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A B S T R A C T

Little is known about Subgenomic RNA (sgRNA) dynamics in patients with Coronavirus diseases 2019 (COVID-
19). We collected 147 throat swabs, 74 gut swabs and 46 plasma samples from 117 COVID-19 patients recruited
in the LOTUS China trial (ChiCTR2000029308) and compared E and orf7a sgRNA load in patients with different
illness duration, outcome, and comorbidities. Both sgRNAs were detected in all the three types of samples, with
longest duration of 25, 13, and 17 days for E sgRNA, and 32, 28, and 17 days for orf7a sgRNA in throat, gut, and
plasma, respectively. A total of 95% (57/60) of patients had no E sgRNA detected after 10 days post treatment,
though 86% of them were still E RNA positive. High correlation on titer was observed between sgRNA encoding E
and orf7a gene. sgRNA showed similar variation in the standard care and Lopinavir-Ritonavir group. Patients with
diabetes and heart diseases showed higher pharyngeal E sgRNA at the first day (P ¼ 0.016 and 0.013, respec-
tively) but no difference at five days after treatment, compared with patients without such commodities. Patients
with hypertension and cerebrovascular diseases showed no difference in the pharyngeal sgRNA levels at both one
and five days after treatment, compared with patients without these two commodities. E sgRNA levels in the
initial infection showed no correlation with the serum antibody against spike, nucleoprotein, and receptor binding
domains at ten days later. sgRNA lasted a long period in COVID-19 patients and might have little effect on hu-
moral response.
1. Introduction

Human coronavirus disease 2019 (COVID-19) emerged in late 2019
and continued its spread around the world (Huang et al., 2020). A novel
coronavirus subsequently named severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) was identified as the cause of COVID-19
(Zhu et al., 2020). The SARS-CoV-2 has higher reproduction rate (R0)
than its sibling SARS-CoV, and thus is more infectious than SARS-CoV
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(Petersen et al., 2020). Moreover, COVID-19 patients shed infectious
virus before clinical symptoms onset, which can cause silent trans-
missions and accelerate its spread (Lee et al., 2020). Up to Jan 4th, 2021,
the virus has caused over 200 million cases, including over 4 million
deaths. Though several vaccines have been approved recently, increasing
the production capacity and mass vaccination of population still need
times. An efficient control and prevention of COVID-19 is still the main
challenge the world has to face in the near future.
nter of Respiratory Medicine, National Clinical Research Center for Respiratory
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Table 1
Characteristics of patients with samples tested in this study.

Variable Throat swab
(n ¼ 147)

Gut swab
(n ¼ 74)

Plasma
(n ¼ 46)

P

Sex, n (%)
Female 52 (35.4) 28 (37.8) 15 (32.6) 0.842
Male 95 (64.6) 46 (62.2) 31 (67.4)

Age (y)
Median (IQR) 60 (52, 71) 60 (51, 71) 63 (53, 68) 0.869
20–40 10 (6.8) 8 (10.8) 4 (8.7)
41–60 64 (43.5) 30 (40.5) 18 (39.1)
< 60 73 (49.7) 36 (48.6) 24 (52.2)

Comorbidity, n (%)
Hypertension 55 (37.4) 17 (23) 18 (39.1) 0.42
Diabetes 21 (14.3) 9 (12.2) 7 (15.2)
CVD 17 (11.6) 10 (13.5) 5 (10.9)
Heart disease 19 (12.9) 6 (8.1) 6 (13)
None 53 (36.1) 30 (40.5) 9 (19.6)

Days after treatment, n (%)
1 83 (56.5) 29 (39.2) 35 (76.1) 0.0002a

5 30 (20.4) 20 (27.0) 10 (21.7)
10 23 (15.6) 12 (16.2) 1 (2.2)
14 11 (7.5) 13 (17.6) 0 (0)

Outcome
Death 42 (28.6) 23 (31.1) 22 (47.8) 0.049
Recovery 105 (71.4) 51 (68.9) 24 (52.2)

Treatment
Lopinavir-Ritonavir 77 (52.4) 35 (47.3) 21 (45.7) 0.639
Standard Care 70 (47.6) 39 (52.7) 25 (54.3)

IQR, interquartile range; CVD, Cerebrovascular diseases.
a Fisher exact test. Chi-square test was used for the remaining variables com-

parison if not indicated.
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Similar to other coronavirus, SARS-CoV-2 is an enveloped, positive
sense, single-stranded RNA virus with a large genome of ~ 30 kb (Lu
et al., 2020). The 50 end of the genome contains two large open reading
frames (ORF1ab) with length of ~ 20 kb, while the remaining region to
the 30 end encodes structure proteins such as spike (S), envelop (E),
membrane (M), nucleocapsid (N) and several accessory proteins (3a, 6,
7a, 7b and 10, NC_045512.2) (Finkel et al., 2021). When an infectious
SARS-CoV-2 entered the host cells, it initiated its replication cycle by
translating ORF1ab into polyproteins, which directly formed the sense
genome RNA, and started the infection (Kim et al., 2020). The translation
of structure proteins in the 30 end of genome requires the generation of
subgenomic RNAs (sgRNAs) (Sola et al., 2015). Firstly, the virus-encoded
RNA-dependent RNA polymerase (vRDRP) produced an anti-sense RNA
from the 30 end toward the 50 end of the viral genome (Sawicki et al.,
2007). During negative-strand synthesis, vRDRP paused when it
encountered transcriptional regulatory sequences (TRS) upstream of
each structure protein ORFs, and then switched the template to the TRS
located at the 50 UTR of virus genome joined to common 50-leader
sequence of approximately 70 bp (Kim et al., 2020; Lu et al., 2020). These
antisense sgRNAs serve as templates for transcription of a series of mRNA
containing the same 50 leader sequence.

Since sgRNA is transcribed only in infected cells and is not packaged
into virions, some studies use sgRNA levels to reflect virus replication
status. Recent study on 35 mild COVID-19 patients showed moderate
agreement between virus culture and sgRNA detection for respiratory
specimens (Perera et al., 2020). However, another study got challenging
results that detection of E gene sgRNA predicted poorly to positive virus
culture (van Kampen et al., 2021). Previous studies showed patients with
chronic cardiovascular disease, hypertension, chronic neurological dis-
eases, and cerebrovascular diseases more often had high viral RNA load
(Magleby et al., 2021; Maltezou et al., 2021), but we still know little
about the sgRNA variation in patients with such comorbidities. To obtain
a thorough understanding of the association between sgRNAs and clinical
manifestation, we performed E gene sgRNA quantification of 268 sam-
ples including throat swabs, gut swabs, and plasma from severe
COVID-19 patients recruited in the Lopinavir Trial for Suppression of
SARS-CoV-2 in China (LOTUS China Trial, ChiCTR2000029308) (Cao
et al., 2020). We also quantified another sgRNA, the orf7a in 88 samples,
to provide another sgRNA dynamics in COVID-19 patients. Our study
provided an overview of the relationship between SARS-CoV-2 sgRNA
and duration of illness, treatment, commodities, and serum antibody.

2. Materials and methods

2.1. Study design and sample collection

In the LOTUS China Trial, throat swabs, gut swabs, and plasma
samples were collected on day 1 (before Lopinavir-Ritonavir was
administered), 5, 10,14, 21, 28 days after admission (Cao et al., 2020).
Throat swabs and gut swabs were maintained in viral transport medium
and stored in �80 �C. This study used samples collected from the first
four timepoints as few samples collected on the last two timepoints were
positive for virus RNA. Not all the patients have samples covered the total
four timepoints due to limited sample storage. All the patients were
positive for SARS-CoV-2 tested by real-time PCR targeting the
SARS-CoV-2 ORF1b and N genes. Demographic and clinical information
was shown in the original paper (Cao et al., 2020). The research was
approved by the Institutional Review Board of Jin Yin-Tan Hospital
(KY2020-02.01). Written informed consent was obtained from all the
patients or their legal representatives for medical research.

2.2. sgRNA and genome RNA quantification

Total nucleic acids were extracted from 400 μL of throat swab, gut
swab, and plasma using the MagNA Pure 96 system (Roche, Basel,
Switzerland), as described previously (Cao et al., 2020). A final 80 μL of
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elution was obtained from each sample and stored at �80 �C until use.
SARS-CoV-2 sgRNAs were detected with methods modified fromWolfel's
study (W€olfel et al., 2020). Briefly, two set of primers and probe covering
the leader sequence and 50 end of ORF E and orf7a were used to detect
sgRNA encoding E-gene and orf7a, respectively (Supplementary
Table S1). SARS-CoV-2 RNA was detected using primers and probe tar-
geting the coding region of E gene (Corman et al., 2020), which detected
genomic and sgRNA of S, 3a and E gene. Since S and 3a sgRNA showed
low abundance in the previous diagnostic samples (Alexandersen et al.,
2020), we used the difference between total E RNA and sgRNA load as
substitute of the genomic RNA (gRNA) load. Quantification of sgRNA and
RNA was conducted on QX200 Droplet Digital PCR System (Bio-Rad,
Hercules, USA) with 5 μL nucleic acids added as template. Briefly, 22 μL
of reaction mix was prepared using 1-Step RT-ddPCR Advanced Kit for
Probes (Cat.#1864021, Bio-Rad) and fromwhich 20 μL was loaded into a
DG8 Cartridge to generate droplets with the QX200 droplet generator
(Bio-Rad). After generation, the droplets were carefully transferred into a
96-well plate, sealed and amplified in a C1000 Thermal Cycler (Bio-Rad)
under the following thermal conditions described in the 1-Step
RT-ddPCR Advanced Kit for Probes (Bio-Rad). After amplification, posi-
tive and negative droplets were read in the QX200 Droplet Reader
(Bio-Rad). Vero E6 cells were infected with SARS-CoV-2 for 24 h and the
cell lysate was served as positive control. A throat swab from an influenza
patient (negative on SARS-CoV-2 RT-PCR) was used as negative control.
All the primers and probes used in this study were listed on Supple-
mentary Table S1.
2.3. Enzyme-linked immunosorbent assay (ELISA)

ELISA protocols were developed for detecting IgG and IgM against S,
N, and receptor binding domain (RBD) of SARS-CoV-2 as described
previously (Ren et al., 2021). The purified full-length N protein, extra-
cellular domain of S proteins, and RBD protein (Cat: 40589-V08B1 and
40592-V08H, Sino Biological, Beijing, China) were used as coating an-
tigens, respectively. Horseradish peroxidase-conjugated goat anti-human
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IgG (Cat: A0710, Sigma-Aldrich, St. Louis, MO, USA) was diluted to 1:60,
000 working solution and used as the second antibody. The optimal
coating concentration of antigen and optimal plasma dilutions were 10
ng/well and 1:400, respectively. The cutoff values of IgM and IgG were
0.1 and 0.3 for N, 0.13 and 0.21 for S, and 0.1 and 0.3 for RBD,
respectively, as described in previous study (Ren et al., 2021).
2.4. Statistical analysis

Statistical analysis was conducted using the scipy module in the Py-
thon 3.8 version (Virtanen et al., 2020). Mann-Whitney U test and χ2 test
were used for group comparison of continuous and categorical variables,
respectively. Correlation of two variables was determined by Spearman's
rank correlation test. A P < 0.05 was considered to be statistically
significant.

3. Results

3.1. Overview of involved patients and samples

We collected 147 throat swabs, 74 gut swabs, and 46 plasma samples
from 117 patients in our study, with median age of 60 [interquartile
range (IQR) 52–71], 60 (IQR 51–71), 63 (IQR 53–68) years, respectively.
All the 267 samples were subjected to E sgRNA quantification while orf7a
sgRNA quantification was performed on 88 samples for limited sample
Fig. 1. Scatterplots of the E gene sgRNA (A) and gRNA (B) load in the three sample
coefficient (r) and P value were attached for each sample type. Sample types were indi
dynamics of sgRNA/gRNA load. Violin plot of sgRNA (C) and gRNA (D) load versu
subgenomic RNA; gRNA, genomic RNA.
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storage. Hypertension was the most common comorbidity in the three
groups (Table 1). Samples collected from the first two timepoints
accounted for 76.9%, 66.2%, and 97.8% of the throat swabs, gut swabs,
and plasma samples.
3.2. sgRNA duration in the three types of samples

The E and orf7a sgRNA were detected in all the three types of sam-
ples. E sgRNA showed lower load than E gRNA in the same sample
(Fig. 1A, Supplementary Fig. S1A); this is consistent with previous studies
which detected E sgRNA in oropharyngeal swabs and stool samples
(Moreira et al., 2021; W€olfel et al., 2020). Both E sgRNA and gRNA load
decreased more slowly in the plasma than that in throat swabs and gut
swabs (Fig. 1A and B), while orf7a sgRNA decreased slower in throat than
the other two (Supplementary Fig. S1). E sgRNA lasted 25 days after
illness onset in the throat swabs, followed by 17 days in the plasma and
13 days in gut swabs (Fig. 1A); orf7a sgRNA lasted even longer in the
throat swabs (32 days) and gut swabs (28 days) (Supplementary Fig. S1).
However, genome RNA can exist in the throat swabs and gut swabs for
over 30 days post illness onset, followed by 24 days in plasma (Fig. 1B).
On the individual level, E sgRNA reached peak titers about 15 days after
disease onset and decreased since then (Supplementary Fig. S2). The
ratio of gRNA to sgRNA E showed no association with the patient's illness
duration (Fig. 2A). The sgRNA encoding orf7a showed high correlation
with the E sgRNA load in the same sample (Fig. 2B). Few samples showed
types with different duration of illness (n ¼ 264). Spearman's rank correlation
cated with different colors. Generalized estimating equations were used to fit the
s the duration of treatment (days). *P < 0.05 by Mann-Whitney U test. sgRNA,

mailto:Image of Fig. 1|eps


Fig. 2. The ratio of subgenomic E titer to genomic E titer through the illness duration (n ¼ 241) (A); high correlation between the titer of subgenomic E and sub-
genomic orf7a (n ¼ 88) (B). Correlation coefficient (r) and P value was calculated by spearman's rank test.
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sgRNA positive 10 days after treatment, both in Lopinavir-Ritonavir
treatment and Standard Care groups (Table 2, Fig. 1C, Supplementary
S1B). Meanwhile, most of these samples still showed gRNA positive 14
days after Lopinavir-Ritonavir and standard treatment (Table 2, Fig. 1D).
In all the four timepoints, the percentage of positive samples for E sgRNA
or gRNA showed no difference between Lopinavir-Ritonavir and stan-
dard treatment group, according to the χ2/Fisher exact test (P¼ 0.216–1)
on a total of 147, 60, 36, 24 samples 1, 5, 10, 14 days after treatment,
respectively. However, patients with death outcome showed higher
percentage of samples with positive sgRNA in day 1 post treatment than
patients with recovery outcome (P ¼ 0.046), while no significant dif-
ference was observed in the remaining 3 timepoints between the two
groups, based on χ2/Fisher exact test (P ¼ 0.167–1) (Table 2). Orf7a
sgRNA also showed no difference in the frequency of positive samples
between the two groups (Supplementary Table S2).
Table 2
Comparison of the number and frequency (%) of specimens that were positive for su

Days after treatment Subgenomic E

Treatment, n (%)

Standard Care Lopinavir-Ritonavir

1 14/79
(17.7)

18/68
(26.5)

5 4/29
(13.8)

6/31
(19.4)

10 0/19
(0)

2/17
(11.8)

14 0/7
(0)

2/17
(11.8)

Outcome Death Recovery

1 18/58
(31)

14/89
(15.7)

5 5/20
(25)

5/40
(12.5)

10 0/4
(0)

2/32
(6.3)

14 1/5
(20)

1/19
(5.3)

a Fisher exact test. Chi-square test was used for the remaining variables comparison
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3.3. sgRNA load in patients with different comorbidity

We collected 55, 21, 17, 19 throat swabs from patients with hyper-
tension, diabetes, cerebrovascular disease, and heart disease, respec-
tively. We compared the sgRNA load in patients with or without these
comorbidities on day 1 and 5 after treatment (Fig. 3). E sgRNA load
showed no difference in patients with or without hypertension and ce-
rebrovascular diseases on day 1 and day 5 after treatment, and also no
difference in patients with diabetes and heart diseases on day 5 after
treatment. E sgRNA load was higher in patient with heart diseases than
those without (P¼ 0.013), but lower in patients with diabetes than those
without, in the samples of the first timepoint (P ¼ 0.016). Similar results
were observed on orf7a sgRNA load, that orf7a sgRNA load showed no
difference between patients with the four comorbidities or without
comorbidities (Supplementary Fig. S3).
bgenomic and genomic E gene with different duration and clinical outcomes.

Genomic E

P Treatment, n (%) P

Standard Care Lopinavir-Ritonavir

0.280 74/79
(93.7)

63/68
(92.6)

1a

0.732a 25/29
(86.2)

27/31
(87.1)

1a

0.216a 18/19
(94.7)

13/17
(76.5)

0.167a

1a 7/7
(100)

15/17
(88.2)

1a

P Outcome Death Recovery P

0.046 56/58
(96.6)

81/89
(91)

0.316

0.278a 19/20
(95)

33/40
(82.5)

0.249

1a 4/4
(100)

27/32
(84.4)

1a

0.415a 5/5
(100)

17/19
(89.5)

1a

if not indicated, by chi2_contingency function in the scipy module in python 3.8.
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3.4. Throat sgRNA load at the time of detection correlated poorly with
serum antibody 10 days later

Higher sgRNA may indicate potent virus replication and thus induce
efficient adaptive immune response. We measured the E sgRNA load in
the throat swabs from 22 patients at the time of detection and also the
antibody against N, S, and RBD 10 days later. The median duration of
illness in these patients was 20.5 days (IQR 18–23). All the patients were
positive for IgM and IgG against the three tested SARS-CoV-2 proteins 10
days after detection of infection, except one patient showed IgM negative
against the N protein. However, E sgRNA load showed no correlation
with the IgM and IgG titer 10 days after the sgRNA test (Fig. 4); both IgM
and IgG titer showed no difference between patients with positive and
negative E sgRNA (Supplementary Fig. S4).
Fig. 3. Comparison of the subgenomic RNA load between patients with and withou
generated for subgenomic RNA load in patients with (green) or without (red) hyperte
treatment. *P < 0.05 by Mann-Whitney U test.
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4. Discussion

As a coronavirus, SARS-CoV-2 carries a large genome of ~ 30 kb
which contains the common 50 “leader” sequences of ~ 70 bp. Up on
mRNA transcription, this leader sequence fused to the structure protein
ORF from the down-stream part of genome. Since only actively repli-
cating SARS-CoV-2 initiates mRNA transcription, the sgRNA level may
reflect the virus replication status in vivo and play a role on patients'
clinical symptoms (Perera et al., 2020). We tested the E and orf7a sgRNA
load in throat, gut and plasma samples from severe COVID-19 patients
and found that sgRNA could be detected over 32 days after illness and
poorly correlated with comorbidities and serum antibody response.

Viral load kinetics and duration of viral shedding are important
determinant for disease transmission. A meta-analysis involved 79
t comorbidities on different duration of treatment (n ¼ 113). Violin plots were
nsion, diabetes, heart diseases, cardiovascular diseases, after one or five days of

mailto:Image of Fig. 3|eps


Fig. 4. Relationship between subgenomic RNA load in the throat and serum antibody against SARS-CoV-2 N, RBD, and S protein (n ¼ 18). Duration of illness was
mapped on the color bar. Spearman's rank correlation test was used to determine the correlation between subgenomic RNA loads and antibody titer. The P value
resulted from Spearman's rank correlation test were shown in each subplot.
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studies showed mean duration of SARS-CoV-2 genome RNA shedding
was 17.0 days in upper respiratory tract, 17.2 days in stool, and 16.6 days
in serum samples (Cevik et al., 2021). However, detection of virus RNA
did not indicate infectious virus presence. A couple of studies used sgRNA
as an indicator of active virus replication or infectious virus shedding,
though these studies had small sample size (Park et al., 2018; W€olfel
et al., 2020). In our study, we detected E sgRNA up to 25, 17, and 13 days
after illness onset in throat, plasma, and gut, respectively, as well as even
longer duration of orf7a persistence in throat (Supplementary Fig. S1A).
Similar to our results, two recent studies described the detection of
SARS-CoV-2 sgRNA in upper respiratory tract to 17–22 days after initial
detection of infection (Alexandersen et al., 2020; van Kampen et al.,
2021); another study also reported sgRNA detection in stool samples
from COVID-19 patients (Moreira et al., 2021). However, no previous
study report sgRNA presence in plasma from COVID-19 patients. This is
the first study which detects sgRNA in plasma sample after SARS-CoV-2
infection. We still do not know the origin of these sgRNA in plasma, as
they may be produced in the vascular endothelial cells after SARS-CoV-2
infection or released from the infection sites (eg. lung), which need
further exploration.

sgRNA from E gene was used to qualified SARS-CoV-2 sgRNA in
several studies (van Kampen et al., 2021; W€olfel et al., 2020). However,
sgRNA from other genes may show different dynamics in the same pa-
tients. Orf7a sgRNA showed the highest abundance in the previous
meta-transcriptome study, and we also observed higher titer of orf7a
sgRNA than E sgRNA in most samples (Fig. 2B) and lower decline rate in
throat samples (Supplementary Fig. S1A). Moreover, the orf7a sgRNA
lasted a longer duration and its titer highly correlated with that of E
sgRNA (Fig. 2B, Supplementary Fig. S1A).
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Currently, virus culture is commonly used to assess infectious virus
shedding in samples. Several studies considered there was an association
between positive virus culture and sgRNA presence in diagnostic samples
(Perera et al., 2020), but studies involved hospitalized patients with
larger sample size resulted in contradicting results (van Kampen et al.,
2021). Soren et al. provided evidence that sgRNA was protected by
cellular membranes and that the detection of sgRNA in diagnostic sam-
ples might not be a reliable indicator of active SARS-CoV-2 repli-
cation/infection (Alexandersen et al., 2020). In our study, we detected
sgRNA up to 13–32 days after illness onset, which should not indicate
infectious virus presence as low odds of live virus detection beyond 9–10
days of illness in respiratory sample (Cevik et al., 2021; Walsh et al.,
2020) and feces samples. Moreover, no live virus isolated from plasma
was reported so far, which underlined that the sgRNA detected in plasma
in our study could not represent live virus presence. If sgRNA is just the
leftover of mRNA produced during active virus replication and outlasts
the detection of infectious virus (van Kampen et al., 2021), it is reason-
able that sgRNA shows poor correlation with the patient's clinical fea-
tures. Meanwhile, the E sgRNA load in the throat also poorly predicted
the antibody titer 10 days later, which indicated that the sgRNA might
have little effect on humoral response.

Our study observed significant difference on the E sgRNA load be-
tween patients with and without diabetes and heart disease at the first
day after treatment. Type 2 diabetes mellitus reduced the expression of
angiotensin-converting enzyme 2 (ACE2) which might play an anti-
inflammatory role in the lung and further lead to a different sgRNA
load in the patients with diabetes (Wu et al., 2020). Moreover, patients
with preexisting pathologies involving renin-angiotensin-aldosterone
system such as hypertension, chronic heart failure developed more

mailto:Image of Fig. 4|eps
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severe clinical outcomes from COVID-19 (Nishiga et al., 2020), passably
due to the upregulation of ACE2 receptors (which would facilitate viral
entry) and increased the sgRNA load in their samples (Wu et al., 2020).
However, the orf7a sgRNA showed no difference between patients with
or without these four comorbidities, indicating different dynamics of
different sgRNA in COVID-19 patients. SARS-CoV-2 lineage is also asso-
ciated with sgRNA expression level. The samples in LOTUS China trial
were collected from January 18, 2020 to February 3, 2020, which were
most likely belonging to lineage A (Rambaut et al., 2020). Thus, for other
variants such as Alpha or the latest Delta, sgRNA may show different
dynamics.

Our study has some limitations. Firstly, only a small number of pa-
tients have samples of multiple timepoints for sgRNA test, which may
lead to an underestimation of the duration of sgRNA in these patients.
Secondly, we only tested the sgRNA load from E and orf7a gene of SARS-
CoV-2, which were also used as sgRNA targets in a number of previous
studies (W€olfel et al., 2020). However, sgRNA from other genes, such as
N gene, may show higher abundance in the sample and achieve higher
detection sensitivity (Nomburg et al., 2020). Finally, our study only
included hospitalized patients with severe COVID-19 and lacked the
sgRNA load data on mild COVID-19 patients. Thus, further studies
including more genes of sgRNA are needed to determine the full picture
of sgRNA dynamics in specific patient groups.

5. Conclusions

In conclusion, SARS-CoV-2 E and orf7a sgRNA presented in throat,
plasma, and gut samples from the severe COVID-19 patients and lasted
for a long duration. E sgRNA load in the throat showed poor correlation
with patient's clinical features and antibody raised later. E and orf7a
sgRNA might be not a good biomarker to predict patients' clinical
outcome and infectious virus presence. We still need to develop a better
tool to predict patient's clinical outcome and immune response.
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