
SARS-CoV-2 Virologic Rebound With Nirmatrelvir–Ritonavir Therapy
An Observational Study
Gregory E. Edelstein, BA*; Julie Boucau, PhD*; Rockib Uddin, BS; Caitlin Marino, BS; May Y. Liew, BA; Mamadou Barry, MD;
Manish C. Choudhary, PhD; Rebecca F. Gilbert, BA; Zahra Reynolds, MPH; Yijia Li, MD; Dessie Tien, BSA; Shruti Sagar, BA;
Tammy D. Vyas, BS; Yumeko Kawano, MD; Jeffrey A. Sparks, MD, MMSc; Sarah P. Hammond, MD; Zachary Wallace, MD, MSc;
Jatin M. Vyas, MD, PhD; Amy K. Barczak, MD†; Jacob E. Lemieux, MD, DPhil†; Jonathan Z. Li, MD, MMSc†; and
Mark J. Siedner, MD, MPH†

Background: Data are conflicting regarding an association
between treatment of acute COVID-19 with nirmatrelvir�ritonavir
(N-R) and virologic rebound (VR).

Objective: To compare the frequency of VR in patients with
and without N-R treatment for acute COVID-19.

Design:Observational cohort study.

Setting:Multicenter health care system in Boston, Massachusetts.

Participants: Ambulatory adults with acute COVID-19 with
and without use of N-R.

Intervention: Receipt of 5 days of N-R treatment versus no
COVID-19 therapy.

Measurements: The primary outcome was VR, defined as
either a positive SARS-CoV-2 viral culture result after a prior
negative result or 2 consecutive viral loads above 4.0 log10

copies/mL that were also at least 1.0 log10 copies/mL higher
than a prior viral load below 4.0 log10 copies/mL.

Results: Compared with untreated persons (n ¼ 55), those
taking N-R (n ¼ 72) were older, received more COVID-19 vacci-
nations, and more commonly had immunosuppression. Fifteen
participants (20.8%) taking N-R had VR versus 1 (1.8%) who
was untreated (absolute difference, 19.0 percentage points
[95% CI, 9.0 to 29.0 percentage points]; P ¼ 0.001). All persons
with VR had a positive viral culture result after a prior negative
result. In multivariable models, only N-R use was associated

with VR (adjusted odds ratio, 10.02 [CI, 1.13 to 88.74]; P ¼
0.038). Virologic rebound was more common among those
who started therapy within 2 days of symptom onset (26.3%)
than among those who started 2 or more days after symptom
onset (0%) (P ¼ 0.030). Among participants receiving N-R,
those who had VR had prolonged shedding of replication-
competent virus compared with those who did not have VR
(median, 14 vs. 3 days). Eight of 16 participants (50% [CI, 25%
to 75%]) with VR also reported symptom rebound; 2 were com-
pletely asymptomatic. No post-VR resistance mutations were
detected.

Limitations: Observational study design with differences
between the treated and untreated groups; positive viral culture
result was used as a surrogate marker for risk for ongoing viral
transmission.

Conclusion: Virologic rebound occurred in approximately
1 in 5 people taking N-R, often without symptom rebound,
and was associated with shedding of replication-competent
virus.
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N irmatrelvir–ritonavir (N-R) is an oral antiviral that
inhibits the main protease of SARS-CoV-2. It reduces

incidence of hospitalization and death among persons with
mild to moderate COVID-19 (1–3) and is now widely used
in the United States (4, 5). However, soon after its adoption
in clinical care, a virologic rebound (VR) phenomenon was
reported, characterized by recurrence of symptoms and re-
version to SARS-CoV-2 test positivity after initial recovery
with treatment (6, 7).

The frequency and epidemiology of COVID-19 VR
remain poorly characterized, in part because of a lack of
consensus around how to define VR. Retrospective analy-
ses from a phase 3 clinical trial as well as health system
data have estimated the frequency of VR after N-R to be
1% to 2% (8–10). The VR phenomenon has been reported
at similar frequencies among persons with COVID-19 in
the absence of treatment (11). A single prospective study
of a home-based testing program estimated higher rates
of VR both in persons taking N-R (14%) and in an un-
treated comparator group (9%) (12). However, precise

estimation of the effect of N-R use on VR incidence has
been limited by infrequent and short-term sampling,
symptom reporting, and absence of culture data. No
studies have used routine, prospective testing with vi-
ral cultures to estimate the frequency and duration of
shedding of replication-competent virus.

In this study, we estimated the effect of N-R use on
the frequency and duration of VR in ambulatory persons.
Secondary aims included estimating the validity of symp-
tom reporting to detect VR and exploring the emergence
of drug resistancemutations after VR.
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METHODS

Parent Study Design
Participants and data for this analysis were drawn

fromPOSITIVES (Post-vaccination Viral Characteristics Study),
a prospective observational cohort study that enrolls persons
with acuteCOVID-19 for longitudinal assessment of quantita-
tive viral load, viral culture, and symptom data collection
(7, 13). The parent study provides data for the study of
COVID-19 variants, host immunity, vaccination, therapeu-
tics, and viral dynamics. Persons who are potentially eligi-
ble for recruitment into the POSITIVES cohort are identified
from an automated list of persons with a positive test result
and/or a prescription for a COVID-19 therapeutic in the
Mass General Brigham health care system in Boston,
Massachusetts. Participants may also self-refer from online
study information sheets or be referred by health care pro-
viders. The medical charts of consenting participants are
reviewed by study physicians to determine COVID-19
vaccination status, treatment history, and medical history.
Persons with a diagnosis of leukemia or lymphoma; those
with a history of solid organ or bone marrow transplant;
and those receiving immunosuppressive therapies, includ-
ing corticosteroids, interferon-g inhibitors, or cytotoxic
therapies (for example, anticytokine therapies), are classi-
fied as having immunosuppression (Supplement Table 1,
available at Annals.org).

Eligibility Criteria
We restricted this analysis to participants enrolled in

the POSITIVES parent study who met the following crite-
ria at the time of their first positive result on a COVID-19
diagnostic test: 1) ambulatory (because N-R therapy is
recommended for mild to moderate COVID-19); 2) had
enrolled in the POSITIVES parent study on or after 1 March
2022, when we began enrolling persons at the time of N-R
initiation; 3) had not used antiviral therapies other than N-R
(that is, remdesivir or molnupiravir) in the previous 14 days
or monoclonal antibodies in the previous 90 days; 4) were
enrolled within 5 days of their initial diagnostic test for
COVID-19 (to ensure all persons were within the treatment
window for N-R initiation) (4); and 5) had not already com-
pleted a course of N-R therapy at the time of enrollment (to
avoid inclusion of persons who were already experiencing
rebound at the time of enrollment).

Treatment Strategies
The 2 strategies of interest were receipt of 5 days of

N-R therapy and no receipt of therapy for COVID-19. We
assigned eligible participants to the N-R group if they ini-
tiated N-R within 5 days of their first positive result on a
COVID-19 diagnostic test and to the no-therapy group if
they did not initiate any COVID-19 therapy within 5 days
of their first positive result.

Outcomes
Our primary outcome of interest was VR within 20 days

of the participant's initial positive test result, which we
defined as either 1) a positive SARS-CoV-2 viral culture
result after a prior negative result, or 2) sustained ele-
vated viral load, characterized by the combination of a
nadir viral load below 4.0 log10 copies/mL followed by an

increase in viral load that was at least 1.0 log10 copies/mL
above the nadir, and 2 consecutive viral load results of
4.0 log10 copies/mL or higher. We selected this primary
outcome as a surrogate for putative transmission risk,
based on prior data relating transmission risk and replica-
tion-competent virus with viral loads of 4.0 log10 copies/
mL or higher (14, 15). For the secondary outcome, we re-
stricted viral load measurements to days 5, 10, and 14 (all
±1 day) and defined VR as a viral load at days 10 and 14
of at least 2.7 log10 copies/mL and at least 0.5 log10 cop-
ies/mL greater than the result at day 5, as was done in the
secondary analysis of the EPIC-HR (Evaluation of Protease
Inhibition for Covid-19 in High-Risk Patients) phase 3 trial
of N-R (9). If viral load data from only day 10 or day 14
were available, a single measurement on that day that
was 2.7 log10 copies/mL or higher and was at least 0.5
log10 copies/mL greater than the result at day 5 also met
the criteria. We selected this outcome to enable comparison
of our results with those of prior studies and to determine
whether the additional sampling (that is, more frequent sam-
pling and use of viral culture methods as another measure-
ment) done in our study enabled increased detection of VR
events.

Specimen Collection
To ascertain the study outcomes, nasal swabs and

collection tubes were delivered to participants' homes
with instructions to self-collect anterior nasal swabs.
Swabs were collected by participants and picked up by a
study courier approximately 3 times a week for 2 weeks
and weekly thereafter until SARS-CoV-2 viral load test
results were persistently undetectable. Specimens were
analyzed for SARS-CoV-2 viral load and viral culture, and
whole-genome sequencing was performed (full details
of laboratory testing are provided in the Supplement
Methods, available at Annals.org). On each date of swab
collection, participants completed a 10-item survey on
acute COVID-19 symptoms, with each symptom graded
as absent (0 points), mild (1 point), moderate (2 points),
or severe (3 points), for a maximum total symptom score
of 30 points.

Follow-up
Eligible participants were followed for at least 2 weeks

and until the occurrence of either 2 consecutive negative
polymerase chain reaction (PCR) results or detection of VR.
To avoid misclassifying persons who would potentially
experience VR, we excluded persons from our primary
analysis who did not have a nasal swab collected 12 or
more days from their initial diagnostic test because
approximately 90% of rebound phenomena occur by this
time (7).

Statistical Analysis
For our primary outcome, we compared risk for VR

by N-R group. We next assessed VR among N-R users
and nonusers, with the cohort stratified by presence or
absence of immunosuppression, age (<50 vs. ≥50 years),
sex, and number of prior COVID-19 vaccinations (<4 vs.
≥4) using 2-sided Fisher exact tests. We also compared
VR frequency by timing of N-R initiation after the initial
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diagnostic test using a Wilcoxon nonparametric test for
trend and by timing of N-R initiation after symptom onset
using a 2-sided Fisher exact test. In sensitivity analyses, we
examined the rate of VR when persons with nonstandard
courses of N-R, those who started alternate COVID-19
therapies during observation, or those who dropped out
before 12 days of observation were included. To assess for
confounding, we fit exploratory logistic regression models
with VR as the dependent variable and each of the afore-
mentioned demographic and clinical characteristics, both
alone and in a fully adjustedmultivariablemodel.

In secondary analyses, we used the Kaplan–Meier sur-
vival estimator to depict the time to both the initial and final
negative viral culture results, stratified by N-R use and pres-
ence versus absence of VR. In the survival models, persons
were observed from the date of their initial COVID-19 diag-
nostic test until final culture conversion or the end of follow-
up. We defined the date of culture conversion as the first
swab date in participants with no positive culture results dur-
ing observation, themidpoint between the final positive cul-
ture result and the next negative culture result in those who
had a culture conversion during observation, or the date of
the last study specimen for those with a positive culture
result on the last study specimen. We assessed the validity
of symptom rebound, defined as an increase of 3 or more
points in the total symptom score from any prior date, to
detect VR (11). Finally, we evaluated the proportion of
sequenced viruses before and after the occurrence of VR
with mutations in the NSP5 gene encoding the main prote-
ase of SARS-CoV-2, the molecular target of N-R. Statistical
analyses and figure production were done with Stata, ver-
sion 16.1 (StataCorp), andGraphPad Prism, version 9.5.

Ethical Considerations
All study participants provided verbal informed con-

sent. Written consent was waived by the review commit-
tee because the study was deemed to have minimal risk
and the risk of in-person consent during acute COVID-19
infection was believed to outweigh its benefit. The study
procedures were approved by the Institutional Review
Board and the Institutional Biosafety Committee at Mass
General Brigham.

Role of the Funding Source
This work was funded by the National Institutes of

Health (U19 AI110818 and R01 AI176287), theMassachusetts
Consortium on Pathogen Readiness SARS-CoV-2 Variants
Program, and the Massachusetts General Hospital
Department of Medicine. The funders had no role in the
design of the study; collection, analysis, or interpretation
of the data; writing of the manuscript; or the decision to
submit the manuscript for publication. The contents of
this article are solely the responsibility of the authors and
do not necessarily represent the official views of the fund-
ing sources.

RESULTS

A total of 173 ambulatory persons with acute COVID-19
were enrolled into the POSITIVES cohort from March 2022
to May 2023 (Appendix Figure, available at Annals.org). Of

these, 31 were excluded due to completion of N-R ther-
apy (n¼ 19) or receipt of another COVID-19 therapy (n¼
12) before enrollment, leaving 142 persons in the eligible
cohort. We also excluded from our primary analytic
cohort 2 persons who initiated non–N-R therapies after
enrollment, 2 who completed less or more than 5 days of
N-R therapy, and 11 without at least 1 nasal swab col-
lected on or after day 12 from their first positive COVID-
19 test result (Appendix Figure). A comparison of demo-
graphic and clinical criteria between our analytic cohort
and those who were excluded is provided in Supplement
Table 2 (available at Annals.org).

Compared with untreated persons (n ¼ 55), those
taking N-R (n ¼ 72) were older (median age, 57 vs. 39
years; P < 0.001), had received more COVID-19 vaccina-
tions (median, 4 vs. 3; P < 0.001), and more often had
immunosuppression (32% vs. 9%; P < 0.001) (Appendix
Figure; Table 1). No person in either group died during
observation. Fifteen persons (20.8%) taking N-R had VR
versus 1 (1.8%) untreated person (Figure 1, A to D;
Figure 2) (absolute difference, 19.0 percentage points
[95% CI, 9.0 to 29.0 percentage points]; P ¼ 0.001). All
16 VR events (100%) met the viral culture rebound defini-
tion, and 12 of 16 (75%) met the viral load criteria. When
we restricted analyses to viral load measurements at 3
time points, as was done in the EPIC-HR study (9), after
exclusion of 3 participants who were missing viral load
measurements either on day 5 or on both day 10 and
day 14, only 3 of 124 (2.4%) had VR detected, and 13 of
16 (81.2%) rebound events were not captured (Figure 1,
E and F). In subgroup analyses, VR was numerically more
frequent in all demographic and clinical subgroups
(Figure 2, A). The difference in the VR rate remained simi-
lar with inclusion of persons who took more or less than
5 days of N-R (total n ¼ 129; absolute difference, 18.5
percentage points [CI, 8.6 to 28.3 percentage points];
P¼ 0.002) and inclusion of all eligible persons regardless
of use of a secondary COVID-19 therapy after enrollment
or failure to collect specimens at least 12 days after their
initial positive test result (total n ¼ 142; absolute differ-
ence, 16.7 percentage points [CI, 6.8 to 26.6 percentage
points]; P ¼ 0.002) (Supplement Table 3, available at
Annals.org).

In multivariable logistic regression models that
included demographic and clinical characteristics, only
N-R use remained associated with VR (adjusted odds ra-
tio, 10.02 [CI, 1.13 to 88.74]; P ¼ 0.038) (Table 2). There
was a trend toward higher rates of VR with earlier N-R ini-
tiation after the index positive test result (29.3%, 16.7%,
and 0%, respectively, when initiated on days 0, 1, and ≥2
after diagnosis; P ¼ 0.089) (Figure 2, B) and with earlier
N-R initiation after onset of symptoms (26.3% and 0%,
respectively, when initiated ≤2 days and >2 days after
symptom onset; P¼ 0.030) (Figure 2, C). We detected no
post–N-R drug resistance mutations in the NSP5 protease
gene (Supplement Figure 1, available at Annals.org).

Recipients of N-R achieved initial culture conversion
sooner than those who were not treated (P < 0.001)
(Figure 3, A to C; Supplement Table 4, available at
Annals.org). Days to final culture conversion differed
between those taking N-R who had VR (median, 14 days
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[IQR, 13 to 20 days]) and those taking N-R who did not
have VR (median, 3 days [IQR, 2 to 4 days]) (Figure 3, E and
F; Supplement Tables 4 and 5, available at Annals.org).
However, the number of days to final culture conversion
was similar by N-R treatment use (Figure 3, D) because of
the bimodal pattern of shedding experienced by those
who had VR. Eight of 16 (50% [CI, 25% to 75%]) participants
with VR reported symptom rebound; 2 were completely
asymptomatic. Eight of 27 (30% [CI, 14% to 50%]) with
symptom rebound had VR (Supplement Figures 2 and 3
and Supplement Table 6A, available at Annals.org). The
diagnostic validity of symptom rebound was similarly poor
in the entire cohort (Supplement Table 6A) and among N-
R users (Supplement Table 6B, available at Annals.org).

DISCUSSION

Frequent monitoring by both PCR and viral culture
during the acute stages of COVID-19 showed that VR
with shedding of replication-competent virus occurred in
approximately 20% of persons taking N-R and 2% of
those who were not using therapy. Virologic rebound
remained more common with N-R use after stratification
by demographic and clinical characteristics, such as vac-
cination and immunosuppression status. Moreover, the
VR phenomenon was associated with a substantial pro-
longation of shedding of replication-competent virus
(median, 14 vs. 3 days). For patients with COVID-19 at
low risk for severe disease, the possibility of prolonged
shedding should be factored into the consideration of

Table 1. Cohort Characteristics

Characteristic Nirmatrelvir–
Ritonavir
(n ¼ 72)

No COVID-19
Therapy
(n ¼ 55)

Standardized
Difference

Median age (IQR), y 57 (46 to 71) 39 (31 to 57) �0.83
Gender, n (%) 0.03
Female 54 (75) 42 (76)
Male 18 (25) 13 (24)

Race, n (%) 0.21
White 57 (79) 40 (73)
Black/African American 7 (10) 5 (9)
Asian 2 (3) 3 (5)
Other 3 (4) 4 (7)
Unknown/missing 3 (4) 3 (6)

Ethnicity, n (%) 0.40
Hispanic/Latino 6 (8) 4 (7)
Not Hispanic/Latino 62 (86) 41 (75)
Other/unknown/missing 4 (6) 10 (18)

Median number of COVID-19 vaccines (IQR) 4 (3 to 5) 3 (3 to 4) �0.64
Median time since last vaccine (IQR), d 132 (75 to 228) 185 (133 to 315) 0.47
Immunosuppression, n (%)* 0.59
Absent 49 (68) 50 (91)
Present 23 (32) 5 (9)

COVID-19 variant, n (%) 0.29
BA.2† 10 (14) 10 (18)
BA.5‡ 19 (26) 20 (36)
XBB§ 15 (21) 9 (16)
Other 3 (4) 2 (4)
Incomplete|| 25 (35) 14 (26)

Reason for baseline test, n (%)¶ 0.22
Symptoms 65 (90) 45 (82)
Exposure 6 (8) 7 (13)
Screening 1 (2) 2 (4)
Other 0 (0) 1 (1)

Baseline test type, n (%) 0.44
PCR 39 (54) 41 (75)
Rapid antigen 33 (46) 14 (25)

Median Ct value on baseline test (IQR)** 21.9 (17.2 to 26.4) 23.2 (19.7 to 31.4) 0.32
Median first study viral load (IQR), log10 copies/mL 4.5 (2.7 to 6.0) 5.8 (4.4 to 6.6) 0.39
Median time from index PCR to enrollment (IQR), d 1 (1 to 2) 1 (1 to 2) 0.09
Median time from index PCR to first study viral load measurement (IQR), d 2 (2 to 3) 2 (2 to 3) �0.01
Median time from symptom onset to baseline test (IQR), d†† 1 (1 to 2) 2 (1 to 3) 0.28

Ct ¼ cycle threshold; PCR ¼ polymerase chain reaction.
*Defined as the presence of an immunosuppressing condition or use of an immunosuppressing medication, as determined by physician chart
review. Full details on these conditions are provided in Supplement Table 1 (available at Annals.org).
†Includes BA.2 subvariants.
‡Includes BA.5 subvariants.
§Includes XBB subvariants.
||Only genomes with ≥24000 base pair sequence lengths were considered complete.
¶Participants could select multiple reasons for testing. We categorized them such that symptoms took precedence, followed by exposure and then
screening.
**Data were missing for 48 participants (66%) in the nirmatrelvir–ritonavir group and 23 (42%) in the no-therapy group.
†† Seven participants (10%) in the nirmatrelvir–ritonavir group and 10 (18%) in the no-therapy group were asymptomatic or had missing data.

ORIGINAL RESEARCH SARS-CoV-2 Virologic Rebound With Nirmatrelvir–Ritonavir Therapy

4 Annals of Internal Medicine Annals.org

http://www.annals.org
http://www.annals.org
http://www.annals.org
http://www.annals.org


Figure 1. Virologic decay curves with semiquantitative viral cultures and quantitative viral load among persons with acute 
COVID-19 taking no therapy or N-R.
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potential risks and benefits of treatment. Importantly, for
moderate- to high-risk patients, the clinical benefits asso-
ciated with N-R use, including protection from hospitali-
zation and death, are well established (8–10). These data
support the possibility of an N-R–specific VR phenom-
enon, which substantially increases the duration of shed-
ding of replication-competent virus and has implications
for post–N-R monitoring and isolation recommendations.

Strategies to prevent or mitigate the potential risk for
rebound-associated transmission should be considered.
Notably, in our cohort, 100% (57 of 57) of people who did
not experience VR after N-R use had a negative culture
result 5 days after completion of therapy. By contrast, most
persons (14 of 15) who experienced VR after N-R use had a
positive culture result at or around that same time point,
including 2 who were asymptomatic. Rapid antigen testing
5 days after completion of therapy might help identify VR
and might help determine who would benefit from pro-
longed isolation after N-R treatment (16).

We found a higher incidence of VR with N-R use than
prior studies. When we restricted our analysis to 3 time
points based on viral load, as was done in prior trials (9),
we detected a 2.4% rate of VR, which is similar to the rate in
prior studies, but notably missed 80% of VR events. This
suggests that the discrepancy between the incidence of VR
found in our study and that described in prior studies may
result from differences in frequency of sampling and use of
culturemethods to detect VR.

Symptoms should not be relied on to detect or
exclude VR. Two persons with VR had a complete absence

of symptoms during the VR period, and fewer than half
with VR had symptom rebound. Conversely, the majority
of those who did have symptom rebound did not experi-
ence VR. Thus, strategies that use antigen testing to identify
persons treated with N-R who develop VR and consequent
prolonged shedding of viable virus would be most effective
if theywere deployed independent of symptom rebound.

The biological drivers of VR are unknown. Although
subgroup analyses were limited by small samples, in this
study, VR seemed to be less common among those who
delayed therapy by 1 or 2 days after their first positive test
result and among those who started therapy more than
2 days after symptom onset. This finding, in conjunction
with the lack of drug resistance–associated mutations after
VR events, raises the question of whether VR might result
from incomplete viral eradication in some persons during
the currently recommended 5 days of treatment (17). To
test this hypothesis, future studies could compare the effect
of longer durations of N-R therapy on rebound incidence.
This finding would also be consistent with the hypothesis
that early treatment blunts the development of a robust
immune response, which is necessary for sustained viral
clearance. Studies of immune responses in treated and
untreated persons and studies evaluating longer durations
of N-R therapy would help distinguish between these pos-
sible causes of VR (18).

Our study was limited by its observational design,
with expected differences between those taking N-R and
untreated persons based on treatment guidelines for

Figure 2. Comparative frequency of virologic rebound by N-R use, stratified by demographic and clinical characteristics (A), the num-
ber of days between the first positive SARS-CoV-2 test result and N-R initiation (B), and the number of days between symptom onset
and N-R initiation (C).
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For the subgroup comparisons, the bottom P values represent Fisher exact tests comparing rebound rates between those taking N-R versus no 
therapy. The upper P values represent Fisher exact tests comparing rebound rates among those taking N-R across the subgroups (e.g., those with 
immunosuppression who were taking N-R vs. those without immunosuppression who were taking N-R). N-R ¼ nirmatrelvir–ritonavir.
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N-R (4), and its relatively small sample size. Between-
group imbalance and the relatively small number of out-
comes, particularly in the untreated group (n ¼ 1 in our
cohort), among whom VR seems to be extremely rare,
limited our ability to use other inferential methods (such as

propensity score matching) or to make definitive causal
inferences about N-R use and VR.We attempted to partially
mitigate these concerns through stratification and adjust-
ment for potential confounders. In these analyses, VR
remained associated with N-R. Nonetheless, larger

Table 2. Logistic Regression Model of Correlates of Virologic Rebound With Acute COVID-19

Characteristic Univariable Models Multivariable Models

Odds Ratio
(95% CI)

P Value Adjusted Odds Ratio
(95% CI)

P Value

Age
<50 y Reference Reference
≥50 y 4.10 (1.11–15.21) 0.035 1.50 (0.34–6.62) 0.59

Sex
Male Reference Reference
Female 0.48 (0.16–1.46) 0.199 0.51 (0.15–1.72) 0.28

Vaccinations
<3 Reference Reference
≥3 6.40 (1.39–29.47) 0.017 3.05 (0.61–15.37) 0.176

Immunosuppression
Absent Reference Reference
Present 0.79 (0.21–3.01) 0.73 0.55 (0.13–2.33) 0.42

Treatment
No COVID-19 therapy Reference Reference
Nirmatrelvir–ritonavir 14.21 (1.81–111.29) 0.011 10.02 (1.13–88.74) 0.038

Figure 3. Kaplan–Meier survival curves showing time from initial positive SARS-CoV-2 test result until initial negative viral culture
result (panels A to C) and final negative culture result (panels D to F).
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Panel A shows that there is a shorter time to the first negative culture result in those receiving N-R versus no therapy. Panels B and C show similar pat-
terns in time to the initial negative culture result with the N-R group divided into those who had rebound (panel B) and those who did not (panel C).
However, as shown in panel D, there was no difference in time to the final negative culture result between the N-R and no-therapy groups. This seems to
be due to the prolonged time to the final negative culture result among N-R users who had rebound (panel E) because the time to the final negative cul-
ture result remained shorter in N-R users who did not have rebound compared with the no-therapy group (panel F). N-R¼ nirmatrelvir–ritonavir.
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samples, preferably with more balanced groups, will be
needed to more thoroughly assess the causal relationship.
Finally, we used viral culture as a surrogate for transmission
risk but did not measure contagiousness or transmission
events directly.

These data support a relationship between N-R use
and VR. Future work should elucidate the mechanistic
pathways of VR, determine whether delays in initiation of
N-R or longer courses of N-R may prevent VR among
high-risk persons, explore relationships between VR and
long COVID-19, and evaluate larger samples to identify
the risk factors for VR that are associated with N-R.
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Appendix Figure. Study flow diagram.

Ambulatory patients with acute
COVID-19 enrolled during the

observation period (March 2022–May
2023) (n = 173)

Excluded for ineligibility (n = 31)
  Completed N-R therapy before enrollment: 19
  Received second course of therapy before enrollment: 12
    Received remdesivir within past 14 d: 4
    Received molnupiravir within past 14 d: 1
    Received monoclonal antibodies within past 90 d: 7

Excluded from analysis after enrollment (n = 15)
  Received non–N-R therapy after enrollment: 2
  Completed less (n = 1; 3 d) or more (n = 1; 15 d) than 5 d of N-R therapy: 2
  Did not collect a nasal swab ≥12 d after initial positive test result: 11

Patients in the eligible
cohort (n = 142)

Patients in the analytic
cohort (n = 127)

Patients who received N-R and
were included in the primary

analysis (n = 72)

Patients who did not receive any
COVID-19 therapies and were included in

the primary analysis (n = 55)

N-R¼ nirmatrelvir–ritonavir.

Annals of Internal Medicine Annals.org

http://www.annals.org

