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Background: COVID-19 rebound is usually reported among patients experiencing concurrent
symptomatic and viral rebound. But longitudinal viral RT-PCR results from early stage to
rebound of COVID-19 was less characterized. Further, identifying the factors associated with
viral rebound after nirmatrelvir-ritonavir (NMV/r) and molnupiravir may expand understanding
of COVID-19 rebound.
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Methods: We retrospectively analyzed clinical data and sequential viral RT-PCR results from
COVID-19 patients receiving oral antivirals between April and May, 2022. Viral rebound was
defined by the degree of viral load increase (DCt � 5 units).
Results: A total of 58 and 27 COVID-19 patients taking NMV/r and molnupiravir, respectively,
were enrolled. Patients receiving NMV/r were younger, had fewer risk factors for disease pro-
gression and faster viral clearance rate compared to those receiving molnupiravr (All P < 0.05).
The overall proportion of viral rebound (n Z 11) was 12.9%, which was more common among
patients receiving NMV/r (10 [17.2%] vs. 1 [3.7%], P Z 0.16). Of them, 5 patients experienced
symptomatic rebound, suggesting the proportion of COVID-19 rebound was 5.9%. The median
interval to viral rebound was 5.0 (interquartile range, 2.0e8.0) days after completion of anti-
virals. Initial lymphopenia (<0.8 � 109/L) was associated with viral rebound among overall
population (adjusted odds ratio [aOR], 5.34; 95% confidence interval [CI], 1.33e21.71), and re-
mained significant (aOR, 4.50; 95% CI, 1.05e19.25) even when patients receiving NMV/r were
considered.
Conclusion: Our data suggest viral rebound after oral antivirals may be more commonly
observed among lymphopenic individuals in the context of SARS-CoV-2 Omicron BA.2 variant.
Copyright ª 2023, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Oral nirmatrelvir-ritonavir (NMV/r) and molnupiravir
disrupt the SARS-CoV-2 lifecycle and have been shown to be
efficacious in preventing COVID-19 progression among at-
risk individuals in clinical trials.1,2 Since December 2021,
these oral antivirals have been used under emergency use
authorization (EUA) globally.3e5 The occurrence of viral
rebound, a given increase after initial decline of viral load,
after patients took NMV/r was low (2.3%) in a phase 2e3,
double-blind, randomized, controlled trial (EPIC-HR).6 As
real-world data of oral antivirals accumulate, COVID-19
rebound (also named as rebound of SARS-CoV-2 infection
or COVID-19 recrudescence) after treatment with NMV/r
has been reported widely.7e12

COVID-19 rebound is a unique phenomenon described as
a relapse of symptoms after transient resolutions (symp-
tomatic rebound) with concurrence of viral rebound,
commonly reported as a negative-to-positive conversion by
rapid antigen testing. But little is known viral kinetics
determined by reverse-transcriptase-polymerase chain re-
action (RT-PCR) testing regardless of whether symptomatic
rebound was present.7e11 Also, COVID-19 rebound among
patients taking molnupiravir were less characterized.13,14

To date, most investigations of COVID-19 rebound are
triggered by symptomatic rebound, followed by confirmation
of viral rebound. Given the observations that rebound
symptoms were usually milder than initial symptoms,
misclassification bias in symptom-driven design7e12 or data-
bank-analyses13,15may underestimate the true prevalence of
COVID-19 rebound. That is, if the investigation of COVID-19
rebound is initially triggered by the presence of viral
rebound, followed by confirmation of symptomatic rebound,
the prevalence may differ. Additionally, using symptomatic
rebound to equivocate COVID-19 rebound after oral antivirals
may misconstrue a clinical biphasic pattern16,17 or worsening
of symptoms due to the inflammatory phase of COVID-19 or
long COVID, if not correlated with viral kinetics.
2

Herein, we aimed to utilize sequential reverse-
transcriptase-polymerase chain reaction (RT-PCR) testing
to investigate the frequency of, and factors associated with
viral rebound among mild-moderate COVID-19 patients
receiving oral antivirals. We also sought to define whether
viral rebound is associated with replication-competent
virus or mutated virus and whether viral rebound is a reli-
able predictor of COVID-19 rebound.
Methods

Study setting

The government of Taiwan initially mandated all COVID-19
patients to be hospitalized and released from isolation later
only after meeting a defined clinical and RT-PCR criteria
during the second wave of SARS-CoV-2 epidemic caused by
the Omicron BA.2 variant in mid-April, 2022.18 Specific
treatment recommendations were adjusted to include the
appropriate use of oral antiviral agents for patients with
mild-moderate COVID-19 but risk factors for progression.
Serial RT-PCR testing was performed to decide whether an
isolated patient could be de-isolated.

This retrospective study was conducted at National
Taiwan University Hospital (NTUH) between April 1st and
May 25th, 2022. The principles for admission and release of
COVID-19 patients were according to the regulation, which
was periodically updated, by the Central Epidemic Com-
mand Center, Taiwan (Table S1).19 Under EUA in Taiwan,
NMV/r was indicated for mild COVID-19 patients aged �12
years, and molnupiravir for those aged �18 years without
available alternative treatments for COVID-19.3

In this study, we included only patients who completed
oral antiviral treatments for their first episodes of COVID-
19, with at least three nasopharyngeal specimens sequen-
tially collected every 2e3 days for RT-PCR assays, for the
purpose of tracking and documenting viral kinetics. The
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study was approved by the Research Ethics Committee of
the NTUH (202206079RIND).
Clinical definitions

For each enrolled patient, index RT-PCR testing was defined
as the 1st positive RT-PCR test. We obtained patient in-
formation from the electronic medical records. Daily
symptoms were independently reviewed by two physicians
(P-YC and J-TW). A symptom severity score was used to
evaluate the symptom severity. It consisted of fever,
headache/myalgia, malaise, cough/sputum, rhinorrhea/
nasal congestion, sore throat/hoarseness, dyspnea, diar-
rhea, and dysosmia. Each symptom was rated on a scale of
0e2, indicating no symptoms, mild/improving, and persis-
tent/deteriorating, respectively. All initial laboratory data
within 1 day of index RT-PCR testing were recorded. Lym-
phopenia was defined as an absolute lymphocyte count
(ALC) of �0.8 � 109/L.20 Symptomatic rebound was defined
by an abrupt increase of symptom severity score after
initial decrease.

Cycle threshold (Ct) values were determined by dual
targeting regions, either RdRp/N-genes (Abbot ALINITY m
SARS-COV-2 ASSAY) or the ORF 1a/b/E-genes (Roche the
cobas� SARS-CoV-2 Test). Viral rebound was defined by an
increase of viral load after an initial decrease of viral load
with a DCt � 5 units (DCt Z Ct1-Ct2; Ct1, the maximum Ct
value before the decline, except that of index RT-PCR; Ct2,
the first Ct value lower than Ct1 � 5 units during the
decline). Viral clearance rate was defined as the differ-
ence between the value of Cthighest and that of Ctlowest

divided by the interval between the detection date of
Cthighest and that of Ctlowest (Cthighest, the highest Ct value
before rebound among patients with viral rebound and that
before end of follow-up [EOF] among those without viral
rebound; Ctlowest, the lowest Ct value within 5 days of index
RT-PCR).

EOF was defined as discharged from the hospital or up
to28 days after index RT-PCR, whichever occurred first.
Clinical outcomes were assessed daily by an 8-point pul-
monary ordinal scale till EOF. Clinical improvement was
defined as substantial decline of a pulmonary ordinal score
�2 at EOF.21
SARS-CoV-2 viral cultures

Nasal swab specimens maintained in the viral-transport
media were collected from the patients with COVID-19 and
prospectively preserved at the Department of Laboratory
Medicine, National Taiwan University Hospital. The clinical
specimens at last date prior to viral rebound and at the viral
rebound date for the first four patients with viral rebound
after receiving oral antiviral agents were selected for viral
cultures as previously prescribed.22 Briefly, the specimens
were propagated in VeroE6 cells in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 2 g/L of tosyl-
sulfonyl phenylalanyl chloromethyl ketone (TPCK)-trypsin
(SigmaeAldrich). Culture supernatants were harvested
when more than 70% of cells showing cytopathic effects.
3

SARS-CoV-2 whole genome sequencing

Total nucleic acid was extracted from the supernatants of
preserved media with the QIAamp viral RNA mini kit (QIA-
GEN, USA) according to the manufacturer’s instructions.
Samples were treated with Illumina COVIDSeq RUO Kits
(cDNA was amplified using the ARTIC v4 Primer Pools) ac-
cording to the manufacturer’s instructions and sequenced
with Illumina NovaSeq. A total of 1 Gb of de-multiplexed
reads were generated from each sample. All de-
multiplexed reads were trimmed off 15bp at their 50 and
30 terminal. Then, trimmed reads were mapped to the
reference SARS-CoV-2 genome (MN908947.3) and consensus
sequences were called by using a custom pipeline. This
pipeline utilized BWA-mem23 to map reads onto the refer-
ence genome, and variants were called by bcftools mpileup
(previously known as Samtools mpileup).24 Any SNP with a
quality score >20 and IMF >0.51 was kept by a custom
python script. Consensus sequences were finally called with
bcftools consensus.

Statistical analysis

Continuous and categorical variables were compared by
using ManneWhitney U test and Fisher’s exact test,
respectively. ALC at baseline and at rebound/EOF in each
patient were compared by Wilcoxon signed-rank test. Lo-
gistic regression analyses were performed to analyze the
risk factors for viral rebound among patients receiving oral
antiviral agents. All parameters were initially tested by
univariable analysis and those with a P value < 0.15 were
used for multivariate analysis. Parameters with collinearity
were not simultaneously considered in the final model.
Stepwise model comparison and Akaike’s information cri-
terion were used to determine the best model of multiple
variables analysis. The sensitivity analyses were performed
in NMV/r group and in viral rebound defined as a greater
degree of viral load increase (DCt � 12.4)10, respectively.
For sensitivity analyses; only univariable logistic regression
analysis were performed due to relatively small numbers of
viral rebound and total patients. The analyses were per-
formed using Stata software (version 14; StataCorp). Two-
sided P values < 0.05 were considered significant.
Results

Clinical and virological comparisons between
patients receiving NMV/r and molnupiravir

Among 261 patients receiving oral antivirals during the
study period, 85 patients with sequential collection of
nasopharyngeal swabs for RT-PCR assays and no antiviral
switch were included (Fig. S1). Fifty-eight (68.2%) of them
received NMV/r. Patients receiving NMV/r were younger,
had better renal function, fewer risk factors for disease
progression, and lower levels of inflammatory markers
compared to those receiving molnupiravir (Table 1). The
initial pulmonary ordinal scores, the median Ctlowest values
within 5 days after index RT-PCR testing and time-to-
initiation of antivirals from index date were not



Table 1 Comparisons of clinical and virological characteristics, and outcomes among COVID-19 patients receiving nirma-
trelvir/ritonavir and molnupiravir.

Total (n Z 85) Nirmatrelvir/ritonavir (n Z 58) Molnupiravir (n Z 27) P

Demographics

Age, years 58.5 (38.0e78.0) 49.0 (34.0e72.0) 73.3 (55.0e84.0) 0.002
Gender, male 47 (55.3) 32 (55.2) 15 (55.6) >0.99
Vaccine status 0.24
No vaccinations 37 (43.5) 25 (43.1) 12 (44.4)
1 dose 14 (16.5) 7 (12.1) 7 (25.9)
2 doses 8 (9.4) 5 (8.6) 3 (11.1)
3 doses 26 (30.6) 21 (36.2) 5 (18.2)
Comorbidities

Diabetes mellitus 19 (22.4) 7 (12.1) 12 (44.4) 0.002
Cardiovascular disorder 18 (21.2) 6 (10.3) 12 (44.4) 0.001
Chronic lung disease 3 (3.5) 2 (3.5) 1 (3.7) >0.99
Chronic kidney disease 13 (15.3) 1 (1.7) 12 (44.4) <0.001
Chronic liver diseases 6 (7.1) 3 (5.2) 3 (11.1) 0.38
Neurodevelopmental disorder 0 (0) 0 (0) 0 (0) >0.99
Psychiatric disorder 1 (1.2) 0 (0) 1 (3.7) 0.32
Dementia 6 (7.1) 1 (1.7) 5 (18.5) 0.01
Active tuberculosis 1 (1.2) 0 (0) 1 (3.7) 0.32
Obesity, BMI�25 37 (43.5) 23 (39.7) 14 (51.9) 0.35
Cigarette smoker 10 (11.8) 8 (13.8) 2 (7.4) 0.49
Immunosuppression 17 (20.0) 12 (20.7) 5 (18.5) >0.99
Active cancer 25 (29.4) 17 (29.3) 8 (29.6) >0.99
Numbers of risk factors 2 (1-3) 1.5 (1-3) 4 (1-5) <0.001
Pulmonary ordinal scale at baseline 3 (3-3) 3 (3-3) 3 (3-3) >0.99
Initial laboratory data

White blood cell count ( � 109/L) 6.8 (5.2e9.1) 6.8 (4.9e9.0) 6.7 (5.4e9.6) 0.62
Lymphocyte count ( � 109/L) 1.1 (0.7e1.5) 1.1 (0.7e1.6) 1.1 (0.7e1.3) 0.82
Lymphopenia (<0.8 � 109/L) 24 (31.2) 16 (32.0) 8 (29.6) >0.99
Neutrophil count ( � 109/L) 4.8 (3.3e7.4) 4.9 (3.2e6.9) 4.7 (3.4e8.1) 0.58
Hemoglobin (g/dL) 12.5 (10.4e13.7) 12.8 (11.5e14.3) 12.1 (10.1e13.3) 0.09
Platelet count ( � 109/L) 218 (152e276) 239 (165.5e280) 200 (136e266) 0.15
C-reactive protein (mg/dL) 1.6 (0.7e4.2) 1.1 (0.5e3.4) 2.1 (1.1e5.5) 0.06
Ferritin (ng/mL) 299.9 (161.8e529.1) 256.5 (121.4e421.9) 391.1 (211.8e988.0) 0.02
Procalcitonin (ng/mL) 0.10 (0.06e0.21) 0.08 (0.05e0.15) 0.15 (0.09e0.58) 0.02
D-dimer (mg/L) 0.7 (0.3e1.8) 0.4 (0.2e1.1) 1.8 (0.7e5.2) <0.001
Albumin (g/dL) 4.1 (3.6e4.6) 4.3 (3.9e4.7) 3.7 (3.6e4.0) 0.02
Total bilirubin (mg/dL) 0.6 (0.4e0.8) 0.6 (0.4e0.8) 0.6 (0.4e0.7) 0.87
AST (U/L) 25.5 (18.5e35.5) 22.5 (17.0e35.0) 28.0 (21.0e37.0) 0.33
ALT (U/L) 19.0 (12.0e29.0) 20.0 (14.0e37.0) 14.0 (12.0e23.0) 0.11
Lactate dehydrogenase (U/L) 203.0 (170.0e247.5) 203.0 (168.5e245.5) 206.0 (176.5e247.5) 0.46
Creatine kinase (U/L) 89 (36e164) 86.5 (38.5e162.5) 96 (35e187) 0.61
BUN (mg/dL) 15.9 (11.1e23.8) 13.6 (10.8e18.1) 28.8 (16.6e41.4) <0.001
Creatinine (mg/dL) 0.9 (0.7e1.2) 0.9 (0.7e1.0) 1.6 (0.7e3.1) 0.02
Virological parameter

Ct value of index RT-PCR test 16.6 (14.0e23.6) 17.0 (14.1e23.9) 15.6 (13.6e23.6) 0.36
Ctlowest value within 5 days of index

RT-PCR testa
16.2 (14.0e19.1) 16.4 (14.0e19.7) 15.6 (13.6e18.3) 0.32

Numbers of RT-PCR test 3 (3-4) 3 (3-4) 3 (3-4) >0.99
Intervals between index and last

RT-PCR test, days
9 (8-12) 8 (7-12) 9 (8-12) 0.44

Time-to-initiation antiviral, days

From index date 1 (0e1) 1 (0e2) 1 (0e1) 0.24
From symptom onset 2 (1-3) 2 (1-3) 1 (1-2) 0.03
Outcomes

Viral rebound 11 (12.9) 10 (17.2) 1 (3.7) 0.16
Time to viral rebound after

index RT-PCR test, days
10.0 (8.0e12.0) 9.5 (8.0e11.0) 16.0 0.15
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Table 1 (continued )

Total (n Z 85) Nirmatrelvir/ritonavir (n Z 58) Molnupiravir (n Z 27) P

Time to viral rebound after
completion of antivirals, days

5.0 (2.0e8.0) 4.5 (2.0e6.0) 11.0 0.11

Clinical improvementb 73 (85.6) 51 (87.9) 22 (81.5) 0.51
Follow-up duration, days 11 (9-16) 10 (9-15) 12 (10-22) 0.04

Continuous variables, median (interquartile); categoric variables, n (%).
Abbreviation: BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; PCR,
polymerase chain reaction.

a Ctlowest, the lowest Ct value within 5 days of index PCR among patients with and without viral rebound.
b Clinical improvement was defined as substantial decline of an ordinal score �2 at end of follow-up.
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significantly different between two groups. The median
viral clearance rate (interquartile, IQR) in NMV/r group was
significantly faster than that in molnupiravir group (2.3
[1.6e2.8] vs. 1.6 [1.2e2.2] units per day) (Fig. 1A).

Clinical and virological characteristics of viral
rebound

As shown in Table 1, the proportions of clinical improve-
ment were 87.9% and 81.5% of patients receiving NMV/r and
molnupiravir, respectively. There were only one respiratory
failure (patient P85) and no death. The overall proportion
of viral rebound was 12.9%, with a numerically greater one
among patients receiving NMV/r than those receiving mol-
nupiravir (10 [17.2%] vs. 1 [3.7%], P Z 0.16). The median
time to viral rebound was 10.0 (8.0e12.0) days after the
index RT-PCR testing and 5.0 (2.0e8.0) days after comple-
tion of antivirals (Fig. 1B); modest increases in viral load
were common even among patients not meeting the criteria
for viral rebound. Individual viral kinetics among patients
with viral rebound were shown in Fig. S2.

Among patients with viral rebound, the initial total
symptom score was �5 on a scale of 0e18. During viral
rebound, five of eleven patients (45.5%) experienced symp-
tomatic rebound (Fig. 2). The major rebound symptom was
cough/sputum (n Z 3). Among patients without viral
rebound, none developed symptomatic rebound, but one had
disease progression to respiratory failure (P85) (Fig. S3).
These findings suggested that the proportion of COVID-19
rebound was 5.9% (5/85). Among patients with viral
rebound, patients with symptomatic rebound were more
likely to have initial lymphopenia and earlier viral rebound,
but not associated with the magnitude of viral rebound, viral
clearance rates or existence of replication-competent virus
at rebound (Fig. 2 & Table S2). The Ct values of swabs with
detected replication-competent virus at rebound was lower
than those without detection of replication competent virus
(Ct values: 14.3 [P04] and 16.2 [P15] vs. 26.4 [P01] and 23.0
[P09]). WGS data derived from four sequential clinical spec-
imens in a single patient with viral rebound (P15) demon-
strated no additional mutations at 3C-like proteinase coding
gene conferring NMV/r resistance (Table S3).

Factors associated with viral rebound

Patients with viral rebound were more likely to have active
cancer (63.6% vs. 24.3%) and initial lymphopenia (63.6% vs.
5

25.8%) compared to those without viral rebound (Table 2).
The proportion of remaining lymphopenia among those at
viral rebound was greater than that of those without viral
rebound at EOF (40.0% vs. 12.7%). However, the ALCs of
most patients at viral rebound had increased significantly
compared to initial counts (Fig. S4). In multivariable logistic
regression analysis, initial lymphopenia was the only factor
associated with viral rebound (adjusted odds ratio, 5.34;
95% CI, 1.33e21.71), but not active cancer (P for interac-
tion, 0.16).

By sensitivity analyses, association between initial lym-
phopenia and viral rebound remained significant among
patients receiving NMV/r (4.50 [1.05e19.25]; P Z 0.04). If
the viral rebound was defined as higher degrees of DCt
(�12.4), 10 the proportion of patients experiencing viral
rebound was only 4.7% (n Z 4), and all of them received
NMV/r. Under such definition, initial lymphopenia was
associated with viral rebound (DCt � 12.4) with a border-
line significance (7.43 [0.73e75.53]; 4.50 [1.05e19.25];
P Z 0.09).
Discussion

The prevalence of COVID-19 rebound previously ranged
from 0.4% to 5.9% among outpatient patients receiving
NMV/r or molnupiravir.6,13-15,25 Previous studies utilized
symptomatic rebound as a trigger event to investigate the
presence of COVID-19 rebound. But rebound symptoms are
usually milder than initial symptoms and multifactorial.7-12

Therefore, previous observations suggest viral rebound may
be a reasonable alternative trigger to investigate COVID-19
rebound.7-12 Hence, we delineate viral kinetics by utilizing
sequential RT-PCR methods among patients receiving oral
antivirals, alongside careful daily documentation of
evolving clinical symptoms and laboratory parameters to
underpin COVID-19 rebound. In our cohort, the proportion
of viral rebound and COVID-19 rebound was 12.9% and 5.9%,
respectively.

By the cut-off values (DCt � 5) for viral rebound trig-
gering investigation of COVID-19 rebound, several findings
in the present study were consistent with previous results.
6-12 First, the interval to viral rebound was 5.0 (2.0e8.0)
days after completion of antivirals; this corresponded to
the typical COVID-19 rebound trajectory reported. Second,
modest increases, if any, in symptom severity scores,
among our patients experiencing viral rebounds attest to
the milder rebound symptoms as previously reported.



Figure 1 Comparisons of viral kinetics between patients
receiving nirmatrelvir/ritonavir and molnupiravir (A) and be-
tween patients with and without viral rebound (B). Panel A
shows viral clearance rate, defined as the ratio of the differ-
ence between the value of Cthighest and that of Ctlowest to the
interval between the detection date of Cthighest and that of
Ctlowest. Of them, Cthighest is the highest Ct value before
rebound among patients with viral rebound and that during
follow-up among those without viral rebound. Ctlowest is the
lowest Ct value within 5 days of index PCR test among patients
with and without viral rebound. A boxplot displays median and
interquartile range, and whiskers display minimum and
maximum Ct values. Ct values above the upper limit of
detection, 40, were assigned a value of �40. Patients with
reverse viral decay kinetics were not included (1 in NMV/r
group and 2 in MOV group). Panel B shows sequential median Ct
values in patients with and without viral rebound by circles and
diamonds, respectively. The difference of median Ct value
between patients with and without viral rebound was
approaching significantly on Day 10 after index RT-PCR. The I
bars represent interquartile ranges. NMV/r, nirmatrelvir/rito-
navir; MOV, molnupiravir.
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Third, at time of viral rebound, presence of replication-
competent viruses was noted in some patients. Fourth,
6

we confirm the achievement of viral clearance without
additional treatment courses of antivirals in at least 63.6%
of patients (7/11) with viral rebound (Fig. S2). Collectively,
our data support viral rebound might be a reasonable
trigger event for investigating COVID-19 rebound.

However, the optimal cut-offs (DCt) for viral rebound
have yet to be defined. By defining viral rebound as
negative-to-positive conversion of RT-PCR testing results,
recent two studies found extremely low rates of viral
rebound (�1%) after oral antivirals.14,26 But both studies
had their own caveats. One of these two studies found the
interval to viral rebound from symptom onset was about 30
days, much longer than those in previous reports.6-12 And no
symptomatic rebound was noted during viral rebound in
that report.26 The other one from Hong Kong enrolled un-
usually high proportions of patients (around 50%) concom-
itantly receiving oral antivirals and corticosteroids for
COVID-19 in their early disease course.14 Current treat-
ment guidelines all recommend against corticosteroids use
in the early phase of COVID-19.3-5 Hence, the results from
HK were incomparable to the current and other previous
studies.6-12 Further, some studies has found concurrent
symptomatic and viral rebound after NMV/r may develop
even before a RT-PCR Ct value or a rapid antigen test
turned to be negative.6,10 Therefore, the aforementioned
findings suggest that negative-to-positive conversion of RT-
PCR testing results may underestimate the prevalence of
viral rebound and COVID-19 rebound after oral antivirals.

As shown in Fig. 1B, the decrease of Ct value among
patients between Day 10 and 14 after the date of index PCR
who did not meet the criteria of viral rebound by the pre-
sent study might be due to mild fluctuation of viral load
during the disease course (indeed, the difference between
median Ct value on Day 10 and 14 [31.8 and 27.9, respec-
tively] was less than 5).27,28 Or it might just reflect that
patients with higher Ct values on Day 10 were discharged
accordingly, and those with lower Ct values remained hos-
pitalized throughout Day 14 and thus had opportunity to
receive repeatedly RT-PCR testing, which therefore resul-
ted in a relative lower pooled median Ct value on Day 14.

Furthermore, we found viral rebound was associated
with initial lymphopenia. Lymphopenia at diagnosis may
reflect preexisting immunocompromised status or an unfa-
vorable clinical consequence of infected patients with low
antibody titers.29 Our findings highlight early initiation of
oral antivirals prevented lymphopenic patients from
developing respiratory failures and deaths, but did not
deter viral rebound.20 In light of previous report that rising
antibody levels against SARS-CoV-2 are associated with
remission of COVID-19 rebound7 and that a cytotoxic
CD8þ T cell response is correlated with effective viral
clearance,30 lymphopenic patients may take longer time to
clear a vaccine-mismatched virus completely after rapid
viral suppression by oral antivirals. Subsequently, these
patients are more likely to experience viral rebound.

Direct comparison of viral rebound rates between NMV/r
and molnupiravir are complex owing to different treatment
indications and viral clearance rates. We found the net
effect of slow viral eradication causing prolonged viral
exposure among aging and comorbid patients receiving
molnupiravir might translate towards less viral rebound.



Figure 2 The symptom heatmaps of 11 COVID-19 patients experiencing viral rebound. The y axis represents each patient
numbers, and the x axis represents days after index PCR. A symptom score, consisting of fever, headache/myalgia, malaise, cough/
sputum, rhinorrhea/nasal congestion, sore throat/hoarseness, dyspnea, diarrhea, and dysosmia, was used for daily symptom
evaluation among them. A score of each symptom is assigned as a value of 0e2, indicating asymptomatic, improving or mild, and
progressive or persistent, respectively. A highest daily symptom score is 18. Each green bar illustrates the treatment course of each
patient receiving oral antivirals. Each red square illustrates the date of viral rebound. Paired viral cultures at the date of viral
rebound and at the most closely date prior to viral rebound were performed in 4 patients (P01, P04, P09, and P15). Additional viral
cultures at different dates were performed in patient P15. A symbol of plus indicates replication-competent virus, and a symbol of
cross indicates unculturable virus.

Table 2 Factors associated with viral rebound among COVID-19 patients receiving nirmatrelvir/ritonavir and molnupiravir.

With viral rebound
(n Z 11)

Without viral rebound
(n Z 74)

Univariable Multivariabled

OR (95% CI) P aOR (95% CI) P

Demographics

Age, years 59.8 (38.3e77.0) 57.4 (37.9e78.6) 1.00 (0.97e1.03) 0.99
Gender, male 9 (81.8) 38 (51.4) 4.26 (0.86e21.08) 0.08
Vaccine history

No vaccinations 7 (63.6) 30 (40.5) 2.57 (0.69e9.54) 0.16
Comorbidities

Diabetes mellitus 2 (18.2) 17 (23.0) 0.75 (0.15e3.78) 0.72
Cardiovascular disorder 1 (9.1) 17 (23.0) 0.34 (0.04e2.81) 0.31
Chronic lung disease 0 (0) 3 (4.1) NA NA
Chronic kidney disease 2 (18.2) 11 (14.9) 1.27 (0.24e6.70) 0.78
Chronic liver diseases 0 (0) 6 (8.1) NA NA
Neurodevelopmental

disorder
0 (0) 0 (0) NA NA

Psychiatric disorder 0 (0) 1 (1.4) NA >0.99
Dementia 1 (9.1) 5 (6.8) 1.38 (0.15e13.06) NA
Active tuberculosis 0 (0) 1 (1.4) NA NA
Obesity, BMI�25 5 (45.5) 32 (43.2) 1.09 (0.31e3.91) 0.89
Cigarette smoker 3 (27.3) 7 (9.5) 3.59 (0.77e16.72) 0.10
Immunosuppression 4 (36.4) 13 (17.6) 2.68 (0.68e10.52) 0.16
Active cancer 7 (63.6) 18 (24.3) 5.44 (1.43e20.76) 0.01
Numbers of risk factors 2 (2-3) 2 (1-3) 1.14 (0.80e1.63) 0.45
Initial laboratory data

White blood cell count
( � 109/L)

6.7 (3.3e7.4) 6.8 (5.2e9.3) 1.00 (1.00e1.00) 0.09

Lymphopenia
(<0.8 � 109/L)a

7/11 (63.6) 17/66 (25.8) 5.04 (1.31e19.39) 0.02 5.34 (1.33e21.71) 0.02

Remaining lymphopeniab 4 (40.0) 9 (12.7) 4.59 (1.08e19.49) 0.04
Hemoglobin (g/dL) 13.3 (8.5e14.7) 12.5 (10.4e13.6) 0.91 (0.70e1.18) 0.46
Thrombocytopenia

(<100 � 109/L)a
3/11 (27.3) 3/72 (4.2) 8.63 (1.48e50.12) 0.02

C-reactive protein 4/8 (50.0) 40/63 (63.5) 0.57 (0.13e2.52) 0.46
(continued on next page)
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Table 2 (continued )

With viral rebound
(n Z 11)

Without viral rebound
(n Z 74)

Univariable Multivariabled

OR (95% CI) P aOR (95% CI) P

>1.0 mg/dLa

Ferritin >300 ng/mLa 5/9 (55.6) 32/66 (48.5) 1.33 (0.33e5.39) 0.69
Procalcitonin (ng/mL) 0.11 (0.06e0.16) 0.10 (0.06e0.28) 0.19 (0.00e18.98) 0.48
D-dimer >0.5 mg/La 3/7 (42.9) 30/52 (57.7) 0.55 (0.11e2.71) 0.46
Albumin (g/dL) 4.5 (3.7e4.5) 4.0 (3.6e4.6) 1.33 (0.48e3.67) 0.58
Total bilirubin (mg/dL) 0.58 (0.38e0.82) 0.57 (0.45e0.74) 1.05 (0.88e1.25) 0.58
AST (U/L) 30 (21e66) 24 (18e35) 1.00 (0.99e1.01) 0.50
ALT (U/L) 37 (19e50) 17 (12-27) 1.00 (1.00e1.01) 0.91
Lactate dehydrogenase

>245 U/La
2/7 (28.6) 15/57 (26.3) 1.12 (0.20e6.40) 0.90

Creatine kinase >185 U/
La

1/7 (14.3) 13/58(22.4) 0.58 (0.06e5.23) 0.63

BUN (mg/dL) 16.3 (10.5e19.8) 15.9 (11.4e25.8) 0.97 (0.91e1.03) 0.33
Creatinine (mg/dL) 1.0 (0.8e1.2) 0.9 (0.7e1.1) 0.76 (0.36e1.58) 0.46
Virological parameter

Ctlowest value within 5
days
of index RT-PCR testc

16.3 (13.1e17.0) 16.2 (14.0e19.7) 0.93 (0.81e1.09) 0.39

Viral clearance ratec 2.6 (1.9e3.7) 2.2 (1.3e2.8) 1.35 (0.79e2.31) 0.27
Therapeutic parameter

Time-to-initiation of
antiviral
(days), from index
date

1 (0e1) 1 (0e1) 0.77 (0.39e1.51) 0.44

Time-to-initiation of
antiviral
(days), from symptom
onset

2 (1-2) 2 (1-3) 0.91 (0.57e1.43) 0.67

Nirmatrelvir/ritonavir 10 (90.9) 48 (64.9) 5.42 (0.66e44.69) 0.12 7.05 (0.81e61.18) 0.08

Continuous variables, median (interquartile); categoric variables, n (%).
Abbreviation: BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; PCR,
polymerase chain reaction; OR, odd ratios; CI, confidence interval; aOR, adjusted odds ratio; NA, not applicable.

a Denominators represented the numbers of patients receiving a specific laboratory test.
b Remaining lymphopenia: lymphopenia remained at viral rebound among patients with viral rebound and at end of follow-up among

those without viral rebound.
c Ctlowest is the lowest Ct value within 5 days of index PCR among patients with and without viral rebound. Cthighest is the highest Ct

value before rebound among patients with viral rebound and that during follow-up among those without viral rebound. Viral clearance
rate is defined as the ratio of the difference between the value of Cthighest and that of Ctlowest to the interval between the detection date
of Cthighest and that of Ctlowest.

d Goodness-of-fit: Pearson test, P Z 0.46 > 0.05; HosmereLemeshow test, P Z 0.76 > 0.05.
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But based on the small number of events in our molnupir-
avir cohort we hesitate to draw any firm conclusions.

The strengths of the current study were as follows. First,
only hospitalized patients were enrolled, so the confound-
ing effect of different health care-seeking behavior and
adherence to antivirals was minimized. Moreover, reinfec-
tion was excluded in the context of hospital-wide active
surveillance of inpatient-healthcare personnel transmission
in our hospital.31 Our WGS data further consolidated that
NMV/r resistance was not correlated with COVID-19
rebound. 8-10

Our retrospective study had inevitable flaws. By using
viral kinetics, we avoided record bias of symptom evolution,
but by excluding patients who had received less than three
consecutive RT-PCR tests (for example: patients with milder
disease and those who didn’t require hospitalization), we
8

may have generated selection bias. Our population is rela-
tively unique, and our results may not be generalizable. The
fact that our patients hadmore underlying comorbidities and
lower vaccination rates compared to previous reports15,25

suggests that rates of viral rebound depend on the ade-
quacy and speed of the immune response generated.
Although no comparisons of immunological profiles between
patients with and without viral rebound in the current study,
our finding that initial lymphopenia, even at rebound, was a
predictor for viral rebound provides a clue for further in-
depth characterization of both B cell and T cell response in
patients receiving oral antivirals, especially focusing on
SARS-CoV-2-targeted antibody Fc-receptor functions to
facilitate viral clearance.32

In conclusion, this proof-of-concept study characterizes
the phenomenon of viral rebound after antivirals which
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complements our current understanding of COVID-19
rebound. We further found initial lymphopenia account,
in part, for viral rebound after a standard course of oral
antivirals. Further investigations to ascertain the underly-
ing mechanisms of COVID-19 rebound are needed to resolve
unmet needs.
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