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SARS-CoV-2 infection rebound among
patients receiving antiviral agents,
convalescent plasma, or no treatment:
a systematic review with meta-analysis
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Vincenzo De Angelis

Background - There is some evidence showing rebound of COVID-19
infections in patients treated with nirmatrelvir-ritonavir between 2 and 8
days following cessation of the antiviral treatment. COVID-19 rebound is not
unique to patients treated with nirmatrelvir-ritonavir, but is also observed in
molnupiravir recipients, in patients who did not receive any antiviral treatment
and in patients who received convalescent plasma (CP).

Materials and methods - This was a systematic review with meta-analysis of
clinical trials evaluating rates of virologic and clinical rebound in COVID-19 patients
receiving antiviral agents, CP or no treatment. Both randomized clinical trials and
controlled cohort studies were considered. The methodological quality of trials
was assessed using ROB-2 and ROBIN-1 checklists, and the GRADE approach.
Results - Data were available from 16 trials. The occurrence of virologic
rebound was more commonly observed among nirmatrelvir recipients than
among untreated patients (relative risk [RR]=2.12; 95% confidence interval
[CI]: 1.38-3.28; p=0.0007). No differences were observed in the occurrence of
virologic rebound between nirmatrelvir-ritonavir and molnupiravir recipients
(RR=1.01; 95% Cl: 0.71-1.43). Similar rates of virologic rebounds were
observed in molnupiravir recipients and untreated patients (RR=1.14; 95%
Cl: 0.81-1.6). One study in the pre-omicron period compared rates of virologic
rebound between patients receiving standard of care with or without CP: no
differences were observed between groups (RR=1.04; 95% Cl: 0.55-1.99). Rates
of clinical rebound were reported in seven trials, five evaluating nirmatrelvir-
ritonavir and untreated patients, and two evaluating nirmatrelvir-ritonavir
and molnupiravir recipients. No statistically significant differences between
groups were observed. For all these comparisons, the certainty of the available
evidence was graded as low or moderate.

Discussion - Virologic rebound of COVID-19 infections appears to be mild
and self-limited, and was observed more commonly in nirmatrelvir-ritonavir
recipients than in untreated patients, but was also observed in patients
treated with molnupiravir or CP.

Keywords: SARS-CoV-2 infection, Rebound, nirmatrelvir-ritonaviv, molnupiravir,
convalescent plasma.



INTRODUCTION

Convalescent plasma (CP), small-molecule antivirals,

monoclonal antibodies, and repurposed drugs have all
been suggested as treatments for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection but
only a few drugs have been approved or have emergency
use authorization for this purpose in USA, Europe and
other countries> Among these drugs, the nirmatrelvir-
ritonavir combination has been object of extensive clinical
investigation and continues to represent an effective oral
treatment against SARS-CoV-2*. Recently some concerns
have been raised related to the fact that some patients
treated with nirmatrelvir-ritonavir experienced rebound
coronavirus disease 2019 (COVID-19) infections following
the cessation of antiviral treatment*S. Population data
from the USA showed that COVID-19 rebound is not
unique to nirmatrelvir-ritonavir recipients, but is also
observed in molnupiravir recipients”®. Moreover, viral
rebound has been reported in patients who did not receive
any antiviral treatment and in patients receiving CP**,
Several reports document that some patients with normal
immune response who have completed a 5-day course of
antiviral agents for laboratory-confirmed infection and
have recovered can experience recurrent illness 2 to 8 days
following cessation of treatment®. COVID-19 rebound
is characterized by a recurrence of symptoms (clinical
rebound) or a new positive viral test after having tested
negative (virologic rebound). Both the recurrence of illness
and positive test results improved or resolved (at a median
of 3 days) without additional anti-COVID-19 treatment®.
Based on information from the case reports, COVID-19
rebound did not represent reinfection with SARS-CoV-2
or the development of resistance to antiviral agents.

SARS-CoV-2 virologic rebound after clearance of test
positivity or symptom resolution continues to be reported,
particularly in nirmatrelvir-ritonavir recipients"?.
Taking this in consideration, we performed a systematic
review with meta-analysis to evaluate rates of rebound
in nirmatrelvir-ritonavir recipients, in recipients of other

antiviral agents or CP, and in untreated patients.

MATERIALS AND METHODS
This
to recommended Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA)

systematic review is conducted according

checklist guidelines® (Figure 1, Online Supplementary Table
SI). The protocol is registered in the Prospective Register
of Systematic Reviews (PROSPERO) with registration
number CRD42024498898.

Literature search

We searched MEDLINE (through PubMed), EMBASE,
Epistemonikos, medRxiv and bioRxiv databases for the
period from February 2020 to December 2023, without
search restrictions. The Medical Subject Heading (MeSH)
and search query used were: “(“COVID-19” OR “SARS-
CoV-2” OR “coronavirus disease 2019”) AND (“treatment”,
“nirmatrelvir-ritonavir”’, “molnupiravir’, “remdesivir”,
“convalescent plasma”, “monoclonal antibodies”) AND

(“rebound/virologic rebound”).

Type of studies, interventions, outcomes and data
extraction

We planned to include studies evaluating rates of virologic
rebound in individuals with a confirmed diagnosis of
COVID-19 receiving treatment with antiviral agents,
monoclonal antibodies, CP or no treatment. When
available, we also extracted rate of “clinical rebound”, or
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Figure 1 - Flow chart of the study selection process



other clinical outcomes (e.g., progression of disease, need
of hospitalization, death). Only comparative studies (both
randomized clinical trials and controlled cohort studies)
were considered for the analysis. Case reports, case series,
and review articles were excluded from the analysis. We
included trials that enrolled participants with disease of
any severity.

All titles were screened by two assessors (MC and IP).
Eligibility assessment was based on the title or abstract
and on the full textif required. Full texts of possibly eligible
articles were obtained and assessed independently by
two reviewers (MC and IP). Both reviewers compared the
articles identified. The two assessors also independently
extracted quantitative and qualitative data from each
selected study, with disagreements resolved through
discussion and on the basis of the opinion of a third
reviewer (FM). The following parameters were extracted
from each study: study design and periods, characteristics
of COVID-19 patients and setting (hospitalized or not),
main characteristic in the experimental group and in
controls, sample size, and main results.

Assessment of methodological quality of included
studies

Two review authors (MC and IP) independently assessed
the risk of bias of each study included following the
domain-based evaluation described in the Cochrane
Handbook for Systematic Reviews of Interventions.
Within-trial risk of bias was assessed using the Cochrane
Risk of Bias 2 (ROB 2) tool for randomized controlled trials
(RCT) and the Risk of Bias In Non-Randomized Studies
- of Interventions (ROBINS-I) tool for non-RCTY. The
Cochrane ROB tool for RCT addresses five specific domains:
sequence generation and allocation concealment, blinding,
incomplete data, selective outcome reporting, and other
issues relating to bias. The methodological quality of
observational studies is assessed with the ROBINS-1 tool*.
This tool includes seven specific bias pre-intervention
and post-intervention domains. The domains are: (i)
confounding;(ii) selection of participants; (iii) classification
of intervention; (iv) deviation from interventions (or biases
that arise when there are systematic differences between
the care provided to experimental intervention and
comparator groups, beyond the assigned interventions);
(v) missing outcomes; (vi) measurement of outcomes; and
(vii) selection of reported result overall. For both RCT and

non-RCT we have presented our assessment of risk of bias
using two summary figures: (i) a summary of bias for each
item across all studies and (ii) a cross-tabulation of each
trial by all the "risk of bias" items.

"Summary of findings" tables

For the outcome virologic rebound, we used the principles
of the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system to assess
the quality of the body of evidence associated with
this outcome and constructed "Summary of findings"
tables using REVMAN 5.4 These tables present key
information concerning the certainty of evidence, the
magnitude of the effects of the interventions examined,
and the sum of available data for the main outcomes.
The "Summary of findings" tables also include an overall
grading of the evidence related to each of the main
outcomes using the GRADE approach, which defines the
certainty of a body of evidence as the extent to which one
can be confident that an estimate of effect or association
is close to the true quantity of specific interest. The
certainty of a body of evidence involves consideration of
within-trial risk of bias (methodological quality),
directness of evidence, heterogeneity, precision of effect

estimates, and risk of publication bias.

Statistical methods

The treatment effect was measured as a risk ratio (RR)
with a 95% confidence interval (95% CI). The study weight
was calculated using the Mantel-Haenszel method. We
explored clinical heterogeneity and assessed statistical
heterogeneity using the I statistic, which examines the
percentage of total variation across studies that is due
to heterogeneity rather than to chance. If significant
heterogeneity was detected, a random effect method of
study weight calculation was performed. Calculations
were done with REVMAN 5.4.

RESULTS

The main characteristics of the 16 included studies
(3 RCT and 13 comparative, non-RCT) are summarized in
Table I. Data on SARS-CoV-2 virologic rebound were
available from 24 reports, ten reporting rates of
virologic rebound in nirmatrelvir-ritonavir recipients
compared to untreated patients, four in molnupiravir
recipients compared to untreated patients, nine in
nirmatrelvir-ritonavir

recipients  compared  to
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VR occurred in 68 nonusers (0.6%), 2 NR
users (1.0%), and 6 MOV users (0.8%).

Among 76 pts with VR, 12 of 68 nonusers,
1 of 6 MOV users, and neither of the NR

users died of COVID-19.

Main results

diseases, and kidney diseases, as well as

more cardiovascular diseases, diabetes,
a lower complete vaccination rate

At baseline, compared with antiviral
nonusers, MOV or NR users were older
and had more comorbidities, including
digestive diseases, diabetes, history of
malignant tumor, and lower complete
vaccination rate. Compared with NR
users, MOV users were older and had
cerebrovascular events, respiratory

Risk factors,

Rebound related

Outcomes
VR, deaths

Table I - Main characteristics of the studies included in the review (follows from previous page)

MOV (746 pts), NR (195 pts), no
treatment (11,688 pts)

Comparisons

Study design and study
retrospective cohort study
of 12,629 hospitalized pts,
from January to March 2022

period
Aterritory-wide,

First author’
Wong GLH?*?

COVID-19: coronavirus disease 2019; NR: nirmatrelvir- ritonavir; MOV: molnupiravir; pts: patients; BEB: bebtelovimab; MMWR Morbidity and Mortality Weekly Report; VR: virologic rebound; HIV: human immunodeficiency

virus; RCT: randomized controlled trial; SARS-CoV-2: severe acute respiratory syndrome coronavirus-2; ICU: intensive care unit; RDV: Remdesivir.

molnupiravir recipients, and one in CP recipients
compared to untreated patients’*°4232 Data
on clinical rebound were available from seven
trials, five reporting rates of virologic rebound in
nirmatrelvir-ritonavir recipients compared to untreated
patients, and two in nirmatrelvir-ritonavir recipients
compared to molnupiravir recipients’*>-22531,

Sixteen reports, including five with already reported data,
four not reporting rates of rebound, and six observational
studies were excluded from the analysis®®#3342

Methodological quality of included studies

The methodological quality of studies, as assessed by the
ROB 2 tool for RCT and ROBIN-1 tool for non-RCT was
summarized in risk of bias graphs (Supplementary Figure S1).

Risk of bias and heterogeneity in included studies
With regard to randomized studies: we assessed the EPIC
HR and HS trials to be at low risk of bias. The study by
Schillingetal. wasassessed tobeathighriskof performance
bias (open label) and at unclear risk of attrition bias (viral
rebound reported, although the study was not designed
to characterize this fully)**. The study by Alupo et al. was
assessed to be at high risk of performance bias (open label)
and at unclear risk of selection, detection, attrition and
other bias®.

With regard to the cohort studies, all these studies but
one’ were judged to be at high risk and/or at unclear risk of
bias for selection and confounding, mostly because there
were several unbalanced characteristics at admission
between groups, often because the variable that was
being examined to predict the outcome of interest also
predicted whether an individual received one or the other
interventions of interest. However, in five studies, control
for confounding was performed through multiple logistic
regression or propensity score matching”***2¢, Most of
the cohort studies were judged at low risk of bias for the
domains of measurement classification of interventions,
deviation from intended interventions, missing data and
measurements of outcomes.

There was moderate/substantial heterogeneity for the
outcome “virologic rebound” in the comparison between
nirmatrelvir-ritonavir recipients and untreated patients
(I>=59%) and considerable heterogeneity for the outcome
“clinical rebound” for the same comparison (I>=84%).
For these comparisons, we performed subgroup
analyses according to the presence of selection bias



Nirmatrelvir-ritonavir Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 NR vs untreated controls

Dai 3 11 1 25 3.5% 6.82[0.79, 58.49] N
Edelstein 15 72 1 55  3.9% 11.46 [1.56, 84.12]

Harrington 119 1532 89 1511 21.4% 1.32[1.01, 1.72]

Li 2 258 3 224 47% 0.58[0.10, 3.43] |
Pandit 18 127 4 43 10.1% 1.52[0.55, 4.25] ]
Schilling 6 58 1 84  3.6% 8.69 [1.07, 70.28]

Smith-Jeffcoat 35 130 17 241 17.1% 3.82[2.23, 6.54]

Tadmor 8 89 8 219 11.0% 2.46 [0.95, 6.35]

Wong 16 242 170 3787 17.8% 1.47 [0.90, 2.42] 1
Wong GLH 2 195 68 11688  6.8% 1.76 [0.44, 7.14] —
Subtotal (95% CI) 2714 17877 100.0% 2.12[1.38, 3.28]

Total events 224 362

Heterogeneity: Tau? = 0.21; Chi? = 22.09, df = 9 (P = 0.009); I* = 59%
Test for overall effect: Z = 3.40 (P = 0.0007)

2.1.2 NR vs molnupiravir

H oww

Chen 10 58 1 27  2.9% 4.66 [0.63, 34.54] ]
Han 5 93 6 57  8.0% 0.51[0.16, 1.60] -
Qian 24 311 1 7  3.3% 0.54 [0.08, 3.45] - ]
Schilling 6 58 1 65 2.6% 6.72[0.83, 54.21] T
Tadmor 8 89 2 23 5.0% 1.03 [0.24, 4.54] ——
Tiseo 2 109 5 236  4.2% 0.87[0.17, 4.39] 7
Wang 159 2226 189 2226 48.3% 0.84[0.69, 1.03]

Wong 16 242 27 563 21.2% 1.38[0.76, 2.51]

Wong GLH 2 195 6 746 4.4% 1.28 [0.26, 6.27]

Subtotal (95% CI) 3381 3950 100.0% 1.01 [0.71, 1.43]

Total events 232 238

Heterogeneity: Tau? = 0.05; Chi? = 10.04, df = 8 (P = 0.26); I> = 20%
Test for overall effect: Z = 0.06 (P = 0.95)

001 01 10 100
Favours NR  Favours controls

[N

Test for subaroun differences: Chi? = 6.83. df = 1 (P = 0.009). 1> = 85.4%

Figure 2 -Forest plots of comparisons. Rates of virologic rebound in nirmatrelvir-ritonavir recipients compared to untreated

patients (analysis 2.1.1) and to molnupiravir recipients (analysis 2.1.2)
M-H: Mantel-Haenszel; 95% Cl: 95% confidence interval; NR: nirmatrelvir-ritonavir.

Molnupiravir  untreated controls Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Schilling 1 65 1 84  1.6% 1.29[0.08, 20.27] I
Tadmor 2 23 8 219  54% 2.38[0.54, 10.55]
Wong 27 583 170 3787 75.8% 1.03[0.69, 1.53]
Wong GLH 6 746 68 11688 17.2% 1.38[0.60, 3.17]
Total (95% Cl) 1417 15778 100.0% 1.14[0.81, 1.61]
Total events 36 247

Heterogeneity: Tau? = 0.00; Chi? = 1.40, df = 3 (P = 0.70); I = 0% b r

0.01 0.1 1 10 100
Test for overall effect: Z = 0.74 (P = 0.46) Favours molnupiravir  Favours untreated control

Figure 3 - Forest plots of comparisons. Rates of virologic rebound in molnupiravir recipients compared to untreated
patients
M-H: Mantel-Haenszel; 95% Cl: 95% confidence interval.

Convalescent Plasma  Standard treatment Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Alupo 15 69 14 67 1.04 [0.55, 1.99]
05 07 1 15 2

Favours CP  Favours control

Figure 4 - Forest plots of comparisons. Rates of virologic rebound in recipients of convalescent plasma compared to control
M-H: Mantel-Haenszel; 95% Cl: 95% confidence interval; CP: convalescent plasma.



and confounding, underlying risk factors at baseline,
study size (< or >100 participants) and timing of the study
(retrospective or prospective). However, these factors had
little influence on the effect size and I?value. For other
comparisons statistical heterogeneity was not important

or not applicable.

Effects of interventions
Forest plots of the comparisons for virologic rebound are
shown in Figures 2-4, and for clinical rebound in Figure s.

Virologic rebound

The occurrence of virologic rebound was more
commonly observed among nirmatrelvir recipients
than among untreated patients (RR=2.12; 95% CI:
1.38-3.28; p=0.0007). These data were reported from
two RCT and eight cohort studies (4 with propensity
logistic regression/propensity score matching); the
level of certainty of the evidence was graded as low due
to risk of bias and inconsistency (I>=59).

No differences were observed in the occurrence of
virologic rebound between nirmatrelvir-ritonavir and

molnupiravir recipients (RR=1.01; 95% CI: 0.71-1.43):
the data were from one RCT and eight cohort studies
(3 with logistic regression/propensity score matching).
The level of certainty of the evidence was graded
as moderate due to risk of bias (Table II). Likewise,
similar rates of virologic rebound were observed
in molnupiravir recipients and untreated patients
(RR=1.14; 95% CI: 0.81-1.61) from four trials (1 RCT, 3
cohort studies) (moderate levels of certainty due to risk
of bias).

The study by Alupo et al. compared the occurrence of
virologic rebound between patients receiving standard
of care with or without CP™. No differences in the rate
of virologic rebound were observed between the groups
(RR=1.04, 95% CI: 0.55-1.99), and this was graded as
low-level of evidence due to risk of bias and imprecision
(small size study and low number of events).

Clinical rebound
This outcome was reported in seven trials, five

(including 2 RCT) evaluating nirmatrelvir-ritonavir

NR Control Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
5.1.1 NR vs untreated
Harrington 165 1679 167 1683 21.2% -0.00 [-0.02, 0.02]
Li 0 258 0 244 29.6% 0.00 [-0.01, 0.01]
Pandit 24 127 3 43 2.3% 0.12[0.02, 0.22] -
Schilling 3 58 0 84 5.5% 0.05[-0.01, 0.11] T
Smith-Jeffcoat 42 130 48 241 2.6% 0.12[0.03, 0.22] -
Subtotal (95% CI) 2252 2295 61.2% 0.03 [-0.00, 0.07] <o
Total events 234 218
Heterogeneity: Tau? = 0.00; Chi? = 24.59, df = 4 (P < 0.0001); I> = 84%
Test for overall effect: Z = 1.73 (P = 0.08)
5.1.2 NR vs molnupiravir
Tiseo 2 109 5 236 14.5% -0.00 [-0.03, 0.03] .
Wang 168 2226 178 2226 24.4% -0.00 [-0.02, 0.01] z
Subtotal (95% CI) 2335 2462 38.8% -0.00 [-0.02, 0.01]
Total events 170 183

Heterogeneity: Tau? = 0.00; Chi*=0.01, df =1 (P = 0.92); I = 0%
Test for overall effect: Z = 0.58 (P = 0.56)

Total (95% CI) 4587 4757 100.0%

Total events 404 401
Heterogeneity: Tau? = 0.00; Chi? = 16.06, df = 6 (P = 0.01); I? = 63%
Test for overall effect: Z = 0.87 (P = 0.39)

Test for subaroup differences: Chi2 = 3.33, df = 1 (P = 0.07), I?=70.0%

*

0.01 [-0.01, 0.02]

02 01 0 01 02
Favours NR Favours control

Figure 5 - Forest plots of comparisons. Rates of clinical rebound in nirmatrelvir-ritonavir recipients compared to controls

(untreated patients (analysis 5.1.1) and molnupiravir recipients (analysis 5.1.2)
M-H: Mantel-Haenszel; 95% Cl: 95% confidence interval; NR: nirmatrelvir-ritonavir.



Table II - Summary of findings

« Patient or population: COVID-19 infected subjects.
« Settings: inpatients and outpatients.
« Comparison: rates of virologic rebound and clinical rebound among COVID-19 infected individuals receiving nirmatrelvir-ritonavir,

molnupiravir, convalescent plasma or no treatment.

Outcomes Illustrative comparative risks* (95% Cl) Relative N. of Quality of Comments
. P effect participants evidence
Assumed risk in Corresponding risk 0
the control group | in the intervention (0D (Staev] ISRADEY
group
Virologic rebound

There was evidence that
Nirmatrelvir- nirmatrelvir-ritonavir recipients
ritonavir vs 362/17,887 (2.0 %) 4.2% (2.7-6.5) RR2.12 20,591 (10) ®OOO had higher rate of virologic

. (1.38-3.28) low!
untreated patients rebound compared to untreated
subjects

Nirmatrelvir. No significant differences in

. . ) RR1.01 DEDO virologic rebound between

0 0 -

rltolnaw.r vs 238/3,950 (6.0 %) 6.0 % (4.2-8.5) (0.71-1,43) 7,331 (9) moderate? nirmatrelvir-ritonavir and
motnupiravir molnupiravir recipients

No significant differences in
Molnupiravir vs o o RR1.14 PO virologic rebound between
untreated patients 247/15,778 (1.5 %) 1.71% (1.2-12.4) (0.81-1.61) 16,595 (4) moderate? molnupiravir recipients and

untreated patients
Convalescent No significant differencesin
plasma + SOC virologic rebound between
vs SOC without 14/67 (20.8 %) 21.6 % (11.4-41.3) RR1.04 139(1) ®®O0O convalescent plasma recipients

(0.55-1.99) low?
convalescent and controls
plasma
Clinical rebound
- Higher rate of clinical rebound in
Nirmatrelvir- Clinical reboug nirmatrelvir-ritonavir recipients
o b
ritonavir vs no 218/2,295 (9.4 %) was 3 % higher RpPU.02 4,547 (5) @(—BQ@ compared to untreated pts., but
(from0to 7 % (0.00-0.07) low R R -
treatment higher) the difference is not statistically
& significant.

No significant differences of
l‘!wmah:elwr— Clinical rebound RD -0.0 000 cl'mlcal rebpupd betyveen
ritonavir vs 183/2,462 (7.4 %) was 7.4 % (from 2 % 4,797 (2) 5 nirmatrelvir-ritonavir and

. . (-0.02/0.01) moderate’ I L
molnupiravir lower to 1 % higher) molnupiravir recipients

*The assumed risk is the mean control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in

the comparison group and the relative effect of the intervention (and its 95% Cl).

GRADE Working Group grades of evidence: High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality:
Further research s likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low quality: Further research
is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low quality: We are very

uncertain about the estimate.

!Downgraded for ROB (mostly confounding and selection) and inconsistency due to heterogeneity (/’=59). 2Downgraded for ROB. *Downgraded for ROB and
imprecision (small number of participants). “Downgraded for ROB and inconsistency (=85). Cl: confidence interval; RR: risk ratio; RD: risk difference; SOC:

standard of care; ROB: risk of bias.

and untreated patients, and two observational studies
evaluating nirmatrelvir-ritonavir and molnupiravir
between nirmatrelvir-ritonavir and untreated patients
there was a trend favoring a higher rate of clinical
rebound of COVID-19 symptoms among nirmatrelvir-
ritonavir recipients compared to untreated patients (risk

difference=0.02;95% Cl: 0.00-0.07; p=0.08) (low certainty
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of evidence due to risk of bias and inconsistency [>=84]).
Data from an observational study did not report symptom

rebound in remdesivir recipients®.

Other outcomes

Results from an observational study showed that among 76
patients with viral rebound, 12 of 68 patients not receiving
antiviral agents, one of six molnupiravir recipients, and



neither of the two nirmatrelvir-ritonavir recipients died
of COVID-19*. No progression of disease or deaths were
reported among patients who experienced rebound in the
remaining trials.

DISCUSSION

While
as antiviral agents during the early stages of the

many small molecules were repurposed

COVID-19 pandemic, oral antivirals developed against
SARS-CoV-2 for outpatients were not authorized and
available until December 2021, when nirmatrelvir-
ritonavir

and molnupiravir were

Shortly after,

approved3’38'43.

intravenous remdesivir was also
approved for outpatient use*. In December 2021,
nearly 2 years after the first use of CP, the Food and
Drug Administration approved outpatient use of
CP, but only for immunocompromised patients*.
While monoclonal antibodies have been withdrawn due
to resistance of viral variants BQ.1.* and XBB.*>*#¢ other
antiviral agents (e.g., nirmatrelvir-ritonavir, remdesivir,
molnupiravir) are still advised for treating COVID-19. For
more than 1 year (January 2020-March 2021), COVID-19
CP, collected from individuals who have recovered from
SARS-CoV-2 infection, represented the only specific,
antibody-based  passive  immunotherapy  available
against this potentially life-threatening viral disease®.
Additionally, there has been renewed interest in the
clinical use of CP in immunocompromised patients as the
new variants of SARS-CoV-2 have emerged*°.

Concerns have been raised about rebound COVID-19
infections, which occur between 2 and 8 days following
the cessation of antiviral treatment®. Population data
from the USA showed that COVID-19 rebound is not
unique to nirmatrelvir-ritonavir recipients, but it is
also observed in molnupiravir recipients, and has been
reported in patients who did not receive any antiviral
treatment and in patients receiving CP**°. To enhance our
understanding of COVID-19 rebound, we have performed
a systematic review and meta-analysis of the available
evidence. Data on SARS-CoV-2 rebound were available
from 16 trials (3 RCT and 13 non-RCT) reporting rates of
virologic rebound and/or clinical rebound in patients
treated with antiviral agents (nirmatrelvir-ritonavir or
molnupiravir, and in 1 trial also remdesivir), in patients

not receiving treatment and in CP recipients. The results

of our analysis show that the occurrence of virologic
rebound was more common among nirmatrelvir-ritonavir
recipients than among untreated patients (RR=2.12;
95% Cl: 1.38-3.28; p=0.0007; low certainty of evidence),
while no difference was observed between nirmatrelvir-
(RR=1.01;
of certainty);

ritonavir and  molnupiravir
95% CI: 0.71-1.43;
similar rates of virologic rebound were observed in

recipients
moderate level
molnupiravir recipients and untreated patients (RR=1.14;
95% Cl: 0.81-1.6; moderate level of certainty). One study
compared the occurrence of virologic rebound between
patients receiving standard of care with or without CP,
and found no differences in the rate of virologic rebound
between the groups (RR=1.04, 95% CI: 0.55-1.99; low
level of evidence)®. The outcome clinical rebound was
reported in five trials evaluating nirmatrelvir-ritonavir
and untreated patients, and in two observational studies
evaluating — nirmatrelvir-ritonavir
No
between groups were observed,

and molnupiravir
recipients. statistically significant differences
although in the
comparison between nirmatrelvir-ritonavir-treated and
untreated patients there was a trend favoring a higher
rate of clinical rebound of COVID-19 symptoms among
nirmatrelvir-ritonavir recipients compared to untreated
patients (risk difference=0.02; 95% CI: 0.00-0.07; p=0.08;
low certainty of evidence).

People receiving antiviral treatment might be at higher
risk of rebound compared with people not receiving
treatment because of host factors or treatment-induced
viral suppression early in the course of illness. However,
rebound has also been reported among people not
receiving treatment, and might reflect viral fluctuation
that is part of the natural disease process early in the
course of illness.

Viral rebound might occur in people on antiviral treatment
because they are at high risk of severe disease and might
have host factors, such as immunosuppression, that
contribute to the natural variability in viral dynamics®.
Patients receiving antiviral treatment might be at higher
risk for rebound given the viral suppression related to
early treatment in the disease course, and resumption of
viral replication after completion of treatment because of
delayed viral clearance. This elevated risk could be due to
early discontinuation of antiviral treatment or the need

for longer courses of treatment among certain subjects,

11



such as those who are immunocompromised?.

Of note, in the large majority of trials no associations were
observed between rebound and progression of disease,
hospitalization and death. Also, there was no evidence
that rebound represents reinfection or resistance to
treatment®*.

By late December 2021, the predominant variant was
omicron*s?. Except in rare cases, the original version
of omicron is no longer circulating, nor is the original
strain of the SARS-CoV-2 virus and the early, more severe
alpha and delta variants. Currently, there is a long list of
circulating omicron subvariants, including more than
a dozen XBB strains. With the exception of the study by
Alupoetal., and a subset of the Epic HR and SR studies™*3*
all the studies included in the current analysis were
conducted in the omicron era. The study by Alupo et al. was
conducted between September and December 2020, when
the alpha variant was the variant of concern®. The Epic HR
and SR trials started enrolling patients in July 2021 before
the emergence of omicron, and were concluded in the
omicron period:.

The findings in this systematic review are subject to
several limitations. First, standardized definitions for
symptom, viral, and clinical rebound were not used across
studies. Using standard definitions to accurately reflect
outcomes could improve interpretability and comparisons
of data across studies and settings. Another limitation
is related to viral kinetics. The original EPIC-HR study
assessed outcomes for patients at only two time points,
while other studies tracked patients more frequently. As
a consequence, not all the studies included in the current
review captured the full extent of virologic rebound as
the study by Edelstein ef al. did*. In this latter study
SARS-CoV-2 viral load was assayed three times a week
for 2 weeks and weekly thereafter. Of note, viral rebound
can occur in people who do and do not receive antiviral
treatment, and might reflect viral fluctuation that is part
of the natural disease process®”. Moreover, few studies
correlated symptoms with viral load, which makes the
significance of recurrence of mild symptoms difficult to
understand because symptoms are subjective and might
not represent viral reactivation. Most of the included
trials (13/16) were observational cohort studies, and
were judged at high or unclear risk of bias for selection
and confounding, mostly because there were several
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unbalanced characteristics at admission between groups,
often because the variable that predicted the outcome of
interest also predicted whether an individual received
one or the other interventions of interest. However,
to mitigate the risk of bias, five of the 13 observational
studies performed multiple logistic regression or
propensity score matching to control for confounding.
Finally, ascertainment bias is also possible given that
patients receiving antiviral treatment are closely
followed, and more likely to report recurrent symptoms,
which would explain the large availability of case reports
being associated with nirmatrelvir-ritonavir, the most
commonly used antiviral agent for COVID-19.

There was from moderate/substantial to considerable
heterogeneity for the outcomes “virologic rebound”
and “clinical rebound” in the comparison between
nirmatrelvir-ritonavir heterogeneity for this outcome
in the comparison between recipients and untreated
patients. Factors that could potentially be responsible for
the observed heterogeneity were the frequency of viral
load measurements and definition of clinical rebound.
For instance, as mentioned above, when the virologic
analyses in the study by Edelstein et al."* were restricted
to only three time points, as was done in the EPIC-HR
study?®, viral rebound was detected in only three of 124
(2.4%) patients, and 13 of the 16 (81.2%) rebound events that
were detected with more frequent specimen collections (3
times a week for 2 weeks and weekly thereafter), were not
captured.

There was a large variability in the definition of clinical
rebound?®*-2s,

rebound varied across studies, from patient-reported

Methods for determining symptom

records to predefined lists of symptoms, and not
all the studies reporting it had clinical rebound as a
predefined outcome. Hence, is not surprising that there
was considerable heterogeneity for this outcome in the
comparison between nirmatrelvir-ritonavir recipients
and untreated patients.

Some individuals with viral rebound are reported to have
culturable virus up to 16 days after the initial diagnosis
and it is possible that transmission to close contacts
may occur during the rebound period'>**. Additionally,
the precise time therapy is initiated, within-host viral
dynamics, individuals’ specific response to treatment,
and the timing of adaptive immunity play important roles



in determining whether viral rebound occurs®. These
important factors vary from individual to individual
and may explain why only some individuals show viral
rebound after completing treatment. In the case of
rebound following antiviral treatment, immune evasion
due to early viral suppression has been hypothesized
as a possible cause*s*. Otherwise, it is possible that
antiviral exposure might be insufficient due to individual
pharmacokinetics or insufficient duration or that SARS-
CoV-2 persists in inaccessible sanctuary tissues®s>s¢.
Emergence of SARS-CoV-2 resistance to antiviral agents
as a cause of viral rebound is unlikely, considering that
in previous studies on COVID-19 rebound, resistance
mutations were not identified". In the current systematic
review, no associations were observed between rebound
and progression of diseases, hospitalization and death.
Hence, despite the possibility of rebound, these data
confirm the importance of continuing to offer antiviral
treatment to individuals with COVID-19 who are at
increased risk of progression to severe COVID-19.
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SARS-CoV-2 infection rebound

Table SI - PRISMA 2020 checklist (follows from previous page)
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Figure S1 - A) Risk of bias summary (ROBIN-1): review authors' judgements about each risk of bias item for each included
non-randomized trial study. B) Risk of bias summary (ROB 2): review authors' judgements about each risk of bias item for

each RCT included.
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