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Validity and Characterization of Time to Symptom
Resolution Outcome Measures in the ACTIV-2/
A5401 Outpatient COVID-19 Treatment Trial

Kara W. Chew,"® Carlee Moser,”® Eunice Yeh,2 David A. Wohl,? Eric S. Daar,” Justin Ritz,2 Arzhang Cyrus Javan,® Joseph J. Eron, Judith S. Currier,’
Davey M. Smith,® and Michael D. Hughes;? for the ACTIV-2/A5401 Study Team

'Department of Medicine, David Geffen School of Medicine, University of California, Los Angeles, Los Angeles, California, USA; “Department of Biostatistics, Harvard T.H. Chan School of Public
Health, Boston, Massachusetts, USA; *Department of Medicine, School of Medicine, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA; “Division of HIV Medicine,
The Lundquist Institute, Harbor-University of California, Los Angeles Medical Center, Torrance, California, USA; ®Division of AIDS, National Institute of Allergy and Infectious Diseases, National
Institutes of Health, Rockville, Maryland, USA; and ®Department of Medicine, University of California, San Diego, La Jolla, California, USA

Background. Time to symptom resolution measures were used in outpatient coronavirus disease 2019 (COVID-19) treatment
trials without prior validation.

Methods. ACTIV-2/A5401 trial participants completed a COVID-19 diary assessing 13 targeted symptoms and global
experience (overall COVID-19 symptoms, return to pre~COVID-19 health) daily for 29 days. We evaluated concordance of
time to sustained (2 days) resolution of all targeted symptoms (TSR) with resolution of overall symptoms and return to health
in participants receiving placebo.

Results.  The analysis included 77 high-risk and 81 standard-risk participants with overall median 6 days of symptoms at entry and
median age 47 years, 50% female, 82% white, and 31% Hispanic/Latino. Correlation between TSR and resolution of overall symptoms
was 0.80 and 0.68, and TSR and return to health, 0.66 and 0.57 for high- and standard-risk groups, respectively. Of the high- and
standard-risk participants, 61% and 79%, respectively, achieved targeted symptom resolution, of which 47% and 43%, respectively,
reported symptom recurrence. Requiring >2 days to define sustained resolution reduced the frequency of recurrences.

Conclusions. There was good internal consistency between TSR and COVID-19-specific global outcomes, supporting TSR as a
trial end point. Requiring >2 days of symptom resolution better addresses natural symptom fluctuations but must be balanced against

the potential influence of non-COVID-19 symptoms.
Clinical Trials Registration. NCT04518410.
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The emergence of the global coronavirus disease 2019
(COVID-19) pandemic prompted the rapid development of
clinical trials to evaluate potential therapeutic interventions.
Early outpatient phase 2 and 3 trials and US Food and Drug
Administration (FDA) emergency use authorization approvals
of COVID-19 therapeutics for nonhospitalized persons focused
on demonstrating efficacy in reducing hospitalizations and
deaths [1-4]. Time to symptom resolution or alleviation/
improvement measures were often included as key symptom-
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based outcome measures [1, 2, 5-7]. The importance of
symptom-based outcomes has increased as hospitalization
and death rates have declined with widespread vaccination, pri-
or infection, and current Omicron subvariants [8]. Time to
symptom resolution or improvement measures are recom-
mended patient-reported outcome measures in FDA guidance
for drug development for COVID-19 and other respiratory dis-
eases [9-13], but there has been limited validation of these mea-
sures for COVID-19 treatment trials.

Using data from a symptom diary completed daily by partic-
ipants in the ACTIV2/A5401 trial, we sought to describe charac-
teristics of time to symptom resolution or improvement
measures, now commonly the primary outcome in outpatient
COVID-19 dlinical trials, and to assess the internal validity of
these measures. For these analyses, we focused on a time to sus-
tained symptom resolution measure, but also explored a measure
of sustained symptom improvement. We additionally explored
the frequency of symptom recurrences after achieving sustained
symptom resolution and examined how this varied based on the
definition of sustained. The analyses were conducted separately
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for participants at high risk versus standard risk of progression to
severe COVID-19 (risk groups defined in “Methods” section)
given that recent and current trials often address these popula-
tions separately (both in defining trial eligibility and primary
analysis populations). It is important to understand the perfor-
mance of these measures among patients with different levels
of risk for progression of COVID-19 as the pandemic has evolved
to have lower rates of hospitalization and death and future drug
development in this area will likely need to rely on symptom end
points. At the time these measures were developed, there were no
data to inform the design of such measures for outpatient
COVID-19 treatment trials. The ACTIV-2/A5401 data presented
in this manuscript underpinned the selection of the primary and
secondary end points in the ACTIV-2/A5401 platform trial for
subsequent arms, as well as the EPIC-HR (NCT04960202) and
EPIC-SR (NCT05011513) trials of ritonavir-boosted nirmatrelvir
and the National Institutes of Health-funded ACTIV-6 platform
trial (NCT04885530). Even today, no standard exists for symp-
tom outcome assessment in COVID-19 clinical trials. Our find-
ings inform the design of symptom-based outcome measures for
outpatient COVID-19 therapeutics trials, which is a considerable
challenge for drug development today.

METHODS

Study Design and Participants

ACTIV-2/A5401 is a phase 2/3 randomized, controlled plat-
form trial. This exploratory analysis includes data from partic-
ipants who received blinded saline placebo by intravenous
infusion at 38 sites in the United States during the evaluation
of the monoclonal antibody bamlanivimab [14]. Participants
were 18 years of age or older with documented severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) infection by
an FDA-authorized antigen or nucleic acid test within 7 days
prior to study entry, no more than 10 days of COVID-19 symp-
toms, and ongoing symptoms within 48 hours prior to study
entry (see Supplementary Material for qualifying symptoms),
without the need for hospitalization. Participants were catego-
rized at study entry as high risk for progression to severe
COVID-19 if aged >55 years and/or having 1 or more prede-
fined comorbidities (see Supplementary Material for protocol
definitions); those not meeting these criteria were categorized
as being at standard risk. Details of the ACTIV-2/A5401 study
design have previously been described [14]. The protocol was
approved by a central institutional review board (IRB),
Advarra (Pro00045266), with additional local IRB approval as
required by participating sites. All participants provided writ-

ten informed consent.

Participant Study Diary
Participants completed a paper symptom diary (Supplementary
Material) once each day for 29 days from day O (prior to

infusion) to day 28. They were instructed to complete the diary
at approximately the same time each day and received daily re-
minders (such as by text, telephone, email, or other method for
which the participant provided permission) to complete the di-
ary. Diaries were also reviewed by site staff at each study visit
(days 0, 2, 3, 7, 10, 14, 21, and 28). The diary included 2
COVID-19-specific global assessment questions: “Overall,
how bad are your COVID-19 symptoms TODAY?” (response
options of “no symptoms,” “mild,” “moderate,” “severe,” and
“very severe”) and “Have you returned to your usual (pre-
COVID-19) health today?” (response options of “yes” or
“no”). These were followed by self-assessment of 13 targeted
symptoms: “cough,” “shortness of breath or difficulty breathing
at rest or with activity,” “feeling feverish,” “chills,” “fatigue (low
energy),

“nausea,

» o«

body pain or muscle pain or aches,” “diarrhea,”

» o« » o«

vomiting,” “headache,” “sore throat,” “nasal ob-
struction or congestion (stuffy nose),” and “nasal discharge
(runny nose).” Participants were asked to assess each targeted

» «

symptom as “absent,” “mild,” “moderate,” or “severe,” and
made no assessment of attribution to COVID-19. The content

validity of the diary has been established [15].

Outcomes

We focused on time to sustained resolution of all targeted symp-
toms, defined as the number of days from start of study treatment
to the first of 2 consecutive days when all 13 targeted symptoms
were scored as absent. Participants were assumed to have symp-
toms during hospitalization. Measures based on the global assess-
ment questions were also constructed: time to sustained resolution
of overall COVID-19 symptoms and time to sustained return to
usual (pre-COVID-19) health, again defining sustained as 2 con-
secutive days. Details on these measures and their definitions, as
well as an alternative measure of time to sustained improvement
in all targeted symptoms, which we consider briefly, are summa-
rized in Supplementary Table 1. We considered alternative defini-
tions of sustained symptom resolution, which varied the number
of required days from 1 day to 7 days. Symptom recurrence was
defined as any of the 13 targeted symptoms recorded in the study
diary as present with mild or worse severity at any time after meet-
ing the outcome of all targeted symptoms resolved. Similarly,
overall COVID-19 symptom recurrence was defined as overall
COVID-19 symptoms recorded as present with mild or worse se-
verity at any time after meeting the outcome of overall COVID-19
symptoms resolved, and relapse of return to health status as partic-
ipants recording that they had not returned to health on at least 1
day after recording that they had returned to health.

Statistical Analysis

All analyses were conducted separately in high-risk and
standard-risk participant groups. Descriptive summaries pro-
vided an overview of targeted symptom and global symptom
severity over time. Kaplan-Meier methods were used to
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estimate the median time to each symptom outcome and per-
centage of participants not meeting the outcome by 28 days.
Censoring of follow-up for a given symptom measure was on
the last day that the symptom measure could have been
achieved. For example, if 2 consecutive days of symptoms
were required to meet the outcome, for participants completing
the diary through to day 28, censoring occurred on day 27 as
that was the last day the symptom measure could have been
met (requiring the outcome be met on days 27 and 28). A sim-
ilar approach was used if participants were lost to follow-up be-
fore day 28. Scatterplots and Spearman correlations were used
to characterize associations between symptom outcome mea-
sures for assessing internal validity (ranking participants who
did not meet the outcome by end of follow-up as worse than
those who did meet the outcome). Specifically, the validity of
the time to sustained targeted symptom resolution or improve-
ment measures (ie, clinical recovery as measured using partic-
ipant report on multiple individual symptoms, which may or
may not be COVID-19 specific but are known potential
COVID-19 symptoms—an approach commonly used now in
COVID-19 clinical trials) was assessed against the same indi-
vidual’s report of their general sense of recovery from
COVID-19 (whether or not they felt they had ongoing
COVID-19 symptoms overall or had returned to their usual
pre-COVID-19 health).

RESULTS

Participant Characteristics

The study population was composed of 158 participants en-
rolled between August and November 2020 (prior to the
emergence of the Delta and Omicron variants), including
77 in the high-risk and 81 in the standard-risk groups.
Participant characteristics are summarized in Table 1. As ex-
pected, the high-risk group was older (median 55 vs 38 years).
Median time with symptoms at study entry was 6 days in both
risk groups. Through day 28, among high-risk participants,
8 (10%) were hospitalized, none died, and 4 (5%) were
lost to follow-up. Of the hospitalizations, 4 were deemed
COVID-19-related and 4 not COVID-19-related (1 each of
severe headache, severe anemia, hyperglycemia, and pyelone-
phritis) by the blinded site investigator. None of the
standard-risk participants were hospitalized, died, or lost to
follow-up through day 28.

Profile of Symptoms and Global Assessments Over Time

Diary completion rates each day between day 0 and day 28
were generally about 90% among high-risk participants and
over 95% among standard-risk participants (Supplementary
Table 2). For both the high- and standard-risk groups, the
temporal profiles of the proportion of participants reporting
any of the targeted symptoms, reporting overall COVID-19

Table 1. Baseline Characteristics by Risk Group
Standard
High Risk Risk Overall

Characteristic n=77) (n=81) (n=158)
Age, y, median (IQR) 55 (46-62) 38 (29-47) 47 (34-55)
Sex, n (%)

Female 33 (43) 46 (57) 79 (50)

Male 44 (57) 35 (43) 79 (50)

Gender identity, cis-gender, n (%) 77 (100) 81 (100) 158 (100)
Race, n (%)

White 60 (79) 69 (85) 129 (82)

Black 8(11) 4 (5) 12 (8)

Asian 5 (7) 4 (5) 9 (6)

Other 3 (4) 4 (5) 7 (4)

Missing 1 0 1
Ethnicity, n (%)

Hispanic/Latino 19 (25) 29 (36) 48 (31)

Not Hispanic/Latino 56 (75) 51 (64) 107 (69)

Missing 2 1 3
High-risk characteristic, n (%)

Age 55y or older 42 (55)

Chronic lung disease 4 (5)

Moderate to severe asthma 6 (8)

Body mass index >35 kg/m? 19 (25)

Hypertension 44 (57)

Cardiovascular disease, including 12 (16)

history of stroke

Diabetes 15 (19)

Chronic kidney disease 3(4)

Chronic liver disease 3 (4) .
Days from symptom onset at 6 (6-7) 6 (4-7) 6 (4-7)

study entry, median (IQR)

<5d, n (%) 30 (39) 36 (44) 66 (42)

>5d, n (%) 47 (61) 45 (56) 92 (58)
Abbreviation: 1QR, interquartile range.
symptoms, and reporting not having returned to

pre-COVID-19 health were very similar (Figure 1 and
Figure 2). Many participants in both risk groups, however,
graded individual symptoms as being of worse severity than
they graded their overall COVID-19 symptoms on a given
day (Figure 1).

On day 0, similar proportions of high- and standard-risk par-
ticipants reported at least 1 of the 13 targeted symptoms as mod-
erate or severe (74% [55/74] of high-risk and 75% [60/80] of
standard-risk participants) and reported overall COVID-19
symptoms as being moderate or severe (40% [29/73] of high-risk
and 37% [30/81] of standard-risk participants). However, the
high-risk group appeared to have a slower rate of decline in pro-
portion reporting symptoms than the standard-risk group from
day 15 through day 28, although most symptoms were mild dur-
ing this period (Figure 1A and 1B). This longitudinal pattern of a
higher proportion of high-risk compared to standard-risk partic-
ipants reporting ongoing symptoms from about day 15 onwards
was also observed for the global assessments of overall
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Reported symptom severity on each study day: (A) worst symptom severity recorded across all 13 targeted symptoms among high-risk participants; (B) worst
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risk participants; and (D) symptom severity by overall COVID-19 symptoms assessment among standard-risk participants. Cand [, Response options were “no symptoms,”
“mild,” “moderate,” “severe,” and “very severe.” No participants recorded “very severe” symptoms.

COVID-19 symptoms (Figure 1C and 1D) and return to pre-
COVID-19 health (Figure 2A and 2B).

Fatigue and cough were the most common symptoms at day 0
and also tended to be the most persistent symptoms through day
28 in both risk groups (Figure 2C and 2D). Conversely, vomiting,
nausea, diarrhea, sore throat, feeling feverish, and chills were less
frequent at day 0 and less persistent during follow-up in both
groups. Besides fatigue and cough, the greater proportion in the
high-risk group with symptoms persisting from about day 15 on-
wards appeared to also be driven by greater persistence of short-
ness of breath, headache, nasal discharge, and nasal obstruction.

Relationships Between Time to Resolution of All Targeted Symptoms and
Global Measures

The distributions of time to resolution of all targeted symptoms,
time to overall COVID-19 symptom resolution, and time to re-
turn to pre-COVID-19 health (each required to be sustained for
2 consecutive days) showed very similar features in both the
high-risk and standard-risk groups (Supplementary Table 3).
The median time to achieving each of the 3 outcomes varied
very little: 16 days for the high-risk group and 15 days for the
standard-risk group for time to all targeted symptoms resolved;
15 days for both groups for time to overall COVID-19

symptoms resolved; and 14 days for the high-risk group and
15 days for the standard-risk group for time to return to pre-
COVID-19 health. Among standard-risk participants, the pro-
portion of participants achieving each outcome by day 27 (the
last day that the requirement for 2 consecutive days of symp-
toms absent could be assessed) was similar for the 3 outcomes:
79% for all targeted symptoms resolved, 81% for overall
COVID-19 symptoms resolved, and 77% for return to pre—
COVID-19 health. The proportions achieving each outcome
were lower in the high-risk group and somewhat more varied:
61%, 66%, and 70%, respectively.

Supporting the internal validity of the primary targeted
symptom resolution measure, time to sustained resolution of
all targeted symptoms for 2 days was significantly correlated
with both time to sustained resolution of overall COVID-19
symptoms and time to sustained return to health for both
risk groups: for correlation with time to overall COVID-19
symptom resolution, » = 0.80 for high risk and r = 0.68 for stan-
dard risk, and for correlation with time to return to health, r =
0.66 for high risk and r = 0.57 for standard risk, P <.0001 for all
(Figure 3). The global assessment measures (time to sustained
resolution of overall COVID-19 symptoms and time to sus-
tained return to pre-COVID-19 health) were strongly
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correlated for both risk groups (r=0.77 for high and r=0.88
for standard risk) (Supplementary Figure 1).

Examining parallel time to sustained symptom improve-
ment (rather than resolution) measures, sustained improve-
ment in all targeted symptoms occurred earlier than
sustained resolution of all targeted symptoms (median 12 vs
16 days for high risk, and 7 vs 15 days for standard risk, respec-
tively; Supplementary Table 4), largely reflecting persistence of
mild symptoms. The correlation of time to sustained improve-
ment of all targeted symptoms with time to return to health
was r = 0.54 for high-risk and r = 0.46 for standard-risk partic-
ipants (P <.0001 for both; Supplementary Figure 2). The cor-
relations of the global time to sustained improvement in
overall COVID-19 symptoms measure with time to return
to health were weaker (r=0.42 [P=.0002] and r=0.16
[P = .16] for high- and standard-risk participants, respectively;
Supplementary Figure 3) than correlations of the global time to
sustained resolution in overall COVID-19 symptoms measure
with time to return to health.

Symptom Recurrence After Resolution
Among participants who met the outcome of sustained (2 days)
resolution of all targeted symptoms, symptom recurrence

occurred in 47% (21/45) of all high-risk participants and 43%
(27/63) of all standard-risk participants (Supplementary
Table 5). The recurrent symptoms reported most frequently
by both high- and standard-risk participants were cough, fa-
tigue, headache, and nasal obstruction (Supplementary
Figure 4). Figure 4 summarizes symptom reporting for each
participant. Corresponding figures for recurrent symptoms
or relapse in return to health for the outcomes of sustained
(2 days) resolution of overall COVID-19 symptoms and return
to health are given in Supplementary Figures 5 and 6.

The percentage of participants with symptom recurrence or
relapse assessed by the global COVID-19 health status ques-
tions was lower than for recurrences of targeted symptoms after
sustained resolution all targeted symptoms for both risk
groups. Thirty-three percent (16/49) of high-risk and 26%
(17/65) of standard-risk participants reported relapse in their
overall COVID-19 symptom assessment on at least 1 day after
achieving sustained resolution of overall COVID-19 symptoms
for at least 2 days. The findings were similar in examining re-
lapse following sustained return to pre-COVID-19 health (ie,
answering “no” at least once following 2 consecutive days of an-
swering “yes” about return to pre~COVID-19 health): 31% (16/
52) of high-risk participants and 23% (14/62) of standard-risk
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participants reporting relapse on at least 1 day by day 28, after
achieving sustained return to health for at least 2
days (Supplementary Table 5).

Exploring a Requirement for More Days of Sustained Symptom Resolution
in Defining Outcomes

Requiring more than 2 consecutive days of symptoms being re-
ported as absent to define a symptom resolution outcome mea-
sure led to fewer participants meeting the outcome within the
28-day follow-up period assessed by the diary. The percentage
of high-risk participants who did not meet the targeted symp-
tom resolution outcome increased from 39% with a 2-day re-
quirement to 40% with a 4-day requirement and 47% with a
7-day requirement; the corresponding increase among
standard-risk participants was from 21% to 31% and 37%
(Supplementary Table 3). However, among both high- and
standard-risk participants, the proportion with symptom

recurrences after symptom resolution declined with increasing
stringency in days defining sustained, from 47% with a 2-day
requirement to 24% with a 7-day requirement for high-risk
participants, and from 43% to 22% for standard-risk partici-
pants (Supplementary Table 5). Rates of recurrence of nonre-
turn to health declined similarly (Supplementary Table 5).

DISCUSSION

In this analysis, we evaluated the outcome of time to sustained
resolution of 13 targeted COVID-19 symptoms for 2 consecu-
tive days, based on participant responses in a 29-day daily
symptom diary. Participant symptom assessment followed
FDA recommendations [12]. We found that time to sustained
resolution of all targeted symptoms was strongly correlated
with time to sustained resolution of overall COVID-19 symp-
toms and with time to sustained return to pre-COVID-19
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Pattern of daily diary entries for the outcome of time to sustained (2 days) targeted symptom resolution for (4) high-risk and (B) standard-risk groups. Each row

represents a participant. Meeting the outcome of all targeted symptoms resolved is given by a black dot. Green, orange, and purple boxes indicate days on which participants
recorded at least 1 of 13 targeted symptoms being present (self-reported severity of mild, moderate, or severe) in their symptom diary. The color of the box reflects the worst
symptom severity reported of all symptoms recorded as being present (green box if the worst severity reported was mild, orange box if the worst severity was moderate, and
purple box if the worst severity was severe). An x indicates days when no data were recorded. Participants are grouped by outcome, from the top of the figure down: par-
ticipants who never met the outcome, participants who met the outcome and did not report recurrent symptoms (ie, stayed resolved), and participants who met the outcome

but subsequently reported recurrence of at least 1 targeted symptom.

health in both high- and standard-risk populations, suggesting
good internal validity of the outcomes based on symptom diary
responses. Consistent with this, in the standard-risk group, the
median time to all 3 of these outcomes was the same and the
proportion of participants not meeting each outcome very sim-
ilar. In the high-risk group, there was more variability between
the measures. The medians varied from 16 days for targeted
symptom resolution, to 15 days for overall symptom resolution,
and 14 days for return to pre-COVID-19 health, with a corre-
sponding decreasing trend in proportion not meeting each out-
come by day 27: 39%, 34%, and 30%, respectively. This pattern
in the high-risk group could reflect participants self-assessing a
return to pre-COVID-19 health and resolution of overall
COVID-19 symptoms earlier than is measured by sustained
resolution of targeted symptoms because the latter is capturing
symptoms associated with comorbidities. Alternatively, the
symptoms were not felt to be significant enough to impact their
sense of recovery. Furthermore, the proportion of participants
in each risk group experiencing relapses by the 2 COVID-19-

specific global assessments was lower than the proportion expe-
riencing recurrence of targeted symptoms. These observations
suggest that global measures of overall COVID-19 symptom
resolution or return to health may be more specific measures
of recovery from COVID-19 than targeted symptom measures.
Assessment of the presence and severity of targeted symptoms
prior to COVID-19 onset could be considered in defining
symptom recovery (ie, requiring return to pre-COVID-19
baseline symptom status and not complete absence of all symp-
toms), with the recognized limitation that such reports are sub-
ject to recall bias.

The proportion of high-risk participants not achieving tar-
geted symptom resolution was high (39%). This is consistent
with other trials, including EPIC-HR, conducted before the ap-
pearance of Omicron variants, and PANORAMIC, conducted
in a largely vaccinated population early following the emer-
gence of Omicron variants [16, 17]. It is also consistent with
the long-term symptoms and sequelae following acute
COVID-19 (long COVID) with reported rates of 45% or
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more [18]. Among standard-risk participants, the proportion
not achieving targeted symptom resolution by day 27 was lower
but still significant (21%) and comparable with other trials that
enrolled later, including during the Omicron period [19-21].
The differences in temporal profiles of symptomology accord-
ing to risk group and symptom profile/severity at study entry
are therefore important considerations in designing trials, for
example affecting power and sample size considerations.

Recurrence of symptoms was common, affecting 47% of
high-risk and 43% of standard-risk participants who achieved
sustained resolution of all targeted symptoms for 2 days. This
likely reflects natural fluctuations in COVID-19, which have
been underappreciated, but could also reflect occurrence of
symptoms due to comorbidities. Requiring more than 2 consec-
utive days of sustained resolution decreased the frequency of re-
currences, but also led to a lower proportion of participants
meeting the outcome (resolved symptoms). Requiring 4 days
of sustained symptom resolution might offer a good balance
with lower rates of recurrence, while not being so stringent
that the outcome cannot be observed in a large proportion of
participants. We note that this exploratory analysis contributed
to the use of a 4-day requirement in primary or secondary symp-
tom outcome measures in the phase 3 nirmatrelvir/ritonavir
EPIC-SR and EPIC-HR trials [16, 22]. For the common practice
of using 2 consecutive days as the requirement for defining sus-
tained symptom resolution, our results (and the concerns about
possible symptom recurrence after treatment) suggest the need
for supportive analyses of symptom recurrence to rule out an ad-
verse effect of treatment or symptoms unrelated to COVID-19
on recurrence rates. Use of COVID-specific global assessment
questions may have value in providing supportive evidence of
a participant’s self-assessment of disease-specific health status.

Strengths of the analysis include blinded, standardized as-
sessments of placebo-randomized participants within the
ACTIV-2/A5401 trial, high completion rates of the diary, and
prior qualitative diary content validation [15]. An important
limitation is that the data in this analysis were collected earlier
in the COVID-19 pandemic in an unvaccinated population
with primary SARS-CoV-2 infection prior to the emergence
of the current Omicron SARS-CoV-2 variants. It is unknown
if the same observations would be found in vaccinated and/or
previously COVID-19-experienced populations, or in popula-
tions with current or future variants. Additionally, while we ob-
served high diary completion rates, we note that self-collected
long-duration diaries such as those used in ACTIV-2/A5401
and other COVID-19 trials may be burdensome to participants
and increase risk for missing data, making symptom durations
challenging to determine.

In conclusion, our results support the validity of time to sus-
tained symptom resolution outcome measures constructed
from participant-reported responses in a 29-day symptom dia-
ry that has established content validity. Confirmation of our

findings in the evolving nonhospitalized populations with
mild-to-moderate COVID-19 from current and future variant
infections will be important.
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