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Background: Although symptom and viral rebound have been
reported after nirmatrelvir–ritonavir treatment, the trajectories of
symptoms and viral load during the natural course of COVID-19
have not been well described.

Objective: To characterize symptom and viral rebound in
untreated outpatients with mild to moderate COVID-19.

Design: Retrospective analysis of participants in a randomized,
placebo-controlled trial. (ClinicalTrials.gov: NCT04518410)

Setting:Multicenter trial.

Patients: 563 participants receiving placebo in the ACTIV-2/
A5401 (Adaptive Platform Treatment Trial for Outpatients With
COVID-19) platform trial.

Measurements: Participants recorded the severity of 13 symp-
toms daily between days 0 and 28. Nasal swabs were collected
for SARS-CoV-2 RNA testing on days 0 to 14, 21, and 28.
Symptom rebound was defined as a 4-point increase in total
symptom score after improvement any time after study entry.
Viral rebound was defined as an increase of at least 0.5 log10

RNA copies/mL from the immediately preceding time point to a
viral load of 3.0 log10 copies/mL or higher. High-level viral
rebound was defined as an increase of at least 0.5 log10 RNA
copies/mL to a viral load of 5.0 log10 copies/mL or higher.

Results: Symptom rebound was identified in 26% of partici-
pants at a median of 11 days after initial symptom onset.
Viral rebound was detected in 31% and high-level viral
rebound in 13% of participants. Most symptom and viral rebound
events were transient, because 89% of symptom rebound
and 95% of viral rebound events occurred at only a single
time point before improving. The combination of symp-
tom and high-level viral rebound was observed in 3% of
participants.

Limitation: A largely unvaccinated population infected with
pre-Omicron variants was evaluated.

Conclusion: Symptom or viral relapse in the absence of
antiviral treatment is common, but the combination of symptom
and viral rebound is rare.
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N irmatrelvir–ritonavir (Paxlovid [Pfizer]) is a recommended
treatment for outpatients with mild to moderate

COVID-19 and risk factors for severe disease (1).
Widespread use of nirmatrelvir has been accompanied by
reports of worsening symptoms (2) and virologic rebound
(3–5) after treatment completion. Of note, clinical relapse
has also been described in patients who did not receive
nirmatrelvir therapy (6, 7), but rigorous studies that can
define the frequencies of symptom and viral rebound
during the natural course of COVID-19 are lacking.
Understanding these frequencies in the absence of treat-
ment is important to understanding the role that antiviral
therapy may play in these observations. To date, much of
the reported literature is observational, is focused on only
symptoms or only virology, or is limited by the lack of
systematically collected samples and data in a rigor-
ously controlled setting. Even in the phase 3 clinical trial
of nirmatrelvir–ritonavir in higher-risk outpatients with
mild to moderate COVID-19 (EPIC-HR [Evaluation of
Protease Inhibition for Covid-19 in High-Risk Patients]),
the frequency of viral rebound was likely underestimated

because viral RNAwas quantified at only 2 postintervention
time points and symptom reboundwas not described (8).

In this study, we evaluated the incidence of both
symptom and viral rebound in untreated outpatients with
mild to moderate COVID-19 who received a placebo in
the ACTIV-2/A5401 (Adaptive Platform Treatment Trial for
Outpatients With COVID-19) multicenter, phase 2/3, plat-
form, randomized trial by the AIDS Clinical Trials Group. A
strength of this study was that participants collected daily
anterior nasal (AN) swabs for the first 2 weeks (in the
phase 2 studies) for quantitative viral load testing and
completed daily symptom diaries for the first 29 days (in
the phase 2 and 3 studies). This intensive sampling in the
framework of a rigorous randomized, placebo-controlled
trial allowed for robust assessment of the frequencies of
symptom and viral rebound in untreated persons.

METHODS

Overview of Study Participants
Adults (aged ≥18 years) with documented acute

SARS-CoV-2 infection were enrolled within 7 to 10 days
(initially 10, then decreased to 7 days) of COVID-19 symp-
tom onset in the ACTIV-2/A5401 platform trial of COVID-
19 therapeutics for outpatients with mild to moderate
COVID-19 (NCT04518410). Viral rebound analysis was re-
stricted to participants who enrolled between November
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2020 and July 2021 in the placebo groups of the following
ACTIV-2/A5401 phase 2 studies: bamlanivimab, 7000 mg
(n = 46); bamlanivimab, 700 mg (n = 112); and amubarvi-
mab plus romlusevimab (n = 109) monoclonal antibodies
(Supplement Figure 1, available at Annals.org). For the
symptom rebound analysis, an additional 296 participants
were included from the placebo group of the phase 3 trial
of amubarvimab plus romlusevimab monoclonal antibod-
ies. The bamlanivimab studies enrolled participants who
were at standard and higher risk for progression to severe
COVID-19, whereas the amubarvimab plus romlusevimab
studies enrolled only high-risk participants. All participants
in the phase 2 studies were enrolled in the United States,
whereas those in the amubarvimab plus romlusevimab
phase 3 evaluation were enrolled in the United States,
Argentina, Mexico, South Africa, and Brazil. The protocol
was approved by a central institutional review board,
Advarra (Pro00045266), for U.S. sites (with additional local
institutional review board review and approval as required
by the site) and by local ethics committees for sites out-
side the United States. All participants provided written
informed consent before undergoing study procedures.

Study Assessments
Participants completed a daily symptom diary from

study day 0 (day of study entry) through day 28, where
they recorded the severity of 13 targeted symptoms.
These symptoms were feverishness, cough, shortness of
breath or difficulty breathing, sore throat, body pain or
muscle pain or aches, fatigue, headache, chills, nasal
obstruction or congestion, nasal discharge, nausea, vomit-
ing, and diarrhea. Each symptom was self-assessed and
scored daily by the participant as absent (0 points), mild (1

point), moderate (2 points), or severe (3 points). Total
symptom score was calculated on each day as the sum of
scores for the 13 targeted symptoms (possible range, 0
to 39) (9, 10). Daily AN swabs were obtained from study
entry (day 0) through study day 14 and at day 28. For
bamlanivimab participants, an additional sample at day
21 was collected. Levels of SARS-CoV-2 RNA were quan-
tified from AN swab samples, as previously described
(11–13).

Statistical Analysis
Symptom rebound after initial improvement was

identified when the highest symptom score after day 0 was
at least 4 points higher than the lowest score up to that
study day. The magnitude of the difference is the differ-
ence in total symptom scores between those 2 time points.
Participants whowere hospitalized were assigned the high-
est possible symptom score of 39 during the days they
were hospitalized because symptom score data were fre-
quently unavailable during these time intervals (diaries
were not required to be completed during hospitalization).
Missing data were ignored in the calculation of symptom
rebound because only 4% of individual symptom scores
were missing across the 13 symptoms and 29 days of the
diary, and none of the participants with symptom rebound
hadmissing data on the days used in calculating the extent
of symptom rebound. We evaluated symptom rebound
after initial improvement using the primary analysis defini-
tion in the following steps: 1) identified the minimum and
maximum total symptom scores (minimum score identi-
fied between day 0 and the maximum score), and pres-
ence of a symptom score decline between day 0 and the
minimum score, 2) calculated the difference between

Table 1. Demographic Characteristics of Participants Categorized as Rebounders and Nonrebounders After Study Enrollment
(Primary Analysis Definition)*

Characteristic Symptom Rebound Analysis (n = 563) Nasal Viral Rebound Analysis (n = 261)

All
(n = 563)

Rebounders
(n = 148)

Nonrebounders
(n = 415)

Odds Ratio
(95% CI)
Comparing
Rebounders vs.
Nonrebounders

All
(n = 261)

Rebounders
(n = 82)

Nonrebounders
(n = 179)

Odds Ratio
(95% CI)
Comparing
Rebounders vs.
Nonrebounders

Median age (Q1, Q3), y 49 (38, 57) 50 (39, 59) 48 (37 ,57) 1.07 (0.94–1.23)† 48 (36, 56) 51 (38, 60) 47 (36, 55) 1.14 (0.95–1.38)†
Female sex,% 51 59 48 1.53 (1.05–2.25) 49 46 50 0.85 (0.50–1.44)
Race/ethnicity,%
White 77 74 78 0.82 (0.53–1.27) 81 84 80 1.45 (0.73–3.06)
Non-White 23 26 22 1.23 (0.79–1.89) 19 16 20 0.69 (0.33–1.38)

Higher risk, % 81 88 78 2.00 (1.18–3.55) 65 56 69 0.57 (0.33–0.97)
Median days from

symptom onset to
enrollment (Q1, Q3)

6 (4, 7) 5 (3, 7) 6 (4, 7) 0.92 (0.84–0.99) 6 (4, 8) 6 (4, 7) 6 (4, 8) 0.91 (0.81–1.02)

Symptom score at
enrollment (study
day 0) (Q1, Q3)

10 (6, 14) 13 (8, 18) 9 (5, 13) 1.08 (1.05–1.12) 9 (6, 13) 9 (6, 13) 9 (6, 13) 0.98 (0.93–1.03)

Median AN SARS-CoV-2
viral load at enroll-
ment (Q1, Q3),
log10 copies/mL

4.06 (2.0, 6.02) 5.05 (2.00, 6.82) 3.85 (2.00, 5.74) 1.17 (1.06–1.28) 4.31 (2.13, 6.14) 5.36 (3.82, 6.90) 3.50 (2.00, 5.76) 1.40 (1.22–1.60)

AN = anterior nasal; Q = quartile.
* Symptom rebound was defined as a 4-point increase in total symptom score after improvement any time after study enrollment, whereas viral
rebound was defined as an increase of 0.5 log10 RNA copies/mL from the prior time point. Statistical analysis was done using logistic regression
comparing rebounders versus nonrebounders. Significant odds ratio values are shown in bold.
† Indicates odds ratio of age per 10 y between rebounders and nonrebounders.
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maximum and minimum scores, and 3) classified symp-
tom rebound when a symptom score was at least 4 points
higher than the minimum score (Supplement Figure 2,
available at Annals.org). Participants who were hospital-
ized weremanually checked for symptom score rebound.

Participants were included in viral rebound analyses
if SARS-CoV-2 RNA levels were available from at least
3 time points (the median number of measurements per
participant was 16 [1st quartile {Q1}, 14 measurements;
3rd quartile {Q3}, 16 measurements]). Viral rebound was

Figure 1.Heat map of symptom score rebound after study enrollment (primary analysis definition).
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The heat map shows participants with symptom rebound (≥4-point increase in symptom score) after initial symptom improvement after study enroll-
ment. Individual participants are shown in rows, and study days are shown in columns. Red squares represent days meeting symptom rebound criteria,
orange squares days of hospitalization, blue squares days that did not meet symptom rebound criteria, and gray squares days on which study diaries
were not collected. ID= identification number.
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defined as an increase of at least 0.5 log10 RNA copies/
mL from the immediately preceding time point after an
initial documented decrease in viral RNA level any
time after day 0 (primary analysis definition). The
rebounding RNA level must meet a minimum thresh-
old of 3.0 log10 copies/mL (Supplement Figure 3, avail-
able at Annals.org). Sensitivity analyses considered the
frequency of viral rebound meeting minimum thresh-
olds of at least 4.0, 5.0, and 6.0 log10 RNA copies/mL.
The threshold of 3.0 log10 copies/mL was similar to
that used in the analysis of viral rebound in EPIC-HR
(8), whereas the threshold of 5.0 log10 copies/mL was
chosen on the basis of our previous studies that
showed a high rate of viral culture positivity at 5.0
log10 copies/mL or higher (14), which may have trans-
mission implications. Levels of SARS-CoV-2 RNA below
the lower limit of quantification were imputed as 2.0
log10 copies/mL.

To mirror the timing of a 5-day course of nirmatrel-
vir–ritonavir, an additional secondary analysis was done
that restricted symptom and viral RNA measures before
day 5. In this analysis, participants were classified as
rebounders only if their rebound occurred on or after
day 5.

Continuous variables are presented as medians with
IQRs, and categorical variables are expressed as fre-
quencies or percentages. Predictors of symptom and vi-
ral rebound were evaluated using logistic regression and
summarized with odds ratios with 95% CIs. All statistical
analyses were done in GraphPad Prism, version 9.1.1
(GraphPad Software).

Role of the Funding Source
The study sponsor, the National Institutes of Health

Division of AIDS, participated in the design of the study
and reviewed and approved the protocol before study
initiation. Oversight and responsibility for data collection
were delegated by the sponsor to PPD clinical research,
a contract research organization.

RESULTS

We first assessed the frequency of symptom rebound
(≥4-point increase in total symptom score) after initial
improvement in 563 participants who received placebo in
the ACTIV-2 trial (Table 1). The median age was 49 years,
51% of participants were female, 81% were categorized
as having high risk for severe COVID-19, and participants
enrolled at a median of 6 days (Q1, 4 days; Q3, 7 days) af-
ter symptom onset. We found that symptom rebound
occurred in 26% (n = 148) of participants at a median of
6 days (Q1, 4 days; Q3, 9 days) after study enrollment
and 11 days (Q1, 9 days; Q3, 14 days) after initial symptom
onset (Figure 1); 5% (n = 27) of participants were consid-
ered to have symptom rebound due to hospitalization.
Symptom rebound in nonhospitalized participants was
short, lasting 1 day in 89% of those experiencing it (range,
1 to 3 days). Patients with symptom rebound were more
likely to be female and have higher risk for severe disease,
shorter time since symptom onset, higher total symptom
score at day 0, and higher nasal viral RNA level at study
enrollment (Table 1). There were no significant differences
between symptom rebounders and nonrebounders in age
or race/ethnicity. In the secondary analysis that evaluated
symptom rebound on or after study day 5 (to simulate a
time period after nirmatrelvir), 22% (n = 121) of participants
met criteria for symptom rebound, occurring a median of
9 days after study enrollment and 14 days after initial symp-
tom onset (Supplement Table 1 and Supplement Figure 4,
available at Annals.org); 3% (n = 15) were considered to
have symptom rebound due to hospitalization.

The viral rebound analysis included 261 participants
(Table 1), of whom 31% (n = 82) had viral rebound to 3.0
log10 copies/mL or higher after study entry. In addition,
19%, 13%, and 8.4% of the participants had viral rebound
with rebounding RNA levels reaching at least 4.0, 5.0, and
6.0 log10 copies/mL, respectively (Figure 2). Most viral
rebound was transient, because 95% of viral rebound
events occurred at only a single time point before the viral

Figure 2.Description of AN SARS-CoV-2 RNA rebound after study enrollment (primary analysis definition).
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RNA load decreased. Participants with viral RNA rebound
were less likely to be at higher risk for severe disease, and
had higher median AN levels of viral RNA at study entry
(Table 1). There were no significant differences in sex, race/
ethnicity, time since symptom onset, or day 0 total symp-
tom score between those with and without viral rebound.
In the secondary analysis of viral loads on or after study day
5, viral rebound was identified in 20% (n = 53) of partici-
pants. In this analysis, 11%, 6.5%, and 3.8% of partici-
pants had viral rebound with a viral load reaching at
least 4.0, 5.0, and 6.0 log10 RNA copies/mL, respectively
(Supplement Figure 5, available at Annals.org).

Finally, we assessed the frequency with which partici-
pants met criteria for both symptom and viral rebound.
This analysis was restricted to participants with measure-
ments of both daily nasal SARS-CoV-2 RNA and symptom
score (n = 261). Although symptom and viral rebound
were each commonly seen, the combination was rare.
Only 3.1% of participants had both symptom and viral
rebound (rebound viral RNA reaching between 3.0 and
5.0 log10 copies/mL), and only 2.7% had both symptom
and high-level viral rebound (rebound viral RNA reaching
5.0 log10 copies/mL or higher) (Table 2). When rebound
occurring on or after study day 5 was assessed (to simulate
a time period after nirmatrelvir), only 1.2% of participants
met criteria for both symptom and high-level viral rebound
(Supplement Table 2, available at Annals.org).

DISCUSSION

Isolated cases of symptom and viral rebound and re-
currence of culture-positive virus have been reported af-
ter nirmatrelvir–ritonavir treatment (3–5, 15). However,
much of the literature has described the co-occurrence
of symptom and viral rebound in noncontrolled settings
or with limited sampling. To help improve the under-
standing of the natural course of COVID-19, we analyzed
the symptom and viral rebound dynamics of participants
receiving placebo in the randomized, placebo-controlled
ACTIV-2/A5401 trial for outpatients. Overall, we found
that viral or symptom rebound after initial improvement
was relatively common, with 1 in 4 participants having
symptom rebound and almost 1 in 3 having viral rebound
during their infection, as assessed by daily symptom and
nasal virus sampling. However, both symptom and viral
rebound were short, lasting only 1 day in most participants.
In addition, the combination of symptom and high-level

viral (≥5.0 log10 RNA copies/mL) rebound occurred in only
3% of study participants receiving placebo. Together, these
results show that although a waxing and waning symptom
course may be common during recovery from acute
COVID-19, symptom relapse with high-level viral rebound
is rare in untreated persons.

In the analysis of the EPIC-HR phase 3 outpatient study
of nirmatrelvir–ritonavir for mild to moderate COVID-19,
an increase of 0.5 log10 copies/mL or greater in nasal
SARS-CoV-2 RNA levels from posttreatment levels was
detected in approximately 4% of participants receiving pla-
cebo and 7% of participants receiving nirmatrelvir–ritonavir
(8). However, viral RNA levels were quantified at only
2 follow-up time points (5 and 9 days after the end of
nirmatrelvir–ritonavir treatment or placebo). In the ACTIV-2/
A5401 trial, nasal RNA was quantified daily between
days 0 and 14, which likely explains the substantially higher
rates of viral rebound (31%) in our analysis. We could also
define rates of viral rebound at differing viral load thresh-
olds, with a 13% rate of high-level viral rebound using a vi-
ral load threshold associated with culture positivity (14).

Our finding that symptom rebound after initial
improvement is also common during the disease course of
untreated COVID-19 aligns with a prior analysis evaluating
a smaller group of patients after complete symptom resolu-
tion (11). We also identified characteristics associated with
the occurrence of symptom rebound, including female sex,
having risk factors for severe disease, and having higher
levels of nasal SARS-CoV-2 RNA shedding and symptom
scores at study enrollment. The relapsing symptoms
described here during acute SARS-CoV-2 infection have
several potential causes. One possibility is that viral dis-
semination into different anatomical compartments over
time could cause an evolving series of symptoms (12, 13).
Another explanation is infection with 2 separate SARS-CoV-2
variants, which has been described but is still believed
to be a rare occurrence (16). In addition, co-infection with
another respiratory virus is a possibility, along with symp-
tom rebound from a noninfectious cause. Given its high
frequency, symptom rebound during acute COVID-19 is
likely to be multifactorial. It should be noted that the dura-
tion of symptom and viral rebound observed in this study
was short, 1 day in most cases. This is in contrast to
the more prolonged symptom and viral rebound after
nirmatrelvir–ritonavir treatment in previous case reports
(3, 4, 15) that may indicate differences in the charac-
teristics of the rebound episodes occurring with or without
antiviral therapy, or bias in reported cases.

This study has limitations. In general, our observa-
tions could be affected by the underlying study popula-
tion because the ACTIV-2/A5401 study enrolled a largely
unvaccinated population infected with pre-Omicron var-
iants. Of note, recently published studies have reported
that neither vaccination nor Omicron variants substan-
tially alter viral decay kinetics (14, 17). In addition, we did
not include anosmia or ageusia in the symptom scoring
because they have been reported to be of prolonged
duration and may not resolve during the early recovery

Table 2. Frequency of Participants Meeting Both Symptom
and Viral Rebound Criteria After Study Enrollment (Primary
Analysis Definition)

Category Symptom Rebound
After Improvement

Low-level viral (≥3.0 and <5.0 log10 RNA
copies/mL) and symptom score (≥4 points)
rebound, n (%)

8 (3.1)

High-level viral (≥5.0 log10 RNA copies/mL) and
symptom score (≥4 points) rebound, n (%)

7 (2.7)
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period. Because the ACTIV-2/A5401 study did not enroll
participants receiving nirmatrelvir–ritonavir, we cannot
define rates of posttreatment viral or symptom rebound
associated with this treatment. Another limitation is that this
study did not include assessments of immune responses,
and a maturing immune response reacting to the sudden
reappearance of viral antigen could be an important contrib-
utory factor in symptomatic rebound (3, 5).

In summary, we observed that symptom and viral
RNA rebound are individually common in participants
who are not treated with antiviral agents. Our results
highlight the importance of accounting for underlying
rates of symptom relapse in the absence of antiviral ther-
apy when evaluating the effects of antiviral treatments.
However, in the absence of antiviral therapy, the co-
occurrence of both symptom and high-level viral
rebound was rare and the observed short-term symptom
relapses were not generally indicative of greater infectiv-
ity. These results provide insight into the natural trajec-
tory of viral rebound and symptom relapses during
COVID-19, which is critical in the interpretation of studies
reporting biphasic disease courses after nirmatrelvir–
ritonavir or other antiviral treatment.

From Brigham and Women's Hospital, Harvard Medical School,
Boston, Massachusetts (R.D., M.C.C., J.Z.L.); Harvard T.H. Chan
School of Public Health, Boston, Massachusetts (C.M., J.R., M.D.H.);
Lundquist Institute at Harbor–University of California, Los Angeles
Medical Center, Torrance, California (E.S.D.); University of North
Carolina, Chapel Hill, North Carolina (D.A.W., J.J.E.); University of
Washington Medical Center, Seattle, Washington (A.L.G.); David
Geffen School of Medicine at University of California, Los Angeles,
Los Angeles, California (J.S.C., K.W.C.); and University of California,
SanDiego, SanDiego, California (D.M.S.).

Disclaimer: The content is solely the responsibility of the
authors and does not necessarily represent the official views of
the National Institutes of Health.

Acknowledgment: The authors thank the study participants,
site staff, and site investigators and the entire ACTIV-2/A5401
Study Team.

Grant Support: By grants UM1AI068634 (Dr. Hughes), UM1AI068636
(Dr. Currier), and UM1AI106701 from the National Institute of
Allergy and Infectious Diseases of the National Institutes of Health.

Disclosures: Disclosures can be viewed at www.acponline.org/
authors/icmje/ConflictOfInterestForms.do?msNum=M22-2381.

Reproducible Research Statement: Study protocol: Available on
request to the ACTIV-2 study team. Statistical code: All analyses
were performed using code available in standard software
packages. No new code was developed for this manuscript.
Data set: Data are available under restricted access because of
ethical restrictions. Access can be requested by submitting a
data request at https://submit.mis.s-3.net and will require the
written agreement of the AIDS Clinical Trials Group (ACTG) and
the manufacturer of the investigational product. Requests will
be addressed per ACTG standard operating procedures.
Completion of an ACTGData Use Agreement may be required.

Corresponding Author: Jonathan Z. Li, MD, Brigham andWomen's
Hospital, Harvard Medical School, 65 Landsdowne Street, Room 421,
Cambridge,MA02139; e-mail, jli@bwh.harvard.edu.

Author contributions are available at Annals.org.

References
1. Hammond J, Leister-Tebbe H, Gardner A, et al; EPIC-HR Investigators.
Oral nirmatrelvir for high-risk, nonhospitalized adults with Covid-19.
N Engl J Med. 2022;386:1397-1408. [PMID: 35172054] doi:10.1056/
NEJMoa2118542
2. Ranganath N, O’Horo JC, Challener DW, et al. Rebound phe-
nomenon after nirmatrelvir/ritonavir treatment of coronavirus disease-
2019 in high-risk persons. Clin Infect Dis. 2022. [PMID: 35698452]
doi:10.1093/cid/ciac481
3. Carlin AF, Clark AE, Chaillon A, et al. Virologic and immunologic
characterization of COVID-19 recrudescence after nirmatrelvir/rito-
navir treatment. Clin Infect Dis. 2022. [PMID: 35723411] doi:10.1093/
cid/ciac496
4. Charness ME, Gupta K, Stack G, et al. Rebound of SARS-
CoV-2 infection after nirmatrelvir-ritonavir treatment [Letter]. N
Engl J Med. 2022;387:1045-1047. [PMID: 36069968] doi:10.1056/
NEJMc2206449
5. Epling BP, Rocco JM, Boswell KL, et al. Clinical, virologic, and
immunologic evaluation of symptomatic coronavirus disease 2019
rebound following nirmatrelvir/ritonavir treatment. Clin Infect Dis.
2022. [PMID: 36200701] doi:10.1093/cid/ciac663
6. Gousseff M, Penot P, Gallay L, et al; in behalf of the COCOREC
study group. Clinical recurrences of COVID-19 symptoms after recovery:
viral relapse, reinfection or inflammatory rebound? [Letter]. J Infect. 2020;
81:816-846. [PMID: 32619697] doi:10.1016/j.jinf.2020.06.073
7. Buskermolen M, Te Paske K, van Beek J, et al. Relapse in the first
8 weeks after onset of COVID-19 disease in outpatients: viral reacti-
vation or inflammatory rebound? [Letter]. J Infect. 2021;83:e6-e8.
[PMID: 34147529] doi:10.1016/j.jinf.2021.06.015
8. Anderson AS, Caubel P, Rusnak JM; EPIC-HR Trial Investigators.
Nirmatrelvir-ritonavir and viral load rebound in Covid-19 [Letter]. N
Engl J Med. 2022;387:1047-1049. [PMID: 36069818] doi:10.1056/
NEJMc2205944
9. Chew KW, Moser CB, Daar ES, et al. Symptom outcome measures
for outpatient COVID-19 phase 3 treatment trials [Abstract]. In: Abstract
eBook, Conference on Retroviruses and Opportunistic Infections,
Virtual, 6–10 March 2021. CROI Foundation/IAS–USA; 2021:142-3.
Abstract no. 396.
10. Chew KW, Moser C, Daar ES, et al; ACTIV-2/A5401 Study
Team. Antiviral and clinical activity of bamlanivimab in a random-
ized trial of non-hospitalized adults with COVID-19. Nat
Commun. 2022;13:4931. [PMID: 35995785] doi:10.1038/
s41467-022-32551-2
11. Smith DM, Li JZ, Moser C, et al; ACTIV-2/A5401 Study Team.
Recurrence of symptoms following a 2-day symptom free period in
patients with COVID-19. JAMANetwOpen. 2022;5:e2238867. [PMID:
36301549] doi:10.1001/jamanetworkopen.2022.38867
12. Fajnzylber J, Regan J, Coxen K, et al; Massachusetts Consortium
for Pathogen Readiness. SARS-CoV-2 viral load is associated with
increased disease severity andmortality. Nat Commun. 2020;11:5493.
[PMID: 33127906] doi:10.1038/s41467-020-19057-5
13. Regan J, Flynn JP, Rosenthal A, et al; MGH COVID-19 Collection &
Processing Teams. Viral load kinetics of severe acute respiratory syn-
drome coronavirus 2 in hospitalized individuals with coronavirus disease
2019. Open Forum Infect Dis. 2021;8:ofab153. [PMID: 34430669]
doi:10.1093/ofid/ofab153
14. Boucau J, Marino C, Regan J, et al. Duration of shedding of
culturable virus in SARS-CoV-2 omicron (BA.1) infection [Letter].

ORIGINAL RESEARCH Symptom and Viral Rebound in Untreated SARS-CoV-2 Infection

6 Annals of Internal Medicine Annals.org

Downloaded from https://annals.org by Harvard Medical School on 02/22/2023.

http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M22-2381
http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M22-2381
https://submit.mis.s-3.net
mailto:jli@bwh.harvard.edu
http://www.annals.org
https://doi.org/10.1056/NEJMoa2118542
https://doi.org/10.1056/NEJMoa2118542
https://doi.org/10.1093/cid/ciac481
https://doi.org/10.1093/cid/ciac496
https://doi.org/10.1093/cid/ciac496
https://doi.org/10.1056/NEJMc2206449
https://doi.org/10.1056/NEJMc2206449
https://doi.org/10.1093/cid/ciac663
https://doi.org/10.1016/j.jinf.2020.06.073
https://doi.org/10.1016/j.jinf.2021.06.015
https://doi.org/10.1056/NEJMc2205944
https://doi.org/10.1056/NEJMc2205944
https://doi.org/10.1038/s41467-022-32551-2
https://doi.org/10.1038/s41467-022-32551-2
https://doi.org/10.1001/jamanetworkopen.2022.38867
https://doi.org/10.1038/s41467-020-19057-5
https://doi.org/10.1093/ofid/ofab153
http://www.annals.org


N Engl J Med. 2022;387:275-277. [PMID: 35767428] doi:10.1056/
NEJMc2202092
15. Boucau J, Uddin R, Marino C, et al. Characterization of virologic
rebound following nirmatrelvir-ritonavir treatment for COVID-19.
Clin Infect Dis. 2022. [PMID: 35737946] doi:10.1093/cid/ciac512
16. Lacek KA, Rambo-Martin BL, Batra D, et al. SARS-CoV-2
delta-omicron recombinant viruses, United States. Emerg Infect

Dis. 2022;28:1442-1445. [PMID: 35551714] doi:10.3201/
eid2807.220526
17. Kandel CE, Banete A, Taylor M, et al. Similar duration of viral
shedding of the severe acute respiratory coronavirus virus 2 (SARS-
CoV-2) delta variant between vaccinated and incompletely vacci-
nated individuals. Infect Control Hosp Epidemiol. 2022:1-3. [PMID:
35598890] doi:10.1017/ice.2022.124

Symptom and Viral Rebound in Untreated SARS-CoV-2 Infection ORIGINAL RESEARCH

Annals.org Annals of Internal Medicine 7

Downloaded from https://annals.org by Harvard Medical School on 02/22/2023.

https://doi.org/10.1056/NEJMc2202092
https://doi.org/10.1056/NEJMc2202092
https://doi.org/10.1093/cid/ciac512
https://doi.org/10.3201/eid2807.220526
https://doi.org/10.3201/eid2807.220526
https://doi.org/10.1017/ice.2022.124
http://www.Annals.org/FreshLook
http://www.annals.org


Author Contributions: Conception and design: K.W. Chew, M.
C. Choudhary, J.S. Currier, R. Deo, J.J. Eron, M.D. Hughes, J.Z.
Li, D.M. Smith, D.A. Wohl.
Analysis and interpretation of the data: K.W. Chew, M.C.
Choudhary, J.S. Currier, E.S. Daar, R. Deo, J.J. Eron, A.L. Greninger,
M.D. Hughes, J.Z. Li, C.Moser, J. Ritz, D.M. Smith, D.A.Wohl.
Drafting of the article: M.C. Choudhary, E.S. Daar, R. Deo, J.Z.
Li, J. Ritz.
Critical revision for important intellectual content: K.W. Chew,
M.C. Choudhary, J.S. Currier, E.S. Daar, R. Deo, A.L. Greninger,
M.D. Hughes, J.Z. Li, C. Moser, D.M. Smith, D.A. Wohl.
Final approval of the article: K.W. Chew, M.C. Choudhary, J.S.
Currier, E.S. Daar, R. Deo, J.J. Eron, A.L. Greninger, M.D.
Hughes, J.Z. Li, C. Moser, J. Ritz, D.M. Smith, D.A. Wohl.
Provision of study materials or patients: K.W. Chew, E.S. Daar,
D.M. Smith.
Statistical expertise: M.C. Choudhary, R. Deo, M.D. Hughes, C.
Moser, J. Ritz.
Obtaining of funding: K.W. Chew, J.S. Currier, E.S. Daar, A.L.
Greninger, M.D. Hughes.
Administrative, technical, or logistic support: K.W. Chew, J.S.
Currier, A.L. Greninger, D.M. Smith, D.A. Wohl.
Collection and assembly of data: K.W. Chew, M.C. Choudhary,
R. Deo, J.J. Eron, A.L. Greninger, J.Z. Li, D.M. Smith, D.A. Wohl.

APPENDIX: MEMBERS OF THE ACTIV-2/
A5401 STUDY TEAM

Members of the ACTIV-2/A5401 Study Team who
contributed to this work but did not author it:

Arzhang Cyrus Javan, MD, MPH, DTM&H, National
Institutes of Health (NIH) Division of AIDS (DAIDS)
Clinical Representative, NIH, Rockville, Maryland

Mark Giganti, PhD, Statistician, Harvard T.H. Chan
School of Public Health, Boston, Massachusetts

Lara Hosey, MA, Clinical Trials Specialist, AIDS
Clinical Trials Group (ACTG) Network Coordinating
Center, Social & Scientific Systems, a DLH Company,
Silver Spring, Maryland

Jhoanna Roa, MD, Clinical Trials Specialist, ACTG
Network Coordinating Center, Social & Scientific Systems,
a DLHCompany, Silver Spring,Maryland

Nilam Patel, Clinical Trials Specialist, ACTG Network
Coordinating Center, Social & Scientific Systems, a DLH
Company, Silver Spring, Maryland

Kelly Colsh, PharmD, DAIDS Pharmacist, NIH/DAIDS
Pharmaceutical Affairs Branch, Rockville, Maryland

Irene Rwakazina, PharmD, DAIDS Pharmacist, NIH/
DAIDS Pharmaceutical Affairs Branch, Rockville, Maryland

Justine Beck, PharmD, DAIDS Pharmacist, NIH/DAIDS
Pharmaceutical Affairs Branch, Rockville, Maryland

Scott Sieg, PhD, Protocol Immunologist, Case Western
Reserve University, Cleveland, Ohio

Courtney Fletcher, PharmD, Protocol Pharmacologist,
University of NebraskaMedical Center, Omaha, Nebraska

William Fischer, MD, Protocol Critical Care Specialist,
University of North Carolina at Chapel Hill School of
Medicine, Chapel Hill, North Carolina

Teresa Evering, MD, MS, Protocol Investigator, Weill
Cornell Medicine, New York, New York

Rachel Bender Ignacio, MD, MPH, Protocol Investigator,
University ofWashington, Seattle,Washington

Sandra Cardoso, MD, PhD, Protocol Investigator,
FundaçãoOswaldo Cruz, Rio de Janeiro, Brazil

Katya Corado, MD, Lundquist Institute at Harbor-
UCLAMedical Center, Torrance, California

Prasanna Jagannathan, MD, Protocol Investigator,
Stanford University School of Medicine, Palo Alto,
California

Nikolaus Jilg, MD, PhD, Protocol Investigator,
Massachusetts General Hospital, Harvard Medical
School, Boston, Massachusetts

Alan Perelson, PhD, Protocol Investigator, Los
Alamos National Laboratory, Los Alamos, NewMexico

Sandy Pillay, MB, CHB, Protocol Investigator, Enhancing
CareFoundation,Durban, KwaZulu-Natal, SouthAfrica

Cynthia Riviere, MD, Protocol Investigator, GHESKIO
Center, Port-au-Prince, Haiti

Upinder Singh, MD, Protocol Investigator, Stanford
University School of Medicine, Palo Alto, California

Babafemi Taiwo, MBBS, MD, Protocol Investigator,
Northwestern University Feinberg School of Medicine,
Chicago, Illinois

Joan Gottesman, BSN, RN, CCRP, Field Representative,
Vanderbilt University Medical Center, Nashville,
Tennessee

Matthew Newell, BSN, RN, CCRN, Field Representative,
University of North Carolina at Chapel Hill School of Medicine,
ChapelHill, NorthCarolina

Susan Pedersen, BSN, RN, Field Representative,
University of North Carolina at Chapel Hill School of
Medicine, Chapel Hill, North Carolina

Joan Dragavon, MLM, Laboratory Technologist,
University of Washington, Seattle, Washington

Cheryl Jennings, BS, Laboratory Technologist,
Northwestern University, Chicago, Illinois

Brian Greenfelder, BA, Laboratory Technologist, Ohio
State University, Columbus, Ohio

William Murtaugh, MPH, Laboratory Specialist,
ACTG Laboratory Center, University of California, Los
Angeles, Los Angeles, California

Jan Kosmyna, MIS, RN, CCPR, ACTG Community
Scientific Subcommittee Representative, Case Western
University Clinical Research Site, North Royalton, Ohio

Morgan Gapara, MPH, International Site Specialist,
ACTG Network Coordinating Center, Social & Scientific
Systems, a DLH Company, Durham, North Carolina

Akbar Shahkolahi, PhD, International Site Specialist,
ACTG Network Coordinating Center, Social & Scientific
Systems, a DLH Company, Silver Spring, Maryland

Annals of Internal Medicine Annals.org

Downloaded from https://annals.org by Harvard Medical School on 02/22/2023.

http://www.annals.org

