, with an observational study of
the presence or absence of E-gene or E-gene-derived sgRNA posi-
tivity carried out over successive samples.
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Table 1
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Clinical characteristics of the study population. The anthropometric and demographic
characteristics of individuals in our sample cohort of 176 PCR-confirmed SARS-CoV-2
cases are shown. SD = standard deviation, IQR = interquartile range. Where individuals
had multiple samples, the initial sample in the series was used for this analysis. Where
available, duration of disease was defined as the interval between onset of symptoms
and a positive test, where symptom onset pre-dated testing.

Patient characteristics (N = 265)
Number E-gene positive

Number E-sgRNA positive

% male

Mean age (SD)

Median age (IQR)

Number of asymptomatic patients

Number of patients categorized as having mild disease
Number of patients categorized as having moderate disease
Number of patients categorized as having severe disease
Number of patients categorized as having critical disease

Mean duration of disease (days, SD)

Median duration of disease (days, IQR)

176
72

449

53.9 (SD = 17.7)
55 (IQR = 21.75)
42.0%

20.0%

12.5%

18.75%

6.25%

7.3 (8.58)

7(8)

Assessment of duration of ‘replicative’ virus

The dynamics of E-gene or E-gene-derived sgRNA positivity in
relation to disease duration was then explored. The majority of
individuals provided a single sample at diagnosis for this analy-
sis; for those who had provided serial samples, the initial sample
was included. To provide a concrete assessment of duration of dis-
ease, the number of days between onset of symptoms and positive
test was measured where symptom onset pre-dated testing. A viral
load of > 103 was considered clinically relevant (Jacot et al., 2020;
Zheng et al., 2020). Next, the numbers of individuals who were still
testing positive for E-gene or E-gene-derived sgRNA after 10 days,
11-20 days, 21-30 days, and 31+ days were assessed. Differences
in clinical traits between individuals who had a disease duration
of < 10 days and those who had a disease duration of > 10 days
were also investigated.

The clinical traits studied were: age, sex, initial viral load, sever-
ity (asymptomatic/mild/moderate vs severe/critical), comorbidities
(< 3 of any of diabetes, hypertension, dementia, chronic lung dis-
ease, chronic kidney disease, or cancer vs > 3 of the above), and
immunocompromised status or current treatment with immuno-
suppressive drugs (steroids, or other immunosuppressive drugs).
Associations between duration of RT-qPCR positivity and continu-
ous traits (age, viral load) were assessed by ANOVA, while associ-
ations with discrete traits (sex, immunocompromised status, con-
current treatment with immunosuppressive drugs, comorbidities,
severity) was assessed by x?2 analysis.

Results
SARS-CoV-2 patient samples

E-gene SARS-CoV-2 sequences were detected in 176/265 RNA
samples taken during the first wave of infection, between March
17, 2020 and November 29, 2020, of which 72 were also E-gene-
derived sgRNA positive. 74 patients were classified as asymp-
tomatic. 36 were classified as having mild disease (cough, fever,
myalgia, headache, gastrointestinal symptoms, anosmia). 22 were
classified as having moderate disease (shortness of breath or dys-
pnoea but oxygen saturation > 94%). 33 were classified as hav-
ing severe disease (respiratory frequency > 30 breaths per minute,
oxygen saturation < 94%) and 11 were classified as deemed crit-
ical (respiratory failure, assisted ventilation). The strain of SARS-
CoV-2 present in each sample was confirmed by cDNA sequencing,
to identify the A.2, B.1, B.1.1, B.1.1.10, B.1.1.162, B.1.1.206, B.1.1.261,
B.1.1.52, B.1.12, B.1.275, B.1.5, B.1.91, B.1.98, B.1.28, B.1.3, B.1.35,
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B.1.139, B.1.48, B.1.177.9, B.1.1.315, B.1.117, or B.1.160.6 strains of
SARS-CoV-2. No SARS-CoV-2 variant of concern (VOC) sequences
were found in our sample set. The mean viral loads in the sam-
ple set were 1.9 x 107 copies/mL (range 2.1 copies to 1.2 x 10°
copies/mL) for the E-gene and 1.7 x 10% copies/mL (range 12.5
copies to 7.9 x 107 copies/mL) for E-gene-derived sgRNA.

RT-qPCR detection of SARS-CoV-2 E sgRNAs

Using the previously described methods (Corman et al., 2020;
Wolfel et al., 2020) it was possible to reliably detect as few
as 10 copies/mL of both E-gene and E-gene-derived sgRNA viral
genomes. In spite of this low detection limit, a linear relationship
between crossing point and SARS-CoV-2 input was only evident at
quantifications of over 100 copies (Supplementary Figure S1). Both
assays performed well over a linear range of 103 to 108 copies.
The PCR efficiencies for the E-gene and E-gene-derived sgRNA were
100% and 99%, respectively. Reproducibility over the linear range of
the assays was good, with r2 values between replicates of 0.998 for
E-gene and 0.996 for E-gene-derived sgRNA.

Both E-gene and E-sgRNA viral loads correlate with the presence of
symptoms

E-gene sequences were identified in samples derived from 176
individuals, 72 of which were also positive for E-sgRNA. Viral
loads were found to be higher in symptomatic individuals than
in asymptomatic individuals for both E-gene and E-sgRNA frag-
ments: 7.98 x 10* compared with 5.46 x 10* copies/mL, respec-
tively, for E-gene sequences (p = 0.006) and 4.52 x 103 compared
with 148 x 103 copies/mL, respectively, for sgRNA sequences
(p = 0.03) (Figure 1). A linear relationship between E-gene viral
load and severity was identified, as defined by NIH criteria (8 co-
efficient = 0.56, SE = 0.27, p = 0.04; Figure 2). Although a similar
trend was observed between E-sgRNA viral load and severity, this
did not reach statistical significance. No associations were identi-
fied between age and viral load in the initial sample for either
E-gene or E-sgRNA levels, following adjustment for the presence
or absence of symptoms (p = 0.382 and 0.314, respectively). Sim-
ilarly, no associations were identified between sex and viral load
for either E-gene or E-sgRNA. Individuals with > 2 comorbidities
had significantly higher E-gene viral loads than those with < 2 co-
morbidities (p = 0.02), but this relationship was not observed for
E-sgRNA.
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Figure 1. The association between E-gene and E-gene-derived sgRNA viral loads and the presence of COVID-19 symptoms following SARS-CoV-2 infection. A. Viral load
assessed using assay targeted to the E-gene. B. Viral load assessed by assay targeted to E-gene-derived sgRNA. The presence or absence of symptoms is indicated on the
x-axis, and the viral load (expressed in copies/mL) is given on the y-axis. *p < 0.05; **p < 0.01. Statistical significance was determined by one-way ANOVA.
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Figure 2. The association between E-gene and E-gene-derived sgRNA viral loads and disease severity following SARS-CoV-2 infection. A. Viral load assessed using assay
targeted to the E-gene. B. Viral load assessed by assay targeted to E-gene-derived sgRNA. Patients were classified according to NIH criteria: i) asymptomatic, ii) mild disease
(cough, fever, myalgia, headache, gastrointestinal symptoms, anosmia, shortness of breath, or abnormal chest imaging), iii) moderate disease (shortness of breath or dyspnoea,
but with oxygen saturation > 94%), iv) severe illness (respiratory frequency > 30 breaths per minute, oxygen saturation < 94%), or v) critical (respiratory failure, assisted
ventilation); n = 11 for E-gene and n = 7 for E-sgRNA). The viral load expressed in copies/mL is shown on the y-axis. *p < 0.05. Statistical significance was determined by

one-way ANOVA.

Persistence of clinically relevant levels of SARS-CoV-2 E-sgRNAs in
some individuals more than 10 days after symptom onset

For a small subset of our cohort (17 individuals), a set of se-
rial samples taken as part of routine clinical testing was available.
In 7/17 (42%) of these samples, no amplification of E-gene-derived
sgRNA was identified at any timepoint, although all were positive
for the E-gene sequences. SARS-CoV-2 E-sgRNAs were identified
only at the time of the initial positive sample in 5/17 (29%) cases,
while in a further 5/17 (29%) samples, E-gene-derived sgRNA pos-
itivity was evident in subsequent samples for up to 68 days from
PCR-confirmed infection (Figure 3). Conversely, 16/17 (94%) of the
samples were positive for E-gene sequences in subsequent samples
(Figure 3). The higher the initial E-gene-derived sgRNA viral load,
the more likely it was to observe E-gene-derived sgRNA amplifica-
tion in subsequent samples (Figure 3).
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To provide a more definitive assessment of variation in dura-
tion of E-gene-derived sgRNA infection, the relationships between
E-gene and E-gene-derived sgRNA positive status and viral load
were assessed, based on the times between onset of symptoms
and the last positive PCR test. This information was available for
65/176 individuals testing positive for E-gene and 32/72 individu-
als testing positive for E-sgRNA. E-gene fragments were detected
in 17/65 (26%) of samples between day 11 and day 31+, of which
14/65 (22%) were present at levels of < 103 copies/mL. E-sgRNA
was detected in 9/32 (28%) of samples between day 11 and day
31+, of which 4/32 (13%) were present at clinically relevant lev-
els of > 103 copies/mL (Figure 4). None of the patients in whom
E-sgRNA was detected at a viral load of > 103 copies/mL had
clinical features that would lead clinicians to suspect prolonged
infectivity. Patient 1 was a 54-year-old male, classified as hav-
ing community-acquired severe disease, who had an E-sgRNA vi-
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Figure 3. The kinetics of viral load decline in serial samples. The decline in SARS-CoV-2 E-gene and E-gene-derived sgRNA viral load over time in a set of 17 samples is
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ral load of 6.6 x 10° copies/mL in a sample taken 26 days af-
ter symptom onset. Patient 2 was a 53-year-old female, with mild
disease, who had an E- sgRNA viral load of 2.2 x 103 copies/mL
in a sample taken 20 days after symptom onset. Patient 3 was a
57-year-old male, classified as having moderate disease, who had
an E-sgRNA viral load of 1.2 x 107 copies/mL in a sample taken
12 days after symptom onset. Patient 4 was a 67-year-old female,
classified as having moderate disease, who had an E-sgRNA viral
load of 1.4 x 103 copies/mL in a sample taken 20 days after symp-
tom onset. There was no difference in age, viral load, sex, sever-
ity (assessed by % hospitalized), % immunocompromised patients,
% patients treated with immunosuppressant drugs, or the number
of comorbidities between patients with delayed viral clearance for
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the sample set as a whole, or for the sub-category in which viral
load was present at clinically relevant levels of > 103 copies/mL
(Table 2).

Discussion

COVID-19 remains a major public health issue worldwide. Our
study aimed to assess the association between RT-qPCR-confirmed
E-gene and E-gene-derived sgRNA viral load with disease severity
in infected individuals, and to assess the kinetics and extent of E-
gene and E-gene-derived sgRNA viral clearance in a population of
patients from the South West of the UK in the first wave of in-
fection. Both E-gene and E-sgRNA viral loads were found to be as-



mise. ‘Immunosuppressants’ refers to patients on steroids or other immunosuppressive drugs. ‘Comorbidities’ refers to patients with more than one of: diabetes, hypertension, cancer, chronic
E-gene positive

lung disease, chronic kidney disease, or dementia.

Clinical profiles of patients with persistent E-gene or E-sgRNA positivity (> 10 days) compared with those without (< 10 days). The association between patient characteristics and duration of
detection of viral fragments is shown for E-gene-positive patients and E-sgRNA-positive patients. ‘Immunocompromised’ refers to patients with autoimmune disease or other immune compro-

Table 2

Samples > 103 copies/ml

All samples

p-value
0.91
0.94
0.94
0.82
0.30
0.52
0.38

Duration > 10 days (n = 16)

59.4 (13.5)

Duration < 10 days (n = 39)

59.2 (21.4)

p-value
0.71
0.81
0.84
0.99
0.29
0.35
0.42

Duration > 10 days (n = 20)

59.89 (13.9)

Duration < 10 days (n = 46)

58.48 (21.7)

Age; mean (SD)

2.8 x 107(9.22 x 107)

50%
75%
0%

4.1 x 107(1.91 x 108)

48.7%

2.3 x 107(8.48 x 107)

47.4%
65%
0%

3.4 x 107 (1.76 x 108)

50%
70%
7%

1

Viral load; copies/mL (SD)

Sex (% male)

M. Davies, L.R. Bramwell, N. Jeffery et al.

Severity (% hospitalised)

8%

No. immunocompromised (%)
No. immunosuppressants (%)

Comorbidities (> 3; %)

13%
50%

15%
64%

10%
45%

5%

59%

E-sgRNA positive

p-value
0.91
0.61
0.80
0.89
0.58
0.16
0.42

Duration > 10 days (n = 4)

p-value  Duration < 10 days (n = 14)

Duration > 10 days (n = 9)

Duration < 10 days (n = 23)

57.8 (6.4)

56.6 (20.0)

0.30
0.44
0.33
0.64
0.36
0.61
0.16

57.1 (23.3) 58.4(13.6)

Age; mean (SD)

3.3 x 105(6.23 x 106)

42.9%
75%

57 x 108(2.12 x 107)

50%

1.5 x 105(4.20 x 106)

33%
78%
0%

3.5 x 105(1.65 x 107)

52%
70%
9%

1

Viral load; copies/mL (SD)

Sex (% male)

Severity (% hospitalised)

No. immunocompromised (%)
No. immunosuppressants (%)

Comorbidities (> 3; %)

25%
50%

14%
71%

33%
33%

7%

61%
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sociated with the presence of symptoms, with E-gene viral load
associated with severity of disease. Previous studies have linked
SARS-CoV-2 viral load with disease severity (Kwon et al., 2020;
Zheng et al, 2020). Although both E-gene and E-gene-derived
sgRNA viral loads were found to be associated with the presence
of symptoms in our study, a linear relationship between viral load
and severity was only evident for E-gene sequences. E-sgRNA vi-
ral load demonstrated a generalized upwards trend with increas-
ing severity; however, this did not reach statistical significance,
and probably represented a type-I error arising from the reduced
power yielded by the small number of E-sgRNA-positive patients
in our sample set.

Several parameters have been previously reported as risk fac-
tors for the persistence of viral sequences, including male sex,
old age, concomitant hypertension, severe illness at admission, in-
vasive ventilation, and corticosteroid treatment (Xu et al.,, 2020).
However, our data provide evidence that a relatively substantial
proportion of COVID-19 patients demonstrate persistence of viral
sequences beyond the 10-day mark (which is currently used for
infection control measures). Approximately two-thirds of patients
remained positive for E-gene sequences, while one-third remained
positive for E-sgRNA sequences. None of the clinical or anthropo-
metric features that were tested (age, sex, immunocompromised
status, treatment with immunosuppressive drugs, viral load) were
associated with the persistence of viral sequences, suggesting that
it may be difficult to predict who might exhibit delayed clearance
of potentially replication-competent virus based on these factors
alone.

Our study did have limitations. For example, previous studies
have suggested that the presence of E-sgRNAs does not directly
infer infective potential of the detected virus (van Kampen et al.,
2021; Alexandersen et al., 2020). Although E-sgRNAs are produced
only when the virus is actively replicating, these RNAs may be pro-
tected from degradation within the cytosol by their presence in
double-membrane-enclosed vesicles, and thus may be present af-
ter the virus has ceased to replicate. Moreover, evidence has shown
that E-gene-derived sgRNAs may be less abundant than sgRNAs de-
rived from other SARS-CoV-2 genes, which may mean that levels of
sgRNA detected here were underestimated (Dagotto et al., 2021).
However, when choosing a suitable proxy for viral replication, it
was considered prudent to use a previously validated sgRNA assay
that had proven utility in clinical samples (Wolfel et al., 2020). The
gold standard for determining if the presence of virus equates to
the potential for infection is viral culture. However, this is a spe-
cialist technique, which carries a potential infection risk to staff.
Moreover, it is not open to all diagnostic or research laboratories,
and is not suitable for retrospective or archival sample collections.
Conventional RT-qPCR assays for the SARS-CoV-2 viral genome do
not distinguish persistent viral fragments following immune in-
activation from intact and replication-competent virus, and thus
do not give any indication of infectious potential. Similarly new
techniques, such as reverse-transcription loop-mediated isothermal
amplification (RT-LAMP) testing, may be capable of detecting infec-
tious virus, but this technique requires longer RNA fragments that
might not be available in archival samples, and has markedly re-
duced sensitivity compared with RT-qPCR (Dao Thi et al., 2020).
Our study also did not address the duration of viral clearance
or the association with severity of any of the novel variants of
concern (VOC), which continue to evolve and produce successive
waves of strains of SARS-CoV-2 in the population. Our sample set
derived from the first wave of infection, when VOCs were not cir-
culating at high levels in the population (Pefiarrubia et al., 2020).
However, in silico testing showed no variation within our primer
and probe sequences, and our assays remained accurate and ef-
fective against the original strain, as well as the alpha and beta
variants, when tested in vitro. Unfortunately, material for testing
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performance against the delta strain was not available. However,
should new variants arise that harbour nucleotide changes in the
probe or primer sequences, it would be a simple matter of modi-
fying the assay to identify these newly emerging variants.

Conclusion

Our results suggest that, in some individuals, E-sgRNAs — a
proxy for active virus — can be detected for extended durations
following infection, and that these individuals may be clinically un-
remarkable. Although this does not indicate absolutely the pres-
ence of active and replication-competent virus, it suggests that, in
some cases, the infectious period may extend beyond the 10-day
quarantine period currently imposed. Given the obvious potential
for onward transmission that these cases may possess, more tar-
geted studies to detect and examine secondary cases with trans-
mission beyond 10 days should now be undertaken in these popu-
lations. These results also suggest that, in situations such as hospi-
tal inpatient care or patients returning to long-term care facilities
following hospital discharge, where onward transmission would be
especially problematic, it may be prudent to obtain molecular evi-
dence of remission to protect vulnerable populations.
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