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Summary
Background It is unknown if early COVID-19 monoclonal antibody (mAb) therapy can reduce risk of Long COVID.
The mAbs amubarvimab/romlusevimab were previously demonstrated to reduce risk of hospitalization/death by
79%. This study assessed the impact of amubarvimab/romlusevimab on late outcomes, including Long COVID.

Methods Non-hospitalized high-risk adults within 10 days of COVID-19 symptom onset enrolled in a randomized,
double-blind, placebo-controlled phase 2/3 trial of amubarvimab/romlusevimab for COVID-19 treatment. Late
symptoms, assessed using a participant-completed symptom diary, were a pre-specified exploratory endpoint. The
primary outcome for this analysis was the composite of Long COVID by participant self-report (presence of
COVID-19 symptoms as recorded in the diary at week 36) or hospitalization or death by week 36. Inverse
probability weighting (IPW) was used to address incomplete outcome ascertainment, giving weighted risk ratios
(wRR) comparing amubarvimab/romlusevimab to placebo.

Findings Participants received amubarvimab/romlusevimab (n = 390) or placebo (n = 390) between January and July
2021. Median age was 49 years, 52% were female, 18% Black/African American, 49% Hispanic/Latino, and 9%
COVID-19-vaccinated at entry. At week 36, 103 (13%) had incomplete outcome ascertainment, and 66 (17%) on
amubarvimab/romlusevimab and 92 (24%) on placebo met the primary outcome (wRR = 0.70, 95% confidence
interval (CI) 0.53–0.93). The difference was driven by fewer hospitalizations/deaths with amubarvimab/
romlusevimab (4%) than placebo (13%). Among 652 participants with available diary responses, 53 (16%) on
amubarvimab/romlusevimab and 44 (14%) on placebo reported presence of Long COVID.

Interpretation Amubarvimab/romlusevimab treatment, while highly effective in preventing hospitalizations/deaths,
did not reduce risk of Long COVID. Additional interventions are needed to prevent Long COVID.

Funding National Institute of Allergy and Infectious Diseases of the National Institutes of Health. Amubarvimab and
romlusevimab supplied by Brii Biosciences.
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Research in context

Evidence before this study
Published observational and retrospective studies have
reported that direct antiviral therapies for COVID-19
(nirmatrelvir/ritonavir, molnupiravir and remdesivir) can
reduce the risk of Long COVID, defined variably as the
presence of any number of post-acute sequelae at time points
between 30 and 180 days of follow-up. In a secondary
analysis of a randomized clinical trial of COVID-19
convalescent plasma among outpatients with acute SARS-
CoV-2 infection, statistically significant lower odds of post-
COVID conditions were observed at day 90 among those
receiving treatment within 5 days after symptom onset. A
recently published randomized, parallel-group factorial design
trial found an approximately 41% relative reduction in the
cumulative incidence of Long COVID, defined as participant-
reported receipt of a Long COVID diagnosis from a medical
provider, by day 300 in the group that received the anti-
diabetes drug metformin compared to participants that
received placebo for metformin (some participants in both
arms also received fluvoxamine or ivermectin). On November
10, 2023, we conducted a search on PubMed using the
keywords “COVID-19,” “monoclonal antibody,” and “clinical
trial.” This search did not yield any randomized, placebo-
controlled trials that investigated the impact of early
treatment with monoclonal antibodies for SARS-CoV-2
infection on post-COVID outcomes and compared these
outcomes between treatment groups. To date, no placebo-

controlled studies have evaluated the effect of early, potent,
COVID-19 monoclonal antibody therapy on post-COVID
outcomes.

Added value of this study
This is the first randomized, placebo-controlled study to
evaluate the effect of early administration of a COVID-19
monoclonal antibody therapy on post-COVID outcomes. Here
we demonstrate that a monoclonal antibody therapy that
was highly effective in preventing hospitalization and death in
non-hospitalized patients at high-risk for COVID-19
progression did not have a meaningful effect on the
prevalence of Long COVID or other participant self-reported
symptoms at 36 weeks after treatment.

Implications of all the available evidence
Available evidence suggests there may be differential effects
of acute COVID-19 therapies on post-COVID outcomes. These
effects may differ based on the mechanism of action of the
therapeutic agent. However, differences in study design,
participant characteristics, definition of post-COVID
outcomes/Long COVID, and duration of evaluation across the
studies makes direct comparisons challenging. The totality of
the evidence suggests that additional randomized, placebo-
controlled studies are warranted to determine the benefit of
therapies given during acute COVID-19 for Long COVID
prevention.
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Introduction
Long COVID or post-COVID conditions consist of a
wide spectrum of clinical manifestations.1–3 It is not
known if early monoclonal antibody (mAb) therapy
prevents Long COVID. Several observational and retro-
spective studies have investigated the potential for in-
terventions, such as SARS-CoV-2 vaccination or antiviral
nirmatrelvir/ritonavir, molnupiravir or remdesivir ther-
apy, to mitigate or prevent Long COVID.4–8 Secondary
analyses of randomized, controlled trials of early
administration of metformin and convalescent plasma
have reported significant decreases in the incidence of
late outcomes.9,10 To date, there have been no peer-
reviewed reports on post-acute COVID outcomes from
randomized placebo-controlled interventional trials of
mAbs in outpatients.

We evaluated the anti-SARS-CoV-2 mAbs amu-
barvimab/romlusevimab (Brii Biosciences, Tsinghua
University and 3rd People’s Hospital of Shenzhen) in a
phase 2/3 randomized, blinded, placebo-controlled trial
within the ACTIV-2/A5041 platform of therapeutics for
non-hospitalized adults with acute COVID-19.11–13 We
previously demonstrated that amubarvimab/
romlusevimab significantly reduced the risk of hospi-
talization and/or death through day 28 (79% risk
reduction).14 Here, we present results from an explor-
atory analysis of the impact of treatment of acute
COVID-19 with amubarvimab/romlusevimab on late
complications through 36 weeks as compared to pla-
cebo. Our analysis includes examination of participant-
reported Long COVID and hospitalizations/deaths,
return to pre-COVID-19 health, and health-related
quality of life (HRQOL).
Methods
Study design and participants
ACTIV-2/A5401 is a multicenter, randomized,
controlled, phase 2/3 adaptive platform trial designed to
evaluate the safety and efficacy of investigational agents
for the treatment of non-hospitalized adults with mild-
to-moderate COVID-19 (NCT04518410).13 Key explor-
atory objectives of the trial (integrated into protocol
version 6.0—see Supplement) included assessment of
persistent symptoms (i.e., Long COVID) and HRQOL
beyond the acute COVID-19 period; as these were
www.thelancet.com Vol 75 September, 2024
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exploratory objectives they were not included in the
Primary Statistical Analysis Plan (SAP), but rather in a
Long COVID SAP prior to undertaking the analysis. The
protocol was approved by a central institutional review
board (IRB), Advarra (Pro00045266), for United States
(US) sites with additional local IRB review and approval
as required by sites, and by local Ethics Committees for
non-US sites. All participants provided written informed
consent.

Participants who were enrolled in the phase 2/3
evaluation of amubarvimab/romlusevimab (and started
treatment) were included in the analysis. Eligibility
included outpatient adults (≥18 years) at high risk of
progression to severe COVID-19 (defined in
Supplemental Appendix) with a positive upper respira-
tory tract SARS-CoV-2 molecular or antigen test and
expected to initiate study treatment within 10 days
(reduced to 7 days during the trial) of symptom onset.
Complete eligibility criteria have been described
previously.14

Randomization and masking
Participants were randomized 1:1 by a web-based
interactive response system to amubarvimab/romluse-
vimab or blinded placebo, with stratification by days of
symptoms at enrollment (≤ or >5 days) using permuted
blocks.

Procedures
Study intervention was administered as sequential
intravenous (IV) infusions of 1000 mg of amubarvimab
followed by 1000 mg of romlusevimab, or equivalent
volumes of saline placebo (or, for a single participant,
placebo for another agent evaluated on the platform) on
study day 0.15

Assessments
Participant-completed symptom diaries
Two symptom diaries were self-administered by partic-
ipants during the study. The acute symptom diary was
completed daily from enrollment (day 0) through day 28
with each of 13 viral illness symptoms graded as “ab-
sent”, “mild”, “moderate” or “severe”.16 Participants re-
ported the worst severity over the preceding 24 h. The
long-term symptom diary was administered at weeks 12,
24, 36, 48, and 72, and was developed partway through
the study after enrollment had been initiated. The long-
term diary included grading of the same 13 symptoms
from the acute symptom diary plus 14 Long-COVID-
related symptoms chosen based on available literature
at the time17 (Supplementary Appendix). In the long-
term diary, participants reported the “overall” severity
of each symptom over the preceding 4 weeks. The long-
term diary also included two-COVID-specific global as-
sessments asking participants to report: 1) the overall
severity of their COVID-19 symptoms over the previous
4 weeks, reported as “no symptoms”, “mild”,
www.thelancet.com Vol 75 September, 2024
“moderate” or “severe”, and 2) whether they had
returned to their usual (pre-COVID) health at the time
of diary completion, “yes” or “no”.

This exploratory analysis focuses on outcomes from
the long-term symptom diary completed at 36 weeks
after treatment due to incomplete data at earlier time
points caused by diary implementation after the study
had begun and at later time points as participants were
continuing long-term follow-up at the time of the anal-
ysis. Total symptom scores were calculated for day 0 and
separately for week 36 by summing the individual
symptom scores, with absent scored as 0, mild as 1,
moderate as 2, and severe as 3. Thus, with 13 individual
symptoms assessed on day 0, the total possible symp-
tom score ranged from 0 to 39. At week 36, with 27
individual symptoms assessed, the total possible symp-
tom score ranged from 0 to 81. Global assessment re-
sponses were not included in total symptom score
calculation.

Participant completed HRQOL questionnaires
Participants also completed two HRQOL question-
naires, the EQ-5D-5L and the Medical Outcomes Study
36-Item Short Form Health Survey Version 2 (SF-36v2),
on the same schedule as the long-term diary.18,19 In the
EQ-5D-5L questionnaire, participants were asked to
report their degree of perceived problems (none, slight,
moderate, severe, or extreme) in five domains: mobility,
self-care, usual activities, pain/discomfort, and anxiety/
depression, and to rate their health on a vertical visual
analogue scale (VAS) ranging from 0 (“the worst health
you can imagine”) to 100 (“the best health you can
imagine”). The SF-36v2 assessed eight health domains:
physical functioning, physical role, bodily pain, general
health perceptions, vitality, social role functioning,
emotional role functioning, and mental health.

Outcome measures
The primary outcome for this exploratory analysis was
the composite of all-cause hospitalization or death at or
prior to week 36 or presence of Long COVID at week 36,
defined as presence of COVID-19 symptoms of any
severity within the prior 4 weeks in response to the first
global assessment question in the long-term diary. This
composite outcome was selected to retain the random-
ized population for comparative analysis of treatment
effects. The definition of Long COVID is supported by
our prior work demonstrating the internal validity of
this definition, including a higher frequency of multiple
individual Long COVID symptoms among participants
with versus without Long COVID by this definition (also
see eFigures S6–S8).20

Secondary outcome measures included, at week 36:
the composite of hospitalization or death; the composite
of death or Long COVID; severity of Long COVID; the
composite of not returning to usual (pre-COVID-19)
health (global assessment question) or death; the
3
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number of individual symptoms reported (of possible
27); total symptom score across the 27 symptoms (range
0–81); and worst symptom severity reported among
the 27 symptoms. The 27 individual symptoms were
also grouped a priori into eight categories: upper res-
piratory, cardiopulmonary/cardiothoracic, constitu-
tional, musculoskeletal, gastrointestinal, neurocognitive,
sensory, and dermatologic (eTable 1). HRQOL out-
comes included the presence of any problems for each
EQ-5D-5L domain, EQ-5D-5L VAS score, and scores for
each SF-36v2 domain.

Statistical analysis
The analysis population consisted of all participants who
were randomized and received amubarvimab/romluse-
vimab or placebo, with exclusion of participants enrolled
at six study sites where data integrity was a concern.
Comparisons were by regimen received. The primary
outcome was estimated and compared between arms
using modified Poisson regression with log-link and
robust variance to obtain a risk ratio.21 There was a
similar proportion of participants meeting the primary
outcome as there were with incomplete results, and thus
restricting the analysis to those with complete data could
introduce bias. To help mitigate potential selection bias,
inverse probability weighting (IPW) was used.22,23 Each
participant with an observed outcome received a weight
inversely proportional to the estimated probability of not
being censored (due to loss to follow-up or having a
missing diary entry). Three sets of weights were
computed using logistic regression models fitted within
each treatment arm: Model 1 assumed non-informative
censoring by including indicator variables for time in-
terval (Day 0–28 and Day 28–Week 36) and if the diary
was completed at week 36; Model 2 expanded the first
model to allow for dependence of censoring on baseline
covariates (age, sex, race, body mass index (BMI),
number of high risk comorbidities, symptom duration
at study entry (days), and day 0 symptom score) and
their interactions with the indicator variables included
in Model 1; and Model 3 expanded the second model to
include an indicator for whether symptoms were pre-
sent at days 22–28 and the associated interaction term
(see Supplementary Methods for further details). The
weights were then used in planned regression models to
account for incomplete ascertainment when calculating
the risk ratios. Results using the weights from Model 3
were considered the main analysis and are reported in
the text (results using Models 1 and 2 were similar and
are also shown in tables/figures). As a sensitivity anal-
ysis, a complete case type of analysis was undertaken
(see Supplement).

Supportive analyses not including hospitalization
prior to week 36 in the outcome (because Long COVID is
possible after hospitalization) compared the proportion
1) with the composite of death or Long COVID, and 2)
with the composite of not returned to usual health or
death, using the same modified Poisson regression
approach, based on observed outcomes and IPW analysis
(adaptations of Model 3 was used; see Supplementary
Methods). The proportion hospitalized or died through
week 36 was compared between arms using ratio of
proportions, estimated from Kaplan–Meier methods.
Other secondary analyses were restricted to those with
observed data and included comparisons of clinical
outcome severity (categories: none, mild, moderate, se-
vere, hospitalized/died) and worst symptom severity
(among 27 individual symptoms) using cumulative lo-
gistic regression and Wald test, comparisons of dichot-
omous outcomes including presence of symptoms in
each symptom category (upper respiratory, cardiopul-
monary/cardiothoracic, constitutional, musculoskeletal,
gastrointestinal, neurocognitive, sensory, and dermato-
logic) and problems per EQ-5D-5L domains using
modified Poisson regression, and comparisons of dis-
tributions of quantitative outcomes, including number of
symptoms, total symptom score, VAS score and SF-36v2
scores using non-parametric Wilcoxon rank sum tests;
see Supplemental Methods for a summary of outcomes
and corresponding statistical methods. All analyses used
two-sided 5% significance level without adjustment for
multiple comparisons. Analyses were performed using
SAS version 9.4 (SAS Institute, Cary, NC).

Role of the funding source
The funding source had representatives on the study
team and were involved in protocol development, study
conduct, and analysis of the data.
Results
Eight-hundred forty-seven were randomized from
January 2021 to July 2021 (prior to emergence of omi-
cron variants) from sites in the US, Argentina, Brazil,
Mexico, Philippines, and South Africa, of which 780
participants met criteria for inclusion in the analysis,
390 receiving amubarvimab/romlusevimab and 390
receiving placebo (Fig. 1 and Table 1). Median age was
49 years, 52% were female sex, >99% cis-gender, 18%
Black/African American, and 49% Hispanic/Latino.
Median BMI was 29.8 kg/m2, 28% were current ciga-
rette smokers, 14% were previous smokers, and 94%
reported at least 1 high-risk comorbidity. Only 9% had
received at least one dose of a COVID-19 vaccine prior to
study entry; 28% received at least one dose of a COVID-
19 vaccine by week 36. At the end of the acute phase,
56% of participants reported the presence of any tar-
geted symptoms in the daily symptom diary during days
22–28 (57% for amubarvimab/romlusevimab and 55%
for placebo).

Diary completeness
In total, 652/780 (84%) of participants completed or
partially completed the long-term diary at week 36
www.thelancet.com Vol 75 September, 2024
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Fig. 1: Consort diagram.
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(amubarvimab/romlusevimab, n = 339 [87%] or placebo,
n = 313 [80%]). 128 (16%) participants were missing
diary data at week 36, 51 (13%) on amubarvimab/rom-
lusevimab and 77 (20%) on placebo; 12 (2%) partici-
pants were missing diary data due to death before week
36 (1 on amubarvimab/romlusevimab and 11 on
placebo).

Primary outcome
Sixty-six participants (17%) on amubarvimab/romluse-
vimab and 92 (24%) on placebo met the primary com-
posite outcome of presence of Long COVID at week 36,
or hospitalization or death by week 36. Forty-seven (12%)
on amubarvimab/romlusevimab and 56 (14%) on pla-
cebo had incomplete data for determining the primary
outcome (Fig. 2). Based on the weights determined from
the IPW Model 3, the weighted Risk Ratio [wRR] for
amubarvimab/romlusevimab versus placebo was 0.70;
95% CI: 0.53, 0.93; p = 0.01 (Fig. 3). The difference was
driven by fewer hospitalizations/deaths in the amu-
barvimab/romlusevimab arm (n = 17 [4%]) than in the
placebo arm (n = 52 [13%]), with RR for hospitalizations/
deaths of 0.33 (95% CI: 0.19, 0.56; p < 0.001; eFigure 1).
The majority of hospitalizations occurred before day 28
(9 in amubarvimab/romlusevimab arm and 43 in pla-
cebo arm before day 28, and 7 in amubarvimab/
www.thelancet.com Vol 75 September, 2024
romlusevimab arm and 9 in placebo arm after day 28). In
total, 12 deaths occurred, including 11 in the placebo
arm within the first 28 days (all of which were previously
hospitalized) and one in the amubarvimab/romlusevi-
mab arm after day 28, without a previous hospitalization.
Examining hospitalization/death and clinical outcome
severity of self-reported overall symptoms (Long COVID)
at week 36 and hospitalization/death through week 36,
these outcomes were worse in the placebo arm (Wald
test, p = 0.002, eFigure 2), driven by hospitalization/
death differences and not Long COVID symptom
severity. Among those with a diary response (n = 652), 53
(16%) on amubarvimab/romlusevimab and 44 (14%) on
placebo reported presence of Long COVID.

The frequency of the composite of death or Long
COVID was similar in the two arms, 54 (14%) on
amubarvimab/romlusevimab and 55 (14%) on placebo
(wRR = 0.90; 95% CI: 0.64, 1.27; p = 0.55; Model 3a,
Fig. 3). In post-hoc analysis, when adjusting for symp-
tom duration strata, results were identical (data not
shown).

Conclusions based on complete case type of analyses
for both the primary composite Long COVID/hospital-
ization/death outcome and the Long COVID/death
outcome support the IPW analyses (Supplementary
Appendix).
5
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A/R (n = 390) Placebo (n = 390) Total (n = 780)

Country of enrollment

United States 251 (64%) 261 (67%) 512 (66%)

South Africa 72 (18%) 59 (15%) 131 (17%)

Argentina 49 (13%) 49 (13%) 98 (13%)

Brazil 15 (4%) 18 (5%) 33 (4%)

Mexico 3 (1%) 2 (1%) 5 (1%)

Philippines 0 (0%) 1 (<1%) 1 (<1%)

Age, median (quartiles) years 48 (39, 58) 49 (39, 59) 49 (39, 58)

Female sex, n (%) 200 (51%) 206 (53%) 406 (52%)

Cis-gender, n (%) 390 (100%) 388 (99%) 778 (>99%)

Race, n (%)

White 275 (71%) 289 (74%) 564 (72%)

Black or African American 80 (21%) 61 (16%) 141 (18%)

Asian 16 (4%) 21 (5%) 37 (5%)

American Indian or Alaska Native 0 (0%) 1 (<1%) 1 (<1%)

Native Hawaiian or Other Pacific Islander 1 (<1%) 1 (<1%) 2 (<1%)

Multiple 4 (1%) 2 (1%) 6 (1%)

Other 14 (4%) 15 (4%) 29 (4%)

Hispanic/Latino ethnicity, n (%) 192 (49%) 190 (49%) 382 (49%)

BMI (kg/m2), median (quartiles) 29.5 (25.8, 35.3) 30.0 (26.1, 36.1) 29.8 (26.0, 35.9)

Cigarettes smoking statusa

Current 105 (27%) 112 (29%) 217 (28%)

Former 54 (14%) 54 (14%) 108 (14%)

Never 231 (59%) 223 (57%) 454 (58%)

Reporting >1 high-risk co-morbidity, n (%)b 364 (93%) 366 (94%) 730 (94%)

SARS-CoV-2 Vaccination, n (%)c 30 (8%) 40 (10%) 70 (9%)

aExcludes 1 placebo participant with a missing value. bHigh Risk Comorbidities include active cancer, moderate to severe asthma, chronic kidney disease, chronic liver
disease, history of cirrhosis, chronic lung disease, current smoker, cardiovascular disease, diabetes, hypertension, treatment with biologics/immunomodulators/cancer
chemotherapy within 90 days of entry, HIV with CD4 count <200 cells/mm3, receiving corticosteroids within 30 days of entry, and obesity. cDefined as having received at
least 1 dose of COVID-19 vaccine regardless of brand.

Table 1: Baseline characteristics prior to receiving amubarvimab/romlusevimab (A/R) or placebo.

Articles

6

Secondary outcomes
Among those with diary responses, 16% in the amu-
barvimab/romlusevimab arm versus 22% in the placebo
group reported not having returned to usual health. The
composite of failure to return to health or death favored
amubarvimab/romlusevimab (wRR = 0.65, 95% CI:
0.48, 0.89; p = 0.006, eTable 2).

41% and 39% in the amubarvimab/romlusevimab
and placebo arms, respectively, reported at least one
individual symptom (of 27) as present at week 36, the
majority of which were mild. The most commonly re-
ported individual symptoms (reported by ≥15% of all
participants) were fatigue (21%) and musculoskeletal
pain (18%) (Fig. 4). No significant differences were
observed for amubarvimab/romlusevimab versus pla-
cebo for the worst symptom score (p = 0.76, eFigure 3),
number of symptoms (median [quartiles] 0 [0,3] versus
0 [0,3], p = 0.85, eFigure 4), total symptom score (0 [0,3]
versus 0 [0,3] p = 0.83, eFigure 5), or the proportion
reporting symptoms in each of the pre-defined symp-
tom categories (p ≥ 0.21 for all comparisons, eTable 3).
In post-hoc analysis, no differences were observed for
individual symptoms (p ≥ 0.14 for all comparisons,
eTable 4).

Health-related quality of life measures: EQ-5D-5L
and SF-36v2
The EQ-5D-5L and SF-36v2 questionnaires had similar
levels of completeness as the long-term diary. Among
those who completed the EQ-5D-5L questionnaire,
26% and 31% in the amubarvimab/romlusevimab and
placebo arms, respectively, reported some level of pain
or discomfort, RR = 0.83; 95% CI: 0.64, 1.06; p = 0.14;
19% and 17%, reported some level of anxiety/depres-
sion, RR = 1.12; 95% CI: 0.80, 1.56; p = 0.51; 13% and
17% reported having some problems doing usual ac-
tivities, RR = 0.77; 95% CI: 0.53, 1.13; p = 0.18; 10%
and 14% reported some level of mobility (walking)
problems, RR = 0.71; 95% CI: 0.46, 1.10; p = 0.12; and
3% and 5% reported some problems with self-care
(washing or dressing), RR = 0.51; 95% CI: 0.22, 1.19;
p = 0.12 (eTable 5). No differences between amu-
barvimab/romlusevimab and placebo were observed in
the VAS health score (median [Q1, Q3] 90 [84, 100] for
www.thelancet.com Vol 75 September, 2024
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Fig. 2: Week 36 long COVID, hospitalizations, and death by amubarvimab/romlusevimab (A/R) versus placebo treatment.
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amubarvimab/romlusevimab versus 90 [80, 100] for
placebo; p = 0.16).

Among those who completed the SF-36v2 question-
naire, there were no significant differences between
arms in any of the eight health domains (p ≥ 0.21,
eTable 6) or overall physical component (median [Q1,
Q3] score, 57.9 [52.4, 59.7] amubarvimab/romlusevimab
versus 58.4 [50.2, 59.8] placebo, p = 0.72) or mental
component (56.8 [49.7, 59.6] versus 57.2 [50.9, 60.2],
p = 0.28) summary scores. Overall, 94% of participants
reported good, very good, or excellent health, and 90%
reported that their health was about the same, some-
what better, or much better than one year ago.
Discussion
In this randomized, double-blind, placebo-controlled
phase 2/3 trial of high-risk, non-hospitalized adults with
mild-to-moderate COVID-19, we assessed the impact of
the combination SARS-CoV-2 mAbs, amubarvimab/
romlusevimab, compared to placebo on post-acute
COVID outcomes. These protocol-defined assessments
were performed within a trial in which amubarvimab/
romlusevimab was found to be highly effective in
reducing 28-day all-cause hospitalization and death.14 In
the primary randomized comparison, we found that
amubarvimab/romlusevimab-treated participants had a
significantly lower risk of the primary composite
www.thelancet.com Vol 75 September, 2024
outcome of all-cause hospitalization or death at or prior
to week 36 or Long COVID at 36 weeks that was driven
by fewer hospitalizations/deaths in the amubarvimab/
romlusevimab arm. We incorporated hospitalization
and death into our primary composite outcome to ac-
count for the severity of these events while our supple-
mentary analyses enabled us to specifically explore Long
COVID including individual symptoms or symptom
clusters as an isolated outcome. No benefit of amu-
barvimab/romlusevimab was observed for the compos-
ite of death or Long COVID (wRR = 0.90, 95% CI
0.64–1.27). The lower bound of the 95% CI of 0.64
suggests that a true risk reduction of Long COVID of
36% or more can reasonably be excluded. There was a
significantly lower risk of non-return to health (wRR
0.72) and the composite of non-return to health plus
death favored the amubarvimab/romlusevimab arm
(wRR 0.65), but with wide 95% CIs (0.52–0.99 and
0.48–0.89) and the caveat that this reflects a significant
finding among multiple secondary outcomes evaluated,
without adjustment for multiple comparisons.

We found no significant differences between amu-
barvimab/romlusevimab and placebo arms in pro-
portions of participants reporting any of the 27
symptoms on the long-term diary, including pre-defined
symptom categories, frequency of the individual symp-
toms, or number or severity of symptoms reported. The
symptoms reported at week 36, including the most
7
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Fig. 3: Primary and supportive outcome results comparing Amubarvimab/romlusevimab (A/R) versus placebo treatment. Weighted Model
1 = IPW model based on time interval. Weighted Model 2 = IPW model based on time interval, baseline characteristics and their interactions
with time interval. Weighted Model 3 = IPW model based on time interval, baseline characteristics, day 22–28 symptom variable, and their
interactions with time interval. Weighted Model 3a = IPW model based on time interval, baseline characteristics, day 22–28 symptom variable,
whether or not a participant was hospitalized prior to week 36, and their interactions with time interval.
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commonly reported ones (fatigue and musculoskeletal
pain) were consistent with those reported in other Long
COVID studies.24–28

Additional analyses examining HRQOL measures
were consistent with these findings, with no significant
benefit of amubarvimab/romlusevimab treatment
compared to placebo on these measures at week 36.
Using the SF36-v2 instrument, the vast majority of
participants reported good, very good, or excellent health
(94%) and the same or better health compared to 1 year
prior (90%), with similar responses in active and pla-
cebo groups. This highlights favorable outcomes in the
majority of unvaccinated COVID-19 patients infected
with pre-Omicron variants in this study.

Our finding that a highly effective mAb combination
demonstrated no meaningful effect on multiple mea-
sures of Long COVID at 36 weeks when compared to
placebo brings into question the proposed role of viral
persistence as a possible pathogenic mechanism in
Long COVID,29 as amubarvimab/romlusevimab have
long half-lives (44.6–48.6 and 72.2–83.0 days
respectively)30 with expected plasma concentrations
100–300-fold in vitro IC90 for the variants in circulation
at the time of this trial, and would thus be expected to
have ongoing antiviral activity beyond the acute infec-
tion period.31–33 However, this mechanism, and others
implicated in the pathogenesis of Long COVID, such as
perturbation of inflammatory and coagulation path-
ways34 were not directly explored in this study. It is also
possible that inhibitory concentrations of amubarvimab/
romlusevimab were not achieved in the gut, lung, and
brain leading to viral persistence in such tissues.35

Limitations of this study include missing diary data
for some participants due to attrition/non-response. To
address this limitation, inverse probability weighting
and multiple supportive analyses were performed to
account for the effects of missing data on the primary
and secondary outcome measures, with the consistency
of effects demonstrating the robustness of our findings.
We also acknowledge the potential for survivorship bias
in our study, as more deaths occurred in the placebo
arm. However, the overall number of deaths within our
study was relatively small, limiting the impact of such
bias on our findings. We also recognize that the
www.thelancet.com Vol 75 September, 2024
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Fig. 4: Frequency and severity of (a) 13 viral illness long COVID symptoms and (b) 14 additional long COVID symptoms reported in participant
long-term diary at week 36 by participants who received Amubarvimab/romlusevimab (A/R) (n = 339) or Placebo (n = 312).
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cross-sectional analysis of Long COVID outcomes in
this cohort will not capture those persons who may have
had symptoms that resolved prior to Week 36 or treat-
ment effects (whether lesser, greater, or no different
with respect to Long COVID) prior to week 36. This
study was performed before widespread COVID-19
vaccination, which may affect the generalizability of
our findings to risk of Long COVID in the current
COVID-19 pandemic. Another limitation to the gener-
alizability of our findings is the changing landscape of
COVID-19 treatment. The use of anti-SARS-CoV-2
mAbs for COVID-19 treatment is no longer recom-
mended as the current dominant Omicron subvariants
in the United States are not expected to be susceptible to
these agents. Additionally, it is worth noting that amu-
barvimab/romlusevimab is no longer in clinical devel-
opment due to the lack of activity against current
circulating variants. We also acknowledge that alterna-
tive definitions of Long COVID are in use and that the
definition of Long COVID varies widely across studies,
making it challenging to compare event rates and find-
ings; however, our investigation incorporating a 27-
symptom long-term diary, anchored by informative
global assessments, in addition to the use of two addi-
tional HRQOL questionnaires and hospitalization/death
outcomes, broadly covers commonly accepted measures
of Long COVID. The definition of Long COVID used in
this analysis is supported by our previous work
describing Long COVID in a cohort of participants who
had received the mAb bamlanivimab during acute
COVID-19 and additional analyses presented in the
Supplement for the current analysis population which
are consistent with our earlier findings. This definition,
assessed in >1200 individuals enrolled from October
2020 to July 2021, distinguishes two participant groups
with distinct symptom and return to health profiles
following acute COVID-19—we found that all 27
symptoms assessed in the long-term diary were reported
with greater frequency among participants meeting our
definition of Long COVID than participants who did
not. In addition, participants meeting the Long COVID
definition were more likely to report not having returned
to their usual pre-COVID health than participants who
did not.20 In addition, we have explored other outcomes
from the long-term diary, such as pre-defined symptom
clusters, which represent alternative definitions for Long
COVID that have been explored in other published re-
ports. While the EQ-5D-5L and MOS SF-36v2 have not
been validated for Long COVID, their history of exten-
sive use in other disease areas and ability to investigate
domains now known to be impacted by Long COVID
have made them increasingly valuable tools in a growing
number of Long COVID studies.36–38 Finally, we
acknowledge that our findings using an effective
monoclonal antibody combination may not extend to
other effective antivirals or other therapies with different
mechanisms of action and pharmacodynamics.9,10
In summary, we report the first prospective study of
Long COVID after treatment of acute COVID-19 with an
effective monoclonal antibody combination within a
large, diverse, randomized, placebo-controlled, blinded
clinical trial of outpatients. While amubarvimab/rom-
lusevimab was highly effective in preventing all-cause
hospitalizations and deaths in high-risk outpatients
with mild-to-moderate COVID-19, there was no mean-
ingful effect of treatment on measures of Long COVID
at 36 weeks. Additional interventions are needed for
Long COVID prevention.
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