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We explored viral and symptom rebound after coronavirus 
disease 2019 amubarvimab-romlusevimab monoclonal antibody 
therapy versus placebo in the randomized ACTIV-2/A5401 trial. 
Participants underwent nasal severe acute respiratory syndrome 
coronavirus 2 polymerase chain reaction testing at study days 3, 
7, 14, and 28. Viral rebound was defined as RNA ≥3 and ≥0.5 
log10 copies/mL increase from day 3 or 7, and symptom 
rebound as hospitalization or any moderate/severe symptom for 
≥2 days after initial symptom improvement. There was no 
difference in viral rebound (∼5%/arm) (analysis population n =  
713) or symptom rebound among participants who initially 
improved (hazard ratio, 0.95 [95% confidence interval, .52– 
1.75]; analysis population n = 574); <1% had both viral/ 
symptom rebound.

Viral and symptom rebound have been reported after coronavi
rus disease 2019 (COVID-19) treatment with ritonavir-boosted 
nirmatrelvir, molnupiravir, and VV116, short-acting direct anti
virals [1–5], as well as in the natural history of untreated severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec
tion [6, 7], but the risk of rebound with anti-SARS-CoV-2 mono
clonal antibodies (mAbs) is unknown. We hypothesized that 
the longer half-life of mAbs would reduce risk for rebound and 
viral RNA (vRNA) dynamics with mAb treatment would 
further our understanding of mechanisms of rebound. We 
previously reported that the combination mAb amubarvimab- 
romlusevimab reduced risk of hospitalization or death by 
79% and accelerated nasal viral clearance in the Accelerating 
COVID-19 Therapeutic Interventions and Vaccines (ACTIV)- 
2/A5401 trial in nonhospitalized adults with acute COVID-19 
[8]. In this analysis, we assessed viral and symptom rebound 
with amubarvimab-romlusevimab compared to placebo.

METHODS

Study Design and Participants

ACTIV-2/A5401 was a multicenter randomized, controlled, phase 
2/3 adaptive platform trial designed to evaluate the safety and ef
ficacy of investigational agents for the treatment of nonhospital
ized adults with mild-to-moderate COVID-19 (NCT04518410). 
The protocol was approved by a central institutional review board 
(Advarra Pro00045266) for United States (US) sites and by local 
ethics committees for non-US sites. All participants provided writ
ten informed consent.

The analysis included participants who initiated treatment 
in the double-blind phase 2/3 evaluation of amubarvimab- 
romlusevimab. Participants were nonhospitalized adults (≥18 
years) at high risk of progression to severe COVID-19 and within 
10 days of symptom onset [8]. Randomization was 1:1 to intrave
nous amubarvimab-romlusevimab or placebo administered on 
day 0, with stratification by days of symptoms at enrollment (≤5 
or >5 days) [8]. Participant immunocompromised status was de
fined as described previously (Supplementary Material and [9]).

All participants self-collected anterior nasal swabs using 
standardized instructions on study days 0, 3, 7, 14, and 28. 
Quantitative SARS-CoV-2 RNA levels were measured centrally 
(lower limit of quantification [LLoQ] of 2 log10 copies/mL) [8] 
and next-generation sequencing was performed for variant 
determination (methods are shown in the Supplementary 
Material). All participants completed a daily symptom diary 
from day 0 through day 28 with each of 13 symptoms 
self-reported as “absent,” “mild,” “moderate,” or “severe” 
(Supplementary Material). Participants were not expected to 
complete diaries or nasal swabs during hospitalization. Serum 
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anti-nucleocapsid and anti-spike antibodies were measured 
prior to intervention (Elecsys Anti-SARS-CoV-2, Roche 
Diagnostics).

Outcome Measures

For the primary prespecified comparison of viral rebound, re
bound was defined as vRNA ≥3 log10 copies/mL at day 7, 14, or 
28 that was ≥0.5 log10 copies/mL higher than day 3, or at day 14 
or 28 that was ≥0.5 log10 copies/mL higher than day 7. This def
inition assumed that vRNA levels peaked by day 3. Participants 
included in the viral rebound analysis were required to 
have vRNA at day 3 and at least 1 subsequent time point. 
Considering the lack of a consensus definition of viral rebound, 
we explored definitions requiring thresholds of 4 and 5 log10 

copies/mL (levels correlated with culture positivity and thus 
potential increased risk for infectiousness [3]), and requiring 
a 1 log10 copies/mL increase instead of 0.5. These definitions 
are similar to approaches used in other analyses of rebound 
in randomized controlled trials (RCTs) [10, 11]. RNA results 
below LLoQ were assigned the LLoQ when assessing differenc
es between time points. Because nasal swabs were not required 
during hospitalization and vRNA rebound might have oc
curred during hospitalization, a sensitivity analysis was under
taken in which hospitalization occurring during days 7, 14, or 
28 was also considered to be a viral rebound occurrence (re
quiring that no vRNA result was available on that visit day).

The symptom rebound analysis included only participants 
who met sustained symptom improvement as defined for the 
primary trial, the first of 2 consecutive days where all 13 target
ed COVID-19 symptoms in the study diary improved in se
verity from entry (symptoms initially reported as moderate 
or severe were required to be mild or absent, and symptoms re
ported as mild or absent were required to be absent) [8]. 
Symptom rebound was defined as the first occurrence of hospi
talization or any moderate/severe symptom lasting for ≥2 con
secutive diary entries, after achieving sustained symptom 
improvement.

Statistical Analysis

The analysis population consisted of all participants who were 
randomized and received amubarvimab-romlusevimab or pla
cebo in the trial and met criteria for inclusion as above. Due to 
concerns about data integrity, data from 6 sites were excluded 
from analyses. Comparisons were based on treatment received 
(a small number of participants received a different treatment 
from their randomized assignment). Analyses were performed 
using all available data as of 28 September 2023 (data freeze). 
The proportion of participants with viral rebound was com
pared between arms using Fisher exact test. Characteristics of 
participants with and without rebound were compared using 
Fisher exact, Wilcoxon rank-sum, or χ2 tests. Risk of symptom 
rebound was assessed using hazard ratios from Cox models 

with time of symptom improvement as the time origin, adjust
ing for day 0 total symptom score (see Supplementary Material
for score calculation). Participants with a hospitalization that 
occurred prior to symptom improvement were assumed not 
to have met the symptom improvement outcome during hospi
talization. Missing data prior to symptom improvement were 
imputed using the more severe of the immediately preceding 
and succeeding symptom report. Missing diary entries after im
provement were ignored when determining rebound. 
No adjustments were made for multiple comparisons for this 
exploratory analysis. All analyses used a 2-sided 5% significance 
level. Analyses were performed using SAS version 9.4 (SAS 
Institute, Cary, North Carolina).

RESULTS

Eight hundred and seven participants were randomized from 
January to July 2021 (prior to emergence of Omicron variants) 
from sites in the US, Argentina, Brazil, Mexico, Philippines, 
and South Africa; 713 were included in the viral rebound anal
ysis (370 amubarvimab-romlusevimab, 343 placebo, of which 6 
amubarvimab-romlusevimab and 17 placebo arm participants 
were hospitalized within 28 days of follow-up) and 574 in the 
symptom rebound analysis (292 amubarvimab-romlusevimab, 
282 placebo) (Supplementary Figure 1). Characteristics were 
similar between arms (Supplementary Table 1). Median age 
was 48 years, with 52% female sex, 72% White, 18% Black/ 
African American, and 49% Hispanic/Latino. The median 
number of days of symptoms prior to treatment was 6, and 
9% had received at least 1 COVID-19 vaccine dose.

Viral Rebound

Viral rebound (≥0.5 log10 copies/mL increase to a level of ≥3 log10 

copies/mL) occurred in 4.6% (17/370) and 5.0% (17/343) in the 
amubarvimab-romlusevimab and placebo arms, respectively 
(P = .86). The proportion of participants with rebound decreased 
successively when requiring a higher vRNA threshold at rebound, 
with 1.6% and 2.0% in the amubarvimab-romlusevimab and pla
cebo arms having rebound to ≥5 log10 copies/mL (Figure 1A). 
Rebound was transient and nearly all participants with rebound 
had vRNA <LLoQ on study day 28 (Supplementary Figure 2). 
All amubarvimab-romlusevimab–treated participants had evi
dence of viral decline prior to rebound and none with rebound 
were hospitalized. For 3 placebo participants, vRNA levels were 
on an upward trajectory between day 0 and day 3 with “rebound” 
occurring on day 7. Two of these 3 participants were hospitalized 
for COVID-19–related reasons. One additional placebo recipient 
was hospitalized after viral rebound. In the sensitivity analysis 
treating hospitalization as viral rebound, rebound occurred in 
5.1% in the amubarvimab-romlusevimab arm versus 6.7% in the 
placebo arm (Supplementary Table 2).
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Requiring a ≥1 log10 copies/mL increase in vRNA (to ≥3 
log10 copies/mL), 4.1% (15/370) versus 3.8% (13/343) had re
bound in the amubarvimab-romlusevimab and placebo arms, 
respectively (P > .99) (Figure 1B).

As characteristics of participants with and without viral re
bound were similar between treatment arms (Supplementary 
Table 3), data were combined across arms for comparisons of 
risk factors for rebound (Table 1). Day 0 vRNA levels were higher 
among participants with versus without rebound (median: 4.8 
vs 3.7 log10 copies/mL, P = .013), and days from positive 
SARS-CoV-2 test to randomization was shorter (median: 1 vs 3 
days, P = .001). Participants with rebound were less likely to be se
ropositive (15% vs 51%, P < .001). There was no difference in 
Delta versus non-Delta variant frequency (29% vs 25%, P = .68) 
or in having any immunocompromising condition (32% vs 
24%, P = .29, participants with vs without rebound). However, 
participants with rebound to at least 5 log10 copies/mL were 
more likely to have an immunocompromising condition (62% 
vs 24%, P = .005) (Supplementary Table 4).

Symptom Rebound

Seventy-five percent (292/390) of participants in the amubarvimab- 
romlusevimab arm and 72% (282/390) in the placebo arm 
achieved sustained symptom improvement. Among participants 
who had symptom improvement, symptom rebound occurred 
in 22 of 292 (7.5%) amubarvimab-romlusevimab and 20 of 282 
(7.1%) placebo recipients (Supplementary Table 5). There was 
no difference in risk of symptom rebound by treatment arm 
(hazard ratio, 0.95 [95% confidence interval, .52–1.75]; P = .87; 
Supplementary Figure 3). Individual participant symptom re
bound experiences are summarized in Supplementary Figure 4. 

Three participants (2 amubarvimab-romlusevimab, 1 placebo) 
were hospitalized after achieving symptom improvement— 
both of the amubarvimab-romlusevimab participants for 
non-COVID-19–related reasons, and the placebo participant for 
worsening COVID-19.

Co-occurrence of Viral and Symptom Rebound

Less than 1% of participants in each arm experienced both 
symptom and viral rebound (Supplementary Table 6).

DISCUSSION

In this analysis of viral and symptom rebound following treatment 
with blinded combination anti-SARS-CoV-2 mAbs amubarvimab- 
romlusevimab versus placebo, we found no difference in viral 
rebound rates (4.6% vs 5.0%) when examining available vRNA lev
els or when imputing hospitalization as viral rebound (5.1% vs 
6.7%). This contrasts with the greater risk of viral rebound with 
nirmatrelvir-ritonavir compared to no treatment that has been re
ported in observational cohorts [3, 12, 13] and post hoc analyses of 
RCTs (although generally no statistically significant difference in 
rebound has been identified with nirmatrelvir-ritonavir vs placebo 
across most comparisons from RCTs) [10, 11]. The lack of 
increase in viral rebound may be explained by the longer half-life 
of amubarvimab-romlusevimab (∼17 days vs ∼6 hours for 
nirmatrelvir-ritonavir) [8, 14].

Viral rebound rates were influenced by the rebound defini
tion, particularly level of vRNA at rebound, more than degree 
of increase in vRNA. Given this, that 0.5 log10 increase repre
sents a substantial increase in viral replication, and that little 
difference was observed in rebound rates when requiring 

Figure 1. Percentage of participants with viral rebound by treatment arm and rebound definition. A, Viral rebound definition requiring at least 0.5 log10 increase in nasal 
viral RNA level and reaching at least 3, 4, or 5 log10 copies/mL. B, Viral rebound definition requiring at least 1 log10 increase in nasal viral RNA level and reaching at least 3, 4, 
or 5 log10 copies/mL. P values by Fisher exact test for between-arm difference in rebound frequency. Abbreviation: A/R, amubarvimab-romlusevimab.
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rebound to 4 versus 5 log10 copies/mL (and vRNA levels to this 
degree are associated with culture positivity), we suggest that a 
reasonable, clinically meaningful definition of viral rebound 
would be at least 0.5 log10 increase in vRNA to at least 4 log10 

copies/mL when using infrequent nasal sampling as in this trial.
We also found that viral rebound occurred in both the treated 

and untreated population and that risk factors for rebound were 
similar across these groups. The association of fewer days from 
test positivity, higher viral levels, and serostatus at entry with 
occurrence of viral rebound highlights the natural phenomenon 
of fluctuating vRNA levels in the first 10–14 days of acute 
COVID-19, likely reflecting the interaction between host immu
nologic response and virus prior to definitive immunologic 
control. That restricting to higher-level rebound enriched for im
munocompromised persons in the rebound group further empha
sizes the role of immune control in vRNA levels, independent of 
treatment.

We found that mAb therapy had no impact on risk of symp
tom rebound, and co-occurrence of both viral and symptom re
bound in the same individual was rare. These data confirm prior 
reports that symptom fluctuations are common in the natural 
history of COVID-19 and may often be unlinked to viral 
detection and rebound [3, 6, 7, 13]. Symptom rebound rates 
were low, as reported with nirmatrelvir-ritonavir in the 
EPIC-HR trial [11]. Furthermore, the transience of the increased 

Table 1. Participant Characteristics by Viral Rebound Status in Primary 
Analysis Population

Characteristic

Participants 
With Rebound 

(n = 34)

Participants 
Without 
Rebound 
(n = 679)

P 
Valuea

Age, y 48 (39, 61) 48 (39, 58) .74

Sex

Female 16 (47) 353 (52) .60

Male 18 (53) 326 (48)

Race

Asian 0 (0) 32 (5) .42

Black or African American 4 (12) 127 (19)

Multiple 0 (0) 5 (1)

Native Hawaiian or other 
Pacific Islander

0 (0) 1 (<1)

Other 3 (9) 26 (4)

White 27 (79) 488 (72)

Ethnicity

Hispanic or Latino 22 (65) 329 (48) .08

Not Hispanic or Latino 12 (35) 350 (52)

Body mass index, kg/m2 29.6 (24.8, 36.8) 29.8 (26.0, 35.7) .75

BMI ≥30 kg/m2 16 (47) 325 (48)

Missing 0 8

Comorbidities

Hypertension 14 (41) 263 (39)

Diabetes 8 (24) 100 (15)

Cardiovascular disease 1 (3) 35 (5)

Chronic lung disease 
(asthma or other)

6 (18) 92 (14)

Malignancy 0 (0) 9 (1)

Cirrhosis 0 (0) 3 (<0.5)

Chronic kidney disease 0 (0) 2 (<0.5)

Immunocompromised status

None 23 (68) 513 (76) .26

Mild 7 (21) 125 (18)

Moderate 4 (12) 32 (5)

Severe 0 (0) 9 (1)

Any immunocompromising 
condition (mild or worse)

11 (32) 166 (24) .31

Current smoking (cigarette) 9 (27) 194 (29) .37

Days from symptom onset 
to randomization

4 (3, 7) 6 (4, 7) .11

≤5 20 (59) 333 (49) .29

>5 14 (41) 346 (51)

Days from positive 
SARS-CoV-2 test to 
randomization

1 (1, 3) 3 (1, 5) .001

History of SARS-CoV-2 
vaccination

2 (6) 63 (9) .76

Variant

Delta 10 (29) 128 (25) .68

Non-Delta 24 (71) 377 (75)

Missing 0 174

Serum anti-N antibody 0.08 (0.07, 0.11) 0.10 (0.07, 3.69) .002

Negative 30 (94) 434 (69) .002

Positive 2 (6) 193 (31)

Missing 2 52

Serum anti-S antibody 0.3 (0.3, 0.3) 0.3 (0.3, 74.6) <.001

Negative 29 (88) 347 (55) <.001

Table 1. Continued

Characteristic

Participants 
With Rebound 

(n = 34)

Participants 
Without 
Rebound 
(n = 679)

P 
Valuea

Positive 4 (12) 281 (45)

Missing 1 51

Anti-N or anti-S antibody

Negative 28 (85) 308 (49) <.001

Positive 5 (15) 320 (51)

Missing 1 51

Day 0 total symptom score 10 (6, 15) 10 (6, 15) .52

Day 0 viral RNA level (log10 

copies/mL)
4.8 (3.8, 6.7) 3.7 (1.7, 5.7) .013

Not detected 2 (6) 140 (22)

Detected, <LLoQ 2 (6) 58 (9)

≥ LLoQ 27 (87) 426 (68)

Missing 3 55

Viral RNA level at rebound 
(log10 copies/mL)

4.5 (3.5, 5.4) NA

Data are shown as median (1st and 3rd quartiles) or No. (%). Viral rebound was defined as 
viral RNA level ≥3 log10 copies/mL and ≥0.5 log10 copies/mL higher at day 7, 14, or 28 
compared to day 3 or at day 14 or 28 compared to day 7.

Abbreviations: BMI, body mass index; LLoQ, lower limit of quantification; N, nucleocapsid; 
NA, not applicable; S, spike; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
aCharacteristics were compared between participants with and without rebound using 
Wilcoxon rank-sum tests (continuous variables), χ2 tests (variables with >2 categories), or 
Fisher exact tests (variables with 2 categories). Significant (P < .05) between-group 
differences are bolded.
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vRNA levels and the rarity of co-occurring viral and symptom 
rebound raises questions as to the clinical significance of most 
viral rebound.

Strengths of this analysis include standardized, systematic 
collection of nasal swabs and randomized treatment compari
son, providing a better estimate of both natural rates of viral re
bound and treatment effects with minimized bias. Limitations 
include multiple comparisons, the rebound definition assum
ing vRNA levels peaked by day 3, and the analysis population 
being mostly unvaccinated and experiencing COVID-19 dur
ing the pre-Omicron period of the pandemic; it is uncertain 
if similar associations would be found in contemporary popu
lations with higher rates of vaccination and if prior immunity 
from either vaccination or infection may affect viral and symp
tom rebound rates. The findings are, however, consistent with 
mechanisms of rebound suggested by the limited available re
ports of viral rebound with and without other antiviral thera
pies during Omicron.

This analysis demonstrates that, unlike short-acting direct 
antivirals, mAbs do not appear to confer any increased risk 
of viral rebound, viral and symptom fluctuations will occur 
with or without treatment, and lesser immunity/immunosup
pression may increase risk of clinically relevant viral rebound.
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