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ABSTRACT The purpose of this study was to detect coronavirus disease 2019
(COVID-19) cases with persistent positive reverse transcription-PCR (RT-PCR) results
for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), for which viable
virus can be inferred due to the presence of subgenomic (SG) viral RNA, which is
expressed only in replicating viruses. RNA remnants purified from diagnostic naso-
pharyngeal specimens were used as the templates for RT-PCR-specific detection of
SG E gene RNA. As controls, we also detected viral genomic RNA for the E gene
and/or a human housekeeping gene (RNase P). We assessed the samples of 60 RT-
PCR-positive cases with prolonged viral SARS-CoV-2 shedding (24 to 101 days) since
the first diagnostic RT-PCR. SG viral RNA was detected in 12/60 (20%) of the persis-
tent cases, 28 to 79days after the onset of symptoms. The age range of the cases
with prolonged viral shedding and the presence of SG RNA was quite wide (40
to 100vyears), and the cases were equally distributed between males (42%) and
females (58%). No case was HIV positive, although seven were immunosuppressed.
According to the severities of the COVID-19 episodes, they were mild (40%), interme-
diate (20%), and severe (40%). In a percentage of persistent SARS-CoV-2 PCR-positive
cases, the presence of actively replicating virus may be inferred, far beyond diagno-
sis. We should not assume a universal lack of infectiousness for COVID-19 cases with
prolonged viral shedding.
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FIG 1 Agarose gel electrophoresis indicating the proper amplicon size (171 bp) expected for E gene
subgenomic RNA RT-PCR from positive specimens taken close to symptom onset (diagnostic
specimens), when active viral replication is expected. A selection of RT-PCR genomic SARS-CoV-2-
positive specimens with negative E gene subgenomic RNA RT-PCR results among those taken far
beyond diagnosis (persistence specimens) is also shown. Finally, an RT-PCR genomic SARS-CoV-2-
negative specimen is included.

and/or determining its cytopathic effect. To date, these are considered indicators of vi-
ral viability and, therefore, of contagiousness. The few data available (3, 6-8) indicate
that no viruses are isolated from cultures, nor is a cytopathic effect observed from
specimens from persistent cases.

An alternative strategy to assess viral viability may be the detection of SARS-CoV-2
subgenomic (SG) mRNAs. These intermediates, required by the virus to express its as-
sembly proteins, are transcribed only in actively infected cells; are not packed into viri-
ons; and therefore are produced only when the virus is actively replicating (9, 10).

The purpose of this study was to detect cases with persistent positive RT-PCR results
for SARS-CoV-2 for which active viral replication can be inferred due to the presence of
SG viral RNA.

MATERIALS AND METHODS

Detection of genomic and subgenomic RNA. RNA remnants purified (KingFisher; Thermo Fisher
Scientific, Waltham, MA, USA) from diagnostic nasopharyngeal specimens (300 ul of UTM (Universal
Transport Medium) swabs; Copan, bioMérieux, Marcy-I'Etoile, France) from patients diagnosed (by tar-
geting the open reading frame 1ab [ORF1ab] and N genes using a Thermo Fisher RT-PCR kit) in our insti-
tution, a tertiary hospital in Madrid, Spain, were used as the templates.

We used a PCR design described previously (6) for the specific detection of SG E gene RNA (plus
strand). We used a leader-specific primer described previously by Wolfel et al. (6), sgLeadSARSCoV2-F
(CGATCTCTTGTAGATCTGTTCTC), and the primers and probes targeting sequences downstream of the
start codons of the E gene described previously by Corman et al. (11).

The SG RNA RT-PCR assay included 400 nM each primer, 200 nM probe, and one of the three follow-
ing enzymes (depending on availability): the Superscript Ill one-step RT-PCR system with Platinum Taq
polymerase (Invitrogen, Darmstadt, Germany), one-step RT-PCR polymerase mix (Roche), or the TagPath
COVID-19 CE-IVD RT-PCR kit (Thermo Fisher Scientific). RT-PCR conditions were 15 min at 50°C for reverse
transcription followed by 2 min at 95°C (SuperScript), 5 min at 55°C followed by 5 min at 95°C (Roche), or
5min at 50°C for reverse transcription followed by 20 s at 95°C (TagPath), followed by 45 cycles of 15 s
at 95°C, 30 s at 60°C, and 5 s at 72°C. Reactions were run with a CFX384 real-time PCR detection system
(Bio-Rad, Hercules, CA, USA).

As controls, we also detected viral genomic RNA for the E gene (plus strand) and/or a human house-
keeping gene (RNase P). For validating the detection of SG RNA, a positive signal must be obtained for
both the genomic viral E gene and the human gene. In all reaction mixtures, we included in the same
set an SG RNA-positive specimen and an SG RNA-negative clinical specimen, which were reextracted
and tested in parallel with the clinical problem specimens.
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TABLE 1 Detection of genomic and subgenomic viral RNA from diagnostic specimens
(patients 1 to 19) and persistent cases (patients 20 to 79)¢

G
No. of days

Patient E gene genomic RNA E gene SG RNA RNase P since diagnosis®
1 16.9 24.8 29.6 0
2 24.2 30.1 23 0
3 243 35 19 0
4 23.9 313 17.4 0
5 25.8 316 15.8 0
6 38.2 — 16.9 0
7 37.6 — 20.5 0
8 22 27.3 17.3 0
9 21.1 259 20.1 0
10 221 30.1 17.8 0
11 21.8 30.1 17.6 0
12 20.5 28 18.9 0
13 26.5 —_ 14.3 0
14 31.7 — 9.3 0
15 258 31.9 24.1 0
16 23.1 30 24.4 0
17 235 29.7 28.1 0
18 259 328 26.5 0
19 259 30.8 27.2 0
20 29.2 34 17.4 37
21 27.7 384 213 35
22 294 38.5 18.5 38
23 26.4 33 229 28
24, sample 1 16 22 25.1 60
24, sample 2 15.1 21.5 NA 66
24, sample 3 17.9 22 26 75
25 27.7 335 22 33
26 231 335 224 25
27 24 334 NA 63
28 16.9 219 27.4 55
29 27.9 40.1 NA 79
30, sample 1 25.8 335 21.9 29
30, sample 2 335 — 17 34
31, sample 1 18.6 26.2 26.3 44
31, sample 2 38.2 — 25.5 78
32 325 — 28.5 71
33 29.7 —_ 25.7 81
34 328 — 259 74
35 31.6 — 30.7 80
36 36.2 —_ 24.4 27
37 375 — 27 47
38 41.7 — 21.1 51
39 394 — 214 24
40 334 — 20.1 54
41 343 — 20.1 24
42 35.2 —_ 17.2 42
43 33.6 — 20.7 39
44 348 — 209 52
45 36.1 —_ 20.3 44
46 355 — 29.3 35
47 354 — 17.5 51
48 35.6 —_ 22 58
49 344 — 19.4 51
50 41.8 — 21.5 40
51 33.2 —_ 14.9 38
52 36.1 — 15.8 50
53 34.1 — 19.8 56
54 323 —_ 19.3 39
55 33.2 — 19.3 43
56 36.6 — 19.3 49

(Continued on next page)
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TABLE 1 (Continued)

G
No. of days

Patient E gene genomic RNA E gene SG RNA RNase P since diagnosis®
57 34.1 — 184 49
58 36.3 — 16.5 46
59 34 — 18.8 46
60 333 — 19.6 51
61 34.1 — 18.9 36
62 36.6 — 20.1 48
63 32.6 — 18.2 40
64 34.6 — 18.1 47
65 27.2 — 10.6 26
66 24.7 — 14.2 49
67 32.2 — 24.6 56
68 30.8 — 284 28
69 328 — 21.6 41
70 36 — 18.9 30
71 36.6 — 18.2 40
72 334 — 173 36
73 37.6 — 17.7 22
74 36.4 — 16.6 37
75 323 — 24 33
76 27.1 — 26.4 101
77 413 — 25.1 79
78 325 — 249 67
79 32.9 — 27.3 71

a—, no amplification; NA, not available.
bThe day of diagnosis was considered the day when the first RT-PCR for SARS-CoV-2 was positive.

In brief, RT-PCR used to specifically detect SG E gene RNA included a forward primer that anneals
with the leader sequence of the E gene and a reverse primer that anneals in the gene sequence. These
primers bind to either the genomic viral RNA or the corresponding SG RNA. However, because of the dis-
continuous transcription of the RNA-dependent RNA polymerase of SARS-CoV-2 when producing SG
intermediates (10), the distance between the leader sequence and the inner primer in the SG RNAs is
shorter (171 bp) than in the corresponding genomic viral RNAs (26,337 bp; the sgLeadSARSCoV2-F 5’
end anneals at position 44, and the E_Sarbeco_R 5’ end anneals at position 26381). The 26,381-bp prod-
uct cannot be obtained by PCR. The proper size of the amplicon was checked by agarose gel electropho-
resis (Fig. 1).

The study was approved by the Ethical Research Committee of the Hospital General Universitario
Gregorio Maraién (MICRO.HGUGM.2020-017, v3).

RESULTS AND DISCUSSION

We initially analyzed the first nasopharyngeal specimens from a selection of 19 newly
diagnosed, at our hospital, RT-PCR-positive cases, for which active viral replication was
expected, as was the presence of SG RNA. SG RNA was detected in 15/19 cases.
According to the clinical charts of the four cases for which no SG RNA was found, three
of them had had previous clinical episodes compatible with COVID-19 (two had SARS-
CoV-2-positive serology), and the remaining one had positive serology. This explains the
absence of SG RNAs in the four cases and confirms the accuracy of RT-PCR targeting SG
RNA to identify cases with true active infection at the beginning of symptom onset.

Next, we assessed the samples of persistent cases: 60 RT-PCR-positive cases with
>21days since the first diagnostic RT-PCR. Forty patients did not require hospitaliza-
tion; for the 20 patients who were hospitalized, the antiviral scheme approved at our
center was dexamethasone at 6 mg/24 h intravenously (i.v.)/orally for 5 to 10 days, and
for those with respiratory insufficiency with the need for low-flow oxygen therapy and
radiologically confirmed pneumonia and <7 days after the onset of symptoms, remde-
sivir was given at 200 mg on day 1, followed by 100 mg/24 h i.v. on days 2 and 5.

To the best of our knowledge, the periods from symptom onset for our cases with
positive RT-PCR results (24 to 101 days) (Table 1) are the longest reported for COVID-19
(1-5). For most cases (48/60), only genomic E gene viral RNA, and no SG RNA, was
detected, consistent with nonreplicating viruses. However, in the remaining 12
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persistent cases (20%), SG RNA was detected (28 to 79 days after the onset of symp-
toms). The size of the amplicons was determined by electrophoresis to confirm the
length (171 bp) expected for SG RNA.

Three sequential samples (days 60, 66, and 75) were available for one of the cases.
SG RNA was detected in all three samples, with consistent threshold cycle (C;) values
(22, 21.5, and 22, respectively), confirming the prolonged presence of actively replicat-
ing virus (Table 1). New specimens were available for another two cases, obtained 5
and 34 days after the first specimen in which SG detected; SG RNA was no longer iden-
tified. In all cases with detectable SG RNA, C; values for genomic RNA were <30, con-
sistent with the values expected for an active virus.

The age range of subjects with prolonged viral shedding and SG viral RNA was quite
wide (40 to 100years), equally distributed between males (42%) and females (58%).
None of the subjects were HIV positive, although seven were immunosuppressed. The
severities of the COVID-19 episodes in patients for whom detailed clinical information
was available were mild (40%), intermediate (20%), and severe (40%); seven patients
were hospitalized, two of whom died (Table 2). It is worth noting that one case with SG
RNA at day 25 was asymptomatic.

Our data, based on SG RNA detection, indicate that the presence of actively repli-
cating SARS-CoV-2 may be inferred in certain persistent COVID-19 cases, far beyond di-
agnosis. In a recent study (12), SG RNA was rarely detectable beyond 8 days after the
onset of illness; however, we detected it up to 79 days from symptom onset.

Other authors have ruled out the presence of viable virus in cases with prolonged
RT-PCR-positive results based on an analysis of specimens in cell culture. In a selection
of cases with persistent positive RT-PCR results (up to 21 days), there was no viral
growth in samples taken >8 days from onset (3). No virus was recovered in a limited
sample of nine cases after 7 days from onset (6), and no virus was recovered from cul-
ture in a sample of 108 specimens taken from persistent RT-PCR-positive cases 44 days
from onset, on average (7). The sensitivity of culture is limited, and a minimum viral
load in the samples is necessary for viral recovery or detection of a cytopathic effect.
The virus is not recovered from cell cultures when the C; value of the RT-PCR-positive
specimen is >30 (7, 13) or the viral load is <10¢ copies/ml (6), even when samples
were from cases with active infection. The SARS-CoV-2 peak viral load appears near
symptom onset, from where it begins a progressive decrease (1-3, 8). Consequently,
most cases with prolonged positive RT-PCR results should have a low viral load, which
limits the detection of viable viruses in culture.

Our data, using an alternative SG RNA method, show the usefulness of a non-cul-
ture-based approach for inferring the existence of actively replicating viruses. SG RNA
detection has been used as proof of active viral replication of other coronaviruses (14),
and in SARS-CoV-2, SG RNAs were used (6) to infer active virus replication in the throat.

Our results, acknowledging the limited size of our sample, allow us to suggest that
a percentage of persistent SARS-CoV-2 PCR-positive cases might still be contagious.
Because of the relevance of these findings, we should extend the analysis of persistent
cases in other settings, not assuming their universal lack of infectiousness. Our SG RNA
determination approach may be used as an alternative tool to assess the relationships
between RT-PCR positivity and viral viability in COVID-19.
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