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Severe Fatigue and Persistent Symptoms at 3 Months
Following Severe Acute Respiratory Syndrome
Coronavirus 2 Infections During the Pre-Delta,
Delta, and Omicron Time Periods: A Multicenter
Prospective Cohort Study
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Background. Most research on severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants focuses on initial
symptomatology with limited longer-term data. We characterized prevalences of prolonged symptoms 3 months post-SARS-CoV-
2 infection across 3 variant time-periods (pre-Delta, Delta, and Omicron).

Methods. This multicenter prospective cohort study of adults with acute illness tested for SARS-CoV-2 compared fatigue severity,
fatigue symptoms, organ system-based symptoms, and >3 symptoms across variants among participants with a positive (“COVID-
positive”) or negative SARS-CoV-2 test (“COVID-negative”) at 3 months after SARS-CoV-2 testing. Variant periods were defined by
dates with >50% dominant strain. We performed multivariable logistic regression modeling to estimate independent effects of variants
adjusting for sociodemographics, baseline health, and vaccine status.

Results. The study included 2402 COVID-positive and 821 COVID-negative participants. Among COVID-positives, 463 (19.3%)
were pre-Delta, 1198 (49.9%) Delta, and 741 (30.8%) Omicron. The pre-Delta COVID-positive cohort exhibited more prolonged
severe fatigue (16.7% vs 11.5% vs 12.3%; P=.017) and presence of >3 prolonged symptoms (28.4% vs 21.7% vs 16.0%; P <
.001) compared with the Delta and Omicron cohorts. No differences were seen in the COVID-negatives across time-periods. In
multivariable models adjusted for vaccination, severe fatigue and odds of having >3 symptoms were no longer significant across
variants.

Conclusions. Prolonged symptoms following SARS-CoV-2 infection were more common among participants infected during pre-
Delta than with Delta and Omicron; however, these differences were no longer significant after adjusting for vaccination status,
suggesting a beneficial effect of vaccination on risk of long-term symptoms.

Clinical Trials Registration. NCT04610515.
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The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has been dynamic with numerous variants of
concern (VOCs) throughout the coronavirus disease 2019
(COVID-19) pandemic, creating challenges for clinicians, pa-
tients, and researchers. VOCs are considered more severe due
to increased transmissibility, more severe disease, reduced neu-
tralization by antibodies, reduced treatment response, or diag-
nostic detection failures [1]. To date, the Centers for Disease
Control and Prevention (CDC) has identified 6 major VOCs,
of which Delta and Omicron (including subvariants) are gener-
ally considered the most important given ramifications for di-
agnosis, treatment, and public health efforts [2, 3].

Early research suggests that infections by different VOCs re-
sult in different disease presentations [4-6]. While most VOC
research has focused on initial symptoms, the impact on
longer-term symptomatology is less clear. The differential im-
pact of VOCs is particularly important, given the increased rec-
ognition of long-term sequelae of COVID-19, often referred to
as “long COVID.” Research suggests that up to half of patients
infected with SARS-CoV-2 may experience symptoms lasting
beyond 3 months postinfection [7-12]. Fatigue is one of the
most reported symptoms and is particularly problematic, given
its impact on quality of life and return to work [10, 13].
However, there is limited research examining differences in
long COVID symptoms by viral strain. Given the evolving
pathogenic properties of SARS-CoV-2 variants, we need to bet-
ter elucidate the difference in long-term symptoms between
variants to help patients, clinicians, researchers, and policy ad-
visors plan for longer-term impacts of COVID-19.

The Innovative Support for Patients with SARS-CoV-2
Infections Registry (INSPIRE) is a multisite prospective study
designed to assess long-term symptoms and outcomes of par-
ticipants tested for SARS-CoV-2 who are symptomatic at
time of testing, including both SARS-CoV-2-positive and
SARS-CoV-2-negative participants. We sought to analyze the
difference in post-COVID-19 symptoms measured at 3 months
after first-time SARS-CoV-2 infection across 3 major variant
time periods (pre-Delta, Delta, and Omicron).

METHODS

Study Design

INSPIRE is a national study across 8 major healthcare systems
intentionally selected for diversity of geography and participant
populations. All sites broadly recruited participants regardless
of state of residence; there were no geographic or health system
limitations. Study details have been previously published [14].
In brief, INSPIRE was developed to prospectively and longitu-
dinally assess the symptoms and outcomes of participants who
test positive for SARS-CoV-2 compared with symptomatic
adults testing negative. Data are self-reported by participants
using a standardized questionnaire. The study was funded by

the CDC and approved by institutional review boards at all 8
institutions.

Participants were enrolled (virtually or in-person) if they met
the following inclusion criteria: age >18 years, fluent in English
or Spanish, self-reported symptoms suggestive of acute
SARS-CoV-2 infection at time of testing (eg, fever, cough),
and tested with a US Food and Drug Administration-
approved/authorized molecular or antigen-based assay within
the preceding 42 days. Both participants with a positive
SARS-CoV-2 test (“COVID-positive”) and those with a nega-
tive SARS-CoV-2 test (“COVID-negative”) were eligible to en-
roll. We excluded participants with previous SARS-CoV-2
infection >42 days before enrollment and those without access
to an internet-connected device (eg, smartphone, tablet, com-
puter) needed for survey completion. Participants signed in-
formed consent and completed a baseline survey and
follow-up surveys every 3 months for up to 18 months posten-
rollment. Only baseline and 3-month follow-up surveys were
examined in this study.

Surveys were sent via email or text (according to participant
preference), and participants received nominal monetary reim-
bursement for each survey completion. Surveys included ques-
tions on sociodemographic characteristics; social determinants
of health; baseline health status; testing site; common symp-
toms for SARS-CoV-2 infection; symptoms of postinfectious
syndromes; reinfection or new infection with SARS-CoV-2;
vaccination status before index illness; patient-reported out-
comes on physical, mental, and social well-being; cognitive sta-
tus; and return to work and daily activities [14]. Participants
were also asked to share information from their electronic
health record (EHR) via a secure digital platform (Hugo
Health, LLC; Guilford, Connecticut). For this study, EHR
data were only utilized to supplement vaccination data from
the surveys and to determine COVID-19 status.

Participants were required to provide proof of their
SARS-CoV-2 test result if not available in their EHR. If an ini-
COVID-negative
SARS-CoV-2 infection, we retained them in their initial group

tially participant had a subsequent
for this analysis. Only 61 participants (2.5%) converted from
COVID negative to COVID positive during the participants’

first 3 months in the study.

Survey Tools

We used the CDC Person Under Investigation symptom list to
assess prevalence of symptoms commonly reported with
SARS-CoV-2 infection. Research has suggested that systemic
symptoms (eg, fatigue, sleep, cognition) are common with
many postinfectious syndromes (eg, Epstein-Barr virus) [15].
Therefore, we also conducted detailed assessment of these
symptoms using the CDC Short Symptoms Screener, a validat-
ed tool assessing 8 systemic symptom domains (fatigue, muscle
aches, joint pain, unrefreshing sleep, problems going to/waking
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from sleep, forgetfulness, difficulty concentrating, and
dizziness/fainting) [16]. The tool was modified to reduce par-
ticipant burden by focusing on the most common symptoms,

with an emphasis on fatigue-related components.

Outcomes

Our primary outcome was prolonged (>3 months) severe fa-
tigue, defined as a Fatigue Severity Score >25, which represents
a clinically meaningful impact and is consistent with a previ-
ously established threshold for myalgic encephalomyelitis/
chronic fatigue syndrome [17]. We focused on fatigue because
of the impact on quality of life and daily activities [18].
Secondary outcomes included individual fatigue symptoms, in-
dividual and organ system-based symptoms, and multiple
symptoms (defined as >3 total symptoms) at 3 months.

Analytic Approach

We reported descriptive statistics (eg, sociodemographics, clin-
ical characteristics, symptoms) and frequency of each symptom
by VOC time period (pre-Delta, Delta, Omicron). The VOC
time period was defined as the week in which >50% of new in-
fections across the United States were attributed to each viral
VOC based on the CDC’s approach and genomic surveillance
program [19, 20]. Time-period thresholds were based on last
date of the corresponding week. Pre-Delta was defined as all
participants tested between 11 December 2020 and 25 June
2021, Delta was defined as testing between 26 June 2021 and
24 December 2021, and Omicron was defined as testing be-
tween 25 December 2021 and 25 June 2022 (Supplementary
Appendix 2). We performed a sensitivity analysis using time
periods where >90% of new infections were attributed to a giv-
en VOC, defined as follows: pre-Delta (11 December 2020-4
June 2021), Delta (24 July 2021-17 December 2021), and
Omicron (8 January 2022-25 June 2022).

We conducted y* testing to compare the risk of 8 individual
fatigue symptoms, severe fatigue, 21 individual acute symp-
toms, other constitutional symptoms, 5 organ system-based
symptoms (head/ears/eyes/nose/throat [HEENT], pulmonary,
cardiovascular, gastrointestinal, and musculoskeletal), and
presence of multiple symptom (>3 total symptoms) across
the 3 VOC periods within the COVID-positive and
COVID-negative groups, separately. We performed multivari-
able regression to examine differences across the 3 VOC time
periods in risk of severe fatigue, individual acute symptoms, or-
gan system-based symptoms, and presence
of multiple symptom with adjustment for potential confound-
ers (model 1): age, preexisting comorbidities, hospitalization
for COVID-19, and selected demographic information (gen-
der, race, and ethnicity). In model 2, we additionally adjusted
for vaccination status (>1 dose before index SARS-CoV-2
test). We performed post hoc analyses among the 3 VOC
time periods specifically as Delta versus pre-Delta, Omicron

versus pre-Delta, and Omicron versus Delta, and reported
the adjusted odds ratios with 95% confidence intervals (CIs).
We also ran the same 2 models within the COVID-negative
group enrolled during the same variant time periods as a vali-
dation exercise. All analyses were conducted using SAS version
9.4 software (SAS Inc, Cary, North Carolina).

RESULTS

At the time of analysis, 8298 individuals were screened for par-
ticipation, of whom 2596 were excluded due to incomplete en-
rollment (ie, initiated but did not finish enrollment), 156 were
ineligible, and 64 withdrew from the study. Seven participants
were excluded due to missing baseline survey or test result. A
total of 5475 were enrolled and completed a baseline survey.
Of these, 1158 participants (21.1%) were excluded because their
3-month survey was not yet due and 1094 (20.0%) had not
completed the survey within 28 days, leaving 3223 total partic-
ipants (58.9%) with complete baseline and 3-month data for
analysis (Figure 1, Supplementary Appendix 3). Median time
to 3-month survey completion was 90 days (interquartile range
[IQR], 79-95 days) for the pre-Delta group, 78 days (IQR, 77—
81 days) for Delta, and 78 days (IQR, 77-81 days) for Omicron.

Sociodemographics

Of these 3223 participants, 2402 (74.5%) were COVID positive
and 821 (25.5%) were COVID negative. Within the
COVID-positive group, participants were more commonly fe-
male (66.6%), non-Hispanic (86.0%), White (71.1%), married
or partnered (58.4%), and had private health insurance
(73.3%). Most participants were not hospitalized for
COVID-19 (94.5%). Across time periods, we enrolled 463
(19.3%) COVID-positive participants during pre-Delta, 1198
(49.9%) during Delta, and 741 (30.8%) during Omicron
periods.

Sociodemographics across variant time periods are included
in Table 1. Pre-Delta COVID-positive participants were more
commonly >50 years of age (32.2%) compared with Delta
(26.7%) or Omicron (22.5%). Other notable differences among
COVID-positive participants between groups for pre-Delta,
Delta, and Omicron were race (Black: 18.0% vs 5.7% vs
5.3%), health insurance (private insurance: 64.8% vs 74.5% vs
76.7%), unemployment (unemployed: 20.3% vs 15.6% Vs
17.9%), hospitalization (hospitalized: 13.5% vs 4.8% vs 2.5%),
and vaccination status (vaccinated: 18.4% vs 74.1% vs 98.4%).

Prolonged Fatigue Severity

Within the COVID-positive group, the prevalence of severe
fatigue at 3 months was significantly higher for pre-Delta
compared with Delta and Omicron (16.7% vs 11.5% vs
12.3%; P=.017; Table 2). These remained consistent in the sen-
sitivity analysis using 90% variant dominance threshold
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Figure 1.
syndrome coronavirus 2.

Patient flow diagram. Abbreviations: COVID™, negative test for severe acute respiratory syndrome coronavirus 2; COVID*, positive test for severe acute respiratory

(Supplementary Appendix 4). However, after adjustment for
sociodemographics, preexisting medical conditions, hospitali-
zation, and vaccination status (model 2), the differences were
no longer significant (Delta vs pre-Delta: 0.79 [95% CI, .52-
1.20]; Omicron vs pre-Delta: 0.94 [95% CI, .56-1.60];
Omicron vs Delta: 1.20 [95% CI, .82-1.75]; Supplementary
Appendix 5).

Overall, more COVID-negative participants than COVID-
positive participants reported severe fatigue (17.8% vs 12.7%,

respectively). However, within the COVID-negative cohort,
there was no significant difference in any individual fatigue el-
ements or in severe fatigue across the VOC time periods (16.8%
vs 19.8% vs 16.4%; P =.495; Supplementary Appendix 6).

Prolonged COVID-19 Symptoms

Among the COVID-positive cohort, significant differences
were found in symptoms reported at 3 months between the
VOC cohorts (Table 3). Significantly more participants in the
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Table 1. Characteristics of Severe Acute Respiratory Syndrome Coronavirus 2-Positive Study Participants by Variant of Concern Time Period

Variant of Concern Time Period

Pre-Delta Omicron

Characteristic (N=2402) (n=463) Delta (n=1198) (n=741) P Value

Age, y* <.001
18-34 1000 (42.0) 166 (35.9) 500 (41.8) 334 (46.0)

35-49 752 (31.5) 147 (31.8) 376 (31.4) 229 (31.5)
50-64 446 (18.7) 116 (25.1) 217 (18.1) 113 (15.6)
>65 186 (7.8) 33 (7.1) 103 (8.6) 50 6.9)

Gender® 193
Female 1554 (66.6) 297 (66.3) 767 (65.3) 490 (68.9)

Male 750 (32.2) 149 (33.3) 388 (33.1) 213 (30.0)
Transgender/nonbinary/other 29 (1.2) 2 (0.5) 19 (1.6) 8 (1.1)

Ethnicity® .019
Hispanic 330 (14.0) 77 (16.9) 143 (12.1) 110 (15.4)

Race <.001
American Indian/Alaskan Native 16 (0.7) 4 (0.9) € (0.8) 8 (0.4)

Asian/Native Hawaiian/Pacific Islander 275 (11.8) 24 (5.3) 141 (12.0) 110 (15.4)
Black 186 (8.0) 81 (18.0) 67 (5.7) 38 (5.3)
Other 199 (8.5) 36 (8.0 93 (7.9) 70 (9.8)
White 1665 (71.1) 305 (67.8) 867 (73.7) 493 (69.1)

Education® <.001
Less than high school 26 (1.1) 10 (2.2) 12 (1.0) 4 (0.6)

High school graduate 155 (6.7) 69 (15.4) 47 (4.0) 39 (5.5)
Some college 347 (14.9) 78 (17.4) 176 (15.1) 93 (13.0)
2-y degree 176 (7.6) 44 (9.8) 88 (7.6) 44 (6.2)
4-y degree 814 (35.0) 125 (27.9) 434 (37.2) 255 (35.7)
More than 4-y degree 810 (34.8) 122 (27.2) 409 (35.1) 279 (39.1)

Marital status’ 012
Married/partner 1389 (58.4) 240 (53.6) 716 (60.1) 433 (58.6)
Divorced/widowed/separated 225 (9.5) 57 (12.7) 113 (9.5) (515} (7.4)

Never married 764 (32.1) 151 (33.7) 362 (30.4) 251 (34.0)

Family income, USD? <.001

<10000 130 (5.5) 34 (7.6) 58 (4.9) 38 (5.1)
10000-34 999 265 (11.1) 69 (15.4) 110 9.2) 86 (11.6)
35000-49999 222 (9.3) 55 (12.3) 104 (8.7) 63 (8.5)
50 000-74 999 327 (13.8) 67 (14.9) 164 (13.8) 96 (13.0)
>75000 1296 (54.5) 218 (48.6) 677 (56.8) 401 (54.3)
Prefer not to answer 139 (5.8) 6 (1.3) 78 (6.6) 55 (7.4)

Health insurance” <.001
Private 1761 (73.3) 300 (64.8) 893 (74.5) 568 (76.7)

Public 450 (18.7) 110 (23.8) 215 (18.0) 125 (16.9)
Private and public 88 (3.7) 16 (3.5) 50 (4.2) 22 (3.0
Self-insured 103 (4.3) 37 (8.0) 40 (3.3) 26 (3.5)

Employment’ <.001
Employed, essential 1000 (42.1) 198 (44.1) 463 (38.9) 339 (45.9)

Employed, nonessential 970 (40.8) 160 (35.6) 542 (45.6) 268 (36.3)
Not employed 408 (17.2) 91 (20.3) 185 (15.6) 132 (17.9)

Tobacco use’ 1199
Daily 184 6.1) 25 (5.6) 74 (6.2) 36 (4.9)

Weekly 62 (2.0) 15 (3.3) 24 (2.0) ) (1.2)
Monthly 44 (1.5) 9 (2.0) 14 (1.2) 13 (1.8)
Less than monthly 139 (4.6) 17 (3.8) 59 (5.0) 39 (5.3)
Not at all 2605 (85.9) 384 (85.3) 1019 (85.6) 642 (86.9)

COVID-19 testing site* <.001
At home 188 (7.9) 4 (0.9) 51 (4.3) 133 (18.0)

Clinic including urgent care 357 (14.9) 69 (15.1) 190 (15.9) 98 (13.2)
Emergency department 96 (4.0) 36 (7.9) 41 (3.4) 19 (2.6)
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Table 1. Continued

Variant of Concern Time Period

Overall Pre-Delta Omicron

Characteristic (N=2402) (n=463) Delta (n=1198) (n=741) P Value
Hospital 215 (9.0) 83 (18.2) 77 (6.4) 55 (7.4)
Other 167 (7.0) 30 (6.6) 72 (6.0) 65 (8.8)
Tent/drive-up testing site 1370 (57.3) 234 (51.3) 765 (64.0) 371 (50.1)

Preexisting conditions'
Asthma 285 (12.3) 53 (13.7) 146 (13.0) 86 (12.5) .800
Hypertension 323 (13.9) 75 (19.4) 166 (14.7) 82 (12.0) .003
Diabetes 118 (5.1) 27 (7.0) 52 (4.6) 8E) (5.7) 212
Obesity 631 (27.2) 125 (32.3) 316 (28.0) 190 (27.7) .206
Emphysema/COPD 19 (0.8) 9 (2.3) 7 (0.6) 8 (0.4) .003
Heart conditions 57 (2.5) 21 (5.4) 24 2.1) 12 (1.8) <.001
Smoking 101 (4.4) 25 (6.5) 53 (4.7) 23 (3.4) .055
Kidney disease 31 (1.3) 6 (1.6) 16 (1.4) 9 (1.3) .936
Liver disease 16 (0.7) 8 2.1) ) (0.4) 3 (0.4) .003
Other condition 348 (15.0) 60 (15.5) 180 (16.0) 108 (15.7) 913
None 428 (18.4) 56 (14.5) 228 (20.2) 144 (21.0) .025
Don't know 515 (22.2) 88 (22.7) 256 (22.7) 164 (23.9) .883
Prefer not to answer 123 (5.3) 22 (5.4) 50 (4.3) 51 (6.9) .040

Hospitalized for COVID-19™ <.001
Hospitalized 129 (5.6) 55 (13.5) 56 (4.8) 18 (2.5)

Vaccination status™® <.001
Vaccinated before index COVID test 1357 (67.9) 80 (18.4) 797 (74.1) 480 (98.4)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; USD, United States dollars.

#Missing age information, n=18.

®Missing gender information, n=69.

°Missing ethnicity information, n=48.

dMiss'\ng race information, n=61.

®Missing education information, n=74.

fMissing marital status information, n=24.
9Missing family income information, n=23.
hMiss'\ng health insurance information, n=0.
'Missing employment information, n=24.

'Missing tobacco use information, n=23.

“Missing COVID-19 testing site information, n=9.
'Missing preexisting conditions information, n=79.
MMissing hospitalization for COVID-19 information, n=79.

"Missing vaccination status information, n=404.

°Vaccination status questions based on all available electronic health record and survey data; vaccine questions were added to the 3-month survey on 14 April 2021 with version change 11
March 2022 and were defined as at least 1 dose prior to the index severe acute respiratory syndrome coronavirus 2 test.

pre-Delta group compared with Delta and Omicron reported
prolonged symptoms at 3 months (52.6% vs 41.5% vs 41.5%;
P <.001). Reports of >3 symptoms in pre-Delta were more
common compared with Delta and Omicron (28.4% vs 21.7%
vs 16.0%; P <.001).

Among specific symptoms, pre-Delta cases had a higher rate
of fever, chills, loss of taste/smell, chest pain, shortness of
breath, nausea/vomiting, diarrhea, and muscle and joint aches
compared with Delta and Omicron. These findings remained
consistent in the sensitivity analysis with a 90% variant domi-
nance threshold (Supplementary Appendix 7).

In the multivariable logistic regression of COVID-positive par-
ticipants, we identified several differences in prolonged symptoms

between VOC:s (Figure 2). When compared with pre-Delta, Delta
had lower odds of dyspnea, gastrointestinal symptoms, musculo-
skeletal symptoms, and myalgias (Table 4). When compared with
pre-Delta, Omicron had lower odds of fever, chills, HEENT symp-
toms, headache, loss of taste/smell, dyspnea, chest pain, gastroin-
testinal symptoms, nausea/vomiting, diarrhea, and myalgias.
When compared with Delta, Omicron had lower odds of fever,
chills, HEENT symptoms, runny nose, loss of taste/smell, sore
throat, cough, and nausea/vomiting. A sensitivity analysis using
a 90% variant dominance threshold demonstrated no substantive
difference in findings apart from the odds ratio for headache be-
tween Omicron versus pre-Delta no longer being statistically sig-
nificant (Supplementary Appendix 8).
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Table 2. Proportion of Participants With Prolonged Fatigue Symptoms at 3 Months by Variant of Concern Time Period in Severe Acute Respiratory

Syndrome Coronavirus 2-Positive Participants

Variant of Concern Time Period

Overall
Fatigue Symptoms (N=2373) Pre-Delta (n = 456) Delta (n=1179) Omicron (n=738) P Value
Fatigue, tiredness, or exhaustion 838 (85..3); 161 (35.3) 407 (34.5) 270 (36.6) .655
Muscle aches/muscle pains 366 (15.4) 88 (19.3) 156 (13.2) 122 (16.5) .006
Pain in joints 312 (13.2) 66 (14.5) 141 (12.0) 105 (14.2) .233
Unrefreshing sleep 601 (25.3) 121 (26.5) 288 (24.4) 192 (26.0) 594
Sleep disturbance 652 (27.5) 129 (28.3) 304 (25.8) 219 (29.7) 163
Forgetfulness/memory problems 297 (12.5) 79 (17.3) 137 (11.6) 81 (11.0) .002
Difficulty thinking or concentrating 294 (12.4) 70 (15.4) 143 (12.1) 81 (11.0) .077
Dizziness or fainting 149 6.3) 36 (7.9 68 (5.8) 45 6.1) 274
Fatigue Severity Score >25 302 (12.7) 76 (16.7) 135 (11.5) 91 (12.3) .017

Data are presented as No. (%) unless otherwise indicated.
“Twenty-nine patients were excluded due to missing data at 3 months.

While adjustment for vaccination status (model 2) did not
attenuate symptom differences for pre-Delta versus Delta, vac-
cination status did attenuate differences in Omicron versus
headache, chest
(Supplementary Appendix 5). Additionally, the presence of
differed by VOCs
COVID-positive participants once vaccination status was in-
cluded in the model.

In the
COVID-negative participants (adjusting for the same covari-

pre-Delta  for pain, and diarrhea

>3 symptoms no longer among

multivariable logistic regression model of
ates except hospitalization), substantially fewer differences
were found in symptoms across variant time periods with min-
imal areas of overlap (Table 4, Supplementary Appendix 9).
When comparing COVID-positive with COVID-negative co-
horts, none of the Delta versus pre-Delta differences in symp-
toms overlapped. In Omicron versus pre-Delta, only the
differences in fevers, shakes, and myalgias overlapped. In
Omicron versus Delta, differences in fever, loss of taste/smell,
and sore throat had overlap.

DISCUSSION

In this large prospective cohort study of participants tested for
SARS-CoV-2, we identified higher rates of prolonged severe fa-
tigue and a greater number of prolonged symptoms at 3
months in participants infected during the pre-Delta timeframe
compared with Delta or Omicron. Although these associations
were significant in unadjusted analyses, they were not signifi-
cant after adjusting for sociodemographics, clinical characteris-
tics, and vaccination status, suggesting that differences in
prolonged symptoms between variants might be a function of
these factors in addition to or perhaps instead of characteristics
of each variant. However, differences in the frequency of a few
prolonged symptoms between the variants remained signifi-
cant for chills, feeling hot, shakes, loss of taste/smell, cough,

dyspnea, nausea/vomiting, and aches, which might be more
VOC specific.

This study had several strengths compared with prior liter-
ature. We used a prospective cohort, rather than relying on
retrospective data which can be subject to selection bias and
limited symptom ascertainment from EHR data collected in
routine care. We collected data directly using participant self-
report at baseline and 3 months rather than relying on
provider-documented symptoms. Therefore, our study cap-
tures a more complete symptom list and outcomes among pa-
tients who may commonly seek or receive care in settings
without a single EHR. Our study is one of a limited number
evaluating both symptoms and fatigue severity at 3 months
postinfection across variants. Prior studies have focused on
Delta and Omicron, with more limited data on pre-Delta for
comparison. We performed sensitivity analyses using 90%
thresholds, as well as using symptomatic COVID-negative co-
horts to account for potential confounders. The inclusion of
COVID-negative comparators is important to help differenti-
ate the role of specific SARS-CoV-2 variants from the impact
of other external factors (eg, societal impact of a pandemic,
exacerbation of preexisting conditions with less access to
healthcare) during each time period. Finally, we accounted
for key variables, such as vaccination status, and identified
an attenuation of both severe fatigue and presence of >3
symptoms, possibly due to vaccination.

Fatigue is a commonly reported initial and persistent symp-
tom that has received special attention among patients with
COVID-19 [13, 21, 22]. However, fatigue can vary from mild
to debilitating and present with an array of symptoms; there-
fore, it is important to use validated tools to quantify presence
and severity [23]. One large study comparing initial symptoms
among Delta versus Omicron variants reported lower rates of
fatigue early in the Omicron period [24]. We built upon this
work by specifically quantifying fatigue severity and identifying
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Table 3. Proportion of Severe Acute Respiratory Syndrome Coronavirus 2-Positive Study Participants With Symptoms at 3 Months by Variant of Concern
Time Period

Prevalence of Symptoms by Variant of Concern Time Period
No. (% of Period Total)

Overall® Pre-Delta Delta Omicron
Symptom Category (N=2390) (n=462) (n=1190) (n=738) P Value
Constitutional 587 (24.6) 142 (30.7) 278 (23.4) 167 (22.6) .003
Tired 546 (22.9) 127 (27.5) 263 (22.1) 156 (21.1) .027
Chills 147 (6.2) 49 (10.6) 84 (7.1) 14 (1.9) <.001
Feeling hot 131 (6.5) 42 (9.1) 76 (6.4) 13(1.8) <.001
Fever 77 (3.2) 30 (6.5) 46 (3.9) 1(0.1) <.001
Shakes 54 (2.3) 22 (4.8) 24 (2.0) 8(1.1) <.001
HEENT 740 (31.0) 180 (39.0) 379/(31.9) 181 (24.5) <.001
Headache 340 (14.2) 84 (18.2) 166 (14.0) 90 (12.2) .014
Runny nose 231(9.7) 42 (9.1) 132 (11.1) 57 (7.7) .047
Loss of smell 305 (12.8) 89 (19.3) 189 (16.9) 27 (3.7) <.001
Loss of taste 228 (9.5) 70 (15.2) 134 (11.3) 24 (3.3) <.001
Sore throat 186 (7.8) 35 (7.6) 109 (9.2) 42 (5.7) .022
Loss of hair 148 (6.2) 36 (7.8) 68 (5.7) 44 (6.0) 277
Pulmonary 346 (14.5) 91 (19.7) 168 (14.1) 87 (11.8) <.001
Cough 174 (7.3) 34 (7.4) 102 (8.6) 38 (5.2) .019
Shortness of breath 218 (9.1) 67 (14.5) 98 (8.2) 53 (7.2) <.001
Wheezing 63 (2.6) 14 (3.0 32(2.7) 17 (2.3) 737
Cardiovascular 187 (7.8) 53 (11.5) 86 (7.2) 48 (6.5) .004
Chest pains 127 (5.3) 41 (8.9) 59 (5.0) 27 (3.7) <.001
Palpitations 90 (3.8) 25 (5.4) 41 (3.5) 24 (3.3) 115
Gastrointestinal 153 (6.4) 47 (10.2) 70 (5.9) 36 (4.9) <.001
Diarrhea 70 (2.9) 22 (4.8) 31(2.6) 17 (2.3) .032
Nausea or vomiting 71 (3.0 22 (4.8) 37 (3.1) 12 (1.6) .007
Abdominal pain 51 (2.1) 12 (2.6) 27 (2.3) 12 (1.6) 475
Musculoskeletal 387 (16.2) 104 (22.5) 171 (14.4) 112 (15.2) <.001
Aches 303 (12.7) 94 (20.4) 131 (11.0) 78 (10.6) <.001
Joint pain 266 (11.1) 71 (15.4) 115 (9.7) 80 (10.8) <.001
>3 symptoms (not including Other) 507 (21.2) 131 (28.4) 258 (21.7) 118 (16.0) <.001
Other symptoms 105 (4.4) 27 (5.8) 50 (4.2) 28 (3.8) 218
No symptoms 1347 (56.4) 219 (47.4) 696 (58.5) 432 (58.5) <.001

Abbreviation: HEENT, head/ears/eyes/nose/throat.
#Twelve patients were excluded due to missing data at 3 months.

differences in persistent fatigue 3 months postinfection, which
was not performed in the prior study.

Whereas in the unadjusted models, prolonged severe fatigue
was greatest among COVID-positive patients in the pre-Delta
period, these differences were absent after accounting for po-
tentially confounding variables including sociodemographics
and vaccination status. This might be explained by baseline dif-
ferences between participants contributing to higher rates of
postevent symptoms, including prior hospitalization and
preexisting comorbidities. Prior research has identified an asso-
ciation between sociodemographics and preexisting comorbid-
ities and development of long COVID [25]. Additionally, while
Omicron has milder acute symptoms, post-COVID severe fa-
tigue did not appear to be significantly lessened between vari-
ants after factoring in sociodemographics and vaccination,
suggesting that the prolonged course might differ from acute

symptoms. Vaccination might have mitigated the difference
across variants and reduced the severity of fatigue experienced.
Prior research has demonstrated a reduction in long COVID
among vaccinated patients (without known variant status)
[26-32]. However, there was a significantly elevated rate of vac-
cination in our Omicron patient population (98% of partici-
pants) compared to the other variants and some evidence of
collinearity between vaccination status and variant time period.
This reflects the challenges of real-world pandemic data (in-
cluding vaccine release timing), and we cannot fully disentan-
gle the impact of vaccination from other variant-related factors.

Interestingly, we identified a higher rate of prolonged fatigue
in  COVID-negative compared  with
COVID positive. While the reason for this finding is not fully
apparent, this may reflect recognition of longer-term fatigue

participants

from other infectious conditions prompting these participants
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Figure 2. Three-month symptom prevalence and adjusted odds ratios by variants at 3 months among study participants with a positive severe acute respiratory syndrome
coronavirus 2 test (COVID*). Model 1 accounted for sociodemographics (age, gender, race, ethnicity), 9 preexisting conditions (specified in Table 1), and hospitalization for
coronavirus disease 2019. Pre-Delta was considered as the reference variant period for Delta and Omicron. If the 95% confidence intervals (Cls) included 1, the difference
between the paired variant periods was not statistically significant. If the 95% Cls excluded 1, then the risk of adverse outcome in the compared variant period was sig-
nificantly lower or higher than the reference variant period. The statistically significant difference between Omicron and Delta was based on post hoc test results. Abb-
reviations: Cl, confidence interval; COVID®, positive test for severe acute respiratory syndrome coronavirus 2; HEENT, head/ears/eyes/nose/throat; OR, odds ratio.

to get testing [15]. It is also possible that this may be influenced
by the pandemic itself, including the psychosocial impact, iso-
lation, and physical inactivity leading to deconditioning.
Despite this, we did not identify a significant difference in fa-
tigue symptoms or severity across variant time periods in the
COVID-negative group, suggesting that specific time periods
did not appear to influence this.

We identified differences in the number and range of pro-
longed symptoms at 3 months between variants. Even after ad-
justing for baseline differences, lower rates of symptoms
involving >3 organ systems in the Omicron cohort compared
with pre-Delta or Delta persisted. Notably, this differed from
prolonged fatigue, which was more common in the pre-Delta
group. However, these differences were absent after adjustment
for vaccination, suggesting a potential benefit on prolonged
symptoms. The equalization of symptoms across time periods
was similar in the COVID-negative cohort, suggesting that
these
COVID-positive symptoms that remained unique may be the

symptoms may be a pandemic footprint and

true long COVID footprint. Prior studies have reported differ-
ences in initial symptoms (particularly loss of taste/smell) with
Omicron [24, 33]. Our study builds upon this by demonstrating
lower frequency at 3 months of several other symptoms, includ-
ing persistent fever, chills, and multiple HEENT symptoms (be-
yond taste/smell). Antonelli and colleagues [34] reported lower
rates of long COVID (defined as any symptom at 4 weeks). Our
study adds to this by providing data on specific symptoms, con-
trolling for more confounders, and extending follow-up to 3
months, allowing better characterization of prolonged symp-
toms across variants.

There were several limitations to this study. Most partici-
pants did not receive viral strain testing, which might have
led some to be misclassified with the incorrect variant.
However, we believe this risk is low given the short time
from emergence to dominance of VOCs. We also conducted
a sensitivity analysis looking at only those time periods with
near-exclusive VOC dominance, with no significant difference
in our findings. False-negative SARS-CoV-2 test results might
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Table 4. Adjusted Association Between Risk of Prolonged Symptoms Among the Variant Time Periods by Severe Acute Respiratory Syndrome

Coronavirus 2 Test Status (Model 1)

aOR (95% CI)®

Outcome SARS-CoV-2 Positive SARS-CoV-2 Negative
Delta vs Omicron vs Omicron vs Delta vs Omicron vs Omicron vs
Organ System Organ Symptoms Pre-Delta Pre-Delta Delta Pre-Delta Pre-Delta Delta
Constitutional Any constitutional 0.82 (.62-1.09) 0.80 (.59-1.08) 097 (77-1.22)  1.35(.82-2.22) 1.06 (.64-1.77) 0.79 (.52-1.19)
Tired 0.89 (.67-1.19) 0.86 (.63-1.17) 0.96 (.76-1.22) 1.23 (.75-2.03) 0.97 (.58-1.63) 0.79 (.52-1.20)
Chills 0.76 (.50-1.15) 0.19 (.10-.36) 0.25 (.14-.45) 0.96 (.45-2.06) 0.43 (.18-1.06) 0.45 (.21-.99)
Feeling hot 0.73 (.47-1.13) 0.19 (.09-.37) 0.25 (.14-.47) 1.26 (.54-2.98) 0.36 (.12-1.06) 0.28 (.11-.75)
Fever 0.64 (.38-1.09) 0.02 (.00-.16) 0.03 (.00-.25) 1.03 (.39-2.70) 0.24 (.06-.97) 0.24 (.07-.85)
Shakes 0.56 (.28-1.15) 0.30 (.12-.74) 0.53 (.23-1.21)  0.59 (.15-2.27) 0.06 (.01-.68) 0.11 (.01-1.06)
HEENT Any HEENT 0.84 (.65-1.09) 0.53 (.40-.71) 0.63 (.50-.79) 1.38 (.85-2.24) 1.69 (1.04-2.73) 1.22 (.83-1.79)
Headache 0.87 (.63-1.21) 0.68 (.47-.98) 0.77 (.58-1.04) 1.09 (.62-1.93) 1.16 (.66-2.06) 1.07 (.67-1.70)
Runny nose 1.31 (.87-1.96) 0.83 (.62-1.31) 0.63 (.45-.89) 1.07 (.56-2.03) 1.22 (.65-2.30) 1.14 (.68-1.91)
Loss of smell 0.86 (.63-1.17) 0.15 (.09-.25) 0.18 (.12-.28) 4.94 (1.03-23.7) 1.25 (.21-7.51) 0.25 (.08-.82)
Loss of taste 0.80 (.57-1.12) 0.17 (.10-.29) 0.22 (.14-.34) 2.64 (.83-8.33) 0.97 (.26-3.57) 0.37 (.14-.98)
Sore throat 1.18(.77-1.83) 0.65 (.39-1.08) 0.55 (.37-.81) 1.43 (.75-2.76) 0.64 (.31-1.32) 0.44 (.24-.81)
Loss of hair 1.05 (.64-1.73) 1.10 (.64-1.89) 1.04 (.69-1.58) 1.18 (.32-4.41) 2.60 (.78-8.63) 2.20 (.84-5.74)
Pulmonary Any pulmonary 0.80 (.57-1.11) 0.69 (.48-1.00) 0.87 (.65-1.17)  1.06 (.58-1.91) 0.59 (.31-1.12) 0.55 (.32-.97)
Cough 1.28 (.81-2.00) 0.72 (.43-1.23) 0.57 (.38-.85) 0.89 (.44-1.79) 0.53 (.24-1.14) 0.59 (.30-1.18)
Shortness of 0.62 (.42-.91) 0.58 (.37-.90) 0.93 (.64-1.35) 1.28 (.58-2.85) 0.55 (.22-1.37) 0.43 (.20-.94)
breath
Wheezing 0.99 (.46-2.12) 0.90 (.38-2.12) 0.91 (48-1.74)  0.65(.19-2.18) 0.41 (.11-1.56) 0.64 (.18-2.26)
Cardiovascular Any cardiovascular  0.72 (.48-1.10) 0.66 (.41-1.06) 0.92 (.62-1.36)  0.61 (.27-1.37) 0.67 (.30-1.50) 1.11 (.52-2.37)
Chest pain 0.63 (.39-1.02) 0.50 (.28-.88) 0.80 (.49-1.30)  0.65 (.25-1.74) 0.41 (.13-1.22) 0.62 (.22-1.76)
Palpitations 0.82 (.45-1.51) 0.70 (.35-1.39) 0.85(.48-1.49)  0.31(.10-.98) 0.70 (.27-1.83) 2.26 (.76-6.72)
Gastrointestinal ~ Any 0.60 (.39-.92) 0.50 (.30-.82) 0.83 (.64-1.27) 1.03 (.51-2.09) 1.19 (.59-2.39) 1.15 (.64-2.06)
gastrointestinal
Diarrhea 0.58 (.32-1.04) 0.43 (.22-.87) 0.75 (.41-1.38) 1.11 (.45-2.73) 1.13 (.46-2.78) 1.02 (.48-2.15)
Nausea or 0.70 (.39-1.28) 0.31 (.14-.68) 0.44 (.22-.87) 0.78 (.32-1.91) 0.37 (.13-1.06) 0.47 (.17-1.29)
vomiting
Abdominal pain 0.87 (.41-1.84) 0.67 (.28-1.60) 0.77 (.38-1.56)  0.46 (.14-1.49) 1.01 (.36-2.82) 2.20 (.77-6.31)
Musculoskeletal ~ Any 0.69 (.51-.95) 0.76 (.564-1.07) 1.09 (.83-1.43)  0.93 (.63-1.61) 0.79 (.44-1.39) 0.85 (.62-1.39)
musculoskeletal
Aches 0.55 (.40-.77) 0.54 (.37-.77) 0.97 (.71-1.32)  0.93 (.562-1.66) 0.51 (.27-.95) 0.55 (.31-.96)
Joint pain 0.79 (.54-1.15) 0.95 (.64-1.43) 1.21 (.88-1.66) 1.02 (.52-2.00) 0.97 (.49-1.92) 0.95 (.64-1.70)
Presence of >3 symptoms 0.85 (.64-1.13) 0.58 (.42-.80) 0.68 (.52-.87) 1.12 (.67-1.85) 0.87 (.61-1.47) 0.78 (.60-1.21)
Fatigue Severity Score >25 0.71 (.49-1.02) 0.81 (.65-1.19) 1.13 (.83-1.54) 1.24 (.73-2.11) 0.87 (.60-1.52) 0.70 (.44-1.12)

Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval; HEENT, head/ears/eyes/nose/throat; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

#Adjusted for age, gender, race, ethnicity, preexisting comorbidities, and hospitalization; bold font denotes statistical significance.

also have led to misclassification. This study required partici-
pants have access to an internet-capable device, which might
have led to selection bias. It is possible that the findings may re-
flect differences in populations enrolled across time periods. To
lessen this risk, we accounted for many epidemiologic, sociode-
mographic, and clinical variables in our adjusted analyses. We
also had differential responder rates to the follow-up survey at 3
months, with a higher proportion of nonresponders having
been impacted by social determinants of health; therefore, these
results may be less generalizable to that population. Nearly one-
third of potential participants did not complete enrollment,
and it is possible this group may differ from those who chose
to complete enrollment. The rates of symptoms identified in
our study are higher than some other studies, which may reflect

differences in population, symptom resolution timeframe (eg,
some symptoms may resolve after the 3-month timeframe),
and varied definitions of long COVID. Further data are needed
on longer-term outcomes to ascertain symptom distribution
and course over extended timeframes. Finally, data on vaccina-
tion timing, doses, and specific vaccine type were incomplete,
so we utilized a more limited definition for vaccination status
(=1 dose), which might not capture subtle differences between
vaccine regimens.

CONCLUSIONS

Our study demonstrated that post-COVID conditions differed
across SARS-CoV-2 variants. While higher rates of prolonged
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severe fatigue and multiple symptoms during pre-Delta com-
pared with Delta and Omicron were found, these differences
disappeared after accounting for sociodemographics and vacci-
nation status. We also identified distinct differences in some
prolonged symptoms between variants, which remained rela-
tively consistent even after accounting for covariates and com-
paring with symptomatic COVID-negative participants who
had stable rates of symptoms across the time periods. Our study
suggests that newer variants such as Delta and Omicron might
have a different distribution of symptoms postillness, but no
significant difference in fatigue severity or symptom quantity
after accounting for vaccination status. Despite this, persistent
symptoms remain common at 3 months post-COVID-19
among our COVID-positive and COVID-negative cohorts,
with 1 in 8 participants reporting severe fatigue.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
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