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ABSTRACT
To identify the association between the kinetics of viral load and clinical outcome in severe coronavirus disease 2019
(COVID-19) patients, a retrospective study was performed by involved 188 hospitalized severe COVID-19 patients in
the LOTUS China trial. Among the collected 578 paired throat swab (TS) and anal swab (AS) samples, viral RNA was
detected in 193 (33.4%) TS and 121 (20.9%) AS. A higher viral RNA load was found in TS than that of AS, with means
of 1.0 × 106 and 2.3 × 105 copies/ml, respectively. In non-survivors, the viral RNA in AS was detected earlier than that
in survivors (median of 14 days vs 19 days, P = 0.007). The positivity and viral load in AS were higher in non-survivors
than that of survivors at week 2 post symptom onset (P = 0.006). A high initial viral load in AS was associated with
death (OR 1.368, 95% CI 1.076–1.741, P = 0.011), admission to the intensive care unit (OR 1.237, 95% CI 1.001–1.528,
P = 0.049) and need for invasive mechanical ventilation (OR 1.340, 95% CI 1.076–1.669, P = 0.009). Our findings
indicated viral replication in extrapulmonary sites should be monitored intensively during antiviral therapy.
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Introduction

Coronavirus disease 2019 (COVID-19) is caused by
severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2), can lead to severe or critical disease,
and is a global pandemic [1,2]. The clinical manifes-
tations of COVID-19 range from asymptomatic infec-
tion, to mild, severe or critical respiratory tract
infections, gastrointestinal and neurological symp-
toms, and death [3–7]. SARS-CoV-2 infection is esti-
mated to be responsible for approximately 20% of
severe cases and approximately 5% of fatal cases
among infected individuals [2]. For this deadly infec-
tion, much attention should be paid to decreasing
mortality in severe cases with effective antiviral thera-
pies. It is therefore of great significance to precisely
determine the kinetics of virus shedding and the
sites of viral replication.

The presence of viral RNA has been reported in a
broad range of sample types, including but not limited
to respiratory, stool, urine, and blood samples [3,7].
Viral RNA detection not only provides major evidence
for clinical diagnosis but also reflects the virus replica-
tion sites, and the viral RNA load is a useful parameter
to identify the status of viral replication and clearance
[7–9]. Hence, viral load quantification in patients has
been used to monitor disease progression. The corre-
lations between viral RNA load and clinical symptoms
and laboratory test results have provided clues to pre-
dict disease severity. For example, the viral RNA levels
in nasopharyngeal aspirates and blood were correlated
with death in SARS-CoV-infected patients [10]. In
COVID-19 patients, the viral loads in sputum and
blood were found to be related to prognosis [7,11].
However, most recent studies involved few severe
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cases and employed a single sample type. Whether the
viral load in samples collected from different anatom-
ical sites will predict clinical outcome in severe
patients still needs to be thoroughly investigated.

In a previous report, two COVID-19 cohorts suffer-
ing from severe infections were recruited for a clinical
trial (LOTUS) to determine the antiviral efficacy of
lopinavir-ritonavir [8]. In this study, we longitudinally
quantified the viral load in consecutive throat swab
(TS) and anal swab (AS) samples collected from the
LOTUS cohorts to evaluate the viral loads in speci-
mens collected from different anatomical sites and
their association with clinical outcomes in severe
COVID-19 patients. Our findings suggest that viral
replication in extrapulmonary sites and viral RNA
load are highly correlated with adverse outcome of
COVID-19 patients.

Methods

Patients and clinical samples

The recruitment criteria for COVID-19 patients and
the sampling strategies have been reported previously,
and the involved patients were enrolled at Wuhan
Jinyintan Hospital, Wuhan, China, from 18 January
2020, through 3 February 2020 [8]. All patients were
hospitalized with COVID-19 of grade 3 or more on
the seven-category ordinal scale (reported previously)
[8].

Among the 199 recruited patients, eight recovered
patients and three patients who died were excluded
because the relevant clinical samples were not enough
to be used for virus detection in this study. The eligible
188 patients were included for further analysis. Of the
188 recruited patients, 147 (78.2%) recovered, and 41
(21.8%) died. A total of 31 (16.5%) patients were
admitted to the intensive care unit (ICU), and 27
(14.4%) received invasive mechanical ventilation.
The age range was 15–85 years, and the median age
was 57.5 years (interquartile range [IQR], 48.8–67.3
years). Male patients accounted for 59.6% of the popu-
lation (112) (Table 1). The clinical records were col-
lected retrospectively. At the time of recruitment, 26
patients had grade 3, 134 had grade 4, and 28 had
grade 5 disease according to the seven-category ordi-
nal scale.

Paired consecutive TS and AS samples maintained
in viral transport medium (VTM) were collected on
days 1, 5, 10, 14, 21, and 28 after recruitment (until
hospital discharge or death). Consecutive TS and AS
samples were obtained 5 times in 10 patients, 4
times in 65 patients, 3 times from 55 patients, and 2
times from 45 patients. Only one sample pair was
obtained from thirteen patients. A total of 1156
samples (578 TS and AS pairs) were collected for
further analysis.

Procedures

Samples (400 μl) from TS and AS were added into 2 ml
lysis buffer in a biosafety level 3 laboratory, and nucleic
acids were extracted by using a NucliSENS easyMAG
system (bioMerieux, Marcy l’Etoile, France) according
to the manufacturer’s instructions. A 50 µl elution was
obtained from each sample. The presence of viral RNA
and the viral load in the samples were determined by
quantitative RT–PCR using a Bio-Rad instrument
(Bio-Rad CFX96, Hercules, CA, USA) [13]. As for the
sensitivity of open reading frame 1b (ORF1b) genes
was lower than that of the nucleocapsid (N) gene, the
primers were designed to target the N gene of SARS-
CoV-2 [13]. The primer sequences were as follows: F
5’-ACCTGTGTAGGTCAACCACG-3’, R 5’ -CAGCGC
TTCAGCGTTCTTCGGAATGTCGC-3’. Nucleic acids
(5 µl) were used forRT–PCR, and the conditionswere as
follows: 15 min at 50°C for reverse transcription, 4 min
at 95°C for predenaturation, and then 45 cycles of 15 s at
95°C and 45 s at 60°C. The quantified RNA transcripts
forN genewas prepared by in vitro transcribed plasmids
with a T7 promoter (pEasy-T1, TransGen Biotech, Beij-
ing, China) via in vitro transcription with the Ribo-
MAX™ Large Scale RNA Production System
(Promega, Madison, WI, USA). The concentration of
the RNA transcripts was determined using NanoDrop
technology (Thermo Fisher Scientific, Waltham, MA,
USA). The subgenomic RNA was tested according to
previous report [14].

Statistical analysis

The data presented as durations were calculated from
the onset of symptoms. The consecutive data, includ-
ing viral load in different specimens and the time for
the virus test to turn from positive to negative, were
compared by Student’s t-test or the Mann–Whitney
U test as appropriate. The categorical variables and
virus positive rates were analysed by the chi-square
test. Associations between initial viral load and
adverse outcomes of COVID-19 patients were ident-
ified using a multivariable logistic regression model.
A two-sided P < 0.05 was considered to be statistically
significant. All statistical analyses were conducted
using SPSS version 19.0 and R version 3.6.1.

Ethics approval

This study was approved by the Institutional Review
Board of Jin Yin-Tan Hospital (KY-2020-02.01). Writ-
ten consent was obtained from the guardians or legal
representatives of patients.

Role of the funding sources

The funder had no role in the study design, data collec-
tion, data analysis, data interpretation, or writing of the
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report. The corresponding author had full access to all
data in the study and had final responsibility for the
decision to submit the manuscript for publication.

Results

Virus positive rates in different kinds of samples

Viral RNAwas detected in 314 samples (27.2%) among
the 1156 samples tested, including 193 (33.4%) TS and
121 (20.9%) AS samples. The positive rate in TS
samples was higher than that in AS samples (P <
0.001, chi-square test). The time to detectable viral
RNA was 5 and 6 days post symptom onset (PSO) in
TS and AS samples, respectively (Figure 1(A)). The
positive rates in TS and AS samples reached a peak of
66.0% at day 7 PSO and then declined slowly (Figure
1(A)). The longest duration of viral RNA detection
from symptom onset in TS was 39 days, and that in
AS was 31 days. The positive rate in TS was not signifi-
cantly different between the weeks of the study. The
only noted difference was a decrease in the positive
rate in AS in week 3 compared to week 2 PSO (P =
0.047) (Figure 1(B)). There was no association between
death and prolonged detection of viral RNA in all types
of specimens (≥20 days from illness onset). The mean
positive rate in AS was higher in non-survivors than
in survivors (P = 0.018) (Figure 1(C)), but a significant
difference (AS, 46.9 vs 18.8, P = 0.006, chi-square test)
was shown only in week 2 PSO (Figure 1(D)). The
viral load in AS showed no correlation with symptoms

of intestinal infections in our study (P = 0.255). Our
data showed that the positive rate in AS was higher in
non-survivors than in survivors.

Time to positive detection in patients

SARS-CoV-2 RNAwas detected in a total of 87 patients
at the timeof recruitment for this study.At least onekind
of sample was positive for viral RNA in these patients,
with 68 patients having a positive result from a TS and
44 having a positive result from an AS. Both samples
showed viral RNA positivity in 25 patients.

The median time to viral RNA detection was simi-
lar for TS [18.0 days PSO (IQR 14.0–23.0 days)] and
AS [18.0 days PSO (IQR 13.0–23.5 days)] (Figure 2
(A)). In non-survivors, the median time to viral
RNA detection for AS (median number of days 14 vs
19 PSO, P = 0.007) but not TS (P = 0.168), was signifi-
cantly earlier than that in survivors (Figure 2(B)). The
time to viral RNA negativity after a positive result in
TS and AS were similar in both survivors and non-sur-
vivors, with median times of 22.0 and 20.0 days PSO,
respectively (Figure 2(C,D)). Our data showed that
viral RNA in AS was detected earlier in non-survivors
than in survivors.

Kinetics of the viral load in patients

The viral load in specimens ranged from 0 to 1.1×108

copies/ml, with mean values of 1.0×106 copies/ml in

Table 1. The demographic information and clinical symptoms of recruited COVID-19 patients.
Total (cases = 188) Survivors (cases = 147) Non-survivors (cases = 41) P value

Age, years
Median (IQR)* 57.5 (48.8-67.3) 56.0 (46.0-65.0) 65.0 (57.0-73.5) <0.001
Sex, n (%) 0.198
Male 112 (59.6) 84 (57.1) 28 (68.3) ..
Female 76 (40.4) 63 (42.9) 13 (31.7) ..
Underlying disease, n (%)
Yes 111 (59.0) 88 (59.9) 23 (56.1) 0.665
Hypertension 65 (34.6) 53 (36.1) 12 (29.3) 0.419
Diabetes 23 (12.2) 20 (13.6) 3 (7.3) 0.277
Heart disease 15 (8.0) 11 (7.5) 4 (9.8) 0.744
Cerebrovascular disease 13 (6.9) 10 (6.8) 3 (7.3) 1.000
Chronic kidney disease 6 (3.2) 5 (3.4) 1 (2.4) 1.000
Malignancy 6 (3.2) 4 (2.7) 2 (4.9) 0.613
Chronic liver disease 8 (4.3) 6 (4.1) 3 (7.3) 0.412
Symptoms, n (%)
Fever 175 (93.1) 139 (94.6) 36 (87.8) 0.161
Cough 160 (85.1) 127 (86.4) 33 (80.5) 0.348
Fatigue 49 (26.1) 40 (27.2) 9 (22.0) 0.498
Headache 7 (3.7) 6 (4.1) 1 (2.4) 1.000
Muscle pain 22 (11.7) 19 (12.9) 3 (7.3) 0.418
Pharyngalgia 6 (3.2) 6 (4.1) 0 (0.0) 0.342
Dyspnea 23 (12.2) 18 (12.2) 5 (12.2) 0.993
Diarrohea 5 (2.7) 5 (3.4) 0 (0.0) 0.587
Severity on the seven-category ordinal scale, n (%)
3 26 (13.8) 21 (14.3) 5 (12.2) 0.732
4 134 (71.3) 106 (72.1) 28 (68.3) 0.633
5 28 (14.9) 20 (13.6) 8 (19.5) 0.348
Antibiotic use, n (%) 0.613
Yes 182 (96.8) 143 (97.3) 39 (95.1) ..
Corticosteroid use, n (%) 0.294
Yes 65 (34.6) 48 (32.7) 17 (41.5) ..

* IQR, interquartile range. P values were calculated by two-sided unpaired t-test or χ2 test as appropriate.
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TS and 2.3×105 copies/ml in AS. TS showed a higher
viral load than AS (P<0.001) (Figure 3(A)). The TS
viral load showed no significant difference between
weeks PSO. The AS viral load in week 3 was signifi-
cantly decreased compared to that in week 2 (P =
0.029) (Figure 3(B)).

The mean AS viral RNA load in non-survivors was
approximately 5.6-fold higher than that in survivors
(P = 0.019), particularly in week 2 PSO (P = 0.006)
(Figure 3(C,D)). A high initial viral load in AS was
associated with death (OR 1.368, 95% CI 1.076–
1.741, P = 0.011), admission to the ICU (OR 1.237,
95% CI 1.001–1.528, P = 0.049) and need for invasive
mechanical ventilation (OR 1.340, 95% CI 1.076–
1.669, P = 0.009) in COVID-19 patients according to
multivariable logistic regression model analysis after
adjusting for age, severity based on the seven-category
ordinal scale, use of corticosteroids, use of lopinavir-

ritonavir and days from symptom onset to enrolment
(Table 2). The AS (P = 0.402) and TS (P = 0.979) viral
loads showed no significant difference between
patients treated with or without lopinavir-ritonavir.
The viral load reflects dynamic changes in viral repli-
cation and clearance by host immune activities. Our
results showed that the patients who had adverse out-
comes had higher AS viral loads than those patients
who did not have adverse outcomes. These findings
emphasize that enteric viral replication and trans-
mission are important predictors of adverse outcomes.

Discussion

In this study, we analysed the viral RNA positive rate
and viral loads in consecutively collected paired TS
and AS samples from hospitalized severe COVID-19
patients. We found that viral RNA could be detected

Figure 1. Virus positive rates in throat swab (TS) and anal swab (AS) samples. (A) The time course of positive rates in TS and AS
samples on each day after symptom onset is shown (left part). The average viral RNA positive rates in TS and AS samples shown in
the column were compared (right part). (B) The weekly positive rates in TS and AS samples after symptom onset. (C) The virus
positive rates in TS and AS samples in survivors and non-survivors. (D) The weekly positive rates in survivors and non-survivors.
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in TS and AS samples, but the rates of positivity were
different (TS 33.4%, AS 20.9%). The mean viral loads
were also different between groups (TS 1.0×106 copies/
ml, AS 2.3×105 copies/ml). The time from symptom
onset to positive viral RNA detection in AS samples
was significantly lower in non-survivors than in survi-
vors (median number of days of 14 vs 19). The virus
positive rate and the viral load in AS in week 2 after
symptom onset were significantly higher in non-survi-
vors than in survivors.

Several groups have reported the detection rate of
SARS-CoV-2 in different samples from COVID-19
patients with different disease severities. However,
the data vary greatly between studies [11,12,15].
Other studies reported that the average viral RNA
positive rates in TS and faecal samples from
COVID-19 patients were 18.2%–62.5% and 17.0%–
26.7%, respectively [12,16]. These disparate values
may be attributed to the inconsistent disease severity,
sampling time, sample number and type used to evalu-
ate the viral positive detection rates across studies. The
TS viral load between weeks showed no significant
difference PSO in our study, which was consistent
with Zheng et al.’s study [7]. But Wölfel et al.’s con-
sidered there were significant differences of TS viral
load between weeks PSO [14]. The difference between

our findings and those of previous reports may related
to the enrolled cases with different disease severities.

The viral RNA detections in enteric samples were
similar to that in SARS patients, in which the virus
was isolated from stool samples, and a high viral
RNA prevalence was found in the stool samples
[17,18]. Human organoid culture experiments have
shown that replication of SARS-CoV-2 in the gut is
higher than that in the lungs [19,20]. The expression
of N protein was visualized in the cytoplasm of gastric,
duodenal, and rectal glandular epithelial cells, which
further confirmed the regional replication of SARS-
CoV-2 [21]. The presence of viral RNA in different
anatomical sites indicates the location of replication
and/or the transmission route. It is well known that
the respiratory tract is the initial replication site of
SARS-CoV-2. The detection of viral RNA in anal
samples might be the result from transmission of
virus from the respiratory tract to the intestinal tract
by swallowing, the replication of virus within extrapul-
monary organs, or the increased intestinal per-
meability during disease progression. However, we
found no correlation of the viral load in AS with intes-
tinal infection symptoms in our study, though diarro-
hea and vomiting were reported in the COVID-19
patients [15]. To obtain proof of active virus

Figure 2. The time to SARS-CoV-2 positivity in throat swab (TS) and anal swab (AS) samples. (A) The time from symptom onset to
viral RNA positivity in TS and AS samples. (B) The time from symptom onset to viral RNA positivity in TS and AS samples from
survivors and non-survivors. (C) The time to viral RNA negativity after a positive result in TS and AS samples. (D) The time to
viral RNA negativity after a positive result in TS and AS samples from survivors and non-survivors.
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replication in the absence of histopathology, we also
analysed viral subgenomic mRNAs in clinical samples
[14]. It showed that subgenomic mRNAs were detect-
able in both viral RNA positive TS (35.6%) and AS
(13.9%) samples (Supplementary Figure 1). Our viral

shedding data also indicate the important role of the
gut during disease progression. Collectively, these
findings emphasize that enteric viral replication and
transmission in individuals are important predictors
of disease severity. Enteric samples should be routinely

Figure 3. Viral load dynamics in throat swab (TS) and anal swab (AS) samples from patients with COVID-19. (A) The viral load in
serial samples collected every 4–7 days. (B) The weekly mean viral load in the specimens post symptom onset. (C) The viral loads in
specimens from survivors and non-survivors. (D) The weekly mean viral loads in specimens from patients with different outcomes
post symptom onset.

Table 2. Association between initial viral load and adverse outcomes of COVID-19 patients.
Outcome Initial viral load† (log10 copies/ml) Unadjusted OR (95% CI) P value Adjusted†† OR (95% CI) P value

Death TS 1.075
(0.936-1.235)

0.308 1.063
(0.891-1.268)

0.495

AS 1.191
(1.002-1.415)

0.047 1.368
(1.076-1.741)

0.011

ICU TS 0.960
(0.817-1.128)

0.622 0.938
(0.784-1.121)

0.481

AS 1.204 (1.001-1.447) 0.049 1.237 (1.001-1.528) 0.049
IMV TS 0.966

(0.815-1.146)
0.694 0.934

(0.773-1.128)
0.477

AS 1.293
(1.071-1.562)

0.008 1.340
(1.076-1.669)

0.009

TS = Throat swab. AS = Anal swab. IMV = Invasive mechanical ventilation. ICU = Intensive care unit. OR = Odds ratio. † Initial viral loads in anal swab and
throat swab samples were analysed. †† Results were adjusted based on age, severity on the seven-category ordinal scale, use of corticosteroids, use of
lopinavir-ritonavir and days from symptom onset to enrolment.
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collected for virally testing for COVID-19 diagnosis,
as they are for SARS diagnosis.

The viral load reflects the dynamic interplay
between viral replication and virus clearance by host
immune activities [18]. The examination of viral
load in SARS and Middle East Respiratory Syndrome
(MERS) patients has been used to predict disease pro-
gression [10,22]. In SARS, a high viral load in respir-
atory, stool and blood samples was related to death
[10]. In MERS, the viral loads in the severe group
were higher than those in the mild group, while the
viral shedding time and intensity were closely related
to SARS [22,23]. The viral load in the respiratory
tract was reported positively linked to lung disease
severity in COVID-19 patients, indicating that it is a
predictor of disease severity [24]. In our data, the TS
viral load was higher than the AS viral load. However,
we found no correlations of TS viral load with death in
our study. Such finding was consistent with Fajnzylber
et al’s report, in which they recruited severe COVID-
19 patients [25]. The disparities might be related to the
disease severity of recruited patients, sampling time
and sample number. Only the AS viral load was sig-
nificantly higher in non-survivors than in survivors,
and the difference became significant at week 2 PSO,
which may indicate that the second week during dis-
ease progression is a critical point for determining
COVID-19 outcome. The presence or absence of an
extrapulmonary infection at week 2 indicates whether
a patient’s immune system has been effective in pre-
venting the spread of the virus, thereby determining
the patient’s chance of survival.

The viral RNA detections and viral load in consecu-
tively collected paired samples from patients showed
that TS was positive in high viral RNA concentrations,
followed by AS from survivors and non-survivors. The
respiratory tract being the primary replication site of
SARS-CoV-2 was supported by the high TS viral load.
Viral RNA could be detected earlier in TS than AS, and
TS had higher viral loads than AS in both survivors and
non-survivors. The expressionof angiotensin-converting
enzyme2 (ACE2), the receptor for SARS-CoV-2, ismuch
higher in the small intestine than in the lungs [26–28]. It
is hypothesized that in some patients, the virus travels to
the intestine after the initial respiratory system infection
and actively replicates [29]; viral RNA “spillover” into the
blood would thus predict adverse outcomes. Monitoring
enteric and blood samples would be a specific way to
monitor disease progression.

There are some limitations of our study. One is that
there was a lack of samples from the first 5 days, and as
such, we could not provide a detailed characterization
of viral load kinetics in the early stage. The second is
that although the AS and TS were collected at the
same time every 4–7 days until the patients were dis-
charged or died, we did not continue to monitor the
patients after discharge. However, it would be not

affected the conclusions in this study. The third is
that we analysed the dynamics of viral RNA positivity
and viral load with samples taken from patients who
received antivirals, antibiotics, corticosteroids and
other treatments, which could have affected the pat-
terns. However, our findings can help identify those
patients with severe COVID-19 who are likely to
experience disease progression.

In conclusion, based on the analysis of a relative
large amount of samples collected from severe
COVID-19 patients, we found that a high viral RNA
positivity rate in AS, a high viral load in AS, and
early positive detection in AS can predispose
COVID-19 patients to adverse outcomes. Early
administration of effective antiviral drugs is critical
for treating COVID-19. The presence of viral replica-
tion in extrapulmonary sites predisposes to adverse
outcomes and should thus be monitored carefully.
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