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Abstract

Nirmatrelvir/ritonavir (NMV-r) is an effective anti-SARS-CoV-2 agent and has been
recommended in the treatment of nonhospitalized patients with COVID-19. In rare
occasions, some patients experience virologic and symptomatic rebound after initial
resolution, which we call COVID-19 rebound after NMV-r. Although COVID
rebound can also occur after molnupiravir treatment or even no antiviral treatment,
we have more serious concern about the rebound after NMV-r, which remains the
most effective antiviral. Due to a lack of information about its frequency,
mechanism, outcomes, and management, we conducted this review to provide
comprehensive and updated information to address these questions. Based on the
limited evidence, the incidence of COVID-19 rebound after NMV-r was less than
2%, and most cases developed 5-15 days after initiating NMV-r treatment. Almost
all reported cases had mild symptoms, and the clinical condition gradually subsided
without additional treatment. Overall, the clinical outcome was favorable, and only a
small number of patients required emergency department visits or hospitalization.
Regarding virologic rebound, culturable SARS-CoV-2 with possible transmission was

observed, so re-isolation may be needed.
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blockade can help reduce mortality.?>2¢ For patients who do not

require hospitalization with supplemental oxygen, three antiviral

Despite the implementation of nonpharmacological interventions and
the development of vaccines against coronavirus disease 2019
(COVID-19), numbers of patients with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) are rapidly growing.2" 1! As of
November 1, 2022, there have been 627 573 579 confirmed cases of
COVID-19 reported to the World Health Organization.” Although
most confirmed cases had only mild COVID-19 or asymptomatic
presentations, a significant portion of patients with SARS-CoV-2
infections could progress to severe-to-critical illness or acute
respiratory distress syndrome and could be associated with high
morbidity and mortality.*>"'? However, effective therapy against
COVID-19 is limited.'>2°-24 For hospitalized patients with severe-to-

critical COVID-19, systemic corticosteroids and interleukin-6

agents, nirmatrelvir/ritonavir (NMV-r), molnupiravir and remdesivir,
and new neutralizing monoclonal antibodies can help prevent
progression to severe COVID-19.27-2? Among these three antivirals,
NMV-r is associated with the lowest risk of hospitalization or death
and is the first choice for outpatients with mild symptomatic
COVID-19.%°

To date, the effect of NMV-r has been evaluated in
many randomized controlled trials (RCTs) and real-world
studies.?”*1"3% Phase 2-3 double-blind RCTs found that the
incidence of COVID-19-related hospitalization or death by
Day 28 was lower in the NMV-r group than in the placebo group
by 6.32 percentage points (95% confidence interval [Cl], -9.04
to -3.59; p<0.001; relative risk reduction, 89.1%) among
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symptomatic, unvaccinated, nonhospitalized adults at high risk
for progression to severe COVID-19.27 A comparative retrospec-
tive multinational study using the TriNetX research network and
propensity score matching methods showed that the composite
outcome of all-cause emergency department (ED) visits, hospital-
ization, or death in 30 days occurred in 89 (7.87%) patients in the
NMV-r cohort compared to 163 (14.4%) patients in the non-
NMV-r cohort (OR 0.5, C1 0.39-0.67; p < 0.005), consistent with a
45% relative risk reduction.®! Najjar-Debbiny et al., using the
database of the largest health care provider in Israel showed that
NMV-r was associated with a significant decrease in the rate of
severe COVID-19 or mortality, with an adjusted HR of 0.54 (95%
Cl, 0.39-0.75).°% Moreover, they found that NMV-r seemed more
effective in older patients, immunosuppressed patients, and
patients with underlying neurological or cardiovascular disease
(interaction p value <0.05 for all), and no significant interaction
was detected between NMV-r treatment and COVID-19 vaccina-
tion status.®3 Even for the hospitalized patients with COVID-19
without supplemental oxygen requirements on admission, NMV-r
remained associated with a lower risk of all-cause mortality
versus matched controls (10.28 events [7.03-14.51] vs. 26-47
events [21.34-32.46]; HR 0.34 [0.23-0.50], p < 0-0001).>2 Com-
pared with the control, NMV-r was associated with a lower risk of
composite disease progression outcomes, including all-cause
mortality, initiation of invasive mechanical ventilation [MV],
intensive care unit [ICU] admission, or the need for oxygen
therapy (HR, 0-57 [0-45-0-72], p < 0-0001) (HR, 0-73 [0-54-0-97],
p = 0-032).%2

Although the above findings indicated the effectiveness of NMV-r
in the improvement of clinical outcomes of COVID-19 and supported
the use of NMV-r, some patients experienced clinical and virologic
rebound after therapy completion. This phenomenon—COVID-19
rebound after NMV-r was defined as recurrence of COVID-19
symptoms following successful completion of 5 days of NMV-r
therapy. Although NMV-r therapy has been observed in several

studies, >4

its frequency, mechanism, outcomes, and management
remain unknown. To address these questions, we conducted a review

to provide comprehensive and updated information.

2 | DEFINITION

COVID-19 rebound is characterized by a recurrence of symptoms or
a new positive viral test after having tested negative.*>*¢ Therefore,
COVID-19 rebound after NMV-r can be defined as SARS-CoV-2 viral
rebound or the recurrence of COVID-19 symptoms in patients who
have completed five-day treatment with NMV-r. Therefore, the
definition can vary in different studies, where some use viral rebound,
some use symptom recurrence, and some use concomitant viral and
symptom rebound.3>38394748 Some studies used the COVID-19
related ED visit or hospitalization after complete treatment of
NMV-r.3” Therefore, the interpretation of associated studies should
be done with caution.

3 | EPIDEMIOLOGY

At the beginning, the manufacturer reported to the US Food and
Drug Administration of several cases of rebound in SARS-CoV-2
RNA levels in <2% of patients at Day 10 or 14 following NMV-r
completion.*?

Using the definition of viral load rebound—a half-log increase in
viral load on Day 10 or Day 14, the post hoc analysis of EPIC-HR RCT
reported that viral load rebound occurred in 23 of 990 patients
(2.3%) in the NMV-r group and in 17 of 980 (1.7%), and the incidence
of viral load rebound was similar between the NMV-r group and
placebo group.®® Furthermore, there were no significant differences
in viral load rebound between the NMV-r group and the placebo
group in subgroup analyses of the presence of coexisting illnesses,
recurrence of moderate to severe COVID-19 symptoms, the
occurrence of hospitalization or death, and baseline SARS-CoV-2
serologic status.3> Based on the retrospective review of 483 high-risk
patients receiving NMV-r for mild to moderate COVID-19 at Mayo
Clinic in Rochester by Ranganath and his colleagues, only four
patients (0.8%) experienced rebound of mild symptoms at a median
of 9 days (IQR, 7-14.5) after the treatment.*® All four patients were
fully vaccinated, and all resolved without hospitalization or additional
COVID-19-directed therapy.*® Another large series using electronic
health record (EHR) data from a large integrated health care system in
California reported that only 45 (0.85%) of 5,287 persons who
received NMV-r required further COVID-19 related ED visits (n = 39)
or hospitalization (n=6) during the 5-15 days after pharmacy
dispensation of a 5-day treatment course of NMV-r.2” All hospital-
ized patients had comorbidities or were of advanced age
(range = 61-104 years), and two of them had mortalities attributed
to underlying disease.®” Using the TriNetX Analytics network
platform, which contains nationwide and real-time deidentified EHRs
of 93 million unique patients from 67 health care organizations,
Wang et al., showed that 398 (3.53%) tested positive, 260 (2.31%)
had COVID-19 related symptoms and 50 (0.44%) were hospitalized
during the 7-day period from 8 days after the last day of NMV-r
among 11,270 patients treated with NMV-r.4*

In fact, COVID-19 rebound is not unique to NMV-r.** Wang
et al., reported that 7-day and 30-day COVID-19 rebound rates after
molnupiravir treatment were 5.86% and 8.59% for COVID-19
infection, 3.75% and 8.21% for COVID-19 symptoms, and 0.84%
and 1.39% for hospitalizations.** Moreover, there were no significant
differences in COVID-19 rebound risks between NMV-r and
molnupiravir in terms of infection (HR, 0.90, 95% CI, 0.73-1.11),
COVID-19 symptoms (HR, 1.03, 95% Cl: 0.83-1.27), or hospitaliza-
tions (HR, 0.92, 95% Cl, 0.56-1.55).** Finally, SARS-CoV-2 RNA
rebound or symptom relapse can also occur in the absence of
antiviral treatment.>>°° The post hoc analysis of EPIC-HR RCT
reported that viral load rebound occurred in 17 of 980 (1.7%) in the
placebo group.®® Deo et al. analyzed the 568 participants enrolled in
the ACTIV-2/A5401 platform trial who received placebo and found
that viral rebound, defined as a 0.5 log10 viral RNA copies/mL
increase, was observed in 12% of the participants, and symptom
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rebound, defined as a 4-point total symptom score increase from
baseline, occurred in 27% of the participants after initial symptom
improvement and in 10% of the participants after initial symptom
resolution.”®

To better understand the epidemiological characteristics of
COVID-19 after the use of NMV-r, we performed a literature review
using PubMed database to search the related articles. The inclusion
criteria were (1) clinical trials or retrospective studies and (2) reports
with the detailed epidemiological characteristics of COVID-19
rebound after NMV-r. The exclusion criteria included (1) case
reports; (2) in vitro or pharmacological studies; (3) conference
abstracts; and (4) studies that did not report the epidemiology of
COVID-19 rebound. Table 1 summarizes the findings of the included
six studies,3”394042-44 5nd we found that COVID-19 rebound after
NMV-r was uncommon. The incidence of COVID-19 rebound
following NMV-r treatment varied according to different definitions
and study designs. While we used the definition of virological or
symptom rebound, the estimated incidence of COVID-19 rebound
after NMV-r ranged from 0.8% to 2.8%.2%°74351 Recently, Wang
et al.>! also reported that the risks of COVID-19 rebound after
NMV-r was higher in the Omicron BA.5 cohort and was significantly
higher than in the propensity-score matched BA.2.12.1 cohort
(virological rebound: hazard ratio [HR], 1.32; 95% confidence interval
[95% Cl], 1.06-1.66, and symptom rebound: HR, 1.32; 95% Cl,
1.04-1.68). Although patients with underlying conditions may opt to
develop COVID rebound, immunocompetent individuals can also
experience rebound.37374042-44 Most cases had been fully vacci-
nated in several studies,®”%7%%%% put the association between
vaccination and COVID-19 rebound was unclear. Although no
additional treatment was applied for these patients, most patients
had favorable outcomes, and only limited patients required ED visits

or hospitalization.37:39:4042-44

4 | MECHANISMS

Although a possible mechanism causing the recurrence of COVID-19
symptoms after NMV-r treatment has been proposed, such as the
emergence of treatment-resistant mutations, several in vitro studies
have consistently reported that resistance mutations were not
identified in patients with COVID-19 rebound.*?*>*® Boucau et al.,
evaluated seven individuals with recurrent symptoms or antigen test
conversion following NMV-r treatment and found that high viral
loads (median 6.1 log10 copies/ml) were detected after rebound for a
median of 17 days after initial diagnosis.®? Although three had
culturable virus for up to 16 days after initial diagnosis, no known
resistance associated mutations were identified.®* Immune responses
can help eradicate replication competent viruses during NMV-r
treatment, so the impairment of immunity may contribute to
COVID-19 rebound. However, Carlin et al., demonstrated that there
was no absence of neutralizing immunity in a case of COVID-19
recrudescence after NMV-r treatment and suggested that the
absence of neutralizing antibodies was an unlikely cause of the

MEDICAL VIROLOGY

COVID-19 rebound.*® One explanation for this rebound phenome-
non is the resumption of SARS-CoV-2 viral replication following
completion of therapy, triggering a secondary immune-mediated
response that manifests as recurrence of clinical symptoms. Finally,
the possible explanation of COVID-19 rebound after treatment could
be due to inadequate or insufficient treatment—(1) the patients did
not complete the prescribed course of treatment or developed
adverse drug effects and terminated treatment, and (2) the dose was

insufficient given the pharmacodynamics in that individual.

5 | CLINICAL MANIFESTATIONS

Patients who developed COVID-19 rebound did not differ in age or
race from those without rebound, but there were more women and
fewer Hispanics, significantly more comorbidities, organ transplants
and immunosuppressant usage and more tobacco smokers.** The
EHR documented COVID-19 vaccination rate was higher in patients
with COVID-19 rebound than in those without suggesting that
vaccination is not a major contributor to COVID-19 rebound.**

The presentations of COVID-19 rebound are protean, including
cough, fever, palpitation, rhinorrhea, myalgia, congestion, sneezing,
fatigue headache, pharyngitis, sore throat, nasal congestion, diarrhea,
and dyspnea.3>*%4347:48 The medium duration of rebound symptoms
was 4 days (range: 3-10 days).*° Most symptoms due to COVID-19
rebound after NMV-r would be mild; however, the symptoms could
rarely be worse than the initial episode. In one small series involving
six patients who experienced COVID-19 rebound after NMV-r, 4
patients reported milder symptoms than for their initial illness, 1
reported worse symptoms, and 1 reported similar symptoms.*?
Although most reported cases had mild symptoms that spontane-
ously resolved without additional treatment, severe complications
have rarely been reported.*’ Birabaharan et al., described an unusual
presentation of a 63-year-old man with type 2 diabetes mellitus who
received four doses of COVID-19 vaccines, had laboratory confirmed
COVID-19 and received NMV-r within 2 days of symptom onset. On
Day 4, he had complete resolution and returned to his baseline
health. However, a recurrence of cough with dyspnea on exertion
developed on Day 8, when SARS-CoV-2 RT-PCR was positive and his
SpO, was only 91%. He was admitted, and bilateral pulmonary
emboli were detected by computed tomography. Although antic-
oagulant was given, he still had dyspnea and infrequent cough four
weeks after discharge.*”

6 | VIROLOGICAL REBOUND

The virological and inflammatory response of COVID-19 rebound
after NMV-r has been evaluated in several studies.®>374248 Carlin
et al., demonstrated that high viral shedding (cycle threshold = 21.7)
and culturable virus were found 5 days after the NMV-r course.*®
Further sequence analysis of the isolate showed no amino acid

differences in any coding region, including ORF1a and spike protein,



LAI ano HSUEH

Juswieas) J-AWN 4934 uolezieyidsoy Jo 3SIA g3 paJinbal oym 3soy) se paulyap sem punogas 4T-AIAODe

"3|qedijdde jou ‘YN ‘uoisuaiadAy ‘N1H ‘snijjaw sa3aqelp ‘N 9Seasip Adeuow|nd AI3ONIISCO DIUOIYD ‘AdOD (SISEISIP ASUPI d1UoIYD ‘YD SUolIeIAIqaqy

MEDICAL VIROLOGY

JOURNAL OF

4 0of 7
o7 | WiLEY-

J193uad
|ed1paw AjIsi9AIUN
elquinjod
1e Apnjs poyod
(001) €T (0) 0 :uonipuod [euoiEAIaSqO o183
(0)o VN VN GT-6 :P3JEUIdOBA |Ing  pasiwoiduwiodounuiuj (wS) £ (T£-62) €9 €T VN dA1}29ds50.39Y ssauleyd
95IN0J juswieat) JIsyy
Jaye Jo Suunp aAniesau
3unsay Joye Ajanisod
1591 uadiue JuaLIndal
10 uoinjosau |eniul Jayje
SwoldwAs Jualindal Apnjs 310yod Apnis
(oot) £ (#T) T :uonipuod yum J-ANN Jo shep salsuaReIEYD PR E)
VN VN VN VN  :pojeuideA ||n4  pasiwoidwodounwiw| (2" 19-1€ / G YHM pajead; sjualjed |eJIA UOIJRUIDDBA)SOd nesnog
%G 19due)
%S¢ :AdOD
%S¢ ‘Nad "uoiIduUIl Z-A\0D-SHVS
%SC :aMD 9)e1apow-03-p|iw 1335900y
(ooT) ¥ %S/ *ANSSqO 10} J-AINN PaAIR23L up oulD oAely ey B3
(S¥T-£) 6 :pd1eurddeA |ng %S NLH sjuanjed s Y31y €8 38 Apnis aAipdadsosaa e yjeueluey
%0°0€ :INd SN ayj ul aseqejep
%10t :49pJosIp poojN 2e0z/8 apimuoljeu pue
%Y 0 :ANSSqO /9-2202/1/T usamiaq 2.3UdINW € Woly
%0'EY 9seasip J-AINN 003 pue sjuaned u 26 40
3un| o1uouyd 6T-AINOD pa32eJs3uod SpJodal yjesy
%8G -d9oued OYM p|O SJedA 21U0J1239[3 Jo Apnis o LE E
VN (%t¥°0) 0§ VN sAep G1-8 (%8'1¢) T1ST %9'LSG ‘NLH (S€) 2Tz V9T +6'LS 609 8Tz pade sjusned O/ZTT  HOYOD dAI}I30S0.39Y Suep
3 wouy
paJanodal Ajpusdal
aney 1o 6T-AINOD
aAeY AJjua.aund Jayyd 18R
(0)o (0)o (0)0 shAep y1-8 VN VN (0S) € (vL-€€) STv 9 Oym siedh g1z a3e synpy 9€%7T0¥701ON Suyid3
ca1y 2202 ‘9T AeIN-T20T
(0°09) LT € ‘7€ 42quiadaQ
(002) 6 T uoiIpuod 3uunp J-ANN elulofije) ul
{£9) €:T [edipaw SulApspun POAISD3S OYM SiedA W3)SAs aJed yjjeay scle
(Ca7k4 (E€T) 9 (£'98) 6€ sAep GT-G (TI1)5°0 auoz pey (%8/) S€¢  (T€) ¥T  (LL-S¥) €9 S Z1< pade suosiad /82§ pajesdaul 981e| uapleiy
ou ‘yresq ou ou ‘sjISIA I-AWIN  snhiels auiddep Apiqiowo) (%) ou 98y  sased jo uoneindod Apms 392JN0S  S3LIdS Ise)
‘uonjezijeydsoH a3 J1aye ‘FleN JaquinN

39su0

JusWIeaI] (I-ANN) JIABUOILI-JIA]DIIEWIIU JS3JE punogal ¢T-AIAOD 4O Sa143s 3sed Jo Alewwns T 374dV.1L



LAl ano HSUEH

PO\ /1y 50f 7

MEDICAL VIROLOGY

Patients with COVID-19 receiving nirmatrelvir/ritonavir

Inadequate treatment:
uncertain
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Favourable outcome w

Lack of neutralizing antibody or
Infected with resistant mutant:
unlikely

Symptom recrudescence or virologic rebound with possible viable
SARS-CoV-2

Consider re-isolation but no additional treatment

gent medical utilization

FIGURE 1 Summary of coronavirus disease 2019 (COVID-19) rebound following nirmatrelvir/ritonavir treatment

compared to the BA.2 reference.*® Similarly, Boucau et al., showed
that a detectable viral load was identified for a median of 12 days
(range 9-15) after completion of NMV-r.%? Among seven individuals
with virologic rebound, viral cultures were positive in 3 individuals,
and the cultures were positive until 5, and 11 days after completion
of the course of NMV-r.%?

7 | INFLAMMATORY RESPONSES

Epling et al., demonstrated that the median C-reactive protein (CRP)
level was lower at the time of rebound than during acute COVID-19,
whereas neutrophil and lymphocyte counts and SARS-CoV-2 PCR Ct
values were similar across groups with low or undetectable serum
nucleocapsid antigen levels during rebound.*? In contrast, high levels
of SARS-CoV-2 anti-spike immunoglobulin G (IgG) antibodies were
found, and anti-nucleocapsid I1gG and Omicron-specific neutralizing
antibodies increased in the patients with rebound.*? Moreover,
robust SARS-CoV-2-specific T-cell responses were observed, which

were higher in rebound than in early acute COVID-19 patients.*?

8 | MANAGEMENT

According to the recommendations of the CDC and NIH, there is
currently no evidence that additional treatment for COVID-19 is
needed for COVID-19 rebound. At present, the most appropriate
management should be close and continued monitoring of patients
with recurrence of symptoms after completion of a treatment course
of NMV-r. Previous studies found evidence of a high viral load after
NMV-r therapy for COVID-19.374048 Moreover, culturable viruses
can be found among some individuals with recurrent clinical disease,

and culturable viruses can be present for up to 2 weeks after the

completion of therapy.®?#%48 Moreover, possible transmission of
infection during COVID-19 rebound has been described.*® All these
findings of a higher viral load, ease of viral culture, and possible viral
transmission suggest that patients are likely to be contagious during
the rebound period.®?*° Therefore, the CDC advises people with
COVID-19 rebound to follow the CDC's guidance on isolation and
take precautions to prevent further transmission.*® These patients
can end their reisolation period after 5 full days, if fever has resolved
for 24h and symptoms are improving.*® In addition, the patients
should wear a mask for a total of 10 days after rebound symptoms
started.*®

Based on the current evidence, the recurrence of COVID-19
symptoms following the use of NMV-r has not been associated with
progression to severe COVID-19. Therefore, concerns about the
recurrence of symptoms should not be a reason to avoid using
ritonavir-boosted nirmatrelvir.*>*¢ Although insufficient drug expo-
sure by individual pharmacokinetics or insufficient duration could be
the cause of COVID-19 rebound after treatment, longer treatment
courses of NMV-r are not approved by the current emergent use
authorization, and there are insufficient data on the efficacy of
administering a second course.*>#® Further study is needed to
determine whether a longer treatment duration is indicated in this

clinical entity.

9 | CONCLUSIONS

A 5-day course of NMV-r is an effective and safe agent for the
treatment of patients with COVID-19. Rarely, symptom recurrence
after initial resolution and virologic rebound after negative testing
could develop in some patients after complete treatment with NMV-r
(Figure 1). Almost all reported cases had mild symptoms, and the
clinical outcome was favorable. Only a small number of patients
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required ED visits or hospitalization. Based on the current evidence,

there is no need for additional treatment; however, reisolation may

be needed.
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