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Abstract

IMPORTANCE Few US studies have reexamined risk factors for SARS-CoV-2 positivity in the context
of widespread vaccination and new variants or considered risk factors for cocirculating endemic
viruses, such as rhinovirus.

OBJECTIVES To evaluate how risk factors and symptoms associated with SARS-CoV-2 test positivity
changed over the course of the pandemic and to compare these with the risk factors associated with
rhinovirus test positivity.

DESIGN, SETTING, AND PARTICIPANTS This case-control study used a test-negative design with
multivariable logistic regression to assess associations between SARS-CoV-2 and rhinovirus test
positivity and self-reported demographic and symptom variables over a 25-month period. The study
was conducted among symptomatic individuals of all ages enrolled in a cross-sectional community
surveillance study in King County, Washington, from June 2020 to July 2022.

EXPOSURES Self-reported data for 15 demographic and health behavior variables and 16 symptoms.

MAIN OUTCOMES AND MEASURES Reverse transcription–polymerase chain reaction–confirmed
SARS-CoV-2 or rhinovirus infection.

RESULTS Analyses included data from 23 498 individuals. The median (IQR) age of participants was
34.33 (22.42-45.08) years, 13 878 (59.06%) were female, 4018 (17.10%) identified as Asian, 654
(2.78%) identified as Black, and 2193 (9.33%) identified as Hispanic. Close contact with an individual
with SARS-CoV-2 (adjusted odds ratio [aOR], 3.89; 95% CI, 3.34-4.57) and loss of smell or taste (aOR,
3.49; 95% CI, 2.77-4.41) were the variables most associated with SARS-CoV-2 test positivity, but both
attenuated during the Omicron period. Contact with a vaccinated individual with SARS-CoV-2 (aOR,
2.03; 95% CI, 1.56-2.79) was associated with lower odds of testing positive than contact with an
unvaccinated individual with SARS-CoV-2 (aOR, 4.04; 95% CI, 2.39-7.23). Sore throat was associated
with Omicron infection (aOR, 2.27; 95% CI, 1.68-3.20) but not Delta infection. Vaccine effectiveness
for participants fully vaccinated with a booster dose was 93% (95% CI, 73%-100%) for Delta, but not
significant for Omicron. Variables associated with rhinovirus test positivity included being younger
than 12 years (aOR, 3.92; 95% CI, 3.42-4.51) and experiencing a runny or stuffy nose (aOR, 4.58; 95%
CI, 4.07-5.21). Black race, residing in south King County, and households with 5 or more people were
significantly associated with both SARS-CoV-2 and rhinovirus test positivity.

CONCLUSIONS AND RELEVANCE In this case-control study of 23 498 symptomatic individuals,
estimated risk factors and symptoms associated with SARS-CoV-2 infection changed over time. There
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Abstract (continued)

was a shift in reported symptoms between the Delta and Omicron variants as well as reductions in
the protection provided by vaccines. Racial and sociodemographic disparities persisted in the third
year of SARS-CoV-2 circulation and were also present in rhinovirus infection. Trends in testing
behavior and availability may influence these results.

JAMA Network Open. 2022;5(12):e2245861. doi:10.1001/jamanetworkopen.2022.45861

Introduction

Studies from the United Kingdom have found that risk factors and symptoms associated with SARS-
CoV-2 infection have fluctuated over the course of the pandemic and should be reassessed
periodically to guide control strategies.1-3 In the United States, early studies identified contact with a
case and community and workplace exposures as important risk factors,4-6 while many studies also
noted the disproportionate impact on Black, Hispanic, and socioeconomically disadvantaged
communities.7-14 Few studies in the United States have reexamined these risk factors in the context
of widespread vaccination and circulation of new variants.

A feature of the SARS-CoV-2 pandemic has been substantial reduction in the circulation of
endemic respiratory pathogens because of nonpharmaceutical interventions (NPIs), with rhinovirus
as a notable exception.15-18 After an initial decline in activity during the spring 2020 lockdown period,
rhinovirus quickly rebounded to circulate at prepandemic levels and was the only pathogen to
substantially cocirculate with SARS-CoV-2 during the first year of the pandemic.19-22 Rhinovirus is a
common pathogen that typically causes symptomatic upper respiratory tract disease in children and
adults23-26 and is generally thought to have a mild disease course. As a result, rhinovirus is relatively
poorly studied, and risk factors for infection remain unclear.

In this study, we evaluate risk factors and symptoms associated with SARS-CoV-2 test positivity
among children and adults participating in the greater Seattle Coronavirus Assessment Network
(SCAN) study over a 25-month pandemic period encompassing the circulation of new variants and
rising immunity from natural infection and vaccination. We examine characteristics associated with
all SARS-CoV-2 infections and compare risk factors for Delta and Omicron infections separately. We
contrast our findings with risk factors associated with rhinovirus test positivity during the same study
period when other endemic respiratory pathogens, such as influenza, were largely absent.

Methods

Study Design
SCAN was designed as a cross-sectional surveillance study using online community recruitment to
monitor the incidence of SARS-CoV-2 and other respiratory pathogens in the greater Seattle area
from June 10, 2020, to July 27, 2022. Participants were not hospitalized at the time of enrollment,
but were largely symptomatic (>90%) and oversampled in areas with fewer testing sites.
Recruitment criteria appear in the eMethods in Supplement 1.

Enrolled participants received a free testing kit delivered to their home for self-collection of a
nasal swab.27 Samples were tested by polymerase chain reaction (PCR) for the presence of SARS-
CoV-2 and 24 other respiratory pathogens (eFigure 1 in Supplement 1), including rhinovirus (distinct
from other enteroviruses). Presumed Delta and Omicron variants were identified using S-gene target
failure criteria. The eMethods and eTable 1 in Supplement 1 describe the study design, inclusion
criteria, and laboratory methods. This case-control study was approved by the University of
Washington institutional review board. All participants provided informed consent at enrollment.
This study followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline for case-control studies.
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Variable Definitions
To assess risk factors for infection with SARS-CoV-2 and rhinovirus, we used a test-negative
design.28-30 Participants who tested positive are referred to as cases, while those who tested
negative serve as the control group. The dependent variables in regression models were either SARS-
CoV-2 or rhinovirus positivity. Not all samples were tested for non–SARS-CoV-2 pathogens.
Therefore, in the main analysis we defined a SARS-CoV-2 case participant as any participant with a
positive SARS-CoV-2 result (including coinfections) and a SARS-CoV-2 control participant as any
participant with a negative SARS-CoV-2 result. In sensitivity analysis we restricted the sample to
those tested for other pathogens and excluded coinfections (eMethods in Supplement 1). A similar
logic was applied to presumed Delta and Omicron cases, with control participants drawn from a
comparable period as case participants. Rhinovirus case participants were defined as anyone with a
positive rhinovirus result, excluding coinfections with SARS-CoV-2. Rhinovirus control participants
included participants who had a negative rhinovirus result, after excluding those positive for SARS-
CoV-2.

Independent variables missing more than 5% of data were excluded, and for the remaining
variables, complete cases were used. Five core sociodemographic variables were included in all
models: age, sex, race and ethnicity (Asian [non-Hispanic], Black [non-Hispanic], Hispanic [any race],
White [non-Hispanic], and other [includes American Indian or Alaska Native, Native Hawaiian and
other Pacific Islander, other, and �2 races]), county region (based on Public Use Microdata Area of
residence), and social and economic risk index (SERI), a local risk indicator based on census-tract of
residence. SERI was developed by Public Health Seattle and King County to describe socioeconomic
inequalities and identify communities at increased risk for COVID-19. Details appear in the eMethods
in Supplement 1 and a report by Public Health Seattle and King County.31 We included 10 additional
demographic and health behavior variables, including close contact with a case (<6 feet away for �10
minutes), and indicator variables for 16 symptoms and number of symptoms (�3 or >3). See
eMethods, eFigure 2, and eFigure 3 in Supplement 1 for full list and associations between
independent variables. All demographic, health behavior, and symptom variables were based on self-
report. We used a categorical variable for time-period: wild-type variant (June 10, 2020, to January
31, 2021), pre-Omicron variants (February 1 to December 11, 2021), Omicron variants (December 12,
2021, to July 27, 2022). For the SARS-CoV-2 model, we included the log of the weekly reported SARS-
CoV-2 cases in the county as an external measure of community incidence. For the rhinovirus model,
we included the weekly percentage positive of rhinovirus tests from the Pacific Northwest
Respiratory Virus Epidemiology Data.32

Statistical Analysis
Following prior work,1,7,8,10,33 we used univariate and multivariable logistic regression to infer
associations between SARS-CoV-2 test positivity and the independent variables, and we used
forward and backward stepwise Akaike information criterion (AIC) for variable selection. To explore
time trends, we tested interactions between each variable and time period (eMethods in
Supplement 1). Confidence intervals were based on nonparametric bootstrap (1000 simulations). We
used the same approach with the rhinovirus model, but with SARS-CoV-2–specific variables excluded
(ie, contact with a SARS-CoV-2 case, prior SARS-CoV-2 infections, and COVID-19 vaccination).
Sensitivity analyses based on choice of model structure and controls are provided in the supplement
(eMethods, eTable 2, eFigure 4, and eFigure 6 in Supplement 1). Statistical analyses were performed
in R version 4.2.1 (R Group for Statistical Computing). All hypothesis tests were 2-sided. We
considered P < .05 to be statistically significant.
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Results

Study Population
Analyses included data from 23 498 individuals (Figure 1). The median (IQR) age of participants was
34.33 (22.42-45.08) years, 13 878 (59.06%) of participants were female, 4018 (17.10%) identified
as Asian, 654 (2.78%) identified as Black, 2193 (9.33%) identified as Hispanic, 7379 (31.40%) resided
in south King County, and 6512 (27.71%) resided in a high-risk census tract based on SERI (Table 1).
There were 1337 individuals (5.69%) with SARS-CoV-2 positivity, including 40 coinfections with
rhinovirus, and 2629 participants (11.19%) with rhinovirus positivity. The percentage of participants
positive for SARS-CoV-2 was highest during the Omicron variants period, while the percentage
positive for rhinovirus was highest during the pre-Omicron variants period (Figure 2A).34 The
percentage of participants vaccinated against COVID-19 increased over the study period as NPIs
gradually relaxed (Figure 2B). Among 3829 participants reporting close contact with a confirmed
case, social contacts were the most common (1926 [50.38%]), followed by household (1171
[30.58%]) and workplace (873 [22.80%]) contacts, and 141 participants reported more than 1 type
of contact.

Risk Factors and Symptoms Associated With SARS-CoV-2 Infection
In multivariable logistic regression, close contact with a case had the strongest association with a
positive SARS-CoV-2 test result (adjusted odds ratio [aOR], 3.89; 95% CI, 3.34-4.57) (Figure 3A;
eTable 3 in Supplement 1), but this association dropped to 1.75 (95% CI, 0.97-3.25) during the
Omicron variants period (eTable 4 in Supplement 1). In a subanalysis accounting for vaccination
status of the contact from October 2021 to July 2022, we found that participants reporting contact
with a vaccinated person with SARS-CoV-2 were less likely to test positive than participants reporting
contact with an unvaccinated person with SARS-CoV-2 (aOR, 2.03 [95% CI, 1.56-2.76] vs 4.04 [95%
CI, 2.39-7.23]) (Table 2). However, there was no significant difference in the risk of infection after
exposure to an asymptomatic or symptomatic case (Table 2). Black (aOR, 2.03; 95% CI, 1.46-2.77)
and Hispanic (aOR, 2.07; 95% CI, 1.73-2.50) participants as well as those living in high-risk SERI
census tracts (aOR, 1.49, 95%CI 1.19-1.88), households with 5 or more people (aOR, 1.40; 95% CI,

Figure 1. Total Enrollments, Excluded Enrollments, and Final Sample Size

61 780 Total enrollments from June 10, 2020,
to July 27, 2022

23 498 Included individual enrollments

38 282 Enrollments excluded
13 334 Multiple enrollments (from 5546

individuals)
9881 Outside of King County
9332 Contact tracing and targeted recruitment
4427 Missing data
1003 Positive result for SARS-CoV-2 <90 d ago

305 Positive result for rhinovirus and enterovirus

1337 SARS-CoV-2 case participants, with 150
presumed Delta infections and 431 presumed
Omicron infections
976 Tested for other pathogens
860 Negative for all pathogens

76 Positive for other pathogen
40 Positive for rhinovirus

245 Not tested for other pathogens

22 161 SARS-CoV-2 control participants
18 634 Tested for other pathogens
16 005 Rhinovirus control participants, with

757 infections with other pathogen
2629 Rhinovirus cases, with 466

coinfections with other pathogen
3527 Not tested for other pathogens
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1.20-1.63), or reporting travel (eg, international travel: aOR, 2.30; 95% CI, 1.38-3.49) in the last 14
days had higher odds of testing positive than White participants, those living in low-risk SERI census
tracts, households with fewer than 5 people, and no travel history. Participants living in south King
County and children younger than 12 years had higher odds of testing positive than participants from
north King County or participants aged 12 to 50 years during the wild-type variant period, but this

Table 1. Demographic Characteristics of Seattle Coronavirus Assessment Network Participants, June 10, 2020, to July 27, 2022

Characteristic

Participants, No. (%)
Wild-type variant period, 6/10/2020
to 1/31/2021 (n = 17 079)

Pre-Omicron variants, 2/1/2021
to 12/11/2021 (n = 4785)

Omicron variants, 12/12/2021
to 7/27/2022 (n = 1634)

Overall, 6/10/2020
to 7/27/20 22 (N = 23 498)

Test results

SARS-CoV-2 casesa 579 (3.39) 283 (5.91) 475 (29.07) 1337 (5.69)

Presumed Delta 0 142 (2.97) 8 (0.49) 150 (0.64)

Presumed Omicron 0 0 431 (26.38) 431 (1.83)

Rhinovirus casesb 1311 (7.68) 1169 (24.43) 149 (9.12) 2629 (11.19)

Other pathogen positivec 402 (2.35) 248 (5.18) 107 (6.55) 757 (3.22)

Pan-negative 11 416 (66.84) 2985 (62.38) 846 (51.77) 15 247 (64.89)

Not tested for other pathogens 3580 (20.96) 109 (2.28) 83 (5.08) 3772 (16.05)

Age, y

Median (IQR) 35.08 (23.50-45.83) 32.00 (16.25- 42.33) 34.75 (23.25-45.08) 34.33 (22.42-45.08)

12-50 11 857 (69.42) 3102 (64.83) 1147 (70.20) 16 106 (68.54)

<12 1961 (11.48) 985 (20.59) 187 (11.44) 3133 (13.33)

≥50 3261 (19.09) 698 (14.59) 300 (18.36) 4259 (18.12)

Sex

Female 9978 (58.42) 2879 (60.17) 1021 (62.48) 13 878 (59.06)

Male 7101 (41.58) 1906 (39.83) 613 (37.52) 9620 (40.94)

Race and ethnicity

Asian, non-Hispanic 2791 (16.34) 832 (17.39) 395 (24.17) 4018 (17.10)

Black, non-Hispanic 405 (2.37) 196 (4.10) 53 (3.24) 654 (2.78)

Hispanic, any race 1575 (9.22) 457 (9.55) 161 (9.85) 2193 (9.33)

White, non-Hispanic 10 918 (63.93) 2824 (59.02) 871 (53.30) 14 613 (62.19)

Otherd 1390 (8.14) 476 (9.95) 154 (9.42) 2020 (8.60)

County region

North 12 191 (71.38) 2992 (62.53) 936 (57.28) 16 119 (68.60)

South 4888 (28.62) 1793 (37.47) 698 (42.72) 7379 (31.40)

SERI

Low 6915 (40.49) 1760 (36.78) 494 (30.23) 9169 (39.02)

Moderate 5773 (33.80) 1511 (31.58) 533 (32.62) 7817 (33.27)

High 4391 (25.71) 1514 (31.64) 607 (37.15) 6512 (27.71)

Vaccination status

Not fully vaccinated 17 079 (100) 2719 (56.82) 298 (18.24) 20 096 (85.52)

Fully vaccinated >6 mo ago 0 413 (8.63) 335 (20.50) 748 (3.18)

Fully vaccinated <6 mo ago 0 1567 (32.75) 204 (12.48) 1771 (7.54)

Boosted 0 86 (1.80) 797 (48.78) 883 (3.76)

Household size

<5 people 14 162 (82.92) 3931 (82.15) 1362 (83.35) 19 455 (82.79)

≥5 people 2917 (17.08) 854 (17.85) 272 (16.65) 4043 (17.21)

Prior test history

Prior positive test >90 d ago 80 (0.47) 121 (2.53) 91 (5.57) 292 (1.24)

No prior testing 6619 (38.76) 3461 (72.33) 1231 (75.34) 11 311 (48.14)

Symptoms, median (IQR), No. 3.0 (1.0-5.0) 3.0 (2.0-6.0) 4.0 (2.0-7.0) 3.0 (2.0-5.0)

Abbreviation: SERI, social and economic risk index.
a Includes coinfections with other pathogens.
b Includes coinfections with other pathogens, excluding SARS-CoV-2.

c Not including coinfections with SARS-CoV-2 or rhinovirus.
d Includes American Indian or Alaska Native, Native Hawaiian and other Pacific Islander,

other, and 2 or more races.
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was not statistically significant during later periods (eTable 4 in Supplement 1). In a sensitivity analysis
using control participants who tested negative for all pathogens (pan-negative), the interaction
between time period and age lost significance, and the risk associated with younger age was higher
than when the control group included participants positive for other pathogens (eFigure 4 in
Supplement 1). Participants who were fully vaccinated within the last 6 months or had received a
booster dose, self-reported a previous positive test more than 90 days ago, or reported attending or
working at a school in the past 14 days were all significantly less likely to test positive than those who
were not fully vaccinated, had never tested positive, or did not attend or work at a school. Among
symptoms, loss of smell or taste (aOR, 3.49; 95% CI, 2.77-4.41), cough (aOR, 2.51; 95% CI, 2.17-2.97),
and fever (aOR, 2.37; 95% CI, 1.99-2.82) were the most associated with test positivity (eFigure 5 in
Supplement 1).

Differences Between Delta and Omicron Variants
We found several notable differences in analysis comparing the Delta and Omicron variants
(Figure 3B). Reporting contact with a case was associated with higher odds of testing positive for
Delta (aOR, 4.37; 95% CI, 2.85-7.30) compared with Omicron (aOR, 1.63; 95% CI, 1.23-2.24). Similarly,
loss of smell and taste was associated with an OR of 4.88 (95% CI 2.29-8.80) for Delta, but was not
significant for Omicron, while sore throat was associated with Omicron infection (aOR, 2.27; 95% CI,
1.68-3.20) but not Delta. Being fully vaccinated was associated with a vaccine effectiveness (VE) of
71% against symptomatic infection with Delta in the first six months (aOR, 0.29; 95% CI, 0.17-0.47),
and 62% 6 months after vaccination (aOR, 0.38; 95% CI, 0.18-0.68). An additional booster dose
increased VE to 93% against Delta (aOR, 0.07; 95% CI, 0.00-0.27). An additional booster increased

Figure 2. Trends in Viral Circulation, Nonpharmaceutical Interventions, and Vaccination
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Figure 3. Risk Factors and Symptoms Associated With SARS-CoV-2 and Rhinovirus Infection

aOR (95% CI)
SARS-CoV-2 RhinovirusSource

SARS-CoV-2 and rhinovirus test positivityA

3.89 (3.34-4.57)Contact with a confirmed SARS-CoV-2 case
2.30 (1.38-3.49)International travel
2.07 (1.73-2.50) 1.05 (0.88-1.24)Hispanic race or ethnicity
2.03 (1.46-2.77) 1.42 (1.02-1.88)Black race or ethnicity
1.56 (1.29-1.90) 1.22 (1.05-1.42)Region: South
1.55 (1.28-1.85)Domestic travel
1.51 (0.92-2.47) 0.43 (0.17-0.80)Other housing
1.49 (1.19-1.88) 1.02 (0.86-1.21)High SERI
1.40 (1.20-1.63) 1.21 (1.07-1.37)≥5 People in household
1.30 (1.02-1.63) 0.94 (0.80-1.12)Other race or ethnicitya

1.20 (1.00-1.44)Not employed
1.19 (0.91-1.54) 3.92 (3.42-4.51)Age <12 y
1.19 (0.95-1.48)Contact with a suspected SARS-CoV-2 case
1.19 (1.02-1.38)No prior test
1.17 (0.98-1.40) 0.65 (0.56-0.75)Apartment residence
1.16 (0.96-1.39) 0.98 (0.87-1.10)Moderate SERI
1.16 (0.95-1.37) 0.39 (0.33-0.47)Age ≥50 y
1.09 (0.89-1.32)Work location: on site
1.08 (0.89-1.31) 0.89 (0.77-1.02)Asian race or ethnicity
1.07 (0.94-1.23) 1.01 (0.90-1.12)Male sex
0.97 (0.70-1.29)Fully vaccinated against SARS-CoV-2, >6 mo
0.88 (0.67-1.12)Work location: home and on site
0.78 (0.61-0.99)Care sought
0.75 (0.53-1.03)Vaccinated and boosted against SARS-CoV-2
0.67 (0.50-0.86)Fully vaccinated against SARS-CoV-2, <6 mo
0.64 (0.51-0.77) 2.04 (1.80-2.30)Attending school
0.37 (0.20-0.63)Prior positive SARS-CoV-2 result, >90 d

89 66 33 11 0.50.5
aOR (95% CI)

0

SARS-CoV-2 Delta and Omicron variant positivityB

RhinovirusSARS-CoV-2

Pathogen

aOR (95% CI)
Delta OmicronSource
4.37 (2.85-7.30) 1.63 (1.23-2.24)Confirmed contact
2.20 (0.87-4.67) 1.42 (0.58-3.05)Black race or ethnicity
2.18 (1.17-3.79) 1.57 (1.00-2.46)Hispanic race or ethnicity
1.75 (0.99-3.00) 1.22 (0.80-1.79)Region: South
1.50 (1.02-2.33) 0.88 (0.65-1.16)Male sex
1.01 (0.55-1.71) 0.84 (0.58-1.23)Age ≥50 y
0.95 (0.54-1.56) 1.14 (0.82-1.57)Moderate SERI
0.94 (0.55-1.48) 1.12 (0.79-1.59)No prior test
0.76 (0.33-1.39) 0.79 (0.47-1.25)Suspected contact
0.71 (0.29-1.40) 1.15 (0.70-1.77)Other race or ethnicitya

0.71 (0.37-1.36) 1.27 (0.83-2.04)High SERI
0.56 (0.27-1.00) 1.24 (0.91-1.72)Asian race or ethnicity
0.38 (0.18-0.68) 1.13 (0.73-1.87)Fully vaccinated, ≥6 mo
0.29 (0.17-0.47) 0.76 (0.47-1.19)Fully vaccinated, <6 mo
0.28 (0.10-0.53) 0.88 (0.61-1.22)Attending school
0.21 (0.08-0.43) 1.29 (0.75-2.19)Age <12 y
0.11 (0.00-0.45) 0.48 (0.23-0.85)Prior positive result, >90 d
0.07 (0.00-0.27) 0.67 (0.44-1.03)Vaccinated and boosted
4.88 (2.92-8.80) 0.90 (0.49-1.48)Loss of taste/smell
3.88 (2.57-6.33) 2.71 (2.08-3.62)Fever
2.22 (1.36-3.79) 4.51 (3.43-6.39)Cough
0.73 (0.45-1.13) 2.27 (1.68-3.20)Sore throat

89 66 33 11 0.50.5
aOR (95% CI)

0

OmicronDelta

Variant

A, Adjusted odds ratios (aORs) and 95% CIs for risk factors associated with SARS-CoV-2
and rhinovirus positivity. Odds ratios are ordered from highest to lowest for SARS-CoV-2.
Missing bars indicate the variable was not included in the model a priori or dropped
during model selection. Bars touching the dashed vertical line are not statistically
significant. B, Separate models were run for the risk of test positivity with Delta
and Omicron.

a Other race and ethnicity includes American Indian or Alaska Native, Native Hawaiian
and other Pacific Islander, other, and 2 or more races.
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protection against Omicron relative to being fully vaccinated alone; however, neither were
statistically significant. A prior infection provided significant protection against Omicron (aOR, 0.48;
95% CI, 0.23-0.85) and Delta (aOR, 0.11, 95% CI, 0.00-0.45).

Risk Factors and Symptoms Associated With Rhinovirus Infection
There were fewer variables associated with rhinovirus test positivity than SARS-CoV-2 (Figure 3A;
eTable 3 in Supplement 1). The greatest risk factor was being younger than 12 years (aOR, 3.92; 95%
CI, 3.42-4.51). Similar to SARS-CoV-2, we found a higher odds of rhinovirus positivity among Black
participants and those living in south King County or in a household with 5 or more people. In
contrast with SARS-CoV-2, attending or working at a school was associated with an increased odds of
rhinovirus positivity (aOR, 2.04; 95% CI, 1.80-2.30). Runny or stuffy nose (aOR, 4.58; 95% CI, 4.07-
5.21) and sore throat (aOR, 2.05; 95% CI, 1.85-2.30) were the symptoms most associated with
rhinovirus test positivity (eFigure 5 in Supplement 1). Additional results are provided in eFigures 6
and 7 in Supplement 1). The percentage positive for rhinovirus was anticorrelated with the
percentage positive for SARS-CoV-2 infection in our sample, with 10 to 12 weeks separating the peaks
of each virus (eFigure 8 in Supplement 1).

Discussion

We have presented risk factors and symptoms associated with SARS-CoV-2 infection, considered
how these associations have changed over a 25-month period, and compared against characteristics
associated with rhinovirus test positivity. We found that many characteristics strongly associated
with SARS-CoV-2 early in the pandemic attenuated or disappeared during the Omicron variants
period. Several sociodemographic characteristics associated with SARS-CoV-2 positivity persisted
over time, but geographic disparities weakened. Vaccination and prior infection offered considerably
more protection against the Delta variant than the Omicron variant. In contrast to SARS-CoV-2,
younger age and attending or working at a school were important risk factors for rhinovirus.

In line with prior studies,4,6 risk of SARS-CoV-2 test positivity was higher for participants
reporting close contact with a person with SARS-CoV-2 compared with those reporting no contacts.
However, the observed attenuation of this association over time, particularly during the period when
Omicron variants predominated, is surprising. It is possible that higher transmissibility of the Omicron
variant35-38 and reduced NPI stringency could have resulted in many asymptomatic,
presymptomatic, or unknown contacts with individuals with SARS-CoV-2,39 driving estimates toward
the null. Inability to link cases has important implications for contact tracing efforts, and as of
February 2022, the Centers for Disease Control and Prevention no longer recommends universal
contact tracing or case investigation for COVID-19.40 Alternatively, high levels of vaccination during

Table 2. Odds Ratios Associated With a Positive SARS-CoV-2 Test for Participants Reporting Contact With an Individual With SARS-CoV-2 in the Past 2 Weeks
Based on Vaccination Status and Reported Symptoms of the Contact

Date Participants, No.

OR (95% CI)

P valueb

OR (95% CI)

P valuec
Contact with
vaccinated casea

Contact with
unvaccinated casea

Contact with
asymptomatic casea

Contact with
symptomatic casea

October 2021 –
July 2022d,e

2355 2.03 (1.56-2.76) 4.04 (2.39-7.23) .04 1.80 (1.23-2.67) 2.78 (2.07-3.91) .15

December 2021–
July 2022f,g

1589 1.68 (1.26-2.31) 2.77 (1.54-5.31) .33 1.44 (0.95-2.23) 2.16 (1.55-3.04) .27

a Reference group is participants not reporting contact with a case.
b P value for comparison between unvaccinated contact and vaccinated contact using

Tukey honest significant difference test.
c P value for comparison between symptomatic contact and asymptomatic contact using

Tukey honest significant difference test.
d Adjusted for age, sex, race and ethnicity, region, social and economic risk index, cough,

sore throat, fever, loss of smell or taste, attending or working at school, prior positive

test, vaccination status of participant, log of cases reported in community, and
dominant variant.

e Includes all cases within date range (Delta, Omicron, and undetermined).
f Adjusted for age, sex, race and ethnicity, region, social and economic risk index, cough,

sore throat, fever, loss of smell or taste, attending or working at school, prior positive
test, vaccination status of participant, and log of cases reported in community.

g Includes presumed Omicron cases only.
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the Omicron period may have lessened the risk of onward transmission. Other studies have found a
lower risk of onward transmission from vaccinated individuals with SARS-CoV-2 compared with
unvaccinated individuals,41-43 possibly due to a lower viral load among breakthrough cases.44,45

Similarly, we found that contact with a vaccinated individual lowered the odds of testing positive
compared with contact with an unvaccinated individual. Although vaccines are less effective against
Omicron infection compared with earlier variants,46,47 the extent of primary vaccination and booster
coverage in our study population was much higher during the period of Omicron circulation than
earlier periods. Modeling studies early in the pandemic suggested that higher vaccine coverage with
lower vaccine efficacy might reduce SARS-CoV-2 cases more than lower coverage with a higher
efficacy vaccine.48 Importantly, there is evidence that vaccines remain effective against severe
outcomes with Omicron,49 but SCAN data are not appropriate to study severe infections.

Our VE estimates for Delta and Omicron are consistent with other studies,46,47,50,51 showing
waning protection against symptomatic infection with the Delta variant after 6 months and
restoration of protection to greater than 90% following an additional booster dose. We found
substantially less protection from vaccination and self-reported prior infection against Omicron,
consistent with the immune escape feature of Omicron. We did not account for time since prior
infection or time since receipt of booster dose but acknowledge this could affect results due to both
waning immunity and trends in variant circulation. There were also notable differences in the
reported symptoms between Delta and Omicron. Loss of smell and taste, the early hallmark of SARS-
CoV-2 infection, was not significantly associated with Omicron infection, while individuals with
Omicron were more likely to report a sore throat, in line with other studies.2,3

We found higher odds of testing positive for SARS-CoV-2 among Black and Hispanic participants
and participants from south King County and high-risk census tracts as measured by SERI. Many
studies have documented the disproportionate toll of COVID-19 on minority racial and ethnic groups
and economically disadvantaged communities,7-14 and some have shown that excess mortality in
these populations is largely driven by a higher incidence of infection stemming from disparities in
exposure risks.52-54 Limited opportunities to work from home or socially distance have been
proposed as possible mechanisms driving racial disparities in SARS-CoV-2 exposure.55 We found that
onsite work was associated with SARS-CoV-2 infection in univariate analysis, while the association
with household size remained in the adjusted model and persisted in all time-periods. We did not
have data for other variables that may influence disparities in exposure risk, such as household
crowding (people per room), household income, and access to health care, transportation, or
personal protective equipment, but acknowledge these could be important variables to explain the
higher odds of infection among Black and Hispanic participants in our study. Moreover, many
sociodemographic variables are interrelated, and reconstruction of the causal pathways that affect
infection and the total contribution of each variable in our study population would require different
approaches than used here. We also note that SERI is a localized measure, developed specifically to
identify communities at increased risk for COVID-19 and may not apply in other settings or to other
health outcomes.

We found that geographic differences between north and south King County (more and less
affluent populations, respectively) gradually diminished. Mixing between north and south King
County increased after stay-at-home orders were lifted in June 2020, which may have homogenized
risk of exposure over time, particularly with the introduction of the highly transmissible Omicron
variant. Overall, the attenuation of geographic and sociodemographic disparities in the risk of
infection would be expected during SARS-CoV-2’s transition to endemicity, where early infection of
high-exposure groups confers immunity to later epidemic waves, with few eventually escaping
infection. Although prior infection offered less protection against Omicron than earlier variants, test
positivity was still lower among individuals with previous infection.

Odds of SARS-CoV-2 infection in children younger than 12 years were slightly higher than for
participants aged 12 to 50 years in the wild-type variant period but not in the later periods, despite
low levels of vaccination in children even after they became eligible. We cannot rule out that changes
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in sampling over the study period could affect these results; however, restricting analysis to
pan-negative controls removed this decreasing trend. This suggests that the rebound of rhinovirus
later in the pandemic may have affected the propensity for children to test positive for SARS-CoV-2 in
our study. Accounting for virus cocirculation and potential interactions between pathogens will be
an important aspect of ascertaining risk for respiratory infections in the postpandemic period.
Furthermore, working at or attending school in the 2 weeks prior to enrolling in SCAN was associated
with lower odds of SARS-CoV-2 test positivity, particularly during the pre-Omicron variants period,
which coincides with the start of the school year in fall 2021. In general, studies have shown that NPIs
and frequent testing can reduce the occurrence of outbreaks in schools.56,57 However, when strong
interventions are in place in the work or school environment, protective associations can reflect
reverse causality, a phenomenon also reported with onsite work in the United Kingdom.1 Children
and staff allowed to attend school have to be free of symptoms and lack recent contact with a SARS-
CoV-2 case and are thus unlikely to test positive.

In contrast to SARS-CoV-2, younger age and school attendance were highly associated with
rhinovirus infection. The persistent circulation of rhinovirus in children throughout the SARS-CoV-2
pandemic, despite declines in other pathogens, has been widely observed.18-21 Accordingly, we
detected more rhinovirus than SARS-CoV-2 infections but very few other viral pathogens. Other
studies have found evidence of viral interaction between SARS-CoV-2 and rhinovirus on individual-
level data58 and cellular-level data,59 which may explain the anticorrelation in circulation we
observed at the population level. Few studies have considered risk factors beyond age for rhinovirus
infection. Rhinovirus infection was more likely in Black participants and participants living in south
King County or households with 5 or more people. This was less pronounced than the differences
observed for SARS-CoV-2 infection but suggests that similar sociodemographic inequalities also
modulate the burden of endemic respiratory pathogens.53 Examining sociodemographic risk factors
for other endemic pathogens, and how they may interact with SARS-CoV-2 circulation, is an
important consideration for future analyses.

Strengths and Limitations
A strength of the test-negative design is that it inherently accounts for health care–seeking behavior
in both case and control participants, but as a result, it may produce estimates that are not
generalizable to populations with different care-seeking behavior.60 Accordingly, our study
participants were not a representative sample of the King County population. Eligibility criteria,
testing demand, and the composition of the study participants changed over the course of the study
(Table 1; eMethods in Supplement 1). Participation in less-affluent south King County increased over
time because of targeted efforts to broaden access to testing. This may affect the associations we
identified, particularly when considering time trends. Furthermore, due to our online enrollment
scheme, our participants were disproportionately female and middle-aged. Other internet-based
surveillance studies have noted similar patterns.61 This limited our ability to examine narrower age
groupings to detect risk factors in young children and older adults. Another concern is that
differences in testing behaviors could create spurious associations between SARS-CoV-2 infection
and sex62; however, we did not find this in our data.

All data were based on self-report, and while we expect that misclassification is minimal, we
acknowledge that this may affect our results. Misclassification could be quite important for prior
infection since testing propensity was low in the early phase of the pandemic. Additionally, we relied
on unsupervised, self-collection of nasal swabs to determine test positivity, which could result in
misclassification of our outcome variables. However, prior work supports this as a viable strategy for
studying respiratory pathogens in the community.27 Furthermore, both SARS-CoV-2 and rhinovirus
can be detected by PCR for several weeks to months after acute infection,63,64 and our study may
have included persistent infections for which the collected data on health behaviors may be less
relevant. Our study included mostly symptomatic individuals, which should limit this issue,65,66 but
some misclassification is still possible.
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Conclusions

This case-control study identified several important changes in the risk factors and symptoms
associated with SARS-CoV-2 test positivity. Reported symptoms shifted between the Delta and
Omicron variants, while vaccines and previous infections offered reduced protection against later
symptomatic infections. High levels of SARS-CoV-2 circulation during the Omicron variants period
weakened the association between test positivity and known contact with a case, which has
important implications for contact tracing. Importantly, racial disparities identified early in the
pandemic have persisted and also appeared to affect common pathogens like rhinovirus. Continued
efforts to understand the drivers of respiratory virus infections in the postpandemic period remain
important to improve targeted interventions.
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eFigure 7. Adjusted Odds Ratios for Rhinovirus Test Positivity for Each Time Period for Variables With Significant
Interactions With Time Period
eFigure 8. Cross-Correlation Between Rhinovirus and SARS-CoV-2 Test Positivity in the SCAN Study
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