
No effect of remdesivir or betamethasone on upper respiratory tract
SARS-CoV-2 RNA kinetics in hospitalised COVID-19 patients: a

Downloaded from: https://research.chalmers.se, 2026-04-03 13:24 UTC

Citation for the original published paper (version of record):
Sourander, B., Andersson, L., Brink, M. et al (2022). No effect of remdesivir or betamethasone on
upper respiratory tract SARS-CoV-2 RNA kinetics in
hospitalised COVID-19 patients: a retrospective observational study. Infectious Diseases, 54(10):
703-712. http://dx.doi.org/10.1080/23744235.2022.2081716

N.B. When citing this work, cite the original published paper.

research.chalmers.se offers the possibility of retrieving research publications produced at Chalmers University of Technology. It
covers all kind of research output: articles, dissertations, conference papers, reports etc. since 2004. research.chalmers.se is
administrated and maintained by Chalmers Library

(article starts on next page)



INFECTIOUS DISEASES,
2022; VOL. 0,
NO. 0, 1–10

https://doi.org/10.1080/23744235.2022.2081716

ORIGINAL ARTICLE

No effect of remdesivir or betamethasone on upper respiratory tract SARS-CoV-2
RNA kinetics in hospitalised COVID-19 patients: a retrospective
observational study

Birger Sourandera,b, Lars-Magnus Anderssona,b, Magnus Brinka,b, Aylin Yilmaza,b, Nicklas Sundella,b,
Emelie Marklunda,b, Staffan Nilssonc,e, Magnus Lindha,d, Josefina Robertsona,b and Magnus Gissl�ena,b

aDepartment of Infectious Diseases, Institute of Biomedicine, Sahlgrenska Academy, University of Gothenburg, Gothenburg,
Sweden; bDepartment of Infectious Diseases, Region V€astra G€otaland, Sahlgrenska University Hospital, Gothenburg, Sweden;
cMathematical Sciences, Chalmers University of Technology, Gothenburg, Sweden; dDepartment of Clinical Microbiology,
Sahlgrenska University Hospital, Gothenburg, Sweden; eDepartment of Laboratory Medicine, Institute of Biomedicine,
Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden

ABSTRACT
Background: The viral kinetics of SARS-CoV-2 has been considered clinically important. While remdesivir and corticoste-
roids are recommended for COVID-19 patients requiring oxygen support, there is a limited number of published reports on
viral kinetics in hospitalised patients with COVID-19 treated with remdesivir or corticosteroids.
Methods: We conducted a retrospective study by collecting longitudinal samples from the nasopharynx/throat of 123 hos-
pitalised patients (median age 55 years, 74% male) with COVID-19, to evaluate the effects of remdesivir and corticosteroid
treatment on viral RNA levels. The subjects were divided into four groups: those receiving remdesivir (n¼ 25), betametha-
sone (n¼ 41), both (n¼ 15), or neither (n¼ 42). Time to viral RNA clearance was analysed using Kaplan-Meier plots, cat-
egorical data were analysed using Fisher’s exact test, and Kruskal-Wallis for continuous data. Viral RNA decline rate was
analysed using a mixed effect model.
Results: We found no significant difference in SARS-CoV-2 RNA decline rate or time to SARS-CoV-2 RNA clearance between
the groups. Moreover, clinical status at baseline was not correlated with time to viral clearance.
Conclusions: Since SARS-CoV-2 RNA kinetics was not affected by treatment, repeated sampling from the upper respiratory
tract cannot be used to evaluate treatment response.
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Introduction

Coronavirus disease 2019 (COVID-19) is an acute respira-
tory tract infection caused by the Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). The
viral kinetics of SARS-CoV-2 have been suggested as clin-
ically important, considering observed correlations
between viral load in the nasopharynx and mortality [1],
viral load in plasma and mortality [2], and a positive
association between sputum viral load, disease severity,
and risk of progression [3]. However, other studies found
no correlation between viral load and progression [4–6].
Although the number of studies on this topic is steadily
increasing, there is a limited number of published stud-
ies on viral kinetics in hospitalised patients with COVID-
19 treated with remdesivir [7–11], or with corticosteroids
[12–15]. Increased knowledge of SARS-CoV-2 ribonucleic
acid (RNA) kinetics in COVID-19 is a key to better under-
standing the transmission, prognosis, and therapy of
the disease.

Remdesivir (GS-5734) is an adenosine analogue pro-
drug whose active metabolite inhibits viral RNA poly-
merases with efficacy against Coronaviridae in vitro and
in animal models [16–18]. Betamethasone is a synthetic
steroid that modifies gene expression by binding to
intracellular glucocorticoid receptors, altering the syn-
thesis of pro- and anti-inflammatory proteins, resulting
in anti-inflammatory and immunosuppressive effects
[19]. Of seven publications studying remdesivir in the
treatment of hospitalised patients with COVID-19
[7–9,11,20–22], only two reported reduced mortality
[9,20]. The existing evidence for reduced mortality is
more robust for corticosteroids [23–25]. Both remdesivir
and corticosteroids are recommended for the treatment
of patients with COVID-19 who require oxygen support,
according to the Infectious Diseases Society of America
(IDSA) guidelines [26] and national Swedish guidelines
(https://infektion.net/wp-content/uploads/2021/12/natio-
nellt-vardprogram-covid-version-3-4.pdf).

So far two randomised studies have been published,
indicating no effect on SARS-CoV-2 RNA clearance with
remdesivir treatment compared to placebo [7] or com-
pared to standard of care [8]. In addition, a retrospective
observational study also reported no such effect [10].
On the contrary, a large retrospective observational
study found a slightly shorter time (9 vs 10 days) to
achieve low viral loads (defined as cycle threshold (Ct) �
35). However, time to viral clearance was not signifi-
cantly different between the two groups [9].
Furthermore, a smaller, retrospective observational study

reported significantly steeper increases in the Ct value in
the cohort treated with remdesivir [11]. Thus, the effect
of remdesivir on SARS-CoV-2 in humans is uncertain and
requires further investigation. This is also true for corti-
costeroids, since existing data on the viral dynamics of
SARS-CoV-2 is scarce and inconclusive [23], with conflict-
ing results reporting no effect on viral clearance [12,13],
as well as delayed clearance [14,15]. Corticosteroid treat-
ment has previously been associated with delayed CoV
RNA clearance in SARS [27] and Middle East Respiratory
Syndrome (MERS) [28]. The present study aimed to
evaluate the effects of remdesivir and corticosteroid
treatment on SARS-CoV-2 RNA kinetics in samples from
the upper respiratory tract.

Materials and methods

Study design and participants

A total of 123 patients with COVID-19 verified by
Polymerase Chain Reaction (PCR) admitted to the
Department of Infectious Diseases, Sahlgrenska
University Hospital, Gothenburg, Sweden, from March 1
to December 18, 2020, participated in a prospective
sampling study [29] and were retrospectively selected
for inclusion in the current study. Participants were div-
ided into four groups, based on treatment regimen: 1)
remdesivir (n¼ 25), 2) remdesivir and betamethasone
(n¼ 15), 3) betamethasone (n¼ 41), and 4) controls
(n¼ 42). The control group (i.e. patients not receiving
remdesivir or betamethasone) was matched for age, sex,
and comorbidities and was mainly recruited during the
spring of 2020 when neither corticosteroids nor remdesi-
vir was considered the standard of care. Remdesivir was
administered intravenously as a 200mg loading dose on
day 1, followed by 100mg once daily for up to 9 add-
itional days. Betamethasone, 6mg once daily, was
administered orally or intravenously for up to 10 days.
The date of disease onset was defined as the first day of
self-reported symptoms of COVID-19. All interventions
and length of treatment were decided by the treating
physician and not influenced by the study design.

Sample collection and laboratory analyses

COVID-19 was diagnosed by PCR at the Department of
Clinical Microbiology, Sahlgrenska University Hospital,
Gothenburg, Sweden. Serial upper respiratory tract sam-
ples were collected in a tube with 1mL of transport
medium. Nucleic acids were extracted from 200 mL of
sample in a Magnapure instrument (Roche Molecular,
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Branchburg, USA), and 10mL of the purified sample was
used for one-step RT-PCR in a QuantStudio 6 real-time
PCR instrument. Thirty minutes of reverse transcription
were performed at 46 �C with 45 cycles of amplification
and 58 �C annealing temperature, using RdRP_F,
GTCATGTGTGGCGGTTCACT and RdRP_R, CAACACTATTA
GCATAAGCAGTTGT as primers, and RdRP_P, CAGGT
GGAACCTCATCAGGAGATGC as a fluorescent hydrolysis
probe. This method was complemented with the
Cepheid GeneXpert Xpress SARS-CoV-2 assay analysed
on a GeneXpert Dx instrument in order to obtain more
rapid results when required. Viral loads were expressed
as cycle threshold (Ct) values, which are inversely corre-
lated with the concentration of RNA present in the sam-
ple. Ct � 40 was considered negative for both methods.
Samples were collected on days 1, 3, 6, 10, and 14, then
once every 7th day. For practical reasons, the testing
schedule was not possible to carry out for all study
participants.

Outcomes

The primary endpoints were time to SARS-CoV-2 RNA
clearance in the upper respiratory tract from symptom
onset and from therapy initiation, and SARS-CoV-2 RNA
decline rate measured from therapy initiation. Viral clear-
ance was defined as the time point when SARS-CoV-2
RNA was no longer detectable by PCR (Ct � 40). We
also recorded baseline clinical status (i.e. at admission
[control group], or at therapy initiation [remdesivir and/
or betamethasone]), length of hospitalisation, and 28-
day mortality rate. The study was not designed to assess
differences in clinical outcomes.

Clinical status was assessed on a 7 point ordinal scale,
including 1) death, 2) hospitalisation requiring invasive
mechanical ventilation or Extracorporeal Membrane
Oxygenation (ECMO), 3) hospitalisation requiring Non-
Invasive Ventilation (NIV) or High Flow Nasal Cannula
(HFNC), 4) hospitalisation requiring supplemental oxy-
gen, 5) hospitalisation not requiring supplemental oxy-
gen but continued medical care, 6) hospitalisation not
requiring supplemental oxygen or continued medical
care, 7) not hospitalised. This scale has been used in
previous studies on remdesivir in COVID-19 [21,30], and
resembles an inversion of the scale suggested by the
World Health Organisation (WHO) [31]. Four participants
who died were excluded when calculating the mean
length of hospitalisation in order not to bias the results.

Statistical analyses

Statistical analyses were performed using GraphPad
Prism 8 (GraphPad Software Inc, San Diego, California,
USA) and R 4.0.0. SARS-CoV-2 RNA decline rates were
derived using a mixed effect model. Time to SARS-CoV-2
RNA clearance was analysed using Kaplan-Meier plots
and log-rank tests comparing treatment groups and clin-
ical status groups. Cox regression was used to adjust for
baseline Ct values, age, and sex. Categorical data were
analysed using Fisher’s exact test, and Kruskal-Wallis for
continuous data. The statistical significance level
was a¼ 0.05.

Ethics approval and consent to participate

The study protocol was approved by the Swedish Ethical
Review Authority (Dnr: 2020 01771), and written
informed consent was obtained from all participants.

Results

Patient characteristics

A total of 91 males (74%) and 32 females (26%), with a
median age of 55 years (interquartile range [IQR] 47–63),
were included in the study. Median body mass index
(BMI) was 29.0 kg/m2 (IQR 26.1–31.9). The most common
comorbidities were obesity (41.8%), hypertension
(35.8%), and diabetes (14.6%). Overall, 26.8% of the
study participants had no registered comorbidity
(Table 1).

Baseline variables

Participants had had median symptom duration of
8.0 days (IQR 7.0–10.0) at admission. The median symp-
tom duration at therapy initiation was 10.0 days (IQR
7.3–12.0) for remdesivir and 9.5 days (IQR 8.0–11.8) for
betamethasone. The median first registered Ct value was
25.7 (IQR 21.7–29.4). The median treatment duration was
5.0 days (IQR 5.0–8.0) for remdesivir and 10.0 days (IQR
6.3–10.0) for betamethasone (Table 1). At baseline, the
clinical status of participants ranged from 2 (hospitalisa-
tion requiring invasive mechanical ventilation or ECMO)
to 5 (hospitalisation not requiring supplemental oxygen
but continued medical care). Mean clinical status at ther-
apy initiation was 3.6 (95% confidence interval [CI]
3.3–3.9) in the remdesivir group, 3.6 (95% CI 3.4–3.8) in
the betamethasone group, and 3.4 (95% CI 2.9–3.9) in
the group treated with both remdesivir and
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betamethasone. At admission, the mean clinical status in
the control group was 4.1 (95% CI 3.8–4.4), (p¼ .003)
(Table 1).

Primary endpoints: viral RNA clearance and rate
of decline

The median time from symptom onset to viral RNA
clearance was 24 days (95% CI 21.3–26.7) in the control
group, 23 days (95% CI 21.2–24.8) in the remdesivir

group, 23 days (95% CI 19.7–26.3) in the betamethasone
group, and 27 days (95% CI 22.8–31.2) in the group
receiving both remdesivir and betamethasone. There
were no significant differences between the groups
(p¼ .7) (Figure 1). There was no significant difference in
viral RNA clearance measured as a function of days after
the start of treatment (p¼ .8) (Figure 2), and no signifi-
cant difference in the rate of SARS-CoV-2 RNA decline
(p¼ .73) (Figure 3). The regression lines were derived
based on patients with at least 2 Ct values within day

Table 1. Background variables.
Control (n¼ 42) Remdesivir (n¼ 25) Betamethasone (n¼ 41) Both treatments (n¼ 15) Total (n¼ 123)

Characteristics
Age, median (IQR), years 52.0 (48.5–57.3) 56.0 (45.5–62.0) 60.0 (51.0–66.0) 51.0 (42.0–64.0) 55.0 (47.0–63.0)
Male, no. (%) 76.2 76.0 70.7 73.3 74.0
Body mass index, median (IQR),
kg/m2

28.9 (26.2–31.7) 29.5 (25.8–31.5) 28.1 (26.8–32.7) 29.0 (25.8–34.9) 29.0 (26.1–31.9)

Missing data BMI, no. 14 1 14 5 34
Comorbidities
Obesity, no. (%) 11 (39.3) 12 (48.0) 10 (37.0) 5 (38.5) 38 (40.9)
Missing data obesity, no. 14 0 14 2 30
Obstructive sleep apnoea syndrome,
no. (%)

2 (4.8) 1 (4.0) 7 (17.1) 0 (0.0) 10 (8.1)

Hypertension, no. (%) 11 (26.2) 8 (32.0) 18 (44.0) 7 (46.6) 44 (35.8)
Diabetes mellitus, no. (%) 6 (14.3) 4 (16.0) 7 (17.1) 1 (6.7) 18 (14.6)
Cardiovascular disease, no. (%) 4 (9.5) 1 (4.0) 4 (9.8) 2 (13.3) 11 (8.9)
Congestive heart failure, no. (%) 0 (0.0) 0 (0.0) 2 (4.9) 0 (0.0) 2 (1.6)
Atrial fibrillation, no. (%) 1 (2.4) 0 (0.0) 2 (4.9) 0 (0.0) 3 (2.4)
Asthma, no. (%) 4 (9.5) 2 (8.0) 2 (4.9) 3 (20.0) 11 (8.9)
Chronic obstructive pulmonary
disease, no. (%)

2 (4.8) 0 (0.0) 3 (7.3) 0 (0.0) 5 (4.1)

Chronic kidney disease, no. (%) 2 (4.8) 1 (4.0) 2 (4.9) 1 (6.7) 6 (4.9)
Malignancy, active or cured, no. (%) 1 (2.4) 1 (4.0) 3 (7.3) 2 (13.3) 7 (5.7)
Immunosuppression, primary or
secondary, no. (%)

3 (7.1) 0 (0.0) 0 (0.0) 3 (20.0) 6 (4.9)

Venous thromboembolism, no. (%) 1 (2.4) 0 (0.0) 1 (2.4) 0 (0.0) 2 (1.6)
No known diseases, no. (%) 15 (35.7) 5 (20.0) 10 (24.4) 3 (20.0) 33 (26.8)

Laboratory findings
First registered Ct-value, median (IQR) 28.1 (24.2–30.3) 25.5 (21.8–29.2) 24.2 (18.3–28.3) 25.2 (19.5–28.4) 25.7 (21.7–29.4)
Ct-values, no. of samples,
(median; IQR)

197 (4.0; 3.0–6.0) 120 (4.0; 4.0–5.5) 136 (3.0; 2.0–4.0) 65 (4.0; 3.0–5.0) 518 (4.0; 3.0–5.0)

Lymphocyte counta, median (IQR), �
10�9/L

1.0 (0.7–1.2) 1.1 (0.8–1.5) 1.0 (0.8–1.2) 1.0 (0.6–1.2) 1.0 (0.8–1.3)

Missing data lymphocyte count, no. 9 1 6 1 17
CRPa, median (IQR), mg/L 91.0 (44.0–160.0) 110.0 (50.5–137.5) 160.0 (86.0–215.0) 60.0 (42.8–152.5) 110.0 (51.0–172.5)
Missing data CRP, no. 3 1 0 1 5

Symptom duration on admission
Days, median (IQR) 8.0 (6.8–10.0) 8.0 (7.5–10.0) 8.0 (7.0–11.0) 7.0 (6.0–9.0) 8.0 (7.0–10.0)

Symptom duration on
therapy initiation
Days, median (IQR) N/A 11.0 (9.0–12.0) 10.0 (8.0–12.0) 7.0 (7.0–13.0) rem vs 8.0

(7.0–10.0) bet
10.0 (7.3–12.0) rem vs
9.5 (8.0–11.8) bet

Treatment duration
Days, median (IQR) N/A 6.0 (4.5–8.5) 10.0 (6.5–10.0) 5.0 (5.0–6.0) rem vs 10.0

(6.0–10.0) bet
5.0 (5.0–8.0) rem vs 10.0

(6.3–10.0) bet
Baseline clinical statusb

Category 2–5, mean (CI) 4.1 (3.8–4.4) 3.6 (3.3–3.9) 3.6 (3.6–3.8) 3.4 (2.9–3.9) 3.7 (3.6–3.9)
Category 2, no. (%) 2 (5.0) 2 (8.0) 5 (12.0) 3 (20.0) 12 (10.0)
Category 3, no. (%) 6 (14.0) 6 (24.0) 8 (20.0) 4 (27.0) 24 (20.0)
Category 4, no. (%) 20 (48.0) 17 (68.0) 27 (66.0) 7 (47.0) 71 (58.0)
Category 5, no. (%) 14 (33.0) 0 (0.0) 1 (2.0) 1 (7.0) 16 (13.0)

a ¼ at admission (control), at therapy initiation (remdesivir and/or betamethasone) ± 2 days.
b ¼ at admission (control), at therapy initiation (remdesivir and/or betamethasone).
IQR¼ inter quartile range.
CI ¼ 95% confidence interval.
N/A¼ not applicable.
Category 2¼ invasive mechanical ventilation, Category 3¼ non-invasive ventilation or high flow nasal cannula, Category 4¼ supplemental oxygen, and Category
5¼ no supplemental oxygen.
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21 after the start of treatment (treatment groups), or
after hospital admission (control group). We found an
approximately tenfold weekly decline rate in SARS-CoV-2
RNA (roughly equivalent to a three-point increase in Ct
value), regardless of treatment (Figure 3). Clinical status
at admission (control group), or at therapy initiation
(remdesivir and/or betamethasone) did not correlate
with time to viral RNA clearance (p¼ .5) (Figure 4), with
a median of 21 days (95% CI 16.6–25.4) in the group
that did not require supplemental oxygen but continued
medical care, 22 days (95% CI 19.6–24.4) in the group
requiring supplemental oxygen, 25 days (95% CI
21.1–28.9) in the group requiring NIV or HFNC, and
27 days (95% CI 20.7–33.3) in the group requiring mech-
anical ventilation or ECMO. All differences remained
non-significant after adjusting for baseline Ct values,
age, and sex.

Clinical outcomes: length of hospitalisation and 28-
day mortality

Overall, the mean hospital stay was 19.4 (95% CI
14.7–24.7) days. No significant differences between the
groups were observed (p¼ .23). The 28-day mortality

rate was 0% in the remdesivir group, 2.4% (n¼ 1) in the
betamethasone group, 2.4% (n¼ 1) in the control group,
and 13.3% (n¼ 2) in the remdesivir/betamethasone
group (p¼ .16) (Table 2).

Discussion

Our study longitudinally compared SARS-CoV-2 RNA lev-
els in the upper respiratory tract of hospitalised patients
with COVID-19. We found no effect of treatment with
remdesivir, betamethasone, or both regarding SARS-
CoV-2 RNA decline rate or time to SARS-CoV-2 RNA
clearance. Moreover, the baseline clinical status of
patients did not correlate with time to viral RNA clear-
ance. Recent clinical studies have shown improvements
in clinical status in hospitalised patients with COVID-19
after treatment with remdesivir [9,11,20,21,32].
Considering this and the potential ability of remdesivir
to inhibit SARS-CoV-2 RNA polymerases in humans [33],
one would expect a shorter duration of viral RNA shed-
ding in patients receiving remdesivir. However, we
found no effect on viral RNA clearance with remdesivir
treatment. This is in agreement with most previous
reports [7–9]. There are possible explanations for this

Figure 1. The proportion of undetectable SARS-CoV-2 RNA in the upper respiratory tract as a function of days after symptom onset.
Longitudinal RT-PCR in 123 hospitalised COVID-19 patients treated with betamethasone (n¼ 41, red line), remdesivir (n¼ 25, blue line),
both (n¼ 15, purple line) or neither (n¼ 42, grey line).
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lack of effects such as a misrepresentative sample site
(upper respiratory tract rather than lower respiratory
tract) and an alternative mechanism of action of remde-
sivir. However, the most likely explanation is that the
drug must be administered early after symptom onset
to be effective. This is supported by the fact that the
highest viral loads occur during the first days of symp-
toms [4,5,34], indicating better treatment potential with
early therapy initiation. In the current study, remdesivir
was started at median of 10 days after symptom onset,
which may be too late. This might also explain the mod-
est clinical outcomes reported in several studies, where
remdesivir treatment was initiated on a median day 9 to
10 after symptom onset [7,20,21]. In two studies, remde-
sivir treatment was initiated earlier, and beneficial effects
on clinical outcomes [9], and SARS-CoV-2 RNA decline
[11] were reported. Patients with severe COVID-19 do
not usually require hospitalisation before day 7 [35],
leaving only a small window of opportunity for the effi-
cacy of remdesivir.

In our study, betamethasone did not prolong viral
RNA shedding, in contrast to SARS [27], MERS [28], and
influenza [36], although some prior reports suggested
delayed viral RNA clearance in COVID-19 [15,23]. The

approaches to corticosteroid treatment have, however,
diverged with regard to choice of steroid, dose, duration
of therapy, and timing [23], making it difficult to draw
firm conclusions. Further research is needed.

Our finding of no difference in viral RNA clearance
both between treatment groups and clinical status could
reflect that the replicative phase of the disease has
ended by the time most immunocompetent patients are
admitted to the hospital. This is supported by the fact
that no viable virus has been detected in the upper
respiratory tract beyond day 9 of illness, despite persist-
ently detectable viral loads [37].

The significant difference in baseline clinical status
between the groups, with less severe disease in the con-
trol group, may be due to the clinical assessment being
done at different time points, i.e. at admission in the con-
trol group but at therapy initiation in the treatment
groups. However, in agreement with other studies [4–6],
we noted no association between disease severity and
time to viral RNA clearance. Thus, it is unlikely that the dif-
ference between groups might have affected the results.

The main limitations of the present study are its retro-
spective nature, its non-randomised design with the risk
of channelling bias, the differences in the number of

Figure 2. The proportion of undetectable SARS-CoV-2 RNA in the upper respiratory tract as a function of days after the start of treatment.
Longitudinal RT-PCR in 81 hospitalised COVID-19 patients treated with betamethasone (n¼ 41, red line), remdesivir (n¼ 25, blue line) or
both (n¼ 15, purple line).
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subjects and the distribution of clinical status, and the
relatively small number of subjects. A larger number of
participants would be preferable to resolve the incon-
sistency of the current evidence on the effects of remde-
sivir and corticosteroid treatment on SARS-CoV-2 RNA
kinetics. However, our study is of a similar size com-
pared to most other studies addressing this issue [7–11],
and we believe that our results are valid and that they
contribute to the aggregated knowledge.

Since samples were not collected daily, there is uncer-
tainty as to baseline Ct value at therapy initiation (remdesi-
vir and/or betamethasone), at admission (control group),
and regarding the time point of viral RNA clearance.
However, this is unlikely to affect our conclusion since, in
addition to no difference in the viral RNA clearance, there
was no difference in the viral RNA decline rate.

Today the IDSA not only recommends remdesivir for
patients suffering from a severe disease (defined as
those with SpO2� 94% on room air, and those who
require supplemental oxygen, mechanical ventilation, or
ECMO), but also suggests remdesivir for mild to

moderate COVID-19 patients at high risk of progression
to severe disease. For this indication, a shorter course of
three days is recommended. However, it is unlikely that
a shorter treatment course would affect SARS-CoV-2
decline and clearance when a longer course does not.
We primarily included severely ill patients; SARS-CoV-2
kinetics might behave differently in patients with mild
disease, however, we found no correlation between
baseline clinical status and SARS-CoV-2 RNA clearance.
Finally, it should be pointed out that Ct is a semi-quanti-
tative indicator. Also, neither corticosteroids nor remde-
sivir was standard of care when most patients in the
control group were recruited.

Conclusions

We found no evidence that either remdesivir or betame-
thasone had an effect on SARS-CoV-2 RNA decline rate or
clearance in the upper respiratory tract in hospitalised
patients with COVID-19. Hence, repeated sampling cannot
be used to evaluate treatment response. In addition, there

Figure 3. SARS-CoV-2 RNA decline rate. Regression lines are based on subjects with at least 2 data points in the interval 0 to 21 days from
the start of treatment (treatment groups), and hospital admission (control group), respectively. Longitudinal RT-PCR in 92 hospitalised
COVID-19 patients treated with betamethasone (n¼ 23), remdesivir (n¼ 21), both (n¼ 9) or neither treatment (n¼ 39).
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was no correlation between baseline clinical status and
SARS-CoV-2 RNA clearance, suggesting that disease sever-
ity does not influence the time of SARS-COV-2
RNA shedding.
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Figure 4. The proportion of undetectable SARS-CoV-2 RNA in the upper respiratory tract as a function of days after symptom onset.
Longitudinal RT-PCR in 123 hospitalised COVID-19 patients, divided by baseline clinical status: invasive mechanical ventilation (n¼ 12, red
line), non-invasive ventilation (NIV) or high flow nasal cannula (HFNC) (n¼ 24, orange line), supplemental oxygen (n¼ 71, yellow line), or
no oxygen, but receiving continued medical care (n¼ 16, green line).

Table 2. Clinical outcomes.
Control (n¼ 42) Remdesivir (n¼ 25) Betamethasone (n¼ 41) Both treatments (n¼ 15) Total (n¼ 123) P-value

Length of hospitalisation
Days, mean (CI) 17.2 (9.8–24.6) 19.6 (4.9–34.2) 20.4 (12.6–28.1) 25.5 (6.5–44.6) 19.7 (14.7–24.7) .23

28-day mortality rate
number, (%) 1 (2.4) 0 1 (2.4) 2 (13.3) 4 (3.3) .16

CI ¼ 95% confidence interval.
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