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ABSTRACT
Background

To characterize Coronavirus disease 2019 (COV ID-19) symptom severity, and recovery from pre-

infection through one month, overall and by risk groups.

M ethods

Symptomatic adults aged >18 years with test-confirmed COVID-19 were enrolled from
ambulatory care clinics within anational U.S. retail pharmacy network between 10/24/2024 and
08/29/2025 (NCT05160636). Adjusted mixed models for repeated measures estimated | east-squares mean
changes (LSE) and standard errors (SE) from pre-infection and on Days 1-7, 10, 14, and Week 4 from
enrollment in composite symptom scores (sum of severity ratings (0-3) across 14 symptoms), counts of
mild-to-severe, moderate-to-severe, and severe symptoms, overall and by age and clinical risk status.

Effect sizes (ES) were defined as small (0.2-<0.5), medium (>0.5), and large (>0.8).
Results

The analysis included 608 adults. On Day 1, symptom severity rose sharply from pre-infection for
the composite symptom score (LSE 14.2 [SE 0.3]; ES 2.22), mild-to-severe (7.6 [0.1]; 2.72), moderate-to-
severe (5.0[0.2]; 1.77); and severe (1.8 [0.1]; 0.92) (all p<0.001). By Week 4, composite score (0.7 [0.2];
0.26), mild-to-severe (0.5 [0.1]; 0.23); moderate-to-severe symptoms (0.1 [0.1]; 0.17) and severe
symptoms (0.2 [0.1]; 0.5) remained dightly above baseline (all p<0.025). Elevated severe symptom
durations varied: high-risk adults (through Day 3), adults <50 years (through Day 7), and adults >50 years

(through Day 7).
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Conclusions

COVID-19 was associated with notable acute symptoms in outpatients, followed by gradual
improvement over time, although symptoms still persisted at four weeks. Improvement in severe
symptoms varied by individual risk profile, reinforcing the importance risk-based follow-up and ongoing

monitoring.
Keywords

COVID-19, symptom burden, patient-reported data, outpatient, prospective, longitudinal,

repeated survey

INTRODUCTION

Sinceits emergencein late 2019, COVID-19 has resulted in widespread infection and remains an
ongoing public health concern. Hospitalization and mortality rates from SARS-CoV-2 have decreased
since the early pandemic [1]. However, ongoing circulation of the SARS-CoV-2 virus continues to pose a

significant clinical and public health challenge, especially in outpatient and community settings [2,3].

Clinical manifestations of COVID-19 range from asymptomatic infection to symptomatic illness
of varying severity. Among symptomatic individuals, illness severity and recovery are influenced by
factors such as vaccination status, age, and the presence of underlying medical conditions[4,5]. COVID-
19 symptoms commonly involve respiratory, systemic, and gastrointestinal symptoms and may vary in
both intensity and duration. While individuals of all ages are affected, older adults and those with

comorbid conditions remain at increased risk for adverse clinical outcomes[6,7].

Despite the established associations between age, comorbidities, and risk for severe COVID-19
outcomes, there remains limited evidence characterizing the nature of symptom burden changes from the

pre-infection period through recovery among outpatients overall and among high-risk groups[8]. This
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characterization is clinically important to distinguish symptom burden attributable to acute COVID-19
from baseline health status especially among different risk groups with pre-existing comorbidities and

established clinical risk of severe disease.

Prior COVID-19 burden studies using retail pharmacy recruitment primarily summarized
symptoms using overall prevalence or symptom counts and evaluated changes at the aggregate level [11-
13]. These studies did not characterize symptom burden at the individual-symptom level or evaluate
changes in the symptom presence and severity of specific symptoms over time. To address these evidence
gaps, this real-world outpatient study was performed to provide a more granular assessment of symptom
burden by characterizing the changes in the presence and severity of 14 COVID-19-related symptoms
from pre-infection period through one month following positive SARS-COV-2 test among symptomatic
adults. In addition, symptom burden and traj ectories are described among high-risk subgroups, such as
older adults and individuals with comorbid conditions, to better characterize any differencesin symptom

trajectory during the first month following infection.

METHODS

Study design and participants

This prospective, repeated-measures study enrolled symptomatic adults (>18 years) with test-
confirmed COVID-19 infection from ambulatory care clinics within a nationwide US retail pharmacy
chain (10/24/2024 to 08/29/2025). Eligible individuals were invited by email within 48 hours of a positive

rapid antigen or molecular test and completed electronic consent.

Inclusion criteria required symptoms beginning on or within four days before testing, English
proficiency, and internet access. Exclusion criteriaincluded recent COVID-19 vaccination (within 14
days prior to symptom onset), recent SARS-CoV-2 or influenzainfection (within 30 days prior to

compl eting the screening questionnaire), receipt of a non-Pfizer BioNTech vaccine after authorization of
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124  the updated 2024-2025 formulation on 08/22/2024 [14], vaccinated prior to 08/23/2024 and had received
125  their most recent COVID-19 vaccine within 6 months of the positive test date. All participants received

126  compensation for completing surveys.

127 Sociodemographic and clinical variables

128 Participants self-reported demographics, insurance type and employment status, COVID-19
129  vaccination, antiviral use, and CDC-defined risk conditions [4]. Socia Vulnerability Index (SVI) was
130  derived from ZIP codes (scores ranged from 0-1, higher scores represent more vul nerable communities)
131  [15]. High-risk status was defined as adults aged >65 years or adults of any age with >1 CDC-identified

132  COVID-19 risk condition or pregnancy [4] (See Supporting Information).

133 Assessment of symptom burden

134 Participants rated the presence and severity of 14 CDC-identified acute COVID-19-related
135 symptoms[16]. These included systemic (feeling feverish, chills or shivering, muscle or body aches,
136  headache, fatigue), respiratory (shortness of breath, nasal congestion or runny nose, cough, sore throat),
137  gastrointestinal (nausea, vomiting, diarrhea), and neurological symptoms (new loss of taste or smell).
138 Level of severity of systemic, respiratory, and nausea symptoms were rated on a4-point ordinal scale
139  (0=None, 1=Mild, 2=Moderate, 3=Severe), while the frequency of vomiting and diarrheain the last 24
140  hourswas reported (0=0 times, 1=1-2 times, 2=3-4 times, or 3=5 or more times). Changes in taste/smell
141  inthelast 24 hours were coded as 0=No change, 1=Change, 2=Cannot smell/taste). On Day 1,

142  participants retrospectively rated symptoms for pre-infection, the worst point of current infection from
143  symptom onset to study enrollment, and the worst point during the past 24 hours. Participants

144  subsequently completed symptom surveys on Days 2-7, 10, 14, and Week 4 from study enrollment to

145  capture symptom presence and severity.
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Symptom burden was assessed using four outcomes: 1) a composite score summing the ratings
from 14 symptoms[17]; 2) count of mild-to-severe symptoms; 3) count of moderate-to-severe symptoms,

4) count of severe symptoms. Higher scores indicated greater burden.
Statistical analysis

Categorical variables were summarized as counts and percentages, and continuous variables as
means and standard deviations (SD). Mixed-effects models for repeated measures (MMRM) estimated
|east-squares means and mean changes in outcomes with standard errors (SE) [18]. Time was modeled as
acategorical variableto alow for non-linear changes in symptom outcomes relative to the worst moment.
All models adjusted for: time (categorical: worst moment (reference), Day 1, Day 2, Day 3, Day 4, Day 5,
Day 6, Day 7, Day 10, Day 14, and Week 4), clinical high-risk status (high-risk/not high-risk), self-
reported sex (male/female), age group (=50 vs <50), race/ethnicity (White, Black or African American,
Hispanic or Latino, Other), SVI (categorical: <0.25, 20.25 to <0.5, 20.5 to <0.75, =20.75), US region
(Northeast, South, Midwest, West, Other), number of comorbidities (categorical: 0, 1-2, >3)), insurance
type, and the baseline score (pre-infection outcome measure). Interaction terms between clinical high-risk
status and time, and age group and time were included. Repeated measures were modeled using an
unstructured covariance matrix. MMRM model parameters are shown in Table S1 (Supporting
Information). Mean changes from pre-infection were evaluated using model -based t-tests (p<0.05, no
multiplicity adjustment). Within-cohort (standardized) effect size (ES) was calculated by dividing the
mean change from pre-infection to post-baseline by the SD of the score change. ES were interpreted using
Cohen’s d thresholds: small (0.2 - <0.5), medium (0.5 - <0.8), or large (>0.8) [19,20]. Visua summaries

were generated to illustrate symptom trajectories over time.

MMRM analyses were conducted under the assumption that data were missing at random

(MAR); no imputation was performed for missing data. This study was reported in accordance with the
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169  Strengthening the Reporting of Observational Studiesin Epidemiology (STROBE) recommendations

170  [21]. All analyses were conducted in SAS Version 9.4 (SAS Institute, Cary, NC).

171 Subgroup analysis by age and underlying health conditions

172 Prespecified subgroup analyses described symptom burden overall and within three clinically

173  relevant demographic and risk groups: 1) high-risk adults; 2) adults >50 years and 3) adults <50 years.

174 RESULTS

175  Description of baseline sociodemographic and clinical characteristics

176 A total of 608 adults were included in the analytic sample (Figure 1). The median time from

177  symptom onset to enrollment was 4 days (interquartile range (IQR) = 3-5). The mean age was 45.9 (SD =
178  14.2) years (Table 1). Most participants were females (76.5%), White (71.7%), and employed (78.3%).
179  Participants predominantly resided in the South (60.5%) in moderately vulnerable communities (mean
180 SVI=0.37). Overal, 17.4% had received the 2024-2025 Pfizer-BioNTech COVID-19 vaccine, and

181  53.9% reported antiviral use (which included treatment with either molnupiravir (Lagevrio™),

182  nirmatrelvir/ritonavir (Paxlovid™), or other antiviral medications). A total of 379 participants (62.3%)
183  were considered high-risk, while 244 participants (40.1%) were > 50 years and 364 (59.9%) were <50
184  years. Obesity (body massindex (BMI) >30) was the most prevalent (30.1%) comorbidity, followed by
185  menta health conditions (23.4%) and smoking (14.5%); five (0.8%) participants were pregnant. Survey

186  responserates declined over follow-up, with 70.1% completing the Week 4 assessment (Table 2).

187  Symptom severity prevalence

188 On Day 1 (median of 4 days since symptom onset), respiratory symptoms (stuffy or runny nose

189  (97.4%), cough (94.1%)), and systemic symptoms (fatigue or tiredness (93.6%), headache (85.7%), and
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190  body ache (81.4%), were highly prevalent (Table S2, and Figure 2A). By Week 4, stuffy or runny nose
191  (35.0%), and cough (30.3%) remained the most prevalent symptoms, followed by fatigue or tiredness
192  (28.9%), body ache (22.8%) and headache (22.1%). These symptoms remained the most reported across

193  the one-month follow-up.

194 On Day 1, the most common moderate-to-severe symptoms were fatigue or tiredness (74.2%),
195  stuffy or runny nose (73.9%) and cough (61.5%) (Table S2, and Figure 2B), though the prevalence fell

196  sharply by Week 4 (<7%).

197 The severe symptoms most reported on Day 1 (median 4 days since symptom onset) were fatigue
198  ortiredness (32.7%), stuffy or runny nose (25.5%) and headache (20.9%). However, these declined
199  rapidly with <5% reporting any severe symptom after Day 6. By Week 4, severe symptoms were rare (<1-

200  1.4%) (Table S2, and Figure 2C).
201  Mean symptom changes from prior-to-infection through one month post
202 diagnosis

203 Relative to the pre-infection period, symptom burden increased markedly at Day 1 across all

204  symptom measures (all p<0.001) (Table 2 and Figure 3A-3B). Specifically, the mean composite score
205  increased by 14.2 points (SE: 0.3), accompanied by increases of 7.6 (SE: 0.1) mild-to-severe, 5.0 (SE:
206  0.1) moderate-to-severe, and 1.8 (SE: 0.1) severe symptoms at Day 1 (Table 2 and Figure 3B). Within-
207  cohort ESfor composite score (ES: 2.22), mean number of mild-to-severe (ES: 2.72), moderate-to-severe

208  (ES:1.77) and severe symptoms (ES: 0.92) were large on Day 1.

209 Following thisinitial peak, symptom burden declined steadily across all measures. However, all
210  symptom indices remained elevated relative to pre-infection levels at Week 4. At Week 4, the composite
211  symptom score for the total population remained higher by 0.8 (SE: 0.1; p<0.001), ES: 0.32; the mean

212  number of mild-to-severe symptoms by 0.6 (SE: 0.1; p<0.001), ES: 0.28; the mean number of moderate-

10
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to-severe symptoms by 0.2 (SE: 0.004; p<0.001), ES: 0.24; and the mean number of severe symptoms by
0.2 (SE:0.1; p=0.025), ES: 0.50), all increases equivalent to small effects. Overall, these results
demonstrate a sharp increase in symptom burden at illness onset, followed by gradual improvement, with

residual symptoms persisting for several weeks.
Subgroup characteristics and symptom trajectories

Patterns of symptom burden duration were broadly similar across age and risk groups, athough
high-risk participants had slightly shorter durations of moderate-to-severe and severe symptoms. In both
younger (<50 years) and older (= 50 years) adults, durations for overall burden (composite score, mild-to-
severe, and moderate-to-severe symptoms) were comparable to the overall cohort, while severe symptom

durations were shorter. See Tables S3-S10 for detailed subgroup findings.

DISCUSSION

This prospective outpatient study found substantial acute symptom burden at study enrollment
(Day 1; corresponding to a median of 4 days since symptom onset, with variability across participants)
followed by gradual improvements over the first month after diagnosis. Symptom prevalence and severity
were high at enrollment, with widespread respiratory and systemic symptoms and large increases across
all symptom-burden measures relative to pre-infection. Although symptom burden declined over time,
composite symptom scores and counts of mild-to-severe, moderate-to-severe, and severe symptoms
remained above baseline at Week 4 in the overall cohort. Patterns for composite scores and mild-to-
severe, and moderate-to-severe symptoms were broadly similar across age- and risk-based strata, whereas
severe symptoms showed earlier improvement (i.e. transitioned to moderate or mild severity), with timing
varying by subgroup. By later time points, the absolute number of severe symptoms was low, but milder
symptoms were present in a sizable proportion of individuals at Week 4, underscoring the ongoing

clinical burden of COVID-19 in outpatient populations. These findings suggest that the time course of

11
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recovery was not uniform across subgroups, which could be driven by differences in vaccination status,

antiviral treatment, and underlying risk profiles.

The findings on symptom duration align with prior research. In a retrospective cohort of 294
outpatients, the median symptom duration was 15 days, with over 25% symptomatic beyond three weeks
[22]. Reported symptoms closely mirrored those among nonhospitalized patients in Colorado, where
fatigue, cough, and myalgias were predominant early in illness[23]. However, that study was limited to a
single US state and relied on retrospective telephone interviews conducted 10-52 days after symptom
onset, requiring full iliness recall. In contrast, the current study prospectively enrolled recently
symptomatic, test-seeking adults within 0-4 days of symptom onset and captured symptomsin real time
through surveys, minimizing recall-bias and enabling more granular characterization of symptom
trgjectories. Persistent symptom burden at one month aligns with growing evidence that some adults

experience ongoing respiratory and fatigue-related symptoms beyond the acute phase [24,25].

Prior evidence of prolonged symptoms support examining changes in burden across cohorts.
Symptom burden in the current cohort was lower than earlier COV1D-19 cohorts from the same US retail
pharmacy chain [11,13]. In the earliest cohort (January 31 to April 30, 2022) during circulation of
Omicron BA.1.1, BA.2, and BA.2.12.1, the mean number of symptoms at Week 4 was 3.1 [13]. Ina
subsequent cohort (March 2 and May 18, 2023), during XBB 1.5 predominance, mean reported symptoms
counts were 2.6 at Day 7, 1.9 at Day 14, and 0.9 at Week 4 [11]. The present cohort (October 24, 2024
and August 29, 2025) during JN.1 and XEC predominance showed correspondingly lower values of 1.9,
1.1, and 0.6. Together these data suggest progressively declining symptom burden from 2022 to 2024
consistent with lower severity associated with the JN.1 and XEC variants [26,27]. However, these
comparisons are exploratory; future work should formally evaluate differences using harmonized
symptom measures and accounting for SV, population differences, and changes in vaccination, antiviral

treatment, testing, and care-seeking.

12
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In this study, adults >50 years experienced the longest persistence of severe symptoms across age
groups. This aligns with evidence that older individuals have greater risk of severe illness and delayed
recovery from respiratory infections such asinfluenzaand COVID-19 [5,28]. A US-based registry study
found older age, and comorbidities were associated with slower symptom recovery compared to younger
ages and no comorbidities [9]. Persistent symptom burden in older adults has aso been documented in
studies with follow-up 3 to 9 months after COVID-19 illness onset (median ~ 6 months) [29]. These age-
related differences may reflect immunosenescence, reduced viral clearance, prolonged inflammation and
higher comorbidity burden among participants 250 years (mean (SD) 1.2 (1.2) vs 0.9 (1.0) among those

<50 years, p=0.002) (Table S5) that may delay recovery [30,31].

Notably, high-risk individuals experienced more rapid return to baseline of severe symptoms (by
Day 4). This may reflect higher vaccination (19.9% vs 13.5%) and antiviral treatment (59.6% vs 44.5%)
rates compared with those not at high risk (Table 1 and Table S5). Earlier antivira treatment has shown to
shorten symptom duration and reduce progression to severe disease [32], athough, the timing of
trestment initiation relative to symptom onset was not assessed. Future studies should evaluate whether
earlier antiviral initiation or clinical engagement contributes to faster symptom resolution in high-risk

populations [33,34].

Several limitations should be considered. This study relied on a convenience sample of
outpatients who were reachable by email and willing to complete internet-based surveys, potentially
limiting representativeness, particularly among individuals with limited digital access. The study
population was predominantly female, White, employed, and resided primarily in the Southern United
States, with relatively low social vulnerability, which may limit generalizability to more diverse or
disadvantaged populations. Compared with adults with a positive COVID-19 test who were contacted by
email but not included in the final analytic sample, primarily due to non-engagement, fewer were
excluded for indligibility, lack of enrollment or consent, or incomplete baseline data (Figure 1). Included

participants were more likely to be female, White, and commercially insured, further limiting
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generalizability (Table S11). Recruitment through aretail pharmacy also underrepresent individuals

seeking care through other healthcare channels.

Symptoms and symptom outcomes were self-reported and therefore subject to potential
misclassification and recall bias, especially for pre-infection symptom reporting. While the mixed-effects
model for repeated measures accounts for within-subject correlation over time, symptom severity ratings
remain inherently subjective. and all symptoms were weighted equally despite differing clinical impact.
The study period overlapped with circulation of other respiratory viruses, including influenza, which may
have influenced symptom patterns and limits generalizability beyond similar seasonal contexts.
Participants with more severe illness requiring hospitalization were likel y underrepresented, potentially
leading to underestimation of symptom severity and duration. Seventeen participants reported they did not
feel well enough to respond, which may contribute to attrition bias (Table S12). Early symptom dynamics
may be underrepresented as median enrolIment occurred 4 days after symptom onset. Surveys were only
availablein English. Age and risk status were correl ated, and subgroup analyses were not jointly
stratified. Therefore, estimates may reflect underlying age or comorbidity differences and should be
interpreted descriptively. Missing data were not imputed, and statistical testing was not adjusted for
multiple comparisons, increasing the potential for Type | error. Participant compensation may have

influenced survey completion or response behavior.

Despite these limitations, this study has important strengths. Participants were enrolled within 48
hours of testing positive, which could potentially minimize recall bias, and alow for more accurate
characterization of early symptom severity and progression. The collection of pre-infection symptom data
enabled direct estimation and quantification of symptom changes attributable to SARS-CoV-2 infection
from baseline rather than enrollment. This study leveraged repeated, structured, graded symptom severity
assessmentsin alarge, test-confirmed COVID-19 outpatient cohort, enabling nuanced and clinically

relevant characterization of COVID-19 symptom burden in non-hospitalized adults by age and risk status.
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CONCLUSION

In this prospective outpatient cohort, COVI1D-19 was associated with a pronounced acute
symptom burden followed by incomplete recovery over the first month after diagnosis. Though some
subgroups such as high-risk adults and adults younger than 50 years showed earlier improvement in
severe symptoms. Overall symptom burden remained elevated through Week 4. Persistent symptom
burden represents a clinically relevant component of acute morbidity and has implications for daily
functioning, productivity, and patient counseling. Continued attention to lingering symptoms is warranted

to inform outpatient care, recovery expectations, and supportive management strategies.

References

1. World Health Organization. COVID-19 Epidemiological Update - 24 December
2024. Available online: https://www.who.int/publications/m/item/covid-19-
epidemiological-update---24-december-2024 (accessed on January 20).

2. Koelle, K.; Martin, M.A.; Antia, R.; Lopman, B.; Dean, N.E. The changing
epidemiology of SARS-CoV-2. Science 2022, 375, 1116-1121,
doi:10.1126/science.abm4915.

3. Centers for Disease Control and Prevention. Surveillance and Data Analytics.
Available online: https://www.cdc.gov/covid/php/surveillance/index.html
(accessed on November 25).

4, Centers for Disease Control and Prevention. People with Certain Medical
Conditions and COVID-19 Risk Factors. Available online:
https://www.cdc.gov/covid/risk-factors/index.htm! (accessed on July 31).

5. Centers for Disease Control and Prevention. People at increased risk for severe
respiratory illnesses. Available online: hitps://www.cdc.gov/respiratory-
viruses/risk-factors/index.html (accessed on November 25,).

6. Centers for Disease Control and Prevention. Underlying Conditions and the
Higher Risk for Severe COVID-19. Available online:
https://www.cdc.gov/covid/hcp/clinical-care/underlying-conditions.html (accessed
on November 11).

7. Centers for Disease Control and Prevention. Symptoms of COVID-19. Available
online: https://www.cdc.gov/covid/signs-
symptoms/?CDC_AAref Val=https://www.cdc.gov/coronavirus/2019-
ncov/symptoms-testing/symptoms.html (accessed on November 25).

15


https://doi.org/10.64898/2026.08.07.26359811
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2026.08.07.26359811; this version posted August 10, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388

10.

11.

12.

13.

14.

15.

16.

17.

18.

It is made available under a CC-BY 4.0 International license .

Cheta, N.; Zakaria, D.; Demers, A.; Abdullah, P.; Aziz, S. Association between
pre-existing chronic conditions and severity of first SARS-CoV-2 infection
symptoms among adults living in Canada: a population-based survey analysis
from January 2020 to August 2022. BMC Public Health 2025, 25, 981,
doi:10.1186/s12889-025-22041-7.

Brinkley, E.; Knuth, K.; Kwon, T.; Mack, C.; Leister-Tebbe, H.; Bao, W.; Reynolds,
M.W.; Dreyer, N. Daily COVID-19 symptom assessment over 28 days - findings
from a daily direct-to-patient registry of COVID-19 positive patients. J Patient Rep
Outcomes 2023, 7, 128, doi:10.1186/s41687-023-00668-7.

Vashi, B.; Pettrone, K.; Wilson, C.S.; Chenoweth, J.G.; Brandsma, J.; Gregory,
M.K.; Genzor, P.; Striegel, D.A.; Rothman, R.E.; Hansoti, B.; et al. COVID-19
symptom severity and duration among outpatients, July 2021-May 2023: The
PROTECT observational study. PLOS ONE 2025, 20, e0314518,
doi:10.1371/journal.pone.0314518.

Di Fusco, M.; Sun, X.; Anatale-Tardiff, L.; Yehoshua, A.; Coetzer, H.; Alvarez,
M.B.; Allen, K.E.; Porter, T.M.; Puzniak, L.; Lopez, S.M.C.; et al. Impact of
bivalent BA.4/5 BNT162b2 COVID-19 vaccine on acute symptoms, quality of life,
work productivity and activity levels among symptomatic US adults testing
positive for SARS-CoV-2 at a national retail pharmacy. Vaccines 2023, 11, 1669.
Di Fusco, M.; Sun, X.; Moran, M.M.; Coetzer, H.; Zamparo, J.M.; Alvarez, M.B.;
Puzniak, L.; Tabak, Y.P.; Cappelleri, J.C. Impact of COVID-19 and effects of
booster vaccination with BNT162b2 on six-month long COVID symptoms, quality
of life, work productivity and activity impairment during Omicron. J Patient Rep
Outcomes 2023, 7, 77, doi:10.1186/s41687-023-00616-5.

Di Fusco, M.; Sun, X.; Moran, M.M.; Coetzer, H.; Zamparo, J.M.; Puzniak, L.;
Alvarez, M.B.; Tabak, Y.P.; Cappelleri, J.C. Impact of COVID-19 and effects of
BNT162b2 on patient-reported outcomes: quality of life, symptoms, and work
productivity among US adult outpatients. J Patient Rep Outcomes 2022, 6, 123,
doi:10.1186/s41687-022-00528-w.

U.S. Food & Drug Administration. FDA Approves and Authorizes Updated mRNA
COVID-19 Vaccines to Better Protect Against Currently Circulating Variants.
Available online: https://www.fda.gov/news-events/press-announcements/fda-
approves-and-authorizes-updated-mrna-covid-19-vaccines-better-protect-
against-currently (accessed on January 9).

CDC/ATSDR Social Vulnerability Index. Available online:
https://www.atsdr.cdc.gov/placeandhealth/svi/index.htm! (accessed on December
19, 2023).

Centers for Disease Control and Prevention. Symptoms of COVID-19. Available
online: https://www.cdc.gov/covid/signs-symptoms/index.htm! (accessed on
November 21,).

VanWormer, J.J.; Sundaram, M.E.; Meece, J.K.; Belongia, E.A. A cross-sectional
analysis of symptom severity in adults with influenza and other acute respiratory
illness in the outpatient setting. BMC Infectious Diseases 2014, 14, 231,
doi:10.1186/1471-2334-14-231.

Fitzmaurice, G.M.; Laird, N.M.; Ware, J.H. Applied longitudinal analysis, 2nd ed.;
Wiley: Hoboken, 2011.

16


https://doi.org/10.64898/2026.08.07.26359811
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2026.08.07.26359811; this version posted August 10, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

It is made available under a CC-BY 4.0 International license .

Cohen, J. Statistical power analysis for the behavioral sciences, 2nd ed.;
Lawrence Erlbaum Assoc: Hillsdale, NJ, USA, 1988.

McLeod, L.D.; Cappelleri, J.C.; Hays, R.D. Best (but oft-forgotten) practices:
expressing and interpreting associations and effect sizes in clinical outcome
assessments. Am J Clin Nutr 2016, 103, 685-693, doi:10.3945/ajcn.115.120378.
von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Ggtzsche, P.C,;
Vandenbroucke, J.P. The Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement: guidelines for reporting observational
studies. The Lancet 2007, 370, 1453-1457, do0i:10.1016/S0140-6736(07)61602-
X.

Lane, A.; Hunter, K.; Lee, E.L.; Hyman, D.; Bross, P.; Alabd, A.; Betchen, M.;
Terrigno, V.; Talwar, S.; Ricketti, D.; et al. Clinical characteristics and symptom
duration among outpatients with COVID-19. Am J Infect Control 2022, 50, 383-
389, do0i:10.1016/j.ajic.2021.10.039.

Vahey, G.M.; Marshall, K.E.; McDonald, E.; Martin, S.W.; Tate, J.E.; Midgley,
C.M.; Killerby, M.E.; Kawasaki, B.; Herlihy, R.K.; Alden, N.B.; et al. Symptom
Profiles and Progression in Hospitalized and Nonhospitalized Patients with
Coronavirus Disease, Colorado, USA, 2020. Emerg Infect Dis 2021, 27, 385-395,
doi:10.3201/eid2702.203729.

Tleyjeh, I.M.; Kashour, T.; Riaz, M.; Amer, S.A.; AlSwaidan, N.; Almutairi, L.;
Halwani, R.; Assiri, A. Persistent COVID-19 symptoms at least one month after
diagnosis: A national survey. J Infect Public Health 2022, 15, 578-585,
doi:10.1016/j.jiph.2022.04.006.

Han, J.H.; Womack, K.N.; Tenforde, M.W.; Files, D.C.; Gibbs, K.W.; Shapiro, N.I.;
Prekker, M.E.; Erickson, H.L.; Steingrub, J.S.; Qadir, N.; et al. Associations
between persistent symptoms after mild COVID-19 and long-term health status,
guality of life, and psychological distress. Influenza Other Respir Viruses 2022,
16, 680-689, doi:10.1111/irv.12980.

Nasrin, N.; Hasan Mumu, A.; Hasan Pranto, A.; Islam, M.R. The emergence of
JN.1 variant resurgent COVID-19 wave in India and South Asia is a global public
health concern. Journal of Infection and Public Health 2026, 19, 103146,
doi:https://doi.org/10.1016/}.jiph.2026.103146.

World Health Organization. Risk evaluation of for SARS-CoV-2 Variant Under
Monitoring: XEC. Available online: https://www.who.int/publications/m/item/risk-
evaluation-of-for-sars-cov-2-variant-under-monitoring-xec (accessed on February
12).

Tenforde, M.W.; Kim, S.S.; Lindsell, C.J.; Billig Rose, E.; Shapiro, N.I.; Files,
D.C.; Gibbs, K.W.; Erickson, H.L.; Steingrub, J.S.; Smithline, H.A.; et al.
Symptom Duration and Risk Factors for Delayed Return to Usual Health Among
Outpatients with COVID-19 in a Multistate Health Care Systems Network - United
States, March-June 2020. MMWR Morb Mortal Wkly Rep 2020, 69, 993-998,
doi:10.15585/mmwr.mm6930e1.

Logue, J.K.; Franko, N.M.; McCulloch, D.J.; McDonald, D.; Magedson, A.; Wolf,
C.R.; Chu, H.Y. Sequelae in Adults at 6 Months After COVID-19 Infection. JAMA
Network Open 2021, 4, e210830-e210830,
doi:10.1001/jamanetworkopen.2021.0830.

17


https://doi.org/10.64898/2026.08.07.26359811
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2026.08.07.26359811; this version posted August 10, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463

464

30.

31.

32.

33.

34.

35.

36.

It is made available under a CC-BY 4.0 International license .

Doherty, T.M.; Weinberger, B.; Didierlaurent, A.; Lambert, P.H. Age-related
changes in the immune system and challenges for the development of age-
specific vaccines. Ann Med 2025, 57, 2477300,
doi:10.1080/07853890.2025.2477300.

Watson, K.B.; Wiltz, J.L.; Nhim, K.; Kaufmann, R.B.; Thomas, C.W.; Greenlund,
K.J. Trends in Multiple Chronic Conditions Among US Adults, By Life Stage,
Behavioral Risk Factor Surveillance System, 2013-2023. Preventing Chronic
Disease 2025, 22, E15, doi:10.5888/pcd22.240539.

Hammond, J.; Leister-Tebbe, H.; Gardner, A.; Abreu, P.; Bao, W.; Wisemandle,
W.; Ansari, W.; Harrington, M.A.; Simén-Campos, A.; Chew, K.W.; et al.
Alleviation of COVID-19 Symptoms and Reduction in Healthcare Utilization
Among High-risk Patients Treated With Nirmatrelvir/Ritonavir (NMV/R): A Phase
3 Randomized Trial. Clinical Infectious Diseases 2024, 80, 323-330,
doi:10.1093/cid/ciae551.

Aggarwal, N.R.; Molina, K.C.; Beaty, L.E.; Bennett, T.D.; Carlson, N.E.; Mayer,
D.A.; Peers, J.L.; Russell, S.; Wynia, M.K.; Ginde, A.A. Real-world use of
nirmatrelvir-ritonavir in outpatients with COVID-19 during the era of omicron
variants including BA.4 and BA.5 in Colorado, USA: a retrospective cohort study.
Lancet Infect Dis 2023, 23, 696-705, doi:10.1016/s1473-3099(23)00011-7.
Wong, C.K.H.; Lau, J.J.; Au, I.C.H.; Lau, K.T.K.; Hung, I.F.N.; Peiris, M.; Leung,
G.M.; Wu, J.T. Optimal timing of nirmatrelvir/ritonavir treatment after COVID-19
symptom onset or diagnosis: target trial emulation. Nature Communications
2023, 14, 8377, doi:10.1038/s41467-023-43706-0.

ISPOR. Good Practices Reports & More. Available online:
https://www.ispor.org/heor-resources/good-practices (accessed on June 23).
International Society for Pharmacoepidemiology. Guidelines for Good
Pharmacoepidemiology Practices (GPP). Available online:
https://www.pharmacoepi.org/resources/policies/quidelines-08027/ (accessed on
June 25).

18


https://doi.org/10.64898/2026.08.07.26359811
http://creativecommons.org/licenses/by/4.0/

RESULTS: Tables

Table 1. Baseline characteristics

Overall COVID-19
high-risk
sample population
(N=608) (N=379)t
Age, years, mean (SD) 45,9 (14.2) 48.5(14.9)
Self-reported sex, n (%)
Femae 465 (76.5) 295 (77.8)
Race/Ethnicity, n (%)
White 436 (71.7) 288 (76.0)
Black or African American 48 (7.9) 33(8.7)
Hispanic or Latino 79 (13.0) 36 (9.5)
Asian 25(4.1) 11 (2.9)
Other 20 (3.3 11 (2.9)
US Region of residence, n (%)
Northeast 73 (12.0) 42 (11.1)
South 368 (60.5) 230 (60.7)
Midwest 133 (21.9) 88 (23.2)
West 33(54) 19 (5.0
Other\Unknown 1(0.2) (0.0)
Employment status, n (%)
Yes 476 (78.3) 283 (74.7)
(Sg[c;i)al Vulnerability Index ¢, mean 0.37 (0.21) 0.38 (0.21)

Social Vulnerability Index category*

, N (%)

[N
(]
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Overall COVID-19
high-risk
sanIe population
(N=608) (N=379)t
<0.25 205 (33.7) 120 (31.7)
>0.25 and <0.5 244 (40.1) 157 (41.4)
>0.5 and <0.75 129 (21.2) 81 (21.4)
>0.75 30 (4.9) 21 (5.5)
Antiviral use, n (%) 328 (53.9) 226 (59.6)
Received 2024-2025 Pfizer-
BioNTech vaccine, n (%) 106 (17.4) 75(19.8)
Pregnant, n (%)
No 414 (68.1) 246 (64.9)
Yes 5(0.8) 5(1.3)
Not applicable 189 (31.1) 128 (33.8)
Underlying health conditions, n (%)
gr;lx gc#;;i?gtlve cancers or 7(12) 7(18)
Cerebrovascular disease 7(1.2) 7(1.8)
Chronic kidney disease 7(1.2) 7(1.8)
Chronic lung conditions 65 (10.7) 65 (17.2)
Chronic liver disease 12 (2.0) 12(3.2)
Endocrine disorders 51 (8.4) 51 (13.5)
Heart conditions 22 (3.6) 22 (5.8)
Mental health conditions 142 (23.4) 142 (37.5)
Obesity: BM1>30 183 (30.1) 183 (48.3)
Weakened immune system/ 25 (4.1) 25 (6.6)
immunocompromised
Smoker 88 (14.5) 88 (23.2)
Active tuberculosis 0 0
Number of comorbidities, mean (SD) 101D 1.6 (1.0
>1 comorbidity, n (%) 352 (57.9) 352 (92.9)
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Overall COVID-19
high-risk
(SI\?TGF())IE) population
- (N=379)t
>1 comorbidity or pregnant, n (%) 354 (58.2) 354 (93.4)
Time from symptom onset to . .
enrollment, days, Median (IQR) 4(3-9) 4(3-9)
Time from vaccination to 964 (431.5- 890
enrollment, days, Median (IQR) 1260) (369~1,230)

BMI=body massindex; IQR=Interquartile range; SD=standard deviation; US=United States.

"High-risk criteriafor COVID-19 (defined as adults aged =65 years and adults <65 years with >1 CDC-recognized underlying health condition associated with
increased risk of getting very sick from COVID-19).

*SVI is ascore that ranges from 0 to 1. Higher values represent higher vulnerability.

SAny current/active cancers or malignancies (other than skin cancer)
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Table 2. Summary of least-square estimates' of mean change in symptom measures from prior to infection in total population.

Retention Composite acute symptom score

Number of mild to severeacute Number of moderateto severe

Number of severe acute

Time rate symptoms acute symptoms symptoms

n (%) L SE (SE) ES" p-value  LSE(SE) ES' p-value LSE(SE) ES* p-value LSE(SE) ES' p-value
mgggzng 608 (100.0) 15 (L9) 14(16) 0.1 (0.4) 00(0.1)
\,\’Avgrrfem 608(1000) 175(0.3) 281 <0001  82(0.1) 337 <0001 65(0.) 247 <0001 31(0.1) 119 <0.001
Day 1 608 (100.0) 14.2 (0.3) 222 <0.001 7.6(0.1) 272 <0.001 5.0(0.1) 1.77 <0.001 1.8(0.1) 0.92 <0.001
Day 2 508(836) 7.6(03) 144 <0001  5.1(0.1) 176 <0001 21(01) 092 <0001 06(01) 052 <0001
Day 3 516(84.9) 57(0.2) 122 <0001  41(0.) 146 <0001 14(01) 071 <0001 04(01) 051 <0001
Day 4 503(82.7)  4.4(02) 110 <0001  33(0.1) 127 <0001 09(01) 058 <0001 03(0.1) 046 <0001
Day 5 474(780) 33(02) 093 <0001  26(0.1) 104 <0001 06(01) 046 <0001 02(01) 041 <0001
Day 6 483(794) 30(02) 083 <0001  23(0.1) 089 <0001 06(0.1) 044 <0001 02(01) 040 0001
Day 7 472(776)  24(02) 069 <0001  19(01) 077 <0001 05(0.1) 036 <0001 02(0.1) 039 0004
Day 10 439(722) 20(02) 066 <0001  15(0.1) 068 <0001 04(0.1) 038 <0001 02(01) 043 0013
Day 14 432 (71.1) 1.4(0.2) 050 <0.001 1.1(0.1) 050 <0.001 0.3(0.1) 0.31 <0.001 0.2(0.1) 0.48 0.009
Week 4 426(70.1) 08(0.1) 032 <0001  0.6(0.1) 028 <0.001 (8:(%4712) 024 <0001 02(01) 050 0025

L SE=least-square estimate; SE=standard error; ES=effect size.

" east-square estimates based on mixed models for repeated measures. See Table S1 for model parameters.

* ESrefers to within-cohort effect size, was calculated as the least square estimate of mean change scores divided by the observed standard deviation of change scores

from prior to infection to follow-up.
$ Mean (standard deviation) of scores prior to infection reflect observed values and were not derived using the least squares model estimates.
Bolded values indicate P<0.05 which is considered statistically significant.

N
N
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Figures
N=30091 N=28,533 excluded for at least one of the
Patients outreached meeting inclusion criteria . following reasons:
i.e. (Adults218 years testing positive for COVID- -did not open email (n=14663)
19 via rapid diagnostic tests or rapid molecular -did not clickthrough email (12803)
assays for COVID-19 infection at ambulatory -did not complete screener (n=1067)
care clinics in a US national retail pharmacy
chain between 10/24/2024 and 08/29/2025

N=423 excluded for at least one of the following
reasons:

-previous infection within last 30 days (n=133)

-experienced COVID-19 symptoms for 5 or more

N=1558 _ _ days prior to test result (n=132)
Completed screening questionnaire -date of symptoms more than 30 days (n=13)
-received vaccine within 14 days of symptoms
—p| (n=26)

-started but did not complete screener (n=36)
-Prior to 8/23/2024: received vaccination within
the last year (n=17)

N=1135 -after 8/23/2024: received non-Pfizer BioNTech

Eligible to participate (n=158)

N=300 excluded:

-did not register (n=300)
N=835
Registered
R N=134 excluded:
"] -did not consent (n=134)
N=701
Consented
N=93 excluded:
»| -did not complete first survey (n=41)
-data failed validity checks e.g. implausible
responses (n=52)
N=608

Completed first survey and included in the
analysis sample

Figure 1. Study participant flow chart
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A Prevalence of Mild-to-Severe Symptoms
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Figure 2. Prevalence of symptoms over 4 weeks: A) Mild-to-Severe; B) Moderate-to-
Severe; C) Severe. Day -1 is a placeholder to reflect the period prior to infection or
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symptom onset; Day 0 is a placeholder to represent the worst moment of illness since
infected as reported by participants.
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Figure 3. Symptom severity measures over 4 weeks A) mean; B) mean changes from
prior to infection. Day -1 is a numerical placeholder to reflect the period prior to infection
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or symptom onset; Day 0 is a numerical placeholder that represents the worst moment
of illness since infected as reported by participants.
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