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Letter to the Editor

Remdesivir reduced upper respiratory tract SARS-CoV-2 viral
RNA concentration in COVID-19 patients who developed
pneumonitis

Dear Editor,

We read with great interest the article by Yoon et al. describ-
ing the significant reduction of viable SARS-CoV-2 shedding with
remdesivir treatment despite a non-significant reduction in vi-
ral load approximated by the cycle threshold value of real-time
reverse-transcriptase polymerase chain reaction (RT-PCR).! Remde-
sivir was the earliest antiviral approved by the United States Food
and Drug Administration of the treatment of COVID-19. Large scale
clinical trials focused mainly on its clinical efficacy?> and mortal-
ity.>* Data on the effect of remdesivir on viral load changes is
scanty and conflicting.”~’ Here, we report an observational study
on the effectiveness of remdesivir in reducing viral load a in real-
world setting.

We performed a single-center prospective observational study
between February 4, 2020 and February 22, 2021. Adult patients
(age >18 years) admitted to Prince of Wales Hospital with lab-
oratory confirmed COVID-19 and pneumonitis as documented by
chest X-ray or computed tomography were identified. Patients with
at least one respiratory sample collected during the early and
late period of illness were included. We collected serial respi-
ratory specimens including combined nasopharyngeal and throat
swabs (NPSTS), combined nasopharyngeal aspirate and throat
swabs (NPATS), nasopharyngeal swabs (NPS), and self-collected
deep throat saliva (DTS) until discharge from hospital. Flocked
swabs (FLOQSwabs, Copan, Italy) were used for nasopharyngeal
and throat swabs collection. SARS-CoV-2 were detected using two
separate RT-PCR platforms targeting different gene regions, and
confirmed by the local reference laboratory.® The COVID-19 treat-
ment strategy evolved over time and included the use of lopinavir,
ribavirin, interferon-beta-1b, and remdesivir. For the purpose of
analysis in this study, patients were classified into three differ-
ent groups according to COVID-19 treatment regimens: (1) Remde-
sivir group who had received remdesivir as the only anti-COVID
treatment, with a sub-group of early remdesivir treatment de-
fined as remdesivir treatment started within 7 days after symp-
toms onset, (2) Other treatment group included those who had re-
ceived lopinavir/ritonavir-based therapy, interferon-based therapy,
or interferon-based therapy followed by remdesivir therapy, and;
(3) No treatment group. Clinical severity was classified as mild (no
pneumonitis), moderate (with pneumonitis), severe (required oxy-
gen supplement), and critical (required mechanical ventilation) as
previously described.’ The longitudinal measurements of viral load
were compared between treatment groups in a log scale. Univari-
ate analyses were performed with chi-square test or fisher exact
test for categorical variables as appropriate. Analysis of variance
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(ANOVA) was used for comparing the age between groups. T-test
was used for comparing the change in viral load between treat-
ment groups and adjusted with Benjamini-Hochberg procedure for
multiple comparisons.

We recruited 208 patients, 30 (14.4%) received remdesivir alone,
17 of whom received remdesivir within 7 days after symptom on-
set, 114 (54.8%) received other treatments, and 64 (30.8%) had no
specific therapeutic interventions. The mean (+standard deviation
[SD]) age of the entire cohort was 55.8 (£16) years, and 92 (44.2%)
were male. 138 (66.3%) had moderate, 38 (18.3%) had severe, and
32 (15.4%) had critical disease. Seven patients did not survive the
hospital admission with one from remdesivir group, and six from
other treatment group. For patients who had received remdesivir
treatment, those with moderate severity received remdesivir ear-
lier (mean 6.67, SD: 2.82 days) than those with severe (mean 9.52
SD: 2.96 days) and critical disease (mean 8.94: SD 4.37), respec-
tively (P < 0.001 for both comparisons). The duration of remdesivir
treatment was significantly longer in patients with critical disease
(mean 6.4, SD 2.73 days) as compared to patients with moderate
(mean 4.80, SD 2.32 days) and severe disease (mean 4.67, SD 1.85)
(P = 0.013). A total of 849 samples collected from 208 patients,
with a median of 4 (IQR: 2-5) samples from each patient (Fig.
S1). The median collection time was 1 (IQR: 1-3) day from ad-
mission for baseline samples and 9 (IQR: 6-13) days from admis-
sion for follow up samples with no significant difference observed
between treatment groups. The baseline viral load for the three
treatment groups were not significantly different from each other
(Table 1, Fig. 1A). The median log transformed viral load for early
remdesivir group dropped from 6.77 copies/ml (IQR 6.28-8.59) at
day 2-4, to 6.12 copies/ml (IQR 4.92-7.30) at day 5-7, and to 4.00
copies/ml (IQR 3.21-4.34) at day 8 onwards. We found a significant
difference in viral load decrease in early remdesivir group as com-
pared to patients who had received other treatment (P = 0.029),
but not to patients with no treatment at day 8 onwards (Fig. 1A).
A similar result was observed when using day from onset instead
of day from admission, though differences were not statistically
significant (Fig. 1B). Patients with moderate severity had a signif-
icantly faster decrease in viral load from baseline when compared
to patients with severe disease (P = 0.018) and critical disease
(P = 0.039) respectively at days 5-7 from admission. The differ-
ence remained significant from day 8 onwards for those with se-
vere disease (P = 0.003) (Fig. S2).

In this single-center prospective observational study, we found
patients receiving early remdesivir monotherapy had a faster re-
duction in viral load as compared to those receiving other treat-
ment, suggesting remdesivir may be effective in reducing SARS-
CoV-2 viral load in upper respiratory tract of COVID-19 patients
when prescribed early in the disease course. There are however
limitations in our study. Firstly, in this observational study, there
could be treatment assignment bias. This is reflected by our find-
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Table 1
Patient characteristics.
Overall Remdesivir Other treatment No treatment P value
(n = 208) Group (n = 30) Group (n = 114) Group (n = 64)
Age, mean (SD) years 55.8 (16.0) 62.1 (13.3) 59.1 (14.9) 47.0 (15.6) <0.001
Sex 0.045
Male 92 (44.2%) 12 (40.0%) 59 (51.8%) 21 (32.8%)
Female 116 (55.8%) 18 (60.0%) 55 (48.2%) 43 (67.2%)
Co-morbidities 140 (67.3%) 25 (83.3%) 83 (72.8%) 32 (50.0%) <0.001
Received steroids treatment 66 (31.4%) 14 (46.7%) 50 (43.9%) 2 (3.1%) <0.001
Log10 viral load on admission, mean (SD) in copies/ml 7.22 (2.17) 8.61 (1.55) 7.26 (2.07) 6.75 (2.40) 0.054
Severity <0.001"
Moderate 138 (66.3%) 14 (46.7%) 61 (53.5%) 63 (98.4%)
Severe 38 (18.3%) 8 (26.7%) 29 (25.4%) 1 (1.6%)
Critical 32 (15.4%) 8 (26.7%) 24 (21.1%) 0 (0.0%)
Symptom
Fever 136 (65.4%) 19 (63.3%) 88 (77.2%) 9 (45.3%) <0.001
Cough 124 (59.6%) 24 (80.0%) 65 (57.0%) 5 (54.7%) 0.060
Sputum 64 (30.8%) 15 (50.0%) 32 (28.1%) 7 (26.6%) 0.055
Diarrhoea 46 (22.1%) 6 (20.0%) 26 (22.8%) 4 (21.9%) 0.940
Sore throat 45 (21.6%) 10 (33.3%) 20 (17.5%) 5(23.4%) 0.162
Malaise 40 (19.2%) 5 (16.7%) 25 (21.9%) 0 (15.6%) 0.578
Shortness of breath 37 (17.8%) 10 (33.3%) 21 (18.4%) 6 (9.4%) 0.021
Myalgia 36 (17.3%) 8 (26.7%) 17 (14.9%) 11 (17.2%) 0.331
Runny nose 35 (16.8%) 4 (13.3%) 17 (14.9%) 14 (21.9%) 0.377
Headache 29 (13.9%) 4 (13.3%) 14 (12.2%) 11 (17.2%) 0.641*
Outcomes 0.261
Discharged 149 (71.6%) 21 (70.0%) 84 (73.7%) 44 (68.9%)
Death 7 (3.4%) 1 (3.3%) 6 (5.3%) 0 (0.0%)
Transferred to other hospital for convalescence care 52 (25.0%) 8 (26.7%) 24 (21.1%) 20 (31.2%)
Sample collection time, mean (SD) days
Days from admission to first sample collection 1(1-3) 1(1-2.75) 1(1-2) 1(1-3) 0.819
Days from onset to first sample collection 2 (5-8) 6 (4-8) 4.5 (2-7) 5.5 (3-8.25) 0.65
Days from admission to subsequent samples collection 9 (6-13) 9 (6-13) 9 (6-14) 8.5 (5-12) 0.253
Days from admission to last sample collection 13 (9-17) 13 (10-16.8) 13 (8-17) 12 (9-17) 0.826

Age and timing of sample collection were reported in the format of mean (SD). Hemoptysis (n = 1) and Vomiting (n = 7) were removed from the list because of too few
samples. Timing of sample collection was reported in the format of median (IQR). P-values in bold indicate the significant difference among groups. chi-square test was used
for proportional variables; ANOVA was used for age.

* Fisher exact test was used.
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Fig. 1. Comparison of viral load response between treatment groups. (A) Comparison by treatment group and day from admission. Left panel: Box plot for change of log10
viral load (in copies/ml) from baseline to day 2-4, day 5-7, and day >7. t-test was used for comparing of the viral load change between early remdesivir group and other
treatment group. Right panel: Change of log10 viral load (in copies/ml) over time. Each black dot represents a single sample. Early RDV, early remdesivir group. Other
treatment, other treatment group. No treatment, no treatment group. (B) Comparison by treatment group and day from onset. Left panel: Box plot for change of log10 viral
load (in copies/ml) from baseline to day 2-4, day 5-7, and day >7. Right panel: Change of log10 viral load (in copies/ml) over time. Each black dot represents a single sample.
Early RDV, early remdesivir group. Other treatment, other treatment group. No treatment, no treatment group.

2



JID: YJINF

CK. Lai, G.C. Lui, Y. Wei et al.

ings that patients who received no treatment were younger, with
less comorbidities, less presented with fever, and with less se-
vere disease. However, the two groups received remdesivir or other
treatments were similar and did not differ significantly. Secondly,
we could not use the length of hospital stay as a clinical end point,
since during the first year of COVID-19 pandemic, hospitalization
also served the purpose of isolation. Thirdly, the study spanned
over 12-months and the treatment protocol evolved over time as
more evidence emerged. In conclusion, we found early treatment
with remdesivir for hospitalized patients could accelerate the de-
cline in SARS-CoV-2 viral concentration in upper respiratory tract,
supporting further investigations to maximize the clinical benefits
of remdesivir administration.
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