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A B S T R A C T   

We sequenced severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) genomes from nasal and throat 
swabs of a hospitalized patient during the fifth wave of coronavirus disease 2019 (COVID-19) pandemic in Hong 
Kong. Genomic characteristics and viral load dynamics of an Omicron BA.2.2 variant before and after molnu
piravir treatment were presented.   

Molnupiravir has been included as a conditional recommendation in 
World Health Organization's coronavirus disease 2019 (COVID-19) 
therapeutics guidelines and introduced in Hong Kong in March 2022 
(World Health Organization, 2022; South China Morning Post, 2022). 
Data on safety and efficacy of molnupiravir has been revealed from 
clinical trials and hamster models (Fischer 2nd et al., 2022; Jayk Bernal 
et al., 2022; Rosenke et al., 2021; Abdelnabi et al., 2021), but its impact 
on predominant Omicron variants of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) within human host remains obscure. In our 
hospital, we have recently started treating COVID-19 patients with 
molnupiravir. Here we report a set of temporal data on genomic char
acteristics and viral load dynamics of an Omicron BA.2.2 variant from a 
hospitalized patient treated with molnupiravir. 

Patient A was a 74-year-old gentleman presented with impaired 
cognitive function recently. Magnetic resonance imaging of brain 
showed a 4.9 × 2.8 × 2.4 cm enhancing left temporal mass and 
confirmed by positron emission tomography scan that it was likely a 
primary brain tumor. The patient was vaccinated with two doses of 
CoronaVac (52 and 24 days ago respectively) and admitted for crani
otomy with a negative COVID-19 rapid antigen test (RAT) (day − 3). He 
was visited by his son after the operation (day − 2) but the son was later 
found to be RAT-positive on the next day. The patient was then screened 
by RAT (day − 1) and real-time reverse transcription polymerase chain 
reaction (rRT-PCR) (day 0) and was found to be positive by both 
methods. Cycle threshold (Ct) values of E and N genes were 14.5 and 

16.4, respectively. Blood tests on day 0 showed lymphopenia (0.49 ×
109/L), severe thrombocytopenia (34 × 109/L) and drop in hemoglobin 
from 16.3 to 8.3 g/dL. Liver function was normal but creatinine was 
mildly elevated at 107 μmol/L. C-reactive protein was elevated at 85 
mg/L and procalcitonin was normal at 0.1 ng/mL. There was a hema
toma at the scalp wound and the patient was found to have high fever. 
Molnupiravir (800 mg twice daily orally) was started on day 1 for five 
days. Intermittent surveillance of viral load and serological response was 
done on combined nasal and throat swabs (NS-TS) for rRT-PCR and 
serum for quantitative IgM and IgG against SARS-CoV-2 spike protein 
every two to four days until discharge. E- and N-gene Ct values rose to 
35.8 and 37.4 respectively on day 16, with IgM at 1.1 AU/mL and IgG at 
8572.3 AU/mL (or 3.93 Log10 AU/mL) on day 18. Details are summa
rized in Fig. 1. 

To study the effect of molnupiravir at genomic level, total nucleic 
acid was extracted from pre- (day 0) and post-treatment (day 10 and 16) 
NS-TS for direct sequencing of SARS-CoV-2 genomes, as described pre
viously (Au et al., 2020). All three genomes were assigned to clade 21 L 
(Omicron, Pango lineage BA.2.2) by Nextclade (Nextclade, 2022) 
(Fig. S1). Variant calling by Unipro UGENE (Okonechnikov et al., 2012) 
revealed that day-0 and 10 genomes shared identical mutation pattern, 
whereas eight additional nucleotide substitutions were found on day 16, 
including 2243G > A and 18428A > G transitions, as well as six C-to-U 
transitions (nucleotide positions 4090, 10,582, 12,747, 13,176, 13,255 
and 27,002), with variant allele frequency (VAF) of 51 to 77% (Fig. 2). 
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Half of these substitutions were missense mutations in non-structural 
protein (nsp) genes, including 2243G > A in nsp2 (V480I), 12747C >
U in nsp9 (T21I), 13176C > U in nsp10 (T51I) and 18428A > G in nsp14 
(N130S). 

To estimate the extent of spontaneous mutation, two patients 
without molnupiravir treatment (Patient B and C) were randomly 
selected for comparison (Table 1). All the SARS-CoV-2 strains were 
BA.2.2 variants, and no additional nucleotide substitution was found on 
day 22 and 14, respectively. From the linear regression and scatter plot 
of Ct values versus day of rRT-PCR (Fig. S2), the slope of Patient A's line 
of best fit was the steepest, yet without statistically significant difference 
from that of Patient B and C (p values were 0.26 and 0.62, respectively). 
Quantification of genomic (gRNA) and subgenomic RNA (sgRNA) by 
periscope (Parker et al., 2021) did not reveal any appreciable pattern 
distinguishing between treated and untreated patients (Fig. S3). 

To the best of our knowledge, this is one of the earliest reports on 
temporal genomic changes and viral load dynamics of an Omicron 
variant in a patient treated with molnupiravir, as recent clinical trials 
were initiated before emergence of Omicron variants in November 2021 
(Fischer 2nd et al., 2022; Jayk Bernal et al., 2022). To conclude, our data 
might shed light on some features of molnupiravir's mechanism of action 
in vivo. First, the rate of viral RNA clearance in treated patient was 
similar to that of untreated patients, which coincided with the obser
vation from Phase 3 MOVe-OUT trial (MERCK, 2022). Second, the SARS- 
CoV-2 was under selection pressure from both elevated serum level of 
host anti-spike protein antibodies (approximately from day 6) and ac
tion of the nucleoside analog molnupiravir (regimen lasted from day 1 to 
5). From whole-genome sequencing data, the additional nucleotide 
changes were primarily found in first half of SARS-CoV-2 genome (6/8, 
75%) but not in mutation hotspots like spike and nucleocapsid protein 
genes (Rochman et al., 2021). In contrast to the findings by Fischer and 
colleagues (Fischer 2nd et al., 2022), we did not observe any additional 
nucleotide changes in RdRp gene, albeit the sequencing technique we 
used might be less favourable for detecting low-allele-fraction variants. 

C > U transitions were most common (6/8, 75%), which was in agree
ment with the findings on various coronaviruses (Agostini et al., 2019; 
Sheahan et al., 2020). The four missense mutations were found at 
genomic locations associated with 3′-to-5′ exonuclease activity (nsp14), 
replication and transcription (nsp2, 9 and 10) (Ma et al., 2021; de Araújo 
et al., 2021; Saramago et al., 2021). Nevertheless, the significance of 
these mutations is not well understood and awaits further investigation. 
Third, from Phase 3 MOVe-OUT trial, infectious virus was detected in 
0% of the patients on day 3 of molnupiravir treatment. We did not have 
culture data to determine viral viability at different time points, but 
from whole-genome sequencing data, quasispecies harbouring the 
nucleotide substitutions was not observed on day 10 (5 days after 
completion of regimen), and was finally detected on day 16. As NS-TS 
were not available between these two time-points, we could not track 
the change in VAF very closely, but as the majority of canonical sub
genomic RNA types were detected on day 10, it is an educated guess that 
viral transcription has taken place at least on day 10 and accumulation 
of quasispecies continued thereafter. This delayed predominance of 
variant population, together with molnupiravir's hotspots of action in 
SARS-CoV-2 genome, could be interesting questions to be addressed by 
larger collection of whole-genome and clinical data for further assessing 
the efficacy and molecular mechanism of molnupiravir on SARS-CoV-2. 
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Fig. 1. Timeline of clinical management for Patient A. The figure presents serum anti-SARS-CoV-2 spike protein antibody levels (IgM in AU/mL and IgG in Log10 AU/ 
mL, primary vertical axis), viral load (represented by cycle threshold (Ct) value in reverse order, secondary vertical axis), COVID-19 rapid antigen test (RAT), 
duration of molnupiravir regimen and time points designated for SARS-CoV-2 whole genome sequencing (WGS). 
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Fig. 2. Eight additional nucleotide substitutions harboured by day-16 SARS-CoV-2 sequence from Patient A. Variant allele frequencies (VAF) ranged from 51 to 77%, 
supported by sequencing depth of 378 to 765 × . 
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Table 1 
Summary of Ct values and whole genome sequencing results at designated time 
points.   

Patient A Patient B Patient C 

Day 0 10 16 0 22 0 14 

Molnupiravir 
treatment Yes, day 1 to 5 No No 

E gene Ct values 14.5 25.5 35.8 16.6 33.3 14.1 30.9 
N gene Ct values 16.4 27.3 37.4 19.2 35.8 16.2 33.1 
Reference 

coverage 
97% 95% 92% 90% 76% 94% 88% 

Average depth 403× 404× 384× 311× 155× 356× 304×
WHO label Omicron Omicron Omicron 
Pango lineage BA.2.2 BA.2.2 BA.2.2 
Nextstrain clade 21 L 21 L 21 L 
Additional 

nucleotide 
changes 

N/A 0 8 N/A 0 N/A 0  
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