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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 

severity. Viral clearance dynamics were then assessed in relation to symptom onset and last positive test. 

Results: Whilst E-gene sgRNAs declined before E-gene genomic sequences, some individuals retained 

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. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Ongoing transmission of SARS-CoV-2 remains a problem world- 

ide. Patchy vaccination coverage in multiple parts of the world, 

accine hesitancy in vulnerable groups, and differences in the effi- 

iency of available vaccines mean that virus transmission remains 

 problem in community and clinical settings, and in long-term 

are of older people. While opportunities for unfettered transmis- 

ion remain, selection pressures on the evolving virus raise the 

isk of producing variants that significantly increase transmissibil- 

ty, morbidity, or mortality, or have the ability to evade the host 

mmune response produced by previous infection or vaccination. 

he impact of more transmissible variants of SARS-CoV-2 has been 

bserved: 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-

nd wave of infections in the UK ( Volz et al., 2021 ), while vari-

nts carrying similar genetic changes were linked with the emer- 

ence of a third wave in Europe and South America ( Claro et al.,

021 ). Regions of Brazil retained very high rates of new infection, 

espite their existing population-wide seropositivity of over 76% 

 Sabino et al., 2021 ). Similarly, India experienced a catastrophic 

econd wave, despite an estimated 50% of citizens in the largest 

ities having had prior exposure ( Mallapaty, 2021 ). Reaching a ‘zero 

ovid’ situation globally in the near term seems unlikely, so there 

emains a need for strategies to contain transmission of SARS-CoV- 

 for the foreseeable future. 

A key component of the prevention of SARS-CoV-2 transmis- 

ion is the identification and isolation of infected individuals. A 

etter understanding of who is likely to present an extended infec- 

ious period, and for how long, would greatly inform strategies to 

ore effectively limit transmission. Limited findings suggest that 

ost COVID-19 transmission occurs in the early stages of the dis- 

ase, or before the onset of symptoms ( He et al., 2020 ; Lauer et al.,

020 ; Shrestha et al., 2020 ; Xu et al., 2020 ; Yang et al., 2020 ). Most
ty for Infectious Diseases. This is an open access article under the CC BY-NC-ND 

https://doi.org/10.1016/j.ijid.2021.12.312
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2021.12.312&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:L.W.Harries@exeter.ac.uk
https://doi.org/10.1016/j.ijid.2021.12.312
http://creativecommons.org/licenses/by-nc-nd/4.0/


M. Davies, L.R. Bramwell, N. Jeffery et al. International Journal of Infectious Diseases 116 (2022) 418–425 

e

b

d

B

s

a

l

w  

m

2

s

p

t

v

o

(  

t

n

r

B  

m

p

o

l

o

p

g

a

i  

A

s

2  

g

a

t

n

C

p

c

U

N

M

P

n

p

D

2

B

B

B

t

2

a

v

1

p

p

T

s

i

A

o

q

(  

g

w

w

U

c

o  

v

a  

o  

t

1

c  

5

Q

t

T

C  

(  

b  

Q

i

c

a

o

t

a

o

t

F

o

c

d

t

d

A

s

e

j

t

e

c

a

A

v

a

p

p

g

s

t

t

vidence suggests that replication-competent virus cannot usually 

e recovered from individuals with mild-to-moderate COVID-19 

isease beyond 10 days of symptom onset ( Arons et al., 2020 ; 

ullard et al., 2020 ). Other studies have suggested that whilst the 

hedding of viral fragments may be prolonged, the duration of vi- 

ble virus is relatively short-lived ( Cevik et al., 2021 ) and pro- 

onged transmission potential may only be evident in individuals 

ith severe disease ( van Kampen et al., 2021 ) or in severely im-

unocompromised patients ( Aydillo et al., 2020 ; Avanzato et al., 

020 ; Choi et al., 2020 ). However, assessments of longer-term 

hedding of infectious virus in otherwise clinically unremarkable 

eople are lacking because the widely available tests assess only 

he presence of viral fragments, not replicating viral genomes. Indi- 

iduals frequently test positive for viral fragments beyond 6 weeks 

f onset of symptoms, in a fluctuating positive/negative pattern 

 Jang et al., 2021 ). Moreover, a positive result as detected by quan-

itative real-time PCR (RT-qPCR) for viral genomic sequences does 

ot represent the presence of replication-competent virus, since vi- 

al fragments may remain after viral clearance ( Arons et al., 2020 ; 

ullard et al., 2020 ; Lu et al., 2020 ). The gold standard for deter-

ining infectious potential is viral culture. However, this is not a 

rocess suitable for rapid upscaling and high throughput. More- 

ver, it carries an obvious infective risk to staff and few diagnostics 

aboratories have the facilities to undertake the necessary culture. 

A better measure of infectious potential may be the assessment 

f subgenomic RNAs ( Wolfel et al., 2020 ). Subgenomic RNAs are 

roduced by the discontinuous transcription of virion structural 

enes during active replication, and result in the formation of re- 

rranged template sequences that are not found in juxtaposition 

n the native RNA genome of the virus ( Wu and White, 2007 ).

lthough the correlation between infectivity and E-gene-derived 

gRNA positivity is not always well conserved ( van Kampen et al., 

021 ; Alexandersen et al., 2020 ), it may be a better proxy than E-

ene viral load for replication, and better suited for assessment of 

rchival clinical samples than other techniques, such as viral cul- 

ure. Our study aimed to evaluate the relationship between ge- 

omic SARS-CoV-2 E-gene sequences, E-gene-derived sgRNA SARS- 

oV-2 viral sequences, disease severity, and duration of infectious 

eriod in a retrospective collection of swab RNA samples from 265 

linically confirmed COVID-19 cases from the South West of the 

K during the first wave of infection, between March 17, 2020 and 

ovember 29, 2020. 

ethods 

atient samples 

Our sample set consisted of RNA extracted from 265 archival 

asopharyngeal swab samples derived from individuals who had 

reviously tested positive for SARS-CoV-2 sequences at the Royal 

evon and Exeter Hospital between March 17, 2020 and November 

9, 2020. This sample set comprised viral genomes from the A.2, 

.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, 

.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, 

.1.1.315, B.1.117, and B.1.160.6 strains circulating in the UK popula- 

ion at the time of testing. As described previously ( Ladhani et al., 

020 ), participants were identified during routine clinical practice, 

nd retrospective samples were obtained through the Royal De- 

on and Exeter Tissue Bank (RDETB — ethical approval REC No. 

1/SW/0018). The majority of individuals provided a single sam- 

le, but serial samples were available for 17 individuals, taken as 

art of routine clinical care. Patient characteristics are shown in 

able 1 . Patients were classified as asymptomatic, mild, moderate, 

evere, or critical disease categories according to NIH criteria (Clin- 

cal Spectrum | COVID-19 Treatment Guidelines (nih.gov). 
419 
ssessment of E-gene and E-sgRNA viral load 

RNA was extracted using the Chemagic Viral DNA/RNA Kit 

n the Chemagic 360D platform. Viral loads were measured by 

uantitative real-time PCR protocols adapted from Corman et al. 

 Corman et al., 2020 ) and Wölfel et al., ( Wolfel et al., 2020 ) for E-

ene and E-gene-derived sgRNA sequences, respectively. Reactions 

ere performed using the SuperScript TM One-Step RT-PCR System 

ith Platinum 

TM Taq DNA Polymerase (Thermo Fisher, Waltham, 

SA), according to manufacturer’s instructions. E-gene reactions 

ontained 5 μL of reaction buffer, 0.4 μL of enzyme mix, 400 nM 

f each primer, 200 nM of probe, and 4 μL of sample in a total

olume of 10 μL. Subgenomic RNA reactions contained 5 μL of re- 

ction buffer, 0.4 μL of enzyme mix, 0.16 μL of MgSO 4 , 400 nM

f each primer, 200 nM of probe, and 4 μL of sample in a to-

al volume of 10 μL. PCR conditions were one cycle of 50 °C for 

0 minutes and one cycle of 95 °C for 3 minutes, followed by 45 

ycles of 95 °C for 10 seconds, 56 °C for 15 seconds, and 72 °C for

 seconds. Reactions were carried out in 384 well plates on the 

uantStudio TM 12K Flex Real-Time PCR System (Applied Biosys- 

ems, Foster City, USA). Probes and primers were obtained from 

hermo Fisher (Waltham, USA), and the sequences taken from 

orman et al. ( Corman et al., 2020 ) (E gene) and Wölfel et al.,

 Wolfel et al., 2020 ) (E sgRNA). The probes in our study were la-

elled at the 5 ′ end with 6-FAM labels and at the 3 ′ end with

SY quenchers. E-gene and E-sgRNA viral loads were determined 

n relation to known quantities of synthetic standards by standard 

urve analysis. These synthetic standards consisted of the probe 

nd primer binding sites in a single long oligonucleotide for each 

f the E-gene and E-gene-derived sgRNA sequences, and were ob- 

ained from Invitrogen (Waltham, USA). Oligonucleotide sequences 

re provided in Supplementary File S1. Working stock solutions 

f synthetic standards at 10 10 copies per mL in TE buffer were 

hen created, and standard curves were prepared from this stock. 

or quantification of sample viral load, standard curves consisting 

f a 10-fold serial dilution of synthetic standards from 10 8 –10 1 

opies/μL were then run on each sample plate. Representative stan- 

ard curves are given in Supplementary Figure S1. Viral loads were 

hen determined from test samples by absolute quantification, as 

etermined from the standard curves. 

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

everity 

The relationship between E-gene or E-sgRNA viral load and dis- 

ase severity was assessed by linear regression analysis, with ad- 

ustment for age, sex, smoking history, and number of comorbidi- 

ies. Association between E-gene or E-sgRNA viral load and pres- 

nce or absence of symptoms was assessed using ANOVA. Statisti- 

al analyses were carried out using the STATA SE 16 package (Stat- 

Corp, College Station, TX, USA). 

nalysis of serial samples 

Access to serial samples for analysis was available for 17 indi- 

iduals. These samples were taken as part of routine clinical care 

nd, as such, there was no control over the timing of repeat sam- 

les. Nevertheless, these samples provided an opportunity to ex- 

lore the dynamics of viral loads in single individuals over time. E- 

ene and E-gene-derived sgRNA viral loads were measured in each 

erial sample as described above, with an observational study of 

he presence or absence of E-gene or E-gene-derived sgRNA posi- 

ivity carried out over successive samples. 
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Table 1 

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 176 

Number E-sgRNA positive 72 

% male 44.9 

Mean age (SD) 53.9 (SD = 17.7) 

Median age (IQR) 55 (IQR = 21.75) 

Number of asymptomatic patients 42.0% 

Number of patients categorized as having mild disease 20.0% 

Number of patients categorized as having moderate disease 12.5% 

Number of patients categorized as having severe disease 18.75% 

Number of patients categorized as having critical disease 6.25% 

Mean duration of disease (days, SD) 7.3 (8.58) 

Median duration of disease (days, IQR) 7 (8) 

A

r

i

s

w

e

t

l  

Z

t

1

i

o  

w

i

(

e

i

s

A

o

a

c

s

R

S

s

1

d

t

m

c

p

i

o

i

C

t

B

B

S

w

p

c

c

R

W

a

g

b

q

a

T

1

t

E

B

s

i

l

i

m

t

w

(  

l

e  

t

d

fi

E

o

i

f

h

m

E

ssessment of duration of ‘replicative’ virus 

The dynamics of E-gene or E-gene-derived sgRNA positivity in 

elation to disease duration was then explored. The majority of 

ndividuals provided a single sample at diagnosis for this analy- 

is; for those who had provided serial samples, the initial sample 

as included. To provide a concrete assessment of duration of dis- 

ase, the number of days between onset of symptoms and positive 

est was measured where symptom onset pre-dated testing. A viral 

oad of > 10 3 was considered clinically relevant ( Jacot et al., 2020 ;

heng et al., 2020 ). Next, the numbers of individuals who were still 

esting positive for E-gene or E-gene-derived sgRNA after 10 days, 

1–20 days, 21–30 days, and 31 + days were assessed. Differences 

n clinical traits between individuals who had a disease duration 

f ≤ 10 days and those who had a disease duration of > 10 days

ere also investigated. 

The clinical traits studied were: age, sex, initial viral load, sever- 

ty (asymptomatic/mild/moderate vs severe/critical), comorbidities 

 ≤ 3 of any of diabetes, hypertension, dementia, chronic lung dis- 

ase, chronic kidney disease, or cancer vs > 3 of the above), and 

mmunocompromised status or current treatment with immuno- 

uppressive drugs (steroids, or other immunosuppressive drugs). 

ssociations between duration of RT-qPCR positivity and continu- 

us traits (age, viral load) were assessed by ANOVA, while associ- 

tions with discrete traits (sex, immunocompromised status, con- 

urrent treatment with immunosuppressive drugs, comorbidities, 

everity) was assessed by χ2 analysis. 

esults 

ARS-CoV-2 patient samples 

E-gene SARS-CoV-2 sequences were detected in 176/265 RNA 

amples taken during the first wave of infection, between March 

7, 2020 and November 29, 2020, of which 72 were also E-gene- 

erived sgRNA positive. 74 patients were classified as asymp- 

omatic. 36 were classified as having mild disease (cough, fever, 

yalgia, headache, gastrointestinal symptoms, anosmia). 22 were 

lassified as having moderate disease (shortness of breath or dys- 

noea but oxygen saturation ≥ 94%). 33 were classified as hav- 

ng severe disease (respiratory frequency > 30 breaths per minute, 

xygen saturation ≤ 94%) and 11 were classified as deemed crit- 

cal (respiratory failure, assisted ventilation). The strain of SARS- 

oV-2 present in each sample was confirmed by cDNA sequencing, 

o 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, 

.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, 
420 
.1.139, B.1.48, B.1.177.9, B.1.1.315, B.1.117, or B.1.160.6 strains of 

ARS-CoV-2. No SARS-CoV-2 variant of concern (VOC) sequences 

ere found in our sample set. The mean viral loads in the sam- 

le set were 1.9 × 10 7 copies/mL (range 2.1 copies to 1.2 × 10 9 

opies/mL) for the E-gene and 1.7 × 10 6 copies/mL (range 12.5 

opies to 7.9 × 10 7 copies/mL) for E-gene-derived sgRNA. 

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

Using the previously described methods ( Corman et al., 2020 ; 

olfel et al., 2020 ) it was possible to reliably detect as few 

s 10 copies/mL of both E-gene and E-gene-derived sgRNA viral 

enomes. In spite of this low detection limit, a linear relationship 

etween crossing point and SARS-CoV-2 input was only evident at 

uantifications of over 100 copies (Supplementary Figure S1). Both 

ssays performed well over a linear range of 10 3 to 10 8 copies. 

he PCR efficiencies for the E-gene and E-gene-derived sgRNA were 

00% and 99%, respectively. Reproducibility over the linear range of 

he assays was good, with r 2 values between replicates of 0.998 for 

-gene and 0.996 for E-gene-derived sgRNA. 

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

ymptoms 

E-gene sequences were identified in samples derived from 176 

ndividuals, 72 of which were also positive for E-sgRNA. Viral 

oads were found to be higher in symptomatic individuals than 

n asymptomatic individuals for both E-gene and E-sgRNA frag- 

ents: 7.98 × 10 4 compared with 5.46 × 10 4 copies/mL, respec- 

ively, for E-gene sequences ( p = 0.006) and 4.52 × 10 3 compared 

ith 1.48 × 10 3 copies/mL, respectively, for sgRNA sequences 

 p = 0.03) ( Figure 1 ). A linear relationship between E-gene viral

oad and severity was identified, as defined by NIH criteria ( β co- 

fficient = 0.56, SE = 0.27, p = 0.04; Figure 2 ). Although a similar

rend was observed between E-sgRNA viral load and severity, this 

id not reach statistical significance. No associations were identi- 

ed between age and viral load in the initial sample for either 

-gene or E-sgRNA levels, following adjustment for the presence 

r absence of symptoms ( p = 0.382 and 0.314, respectively). Sim- 

larly, no associations were identified between sex and viral load 

or either E-gene or E-sgRNA. Individuals with > 2 comorbidities 

ad significantly higher E-gene viral loads than those with < 2 co- 

orbidities ( p = 0.02), but this relationship was not observed for 

-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. 

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. 
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ersistence of clinically relevant levels of SARS-CoV-2 E-sgRNAs in 

ome individuals more than 10 days after symptom onset 

For a small subset of our cohort (17 individuals), a set of se- 

ial samples taken as part of routine clinical testing was available. 

n 7/17 (42%) of these samples, no amplification of E-gene-derived 

gRNA was identified at any timepoint, although all were positive 

or the E-gene sequences. SARS-CoV-2 E-sgRNAs were identified 

nly at the time of the initial positive sample in 5/17 (29%) cases, 

hile in a further 5/17 (29%) samples, E-gene-derived sgRNA pos- 

tivity was evident in subsequent samples for up to 68 days from 

CR-confirmed infection ( Figure 3 ). Conversely, 16/17 (94%) of the 

amples were positive for E-gene sequences in subsequent samples 

 Figure 3 ). The higher the initial E-gene-derived sgRNA viral load, 

he more likely it was to observe E-gene-derived sgRNA amplifica- 

ion in subsequent samples ( Figure 3 ). 
421 
To provide a more definitive assessment of variation in dura- 

ion of E-gene-derived sgRNA infection, the relationships between 

-gene and E-gene-derived sgRNA positive status and viral load 

ere assessed, based on the times between onset of symptoms 

nd the last positive PCR test. This information was available for 

5/176 individuals testing positive for E-gene and 32/72 individu- 

ls testing positive for E-sgRNA. E-gene fragments were detected 

n 17/65 (26%) of samples between day 11 and day 31 + , of which

4/65 (22%) were present at levels of < 10 3 copies/mL. E-sgRNA 

as detected in 9/32 (28%) of samples between day 11 and day 

1 + , of which 4/32 (13%) were present at clinically relevant lev- 

ls of > 10 3 copies/mL ( Figure 4 ). None of the patients in whom

-sgRNA was detected at a viral load of > 10 3 copies/mL had 

linical features that would lead clinicians to suspect prolonged 

nfectivity. Patient 1 was a 54-year-old male, classified as hav- 

ng 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 

represented. Each number corresponds to an individual patient. The ‘ y -axis’ bar at the top indicates the number of days. For each patient, the top bar indicates E-gene viral 

load and the bottom bar indicates E-gene-derived sgRNA viral load. Time of testing is indicated in days on the horizontal axis. The intensity of gray colour corresponds to 

the viral load, with dark gray indicating the highest viral load and light gray indicating the lowest. White bars represent timepoints at which no SARS-CoV-2 sequences were 

identified. 

Figure 4. Cross-sectional analysis of viral clearance. In each graph, the E-gene and E-gene-derived sgRNA viral loads at diagnosis, and at up to 10 days, 11–20 days, 21–30 

days, and 31 + days between symptom onset and positive test result, are given on the x -axis, and the viral load in copies/mL is given on the y -axis. The dotted line indicates 

a viral load of 10 3 copies/mL, which is generally taken as being clinically relevant. A. E-gene viral load. B. E-gene-derived sgRNA viral load. 
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al load of 6.6 × 10 5 copies/mL in a sample taken 26 days af- 

er symptom onset. Patient 2 was a 53-year-old female, with mild 

isease, who had an E- sgRNA viral load of 2.2 × 10 3 copies/mL 

n a sample taken 20 days after symptom onset. Patient 3 was a 

7-year-old male, classified as having moderate disease, who had 

n E-sgRNA viral load of 1.2 × 10 7 copies/mL in a sample taken 

2 days after symptom onset. Patient 4 was a 67-year-old female, 

lassified as having moderate disease, who had an E-sgRNA viral 

oad of 1.4 × 10 3 copies/mL in a sample taken 20 days after symp- 

om onset. There was no difference in age, viral load, sex, sever- 

ty (assessed by % hospitalized), % immunocompromised patients, 

 patients treated with immunosuppressant drugs, or the number 

f comorbidities between patients with delayed viral clearance for 
422 
he sample set as a whole, or for the sub-category in which viral 

oad was present at clinically relevant levels of > 10 3 copies/mL 

 Table 2 ). 

iscussion 

COVID-19 remains a major public health issue worldwide. Our 

tudy aimed to assess the association between RT-qPCR-confirmed 

-gene and E-gene-derived sgRNA viral load with disease severity 

n infected individuals, and to assess the kinetics and extent of E- 

ene and E-gene-derived sgRNA viral clearance in a population of 

atients from the South West of the UK in the first wave of in- 

ection. Both E-gene and E-sgRNA viral loads were found to be as- 
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ociated with the presence of symptoms, with E-gene viral load 

ssociated with severity of disease. Previous studies have linked 

ARS-CoV-2 viral load with disease severity ( Kwon et al., 2020 ; 

heng et al., 2020 ). Although both E-gene and E-gene-derived 

gRNA viral loads were found to be associated with the presence 

f symptoms in our study, a linear relationship between viral load 

nd severity was only evident for E-gene sequences. E-sgRNA vi- 

al load demonstrated a generalized upwards trend with increas- 

ng severity; however, this did not reach statistical significance, 

nd probably represented a type-I error arising from the reduced 

ower yielded by the small number of E-sgRNA-positive patients 

n our sample set. 

Several parameters have been previously reported as risk fac- 

ors for the persistence of viral sequences, including male sex, 

ld age, concomitant hypertension, severe illness at admission, in- 

asive ventilation, and corticosteroid treatment ( Xu et al., 2020 ). 

owever, our data provide evidence that a relatively substantial 

roportion of COVID-19 patients demonstrate persistence of viral 

equences beyond the 10-day mark (which is currently used for 

nfection control measures). Approximately two-thirds of patients 

emained positive for E-gene sequences, while one-third remained 

ositive for E-sgRNA sequences. None of the clinical or anthropo- 

etric features that were tested (age, sex, immunocompromised 

tatus, treatment with immunosuppressive drugs, viral load) were 

ssociated with the persistence of viral sequences, suggesting that 

t may be difficult to predict who might exhibit delayed clearance 

f potentially replication-competent virus based on these factors 

lone. 

Our study did have limitations. For example, previous studies 

ave suggested that the presence of E-sgRNAs does not directly 

nfer infective potential of the detected virus ( van Kampen et al., 

021 ; Alexandersen et al., 2020 ). Although E-sgRNAs are produced 

nly when the virus is actively replicating, these RNAs may be pro- 

ected from degradation within the cytosol by their presence in 

ouble-membrane-enclosed vesicles, and thus may be present af- 

er the virus has ceased to replicate. Moreover, evidence has shown 

hat E-gene-derived sgRNAs may be less abundant than sgRNAs de- 

ived from other SARS-CoV-2 genes, which may mean that levels of 

gRNA detected here were underestimated ( Dagotto et al., 2021 ). 

owever, when choosing a suitable proxy for viral replication, it 

as considered prudent to use a previously validated sgRNA assay 

hat had proven utility in clinical samples ( Wolfel et al., 2020 ). The

old standard for determining if the presence of virus equates to 

he potential for infection is viral culture. However, this is a spe- 

ialist technique, which carries a potential infection risk to staff. 

oreover, it is not open to all diagnostic or research laboratories, 

nd is not suitable for retrospective or archival sample collections. 

onventional RT-qPCR assays for the SARS-CoV-2 viral genome do 

ot distinguish persistent viral fragments following immune in- 

ctivation from intact and replication-competent virus, and thus 

o not give any indication of infectious potential. Similarly new 

echniques, such as reverse-transcription loop-mediated isothermal 

mplification (RT-LAMP) testing, may be capable of detecting infec- 

ious virus, but this technique requires longer RNA fragments that 

ight not be available in archival samples, and has markedly re- 

uced sensitivity compared with RT-qPCR ( Dao Thi et al., 2020 ). 

ur study also did not address the duration of viral clearance 

r the association with severity of any of the novel variants of 

oncern (VOC), which continue to evolve and produce successive 

aves of strains of SARS-CoV-2 in the population. Our sample set 

erived from the first wave of infection, when VOCs were not cir- 

ulating at high levels in the population ( Peñarrubia et al., 2020 ). 

owever, in silico testing showed no variation within our primer 

nd probe sequences, and our assays remained accurate and ef- 

ective against the original strain, as well as the alpha and beta 

ariants, when tested in vitro . Unfortunately, material for testing 



M. Davies, L.R. Bramwell, N. Jeffery et al. International Journal of Infectious Diseases 116 (2022) 418–425 

p

s

p

f

C

p

f

r

e

s

q

f

g

m

l

t

f

e

d

C

d

F

g

a

p

m

E

v

1

A

R

n

M

T

e

C

S

f

R

A

A  

 

 

 

A  

 

A  

 

 

B  

 

C  

C  

 

 

 

 

C  

 

 

C  

D  

D  

 

 

H  

 

 

J  

J  

K  

 

L  

 

 

 

 

 

L  

 

L  

L  

 

M

P

S  

 

 

 

 

erformance against the delta strain was not available. However, 

hould new variants arise that harbour nucleotide changes in the 

robe or primer sequences, it would be a simple matter of modi- 

ying the assay to identify these newly emerging variants. 

onclusion 

Our results suggest that, in some individuals, E-sgRNAs — a 

roxy for active virus — can be detected for extended durations 

ollowing infection, and that these individuals may be clinically un- 

emarkable. Although this does not indicate absolutely the pres- 

nce of active and replication-competent virus, it suggests that, in 

ome cases, the infectious period may extend beyond the 10-day 

uarantine period currently imposed. Given the obvious potential 

or onward transmission that these cases may possess, more tar- 

eted studies to detect and examine secondary cases with trans- 

ission beyond 10 days should now be undertaken in these popu- 

ations. These results also suggest that, in situations such as hospi- 

al inpatient care or patients returning to long-term care facilities 

ollowing hospital discharge, where onward transmission would be 

specially problematic, it may be prudent to obtain molecular evi- 

ence of remission to protect vulnerable populations. 
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