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Association Between SARS-CoV-2 Variants and Frequency 
of Acute Symptoms: Analysis of a Multi-institutional 
Prospective Cohort Study—December 20, 2020—June 20, 
2022
Ralph C. Wang,1,a, Michael Gottlieb,2,a, Juan Carlos C. Montoy,1 Robert M. Rodriguez,1 Huihui Yu,3 Erica S. Spatz,3 Christopher W. Chandler,4

Joann G. Elmore,4,5 Paavali A. Hannikainen,6 Anna Marie Chang,6 Mandy Hill,7, Ryan M. Huebinger,7 Ahamed H. Idris,8 Katherine Koo,9 Shu-Xia Li,3

Samuel McDonald,8 Graham Nichol,10 Kelli N. O’Laughlin,11 Ian D. Plumb,12 Michelle Santangelo,13 Sharon Saydah,12 Kari A. Stephens,14

Arjun K. Venkatesh,3,15,b, and Robert A. Weinstein,9,b for the Innovative Support for Patients with SARS-CoV-2 Infections Registry (INSPIRE) Groupc

1Department of Emergency Medicine, University of California San Francisco, San Francisco, California, USA, 2Department of Emergency Medicine, Rush University Medical Center, Chicago, Illinois, 
USA, 3Center for Outcomes Research and Evaluation, Section of Cardiovascular Medicine, Yale School of Medicine, New Haven, Connecticut, USA, 4Division of General Internal Medicine and Health 
Services Research, David Geffen School of Medicine, University of California Los Angeles, Los Angeles, California, USA, 5Department of Health Policy and Management, Fielding School of Public 
Health, University of California Los Angeles, Los Angeles, California, USA, 6Sidney Kimmel Medical College, Thomas Jefferson University, Philadelphia, Pennsylvania, USA, 7Department of 
Emergency Medicine, UTHealth Houston, Houston, Texas, USA, 8Department of Emergency Medicine, University of Texas Southwestern Medical Center, Dallas, Texas, USA, 9Department of 
Medicine, Division of Infectious Diseases, Rush University Medical Center, Chicago, Illinois, USA, 10Departments of Medicine and Emergency Medicine, University of Washington, Seattle, 
Washington, USA, 11Departments of Emergency Medicine and Global Health, University of Washington, Seattle, Washington, USA, 12Centers for Disease Control and Prevention, National Center for 
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Family Medicine and Biomedical Informatics & Medical Education, University of Washington, Seattle, Washington, USA, and 15Department of Emergency Medicine, Yale School of Medicine, 
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Background. While prior work examining severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants of concern 
focused on hospitalization and death, less is known about differences in clinical presentation. We compared the prevalence of acute 
symptoms across pre-Delta, Delta, and Omicron.

Methods. We conducted an analysis of the Innovative Support for Patients with SARS-CoV-2 Infections Registry (INSPIRE), a 
cohort study enrolling symptomatic SARS-CoV-2-positive participants. We determined the association between the pre-Delta, 
Delta, and Omicron time periods and the prevalence of 21 coronavirus disease 2019 (COVID-19) acute symptoms.

Results. We enrolled 4113 participants from December 2020 to June 2022. Pre-Delta vs Delta vs Omicron participants had 
increasing sore throat (40.9%, 54.6%, 70.6%; P < .001), cough (50.9%, 63.3%, 66.7%; P < .001), and runny noses (48.9%, 71.3%, 
72.9%; P < .001). We observed reductions during Omicron in chest pain (31.1%, 24.2%, 20.9%; P < .001), shortness of breath 
(42.7%, 29.5%, 27.5%; P < .001), loss of taste (47.1%, 61.8%, 19.2%; P < .001), and loss of smell (47.5%, 55.6%, 20.0%; P < .001). 
After adjustment, those infected during Omicron had significantly higher odds of sore throat vs pre-Delta (odds ratio [OR], 
2.76; 95% CI, 2.26–3.35) and Delta (OR, 1.96; 95% CI, 1.69–2.28).

Conclusions. Participants infected during Omicron were more likely to report symptoms of common respiratory viruses, such 
as sore throat, and less likely to report loss of smell and taste.

Trial registration. NCT04610515.
Keywords. COVID-19; COVID-19 symptoms; SARS-COV-2; variants of concern.
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In November 2020, the Centers for Disease Control and 
Prevention (CDC) established a national surveillance program 
for severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) variants using genomic sequencing to track 
SARS-CoV-2 lineages [1–6]. The CDC identified 6 major var
iants of concern (VOCs): Alpha, Beta, Gamma, Delta, 
Epsilon, and Omicron [2, 4]. These VOCs generally had in
creased transmissibility and immune escape characteristics 
compared with the ancestral lineage [4, 7]. The Alpha, Delta, 
and Omicron variants have resulted in the greatest clinical bur
den of disease, including surges in infections, hospitalizations, 
and deaths [8]. Omicron (B.1.1.529), the dominant variant at 
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the time of writing, includes a number of sublineages, such as 
BA.1, BA.2, BA.4, and BA.5 [8, 9]. Studies comparing 
pre-Delta with Delta cases reported increased hospitalization 
rates during the Delta period [8], and subsequent studies 
reported lower risk of hospitalization or death among those in
fected with Omicron compared with the Delta variant [10–13]. 
Despite milder infections on average with the Omicron variant, 
rapid transmission resulted in a larger absolute number of 
deaths [9, 14].

While most prior work comparing variants has focused on 
differences in death and hospitalization, less is known about as
sociated clinical features that may have implications for diag
nosis, transmission, and morbidity [15]. Coronavirus disease 
2019 (COVID-19) can present with a wide array of symptoms, 
including fever, cough, fatigue, shortness of breath, vomiting or 
diarrhea, and loss of taste or smell [16–18]. In addition, patients 
with COVID-19 may have symptoms ranging from mild or 
none to severe illness [19]. Initial CDC case definitions were 
limited to 3 typical (fever, cough, and shortness of breath) 
and 4 gastrointestinal (diarrhea, vomiting, nausea, and abdom
inal pain) symptoms suggestive of COVID-19 [20], while re
cent CDC case definitions included up to 18 symptoms, 
reflecting an evolving understanding of COVID-19 and epide
miologic evolution [21]. Prior studies from the United 
Kingdom found that symptom profiles differed by variant, in
cluding a higher prevalence of sore throat and rhinorrhea from 
Omicron and a lower prevalence of shortness of breath, loss of 
smell, and loss of taste compared with previous variants [15]. 
Understanding changes in the clinical presentation of 
COVID-19 VOCs in the United States can help guide clinicians 
and public health officials managing and monitoring 
SARS-CoV-2 infections.

Using data from the Innovative Support for Patients with 
SARS-CoV-2 Infections Registry (INSPIRE), a multicenter 
prospective study designed to assess the long-term symptoms 
of symptomatic adult patients tested for SARS-CoV-2, we 
sought to characterize the prevalence of and risk factors for 
acute symptoms across 3 major COVID-19 viral variant time 
periods in the United States: pre-Delta, Delta, and Omicron.

METHODS

Study Design and Setting

This analysis uses data collected prospectively as part of 
the INSPIRE Registry, a multisite prospective longitudinal 
cohort enrolling symptomatic SARS-CoV-2-positive and 
SARS-CoV-2-negative participants to determine long-term se
quelae. The INSPIRE study protocol has been described previ
ously [22]. Briefly, participants were recruited at the point of 
testing (eg, tent/drive-up testing site, ambulatory site, emergen
cy department, or hospital) by 1 of 8 institutions across the 
United States: Rush University (Chicago, Illinois), Yale 

University (New Haven, Connecticut), the University of 
Washington (Seattle, Washington), Thomas Jefferson 
University (Philadelphia, Pennsylvania), the University of 
Texas Southwestern (Dallas, Texas), UTHealth Houston 
(Houston, Texas), the University of California, San Francisco 
(San Francisco, California), and the University of California, 
Los Angeles (Los Angeles, California). In addition, sites recruit
ed participants through a study website and other methods, al
lowing for virtual enrollment across the entire United States. 
Study participants completed a baseline survey. A cloud-based 
platform (Hugo Health; Hugo Health, LLC, Guilford, CT, 
USA) enabled participants to share health information includ
ing patient-reported outcomes in surveys, test results, and elec
tronic health records (EHRs). We followed the Strengthening 
of Reporting of Observational Studies in Epidemiology guide
lines [23].

Patient Consent

All participants provided written informed consent (see 45 
C.F.R. part 46; 21 C.F.R. part 56). This study was reviewed 
and approved by the local institutional review boards at all 
8 sites (Rush University, Yale University, the University 
of Washington, Thomas Jefferson University, the University 
of Texas Southwestern, UTHealth Houston, the University of 
California, San Francisco, and the University of California, 
Los Angeles).

Study Participants

Participants were enrolled if they were adults (age ≥18 years), 
fluent in English or Spanish, reported symptoms suggestive 
of acute SARS-CoV-2 infection, and tested for SARS-CoV-2 
with any Food and Drug Administration–approved diagnostic 
test within 42 days before enrollment. Individuals were ineligi
ble for recruitment if they were unable to provide informed 
consent, unable to confirm the result of a diagnostic test 
for SARS-CoV-2 infection, did not have access to an 
internet-enabled device or computer that would allow for dig
ital participation in the study, had a prior SARS-CoV-2 infec
tion, or were incarcerated. While the parent study included 
COVID-negative participants, only COVID-positive partici
pants were included for this analysis.

Viral Variant Exposure

The CDC’s national genomic surveillance system collects 
SARS-CoV-2 specimens for sequencing through the National 
SARS-CoV-2 Strain Surveillance program, commercial and ac
ademic laboratories contracted by the CDC, and state and local 
public health laboratories. Viral genomic sequences are ana
lyzed and classified [4]. The proportions of variants in a popu
lation are estimated nationally, by region, and by jurisdiction 
[24]. We identified dates when the Delta and Omicron strains 
became dominant (>50% of new infections attributed to each 
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viral variant) in the United States, which allowed us to define 3 
periods of VOC dominance [24, 25]. The INSPIRE study began 
enrollment on 12/20/2020, during the pre-Delta period. 
Pre-Delta was defined as all participants tested before 6/25/ 
2021. Delta was defined as tested from 6/26/2021 to 12/24/ 
2021. Omicron was defined as tested from 12/25/2021 to 
6/25/2022 (Figure 1). Each participant was then assigned to a 
variant time period based on self-reported date of symptom on
set in INSPIRE baseline surveys.

Study Outcomes

The primary outcome was the prevalence of reporting a given 
COVID-19 symptom. We surveyed study participants after a 
diagnosis of COVID-19 to assess the presence of physical 
symptoms based on the CDC Person Under Investigation 
(PUI) symptoms list. From the PUI symptoms list, 21 individ
ual symptoms were assessed (tired, chills, feeling hot, fever, 
shakes, headache, runny nose, loss of smell, loss of taste, sore 
throat, loss of hair, cough, shortness of breath, wheezing, chest 
pain, palpitations, diarrhea, nausea or vomiting, abdominal 
pain, aches, and joint pains), classified within 1 of 6 categories: 
(1) constitutional; (2) head, ears, eyes, nose, and throat 
(HEENT); (3) pulmonary; (4) gastrointestinal; (5) musculo
skeletal; or (6) cardiovascular [19].

Analytic Approach

We described the characteristics of the study participants with 
COVID overall and by time period, including demographics, 
socioeconomic status, self-reported preexisting medical condi
tions, and details of the visit during which they were tested. In 
addition, we reported COVID-19 vaccination initiation status, 
defined as a participant with evidence of at least 1 dose of 

COVID-19 vaccine before the index enrollment SARS-CoV-2 
test. Limited vaccination information was obtained from linked 
EHR data, and follow-up patient survey responses enabled us to 
classify whether participants received at least 1 dose. We com
pared sociodemographic and clinical characteristics of groups 
using chi-square and t tests for categorical and continuous var
iables. We then determined prevalence of individual symptoms 
at the time of illness onset among COVID-19-positive partici
pants and tested whether the distribution of symptoms differed 
across variants using independent chi-square tests.

To determine if our results were sensitive to misclassification 
of variant group, we conducted a sensitivity analysis in which 
we defined time periods of variant dominance as ≥90% of 
new infections attributed to the variant, rather than ≥50%. 
This allowed us to compare the study outcomes when partici
pant exposures were categorized with increased certainty but 
reduced cohort sizes. These thresholds were defined as: 
pre-Delta (before 6/4/2021), Delta (7/24/2021 to 12/17/2021), 
and Omicron (1/8/2022 to 6/25/2022).

We fit 2 multivariable logistic regression models to examine 
the difference in developing individual symptoms and symp
tom categories among participants infected during the 
pre-Delta, Delta, and Omicron periods. Prior studies assessing 
differences in symptoms between Omicron and Delta account
ed for age, sex, comorbidities, and vaccination status [15, 26]. 
We also adjusted these covariates but in 2 steps. The primary 
model only accounted for the demographics (age, gender, 
race, and ethnicity) that were collected at enrollment to maxi
mize the number of participants (n = 3841) in the model. We 
further fit a secondary model that additionally adjusted for 
the 9 preexisting comorbidities reported in Table 1 (eg, asthma, 
chronic obstructive pulmonary disease, diabetes, obesity, 

Figure 1. SARS-CoV-2 viral variant proportion over time in the United States (12/25/20–6/25/22). Abbreviation: SARS-CoV-2, severe acute respiratory syndrome corona
virus 2.
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Table 1. Characteristics of the COVID+ Study Participants by Variant Time Period

Variant Time Periods 
(Classified by Variant Dominance >50%)

Overall 
(n = 4113)

Pre-Delta 
(n = 714)

Delta 
(n = 1553)

Omicron 
(n = 1846) P Value

Sociodemographics

Agea <.001

18–34 y 1694 (41.5) 243 (34.1) 671 (43.3) 780 (43.0)

35–49 y 1323 (32.4) 211 (29.6) 491 (31.7) 621 (34.2)

50–64 y 748 (18.3) 192 (26.9) 268 (17.3) 288 (15.9)

65+ y 314 (7.7) 67 (9.4) 121 (7.8) 126 (6.9)

Gendera .007

Female 2665 (66.6) 452 (64.8) 985 (64.7) 1228 (69.0)

Male 1283 (32.1) 243 (34.8) 514 (33.8) 526 (29.6)

Transgender/nonbinary/other 51 (1.3) 3 (0.4) 23 (1.5) 25 (1.4)

ethnicitya .520

Non-Hispanic 3439 (85.4) 594 (84.6) 1321 (86.2) 1524 (85.0)

Hispanic 589 (14.6) 108 (15.4) 212 (13.8) 269 (15.0)

Racea <.001

American Indian/Alaskan Native 25 (0.6) 5 (0.7) 12 (0.8) 8 (0.5)

Asian/Native Hawaiian/Pacific Islander 513 (12.9) 34 (4.9) 176 (11.6) 303 (17.1)

Black 366 (9.2) 183 (26.5) 99 (6.5) 84 (4.7)

Other 333 (8.3) 49 (7.1) 129 (8.5) 155 (8.7)

White 2755 (69.0) 421 (60.8) 1107 (72.7) 1227 (69.1)

Educationa <.001

Less than high school 58 (1.5) 26 (3.8) 19 (1.3) 13 (0.7)

High school graduate 310 (7.8) 143 (20.7) 77 (5.1) 90 (5.1)

Some college 560 (14.1) 122 (17.7) 240 (15.9) 198 (11.2)

2-y degree 285 (7.2) 66 (9.6) 115 (7.6) 104 (5.9)

4-y degree 1331 (33.5) 176 (25.5) 555 (36.8) 600 (33.9)

>4-y degree(s) 1429 (36.0) 158 (22.9) 504 (33.4) 767 (43.3)

Marital statusa <.001

Married/partner 2246 (55.2) 361 (52.1) 896 (58.2) 989 (53.8)

Divorced/widowed/separated 409 (10.1) 97 (14.0) 157 (10.2) 155 (8.4)

Never married 1415 (34.8) 235 (33.9) 487 (31.6) 693 (37.7)

Family incomea <.001

<10 000 231 (5.7) 66 (9.6) 80 (5.2) 85 (4.6)

10 000–34 999 433 (10.6) 125 (18.1) 140 (9.1) 168 (9.2)

35 000–49 999 379 (9.3) 85 (12.3) 149 (9.7) 145 (7.9)

50 000–74 999 545 (13.4) 111 (16.1) 207 (13.4) 227 (12.4)

75 000+ 2225 (54.7) 290 (42.0) 859 (55.8) 1076 (58.6)

Prefer not to answer 255 (6.3) 14 (2.0) 105 (6.8) 136 (7.4)

Health insurancea <.001

Private 3003 (73.0) 427 (59.8) 1130 (72.8) 1446 (78.3)

Public 773 (18.8) 201 (28.2) 295 (19.0) 277 (15.0)

Private and pubic 134 (3.3) 26 (3.6) 59 (3.8) 49 (2.7)

Self-insured 203 (4.9) 60 (8.4) 69 (4.4) 74 (4.0)

Employmenta <.001

Employed, essential 1704 (41.9) 289 (41.6) 618 (40.2) 797 (43.4)

Employed, nonessential 1661 (40.8) 247 (35.5) 687 (44.7) 727 (39.6)

Not employed 704 (17.3) 159 (22.9) 233 (15.2) 312 (17.0)

Clinical characteristicsa

Tobacco use .007

Daily 240 (5.9) 38 (5.5) 105 (6.8) 97 (5.3)

Weekly 75 (1.8) 22 (3.2) 31 (2.0) 22 (1.2)

Monthly 61 (1.5) 13 (1.9) 19 (1.2) 29 (1.6)

Less than monthly 214 (5.3) 25 (3.6) 83 (5.4) 106 (5.8)

Not at all 3480 (85.5) 598 (85.9) 1300 (84.5) 1582 (86.2)
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hypertension, smoking) and vaccination initiation status col
lected during follow-up surveys. The secondary model included 
approximately half of the participants (n = 1847) from the 
primary model. Data analyses were conducted using SAS 9.4. 
P values <.05 were considered significant.

RESULTS

Study Enrollment

At the time of this analysis, 8298 individuals were screened for 
participation; 2816 were excluded due to incomplete enroll
ment, ineligibility, or withdrawal from the study, leaving 
5482 enrolled in the study. Of these, 4113 tested positive for 
COVID-19 on their index test, completed baseline surveys, 
and were included in the analysis (Figure 2).

Participant Characteristics

Seven hundred fourteen (17.4%) participants were enrolled dur
ing pre-Delta, 1553 (37.8%) during Delta, and 1846 (44.9%) dur
ing Omicron. The sociodemographic and clinical characteristics 

of the participants varied by variant period (Table 1). 
Participants enrolled during Omicron were noted to have signifi
cantly different demographic, socioeconomic, and clinical charac
teristics compared with participants enrolled during pre-Delta or 
Delta. Omicron participants were less likely to be ≥50 years of 
age, Black, or have public insurance compared with pre-Delta 
and Delta participants. Omicron participants were less likely to 
be tested in the emergency department or hospital, have preexist
ing comorbidities, or require hospitalization compared with 
pre-Delta and Delta participants. During pre-Delta, 57/714 
(13.2%) were hospitalized, compared with 56/1553 (4.8%) during 
Delta and 18/1846 (2.5%) during Omicron (P < .001). In addi
tion, 99.2% of Omicron participants initiated vaccination before 
their index diagnostic test for SARS-CoV-2, as compared with 
19.3% of pre-Delta and 73.9% of Delta participants.

Symptom Prevalence

The profile of acute infection symptoms differed by variant pe
riod. Significant differences in unadjusted prevalence were 

Table 1. Continued  

Variant Time Periods 
(Classified by Variant Dominance >50%)

Overall 
(n = 4113)

Pre-Delta 
(n = 714)

Delta 
(n = 1553)

Omicron 
(n = 1846) P Value

COVID testing sitea <.001

At home 508 (12.4) 4 (0.6) 69 (4.5) 435 (23.6)

Clinic including urgent care 551 (13.4) 102 (14.4) 258 (16.7) 191 (10.4)

Emergency department 185 (4.5) 92 (13.0) 60 (3.9) 33 (1.8)

Hospital 354 (8.6) 149 (21.1) 95 (6.1) 110 (6.0)

Other 272 (6.6) 39 (5.5) 91 (5.9) 142 (7.7)

Tent/drive-up testing site 2233 (54.4) 321 (45.4) 977 (63.0) 935 (50.7)

Preexisting conditionsa,b .000

Asthma 287 (12.2) 55 (12.8) 146 (12.4) 86 (11.7)

Hypertension 327 (13.9) 79 (18.3) 166 (14.1) 82 (11.1)

Diabetes 119 (5.1) 28 (6.5) 52 (4.4) 39 (5.3)

Obesity 640 (27.3) 134 (31.1) 316 (26.9) 190 (25.8)

Emphysema/COPD 20 (0.9) 10 (2.3) 7 (0.6) 3 (0.4)

Heart conditions 57 (2.4) 21 (4.9) 24 (2.0) 12 (1.6)

Smoking 102 (4.4) 26 (6.0) 53 (4.5) 23 (3.1)

Kidney disease 31 (1.3) 6 (1.4) 16 (1.4) 9 (1.2)

Liver disease 18 (0.8) 10 (2.3) 5 (0.4) 3 (0.4)

Other 352 (15.0) 64 (14.9) 180 (15.3) 108 (14.7)

None 429 (18.3) 57 (13.2) 228 (19.4) 144 (19.5)

Don’t know 521 (22.2) 96 (22.3) 257 (21.8) 168 (22.8)

Prefer not to answer 126 (5.4) 25 (5.8) 50 (4.3) 51 (6.9)

Hospitalized for COVIDb <.001

Not hospitalized 2214 (94.4) 374 (86.8) 1122 (95.3) 718 (97.6)

Hospitalized 131 (5.6) 57 (13.2) 56 (4.8) 18 (2.5)

Vaccination initiationc <.001

Unvaccinated before index test 740 (26.8) 432 (80.7) 308 (26.1) 9 (0.9)

Vaccinated before index test 2026 (73.3) 101 (19.3) 874 (73.9) 1051 (99.2)

Abbreviations: COPD, chronic obstructive pulmonary disease; COVID, coronavirus disease; EHR, electronic health record.  
aThe missing numbers differ across the characteristics and range from 0 to 140 (3.4%). We did not observe systematic patterns in missingness and therefore assumed missingness at random. 
The % and P values were all calculated after excluding missingness.  
bQuestion asked on 3-month follow-up survey; 1685 participants did not complete the 3-month follow-up survey.  
cVaccination status questions based on all available EHR and survey data; 1347 participants were missing vaccine information.
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noted for 19 of 21 individual symptoms (Table 2). Among the 
pre-Delta, Delta, and Omicron periods, we observed an increas
ing prevalence of sore throat (40.9%, 54.6%, 70.6%; P < .001), 
cough (50.9%, 63.3%, 66.7%; P < .001), and runny nose (48.9%, 
71.3%, 72.9%; P < .001). We observed reductions in chest pain 
(31.1%, 24.2%, 20.9%; P < .001), diarrhea (30.7%, 22.9%, 18.2%; 
P < .001), and shortness of breath (42.7%, 29.5%, 27.5%; P  
< .001) across the 3 periods. Loss of taste (47.1%, 61.8%, 19.2%; 
P < .001) and loss of smell (47.5%, 55.6%, 20.0%; P < .001) in
creased during Delta and then decreased during Omicron.

In our primary model, after adjustment for age, sex, race, and 
ethnicity, Omicron was associated with significantly higher odds 
of sore throat (odds ratio [OR], 2.76; 95% CI, 2.26–3.35; vs 
pre-Delta; and OR, 1.96; 95% CI, 1.69–2.28; vs Delta) and cough 
(OR, 1.70; 95% CI, 1.40–2.07; vs pre-Delta; and OR, 1.17; 95% CI, 
1.01–1.36; vs Delta). Omicron had significantly lower odds in 16 
of 21 individual symptoms (including chills, fever, shakes, loss of 
smell, loss of taste, loss of hair, shortness of breath, chest pain, pal
pitations, diarrhea, nausea and vomiting, abdominal pain, and 
joint pains) compared with pre-Delta and lower odds in 13 of 
21 individual symptoms compared with Delta (Figure 3; 
Supplementary Appendix 2). Of note, Omicron was associated 
with lower odds of loss of smell (OR, 0.22; 95% CI, 0.18–0.27; 
vs pre-Delta; and OR, 0.13; 95% CI, 0.11–0.16; vs Delta) and 
loss of taste (OR, 0.23; 95% CI, 0.19–0.28; vs pre-Delta; and 
OR, 0.19; 95% CI, 0.16–0.22; vs Delta).

In our first sensitivity analysis defining VOC dominance as a 
viral variant exceeding 90% of the circulating virus, unadjusted 
symptom prevalence did not differ by >1% from the primary 
analysis (Supplementary Appendix 1), and odds ratios were 
similar (Supplementary Appendix 2).

In our secondary model (Supplementary Appendix 2), we 
added comorbidities and vaccination status to the model, in ad
dition to age, sex, race, and ethnicity. The association between 
Omicron and sore throat remained significant (OR, 1.61; 95% 
CI, 1.13–2.30; vs pre-Delta; and OR, 1.67; 95% CI, 1.30–2.14; 
vs Delta). We found that the association between Omicron 
with some symptoms (including constitutional, cardiovascular, 
cardiac, and musculoskeletal symptoms) was moderately 
changed after adding these additional covariates. However, 
the reduced odds of loss of smell and taste did not change 
substantially.

DISCUSSION

In a multi-institutional cohort of adults who tested positive for 
SARS-CoV-2, participants infected during Omicron were more 
likely to report symptoms of common respiratory viruses, such 
as sore throat, and less likely to report “pathognomonic” loss of 
smell and taste. Many of these findings (lower odds of fever, 
loss of smell and taste, diarrhea, and increased odds of sore 
throat) persisted after controlling for participant age, sex, 
race, and ethnicity.

Our study builds upon findings of other studies reporting 
that Omicron was associated with a lower prevalence of multi
ple acute symptoms except for sore throat. A UK study report
ed similar changes in acute symptoms, including increased 
odds of sore throat and decreased odds of loss of smell during 
Omicron compared with Delta after adjusting for age, sex, co
morbidities, and vaccination status [15]. Another study report
ed lower rates of olfactory dysfunction in Omicron after 
adjusting for age, sex, time since symptom onset, vaccination 
status, and comorbidities [27]. The results from both our pri
mary and secondary models including age, race, ethnicity, gen
der, comorbidities, and vaccination status confirm that 
Omicron-infected patients in the United States had greater 
odds of reporting sore throat compared with Delta. We also 
confirm that Omicron had lower odds of fever, loss of smell 
and taste, and diarrhea compared with Delta. Our findings 
add to this evidence by including participants from the 
pre-Delta period and providing data from the United States. 
As we concluded enrollment in June of 2022, we were also 
able to include a broader array of Omicron subvariants com
pared with prior studies.

Potential explanations for the observed change in clinical 
symptoms over time include differences in characteristics of 
the SARS-CoV-2 variants and the interaction between viral 
and host factors, including age, comorbidities, vaccine-derived 
and natural immunity, and improvements in medical treat
ments. The Omicron virus contains multiple mutations in its 
spike protein, resulting in increased transmissibility and ability 
to evade vaccine-derived neutralizing antibodies [28, 29]. 
Interestingly, in vitro studies have shown that while Omicron 

Figure 2. INSPIRE participant flow diagram. Abbreviation: INSPIRE, Innovative 
Support for Patients with SARS-CoV-2 Infections Registry.
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replicates in a similar fashion to Delta in nasal epithelial cells 
[29], Omicron replication is reduced in lung cells and gut cells, 
which may explain decreased symptoms of shortness of breath 
and gastrointestinal symptoms [30]. It is unclear what explains 
the differences in loss of smell and taste that we observed. In 
addition, the population captured in the study changed signifi
cantly over the different variant time periods: Omicron partic
ipants were less likely to be older, Black, or unvaccinated, to 
have preexisting comorbidities, or to require hospitalization 
compared with pre-Delta and Delta participants. Our data col
lection mechanism did not change, so this change may simply 
reflect changes in epidemiology over time. However, we do not 
know the extent to which epidemiological changes drove the 
changes in enrollment, or if there was some other mechanism 
that might bias enrollment. We attempted to estimate the effect 
of viral variant by adjusting for race, ethnicity, age, sex, comor
bidities, and vaccination status and still found significant differ
ences in the odds of several symptoms. Conversely, we would 

note that understanding the racial and ethnic differences in var
iants is essential to understanding if there is, and to what extent 
there is, differential impact of long COVID by race/ethnicity.

On a broader note, conventional theories of evolution might 
hold that successful pandemic pathogens must evolve to cause 
milder illness, lest they exhaust susceptible hosts in the popula
tion [31]. Prior studies comparing patients infected with 
Omicron with those infected with Delta have found lower rates 
of mortality and hospitalization [10, 11, 13]. We found lower 
unadjusted rates of hospitalization in our study. However, de
spite what appears to be lower disease severity, investigators 
have reported higher excess mortality during Omicron due to 
increased transmissibility and huge increases in absolute num
bers of cases [14]. We observed that COVID-19 symptomatol
ogy currently appears to be evolving from an illness originally 
characterized by fatigue, fever, and pulmonary, gastrointesti
nal, and neurologic symptoms to one with fewer symptoms 
(with the exception of sore throat). Clinicians should adjust 

Table 2. Proportion of COVID+ Study Participants With Acute Symptoms by Variant of Concern Time Period

Symptom Category

Overall  
(n = 4077)

Pre-Delta  
(n = 701)

Delta  
(n = 1541)

Omicron  
(n = 1835)

P ValueNo. % No. % No. % No. %

Any constitutional 3580 87.8 601 85.7 1371 89.0 1608 87.6 .090

Tired 3284 80.6 538 76.8 1280 83.1 1466 79.9 .001

Chills 2070 50.8 384 54.8 807 52.4 879 47.9 .002

Feeling hot 1924 47.2 286 40.8 791 51.3 847 46.2 <.001

Fever 1266 31.1 244 34.8 528 34.3 494 26.9 <.001

Shakes 634 15.6 138 19.7 247 16.0 249 13.6 <.001

Any HEENT 3799 93.2 602 85.9 1467 95.2 1730 94.3 <.001

Headache 2671 65.5 442 63.1 1053 68.3 1176 64.1 .011

Runny nose 2778 68.1 343 48.9 1098 71.3 1337 72.9 <.001

Loss of smell 1636 40.1 330 47.1 953 61.8 353 19.2 <.001

Loss of taste 1557 38.2 333 47.5 857 55.6 367 20.0 <.001

Sore throat 2424 59.5 287 40.9 841 54.6 1296 70.6 <.001

Loss of hair 146 3.6 34 4.9 62 4.0 50 2.7 .018

Any pulmonary 2906 71.3 465 66.3 1092 70.9 1349 73.5 .002

Cough 2557 62.7 357 50.9 976 63.3 1224 66.7 <.001

Shortness of breath 1259 30.9 299 42.7 455 29.5 505 27.5 <.001

Wheezing 460 11.3 89 12.7 178 11.6 193 10.5 .275

Any cardiovascular 1116 27.4 237 33.8 422 27.4 457 24.9 <.001

Chest pains 975 23.9 218 31.1 373 24.2 384 20.9 <.001

Palpitation 336 8.2 69 9.8 127 8.2 140 7.6 .193

Any gastrointestinal 1417 34.8 315 44.9 549 35.6 553 30.1 <.001

Diarrhea 902 22.1 215 30.7 353 22.9 334 18.2 <.001

Nausea or vomiting 738 18.1 166 23.7 271 17.6 301 16.4 <.001

Abdominal pain 467 11.5 103 14.7 184 11.9 180 9.8 .002

Any musculoskeletal 2478 60.8 441 62.9 960 62.3 1077 58.7 .046

Aches 2374 58.2 420 59.9 919 59.6 1035 56.4 .101

Joint pains 1221 30.0 245 35.0 483 31.3 493 26.9 <.001

3+ symptoms (not including other) 3705 90.8 607 86.5 1455 94.4 1643 89.5 <.001

Other symptoms 511 12.5 70 10.0 229 14.9 212 11.6 .001

No symptoms 53 1.3 29 4.1 12 0.8 12 0.7 <.001

Table 2 excludes participants (n = 36) with missing responses for symptoms prevalent at baseline.  

Abbreviations: COVID, coronavirus disease; HEENT, head, ears, eyes, nose, and throat.
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their estimation of the pretest probability of COVID-19 to in
clude those with even mild upper respiratory infection symp
toms, such as sore throat, runny nose, and cough. Providers 
should recognize that loss of smell and loss of taste, once con
sidered pathognomonic for COVID-19 infection, are far less 
prevalent. Patients should be aware that the symptom profile 
of COVID-19 is changing as the virus evolves and seek testing 
for mild symptoms. Also, as post-COVID recovery may be 
marked by several persistent conditions, such as impaired con
centration, headache, sensory disturbances, and depression, 
understanding how these differ at disease onset by variant is 
important. For example, researchers studying long COVID 
should recognize that Omicron is associated with significantly 
lower odds of initial loss of smell and taste at the time of acute 
illness, and therefore loss of smell and taste maybe a less com
mon long COVID symptom in this variant population [32].

We note some study limitations. As an ecological study, we 
did not directly measure viral genome sequence. Prior studies 
have used circulating virus benchmarks of >50% or >75% 
[15, 33]. We conducted a sensitivity analysis in which we 

identified time periods when pre-Delta, Delta, and Omicron 
consisted of >90% of circulating viruses in the United States 
and found that the differences in symptom prevalence varied 
little compared with results from our analysis using >50% of 
circulating virus, which reflects the rapid transitions between 
dominant strains and validates our cut-points for future studies 
of this pandemic.

A second limitation reflects the challenges of analyzing real- 
world pandemic data. We attempted to control for the fact that 
more elderly and Black patients were infected early in the pan
demic with adjusted analyses. In addition, we attempted to ac
count for the impact of vaccination by including vaccination 
initiation status in a secondary model; however, vaccination 
data were not available for all participants, and we were unable 
to include whether the vaccination series was completed or how 
long before the illness vaccination occurred. In addition, our 
data demonstrated evidence of collinearity between vaccination 
status and the variant time period, reflecting the real-world 
changes in the epidemiology of the COVID-19 pandemic and 
vaccination efforts. Similarly, we were unable to account for 

Figure 3. Bar chart of acute symptom prevalence and Forest plot of odds ratios for each acute symptom by variant time period (variant was >50% of circulating virus).
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the use of COVID-19 treatments, including antiviral medica
tions and monoclonal antibodies. These limitations are likely 
to be important, as is suggested by recent data from Hong 
Kong describing increased mortality during Omicron in unvac
cinated seniors [34].

Other limitations include our inability to include newer var
iants such as BA.5 (which became the dominant US subvariant 
in July 2022), which may have a different symptom profile. Our 
study also is vulnerable to potential selection bias, as we re
quired that participants had access to an internet-capable de
vice. Also, we required that participants submit survey 
responses within 42 days of enrollment, and the time interval 
between enrollment and survey responses was 19.4 days. This 
may have allowed for some recall bias, but the direction of 
this bias across viral variants is unclear.

The strengths of this study include its use of a prospective 
study design and robust data collection that directly acquired 
patient-reported symptoms within weeks of acute confirmed 
SARS-CoV-2 infection. By not relying on EHR extraction, we 
presented “first-hand” data and included patients who may 
not have sought medical care (eg, there would not be any infor
mation about these individuals’ symptoms within EHRs, and 
thus they would not be included in a study that relied exclusive
ly on EHR extraction), which provides us with a more general
izable cohort of individuals. Second, this study was conducted 
at 8 academic centers across the United States. We intentionally 
selected sites for geographic and sociodemographic diversity, 
and sites were not limited to enrolling individuals from within 
their health system. Thus, we broadly recruited patients 
throughout the United States with no limitations on state of 
residence. It is likely that these results reflect the 
COVID-19-related experiences of similar patients throughout 
the United States.

CONCLUSIONS

The clinical presentation of acute infection with SARS-CoV-2 
differed considerably during the Omicron variant period com
pared with the pre-Delta and Delta variant time periods. 
Compared with Delta, those infected with Omicron were sig
nificantly more likely to experience sore throat and less likely 
to experience fever, loss of smell and taste, and diarrhea, even 
when accounting for vaccination initiation status. As 
SARS-CoV-2 virus continues to evolve and new VOCs emerge, 
continued tracking and monitoring of acute symptoms at the 
onset of clinical illness are invaluable to our epidemiologic un
derstanding of this pandemic and to inform public health 
screening and clinical diagnostic programs.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 

authors, so questions or comments should be addressed to the correspond
ing author.
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