
By May 2021, >150 million severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) 

infections and >3 million deaths from coronavi-
rus disease (COVID-19) had been reported world-
wide (1). The real infection count likely is much 
higher but continues to be a point of uncertainty. 

Case reporting underestimates the total number of 
SARS-CoV-2 infections because of underdetection 
of asymptomatic or mildly symptomatic cases and 
variation in the use and availability of diagnostic 
testing. Serologic testing provides an independent 
method to estimate the true cumulative incidence 
of SARS-CoV-2 infection because it relies on evi-
dence of immune response as an indication of pre-
vious infection. Seroprevalence has been touted as 
a more standardized way to estimate the incidence 
of SARS-CoV-2 infection across different popula-
tions, but inconsistencies in test performance and 
sampling methods continue to cause challenges for 
use of seroprevalence.

In May 2020, the University of Utah (Salt Lake 
City, Utah, USA) launched the Utah Health and 
Economic Recovery Outreach project, in partner-
ship with state government agencies, to collect 
community-based data on SARS-CoV-2 infection 
rates. Our goal was to estimate the cumulative 
incidence of SARS-CoV-2 infection to benchmark 
case detection in community populations based 
on public health surveillance. In addition to mea-
suring SARS-CoV-2 seroprevalence, we collected 
nasopharyngeal swab samples to concurrently es-
timate the prevalence of reverse transcription PCR 
(RT-PCR) positivity. We applied methods of re-
cruitment and analysis to minimize bias and maxi-
mize relevance for policymaking. We describe the 
results of the fi rst phase of the project, which was 
conducted in the Wasatch Front, the major popula-
tion center of Utah, comprising a chain of contigu-
ous cities and towns stretched along the Wasatch 
Mountain Range.
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We aimed to generate an unbiased estimate of the inci-
dence of severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection in 4 urban counties in Utah, 
USA. We used a multistage sampling design to randomly 
select community-representative participants >12 years 
of age. During May 4–June 30, 2020, we collected se-
rum samples and survey responses from 8,108 persons 
belonging to 5,125 households. We used a qualitative 
chemiluminescent microparticle immunoassay to detect 
SARS-CoV-2 IgG in serum samples. We estimated the 
overall seroprevalence to be 0.8%. The estimated sero-
prevalence-to-case count ratio was 2.5, corresponding 
to a detection fraction of 40%. Only 0.2% of participants 
from whom we collected nasopharyngeal swab samples 
had SARS-CoV-2–positive reverse transcription PCR 
results. SARS-CoV-2 antibody prevalence during the 
study was low, and prevalence of PCR-positive cases 
was even lower. The comparatively high SARS-CoV-2 
detection rate (40%) demonstrates the eff ectiveness of 
Utah’s testing strategy and public health response. 
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Methods

Sampling Design and Participant Recruitment
We conducted serologic survey in 4 counties: Utah, 
Salt Lake, Davis, and Summit. The total estimated 
population of the study area is ≈2.2 million, which 
represents ≈68% of the population of Utah. Overall, 
29% of the population is <18 years of age, compared 
with 22% of the US population (2). The fraction of res-
idents of the 4 counties that are non-Hispanic White is 
76%, which is higher than the US population of 60%. 
During March 14–June 30, 2020, the 4 counties report-
ed 17,316 cases of SARS-CoV-2 infection (3).

We recruited and enrolled participants during 
May 4–June 30, 2020. The sampling frame consisted 
of a list of all residential addresses in the 4 counties 
curated by the state of Utah. The 657,870 total ad-
dresses were grouped hierarchically into 16,677 cen-
sus blocks, 1,089 census block groups, 389 census 
tracts, and 229 groups of adjacent tracts, termed tract 
groups. We categorized tract groups into 15 strata 
based on combinations of county, ethnicity, median 
age, and reported positive case count from the Utah 
Department of Health.

We used 2 address-based probability sampling 
designs that differed in intensity of recruitment and 
geographic clustering. Both methods followed a ran-
dom sampling design. Our primary sampling design 
included 11,563 addresses that were selected by ran-
domly choosing 26 of the tract groups from the 15 
strata, weighted by tract group population. We then 
selected ≈420 addresses from each tract group by first 
randomly choosing 30 census block groups per cen-
sus tract group and then selecting 14 addresses per 
census block group. The geographic address cluster-
ing facilitated recruitment and data collection and 
followed methods recommended by the Centers for 
Disease Control and Prevention (https://www.cdc.
gov/nceh/casper/sampling-methodology.htm).

Our secondary sampling frame comprised 14,012 
addresses. We selected these addresses by propor-
tionately oversampling the same strata as our pri-
mary sampling frame and excluding the tract groups 
selected in our primary sampling frame. The second-
ary sampling frame enabled us to expand the pool 
of participants and to broaden the geographic reach 
within the 4 counties.

To recruit our sample, we sent each address a 
postcard and a letter encouraging household mem-
bers to participate. Participants were asked to com-
plete a household survey, and household members 
>12 years of age were invited to take an individual 
participant survey and to undergo testing for IgG and 

viral RT-PCR at a specified mobile testing site. In our 
primary sampling frame, home addresses also were 
visited by a recruitment field team that attempted 
<3 in-person contacts. All household members who 
completed the survey and were tested received a $10 
gift card as compensation for their time

Each mobile testing site location included 4 se-
quential drive-through stations. The first station col-
lected basic information about the persons in the ve-
hicle; the second conducted the viral RT-PCR sample 
via nasopharyngeal swab; the third conducted the 
IgG test via blood draw; and the last quality-checked 
participation, provided information about receiving 
test results, and responded to participant questions. 
The analyses described here are limited to persons 
who completed the participant survey and under-
went serologic testing.

Laboratory Methods
We analyzed serum specimens by using the SARS-
CoV-2 IgG assay (Abbott Laboratories, https://www.
abbott.com) on an Architect i2000 instrument (Ab-
bott Laboratories), according to the manufacturer’s 
instructions. The SARS-CoV-2 IgG assay is a qualita-
tive chemiluminescent microparticle immunoassay 
that detects IgG binding to an undisclosed epitope 
of the SARS-CoV-2 nucleocapsid protein. The assay 
relies on an assay-specific calibrator to report a ratio 
of specimen absorbance to calibrator absorbance. The 
assay can be interpreted as positive (ratio >1.4) or 
negative (ratio <1.4). The manufacturer reports a sen-
sitivity of 86.4% (95% CI 65.1%–97.1%) 8–13 days after 
symptom onset and 100% (95% CI 95.9%–100%) >14 
days after symptom onset, and a specificity of 99.6% 
(95% CI 99.1%–99.9%) (4,5). The manufacturer’s esti-
mate of sensitivity >14 days after symptom onset was 
derived from 88 symptomatic patients. However, 
other studies using this assay have reported lower 
sensitivities, ranging from 85% to 97%, when used 
in the general population (6–8). We observed that 
20/24 (83.3%) participants who reported a prior posi-
tive SARS-COV-2 test >14 days before we collected 
serum samples were seropositive. By using a cutoff 
of 10 days after a prior positive SARS-COV-2, 25/30 
(83.3%) participants who reported prior positive tests 
also were IgG positive. Therefore, we assumed a sen-
sitivity of 83% in our primary analysis.

We used the cobas SARS-CoV-2 assay (Roche 
Diagnostics, https://www.roche.com) to detect vi-
ral RNA in nasopharyngeal swabs, according to the 
manufacturer’s instructions. The cobas SARS-CoV-2 
assay detects the nonstructural open reading frame 
(ORF) 1a/b region unique to SARS-CoV-2 at a limit 
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of detection of 1,800 copies/mL. All testing was per-
formed at ARUP Laboratories (https://www.aru-
plab.com), a nonprofit national reference laboratory 
associated with the University of Utah. 

For data analysis, we used a series of steps to ac-
count for the sampling design, nonresponse, demo-
graphic balance, and the sensitivity and specificity 
of the serology assay. The University of Utah Insti-
tutional Review Board designated this surveillance 
project nonresearch because it was launched to sup-
port public health and governmental response to the 
COVID-19 pandemic. 

Statistical Methods

Sampling Design
We computed sampling design weights to account for 
varying probabilities of sampling of households (Appen-
dix, https://wwwnc.cdc.gov/EID/article/27/11/20-
4435-App1.pdf) (9). These weights depended primarily 
on the ratios of the numbers of sampled households to 
the total numbers of households within each stratum of 
the primary and secondary sampling designs (Appen-
dix Tables 1–6). We computed 3 further sets of weights 
to account for nonresponse at the household, partici-
pant, and serology testing levels. We determined house-
hold response weights from estimated propensities of 
household response based on characteristics of the cen-
sus block group where the household was located and 
participant response weights from estimated propensi-
ties of response by persons within households based 
on characteristics of the census block group and the 
primary household respondent. We determined serol-
ogy response weights from estimated propensities for 
the provision of a serology sample based on participant 
survey responses. 

We estimated propensities separately in the pri-
mary and secondary sampling designs by using non-
parametric boosted regression for household and se-
rology response and logistic regression for participant 
response (Appendix Table 1) (10). We used estimated 
propensities for membership in the primary versus 
the secondary design to align the secondary sampling 
design’s characteristics to those of the primary sam-
pling design. Multiplication of each of the described 
weights provided 2 sets of comprehensive weights 
that accounted for the design and nonresponse for 
the primary and secondary sampling designs. We 
then scaled the weights for 2 sampling designs based 
on the proportions of respondents in the 2 designs to 
provide a single final set of weights for estimating se-
roprevalence across the 4-county area. To prevent ex-
treme variation in weights, we truncated weights that 

were either <10% or >10-fold greater than the median 
weight. Finally, we used iterative proportional fitting 
to optimize agreement of the marginal distributions 
of age, sex, Hispanic ethnicity, and education level 
between the weighted study sample and the US cen-
sus data for the 4-county area (11).

Data Analysis
We defined the primary sampling units (PSUs) for 
data analysis by 54 census tracts included in the pri-
mary sampling design and mainly by block groups in 
the secondary sampling design. For Summit County, 
sampling was performed without clustering at the 
household level in the secondary sampling frame, so 
the household served as the PSU. We modeled the 
relationship of seroprevalence to predictor variables, 
such as county, demographic and clinical factors, 
behaviors, and attitudes, by using survey weighted 
generalized linear models for binary outcomes and 
assessed variability based on replicate jackknife 
weights (12,13). We tested for the presence of a de-
tectable temporal trend in seroprevalence by includ-
ing calendar time as a continuous variable in models 
relating seroprevalence to the Utah Department of 
Health case count. These analyses showed no trend 
for an effect of calendar time. Hence, we performed 
analyses for seroprevalence without adjustment for 
calendar time.

We corrected estimates of seroprevalence for as-
say error by applying the following formula: 

where P1 is the estimated prevalence within a given 
category of a predictor variable provided by the gen-
eralized linear models. We then used the parametric 
bootstrap to account for the sampling error and 95% 
CI of the manufacturer’s estimate of specificity. We 
estimated the seroprevalence-to-case-count ratio by 
computing the ratio between the adjusted prevalence 
estimates we described in the previous section to the 
weighted average case count rates corresponding to 
the respondent’s ZIP code 10–17 days before the re-
spondent’s serology test reported by the Utah Depart-
ment of Health. The inverse of the ratio of adjusted 
prevalence and average case counts is the detection 
fraction, the estimated proportion of the total number 
of infections that were reported. We performed hy-
pothesis tests comparing prevalence between catego-
ries directly on the estimates of seroprevalence without 
assay error adjustment because assay error adjustment 
does not affect equality of seroprevalences between 
subgroups when sensitivity plus specificity is >1.
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Results

Participant Characteristics
During May 4–June 30, 2020, we randomly selected 
11,563 households for a combined mailed recruitment 
and home visit and randomly selected another 14,012 
households for mailed recruitment only. Altogether, 
8,108 persons from 5,125 households completed sur-
veys and testing for SARS-CoV-2 antibodies. Among 
participants, 5,791 were in the combined home visit 
and mailed recruitment frame and 2,317 were in the 
mailed recruitment only frame. The median age of 
participants was 44 (interquartile range [IQR] 30–62) 
years; only 9.3% of participants were 12–18 years of 
age (Tables 1, 2). Overall, 6.6% of participants self-
reported ethnicity as Hispanic, compared with 15.3% 
of the 4-county population based on census data. The 
source population also differed from participants 
with respect to age distribution and education level. 
Accounting for response bias through iterative pro-
portional fitting resolved these differences in county-
level marginal distributions.

Estimated Seroprevalence
Among participants, 89 persons from 75 households 
were seropositive, corresponding to an unadjusted 
seroprevalence of 1.1% (Table 3). The 4-county se-
roprevalence adjusted for sampling fraction, non-
response, and test performance was 0.8% (95% CI 
0.1%–1.6%). We estimated adjusted SARS-CoV-2 se-
roprevalence to be 5.7% (95% CI 1.2%–19.4%) among 
persons residing in households where the primary 
language was Spanish and 2.7% (95% CI 0.6%–8.0%) 

among persons who self-reported as Hispanic; both 
estimates were significantly greater than the com-
parator groups (p = 0.01 for Spanish as primary lan-
guage; p = 0.03 for self-report as Hispanic) (Table 3). 
Seroprevalence was 4.6% in Summit County, which 
includes the ski resort town, Park City, an early in-
fection hot spot in Utah, and was significantly higher 
than the other counties (p = 0.03); the variation in se-
roprevalence across Utah, Salt Lake, and Davis coun-
ties was not statistically different.

Seroprevalence correlated with cumulative inci-
dence estimated on the basis of reported case counts 
(Table 3). The adjusted seroprevalence was 2.2% in 
ZIP codes where cumulative incidence calculated 
from reported cases was >500/100,000 population 
compared with 0.2% in ZIP codes in where the report-
ed cumulative incidence was <200/100,000 popula-
tion. The overall seroprevalence-to-case count ratio 
was estimated to be 2.5 (95% CI 0.3–5.0), correspond-
ing to a detected fraction of 0.40. This ratio was not 
statistically different across the 4 counties.

Other Descriptive Analyses
Among participants, 360 (4.4%) reported contact with 
a person with diagnosed COVID-19 and 26 (7.2%) of 
these participants were seropositive (Table 4). Among 
participants who reported contact with a family 
member with known SARS-CoV-2 infection, 14.4% 
were seropositive. In contrast, among 38 persons who 
reported exposure to SARS-CoV-2 infection in their 
role as healthcare workers, none were seropositive. 
Among 62 households with >2 members who tested 
positive, our analysis revealed 53 households with 
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Table 1. Characteristics of participants and households in a study of SARS-CoV-2 seroprevalence, Utah, United States 
Household-level factors No. (%) participating households No. (%) participants, n = 8,108 
County n = 5,125  
 Davis 1,023 (20) 1,703 (21.0) 
 Salt Lake 2,695 (52.6) 4,021 (49.6) 
 Summit, including Park City 283 (5.5) 345 (4.3) 
 Utah 1,124 (21.9) 2,039 (25.1) 
No. participating household members n = 5,088  
 1 1,738 (34.2) 1,027 (12.7) 
 2 2,277 (44.8) 3,683 (45.4) 
 3 541 (10.6) 1,307 (16.1) 
 >4 532 (10.5) 2,091 (25.8) 
No. household members <12 years of age n = 5,033  
 0 3,537 (70.3) 5,407 (67.6) 
 1 589 (11.7) 1,053 (13.2) 
 2 499 (9.9) 850 (10.6) 
 3 239 (4.7) 424 (5.3) 
 >4 169 (3.4) 269 (3.4) 
Primary language spoken in household n = 5,053  
 English 4,866 (96.3) 7,785 (97.1) 
 Spanish 132 (2.6) 169 (2.1) 
 Other 55 (1.1) 61 (0.8) 
*Participants completed a survey and had serum collected to test for SARS-CoV-2 IgG. n values indicate number of responses available in that category. 
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.  
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exactly 1 seropositive member and 9 households with 
>1 seropositive member. Among the 123 members of 
62 households with SARS-CoV-2–positive residents, 
23 (18.7%) participants were seropositive. We as-
sumed that infection for 1 of the infected members of 
each household was imported and that other house-
hold cases were transmissions from the index mem-
ber of the household; thus, our crude estimate the 
secondary household attack rate was 12%.

Overall, 798 (9.9%) persons reported having a 
prior COVID-19 test. Among 30 participants who 
reported having a positive COVID-19 test >14 days 
before serum collection, 25 (83.3%) were SARS-CoV-2 
seropositive; we used that figure to estimate the sensi-
tivity of the serologic assay. Among seropositive par-
ticipants, 7 (28.0%) reported a prior RT-PCR–positive 
SARS-CoV-2 test. If we assume a true seroprevalence 
of 0.8%, assay sensitivity of 83%, and specificity of 
99.6%, the corrected point estimate for the detection 
fraction based on history of a prior positive RT-PCR 
test is 0.28/0.614 = 0.46, which is close to our estimated 

detection fraction based on the seroprevalence-to-
case count ratio.

Among 6,251 participants from whom a nasopha-
ryngeal swab specimen was collected, 14 (0.2%) had 
SARS-CoV-2 virus detected by RT-PCR; 9 (64.3%) of 
those persons were seropositive. The small number 
of positive RT-PCR tests precluded statistical analysis 
of factors associated with positivity or adjustment for 
response bias.

Discussion
By using a statistical sampling frame and adjusting 
for test performance and non-response, we estimated 
the prevalence of IgG to SARS-CoV-2 in 4 urban coun-
ties in Utah during May–June 2020 to be only 0.8%. 
Thus, consistent with other community surveys, 
most of the population lacked immunity to SARS-
CoV-2. Comparing seroprevalence to the cumulative 
incidence of SARS-CoV-2 infection based on case re-
porting, we found that the estimated ratio of total-to-
detected cases was 2.5, corresponding to a detection 
fraction of 40%. We found participants in Summit 
County had higher seroprevalence of 4.6%, which is 
compatible with the extensive outbreak in the resort 
community of Park City that began in March 2020. Se-
roprevalence was higher (2.7%) among persons who 
identified as Hispanic than among those who iden-
tified as non-Hispanic (0.5%); seroprevalence was 
5.7% among persons who lived in a household where 
Spanish was the primary language, much higher than 
the 0.5% seroprevalence among persons who lived in 
households where English was the primary language. 
This finding adds to the substantial body of evidence 
regarding ethnic and racial disparities in the spread 
of SARS-CoV-2 across populations.

Our estimates of seroprevalence and of the se-
roprevalence-to-case count ratio are generally lower 
than has been reported in Utah and elsewhere in the 
United States during a similar time. Several serop-
revalence studies conducted in the United States and 
other countries have been published (14–24) and use 
a variety of assays and sampling methods (25). Some 
studies have relied on convenience samples or did 
not adequately control for response bias. The speci-
ficity of serologic methods for SARS-CoV-2 testing 
varies widely, which can lead to substantial overes-
timation in a low-prevalence population (26). Not all 
studies have adjusted for test performance, and the 
differences in methods make comparisons between 
studies challenging.

Our project involved random sampling of 
>25,000 households and used intensive recruiting 
methods. Our analytical approach accounted for 
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Table 2. Characteristics of participants in a study of SARS-CoV-2 
seroprevalence, Utah, USA* 

Characteristics 
No. (%) participants, 

n = 8,108 
Sex  
 F 4,335 (53.5) 
 M 3,773 (46.5) 
Age, y  
 12–<18 755 (9.3) 
 18–<45 3,366 (41.5) 
 45–64 2,345 (28.9) 
 65–74 1,087 (13.4) 
 >75 555 (6.8) 
Ethnicity, n = 8044  
 Hispanic 528 (6.6) 
 Non-Hispanic 7,516 (93.4) 
Race, n = 7,839  
 White 7,452 (95.1) 
 Black or African American 34 (0.4) 
 American Indian or Alaska Native 32 (0.4) 
 Asian 159 (2.0) 
 Native Hawaiian or other Pacific 
Islander 

40 (0.5) 

 Multiracial 122 (1.6) 
Underlying conditions  
 Diabetes 508 (6.3) 
 Hypertension 1,078 (13.3) 
 Cardiovascular disease 354 (4.4) 
 Asthma 841 (10.4) 
 Emphysema 72 (0.9) 
 Cancer 130 (1.6) 
 Immunosuppressive therapy 79 (1.0) 
Exposure, n = 8,084  
 Contact with COVID-19 case 360 (4.5) 
Prior testing  
 Tested for COVID-19 at any time 716 (8.8) 
*Participants completed survey and had serum collected to test for SARS-
CoV-2 IgG. n values indicate number of responses available in that 
category COVID-19, coronavirus disease; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2.  
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multiple sources of error, including response bias 
and imperfect test performance. We also were able to 
generate an internal estimate of the detection fraction 
by using self-reported histories of prior RT-PCR test 
results. After accounting for test error, the estimate of 
the detection fraction based on participant histories 
was 0.46, a value that corroborates our population es-
timate of the detected fraction of 0.40.

We used a serologic test that is reported by the 
manufacturer to have a specificity at 99.6% (4,5); 
however, even at this level of accuracy, statistically 
accounting for false positive results is necessary given 
the low population prevalence of IgG to SARS-CoV-2. 
To better account for the possibility of reduced sen-
sitivity when asymptomatic infections are included 
(27), we assumed a sensitivity of 83% because of an 
analysis of project participants who reported having 
had a positive RT-PCR test in the past. We note that 
our estimate of sensitivity is substantially lower than 
the manufacturer’s estimate of sensitivity of 97.2% (5). 
Because antibody to nucleocapsid protein appears to 
decrease more rapidly than antibody to the spike pro-
tein, our analysis requires us to account for waning 
immunity (27,28). Our internal estimate of sensitivity 

is conditional on the distribution of time between in-
fection and antibody testing for persons reported to 
be infected in our sample, which enhances its utility 
for adjusting the estimate of seroprevalence. Of note, 
among persons who reported having a prior test, 83% 
of serum samples were collected within 2 months fol-
lowing the previous RT-PCR SARS-CoV-2 test.

With these considerations in mind, our estimate 
of the detection fraction is substantially higher than 
what has been reported in other serologic surveys. 
A study that used residual clinical samples collected 
during March–May 2020 to measure SARS-CoV-2 an-
tibody at 10 US sites estimated a detection fraction of 
0.10 for residents of the country (17). That study es-
timated the seroprevalence in Utah at 2.2% (95% CI 
1.2%–3.4%), and those CIs overlap with our estimate. 
Similarly, our estimate of seroprevalence is lower 
than what has been reported in most other geograph-
ic regions during a comparable period of the pan-
demic. In a meta-analysis that included 17 studies, the 
seroprevalence was estimated to be <1% in 5 of the 
studies examined (29). In another study, the projected 
prevalence of SARS-CoV-2 antibodies was 9.2% in the 
US adult population, based on an analysis of 28,000 
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Table 3. Overall and subgroup-specific seroprevalence of participants in a study of SARS-CoV-2 seroprevalence, Utah, USA* 

Characteristics Total No. (%) seropositive  
Adjusted seroprevalence, %  

(95% CI)† p value 
Overall 8,108 89 (1.1) 0.8 (0.1–1.6)  
County     
 Davis 1,703 16 (0.9) 0.1 (0–1.3)  0.06 
 Salt Lake 4,021 38 (0.9) 0.7 (0–1.8)  
 Summit, including Park City 345 10 (2.9) 4.6 (1.0–15.1)  
 Utah 2,039 25 (1.2) 1.2 (0.1–3.4)  
Sex     
 M 3,773 41 (1.1) 0.7 (0–1.6) 0.65 
 F 4,293 48 (1.1) 0.9 (0.2–1.9)  
Age, y     
 <45 4,119 39 (0.9) 0.9 (0.1–2.1) 0.62 
 45–64 2,345 31 (1.3) 0.8 (0.1–1.7)  
 >65 1,642 19 (1.2) 0.4 (0–1.4)  
Ethnicity     
 Non-Hispanic 7,516 75 (1) 0.5 (0–1.1) 0.03 
 Hispanic 528 14 (2.7) 2.7 (0.6–8.0)  
Primary language spoken in household     
 English 7,785 78 (1) 0.5 (0–1.2) 0.01 
 Spanish 169 11 (6.5) 5.7 (1.2–19.4)  
No. participants in household     
 1 1,027 15 (1.5) 0.7 (0–1.8) 0.60 
 2 3,683 35 (1) 0.5 (0–1.7)  
 >3 3,398 39 (1.1) 1.0 (0.2–2.3)  
No. participants <12 years of age     
 0 5,407 64 (1.2) 0.6 (0–1.3) 0.33 
 >1 2,596 20 (0.8) 1.1 (0.1–3)  
Cumulative incidence per 100,000 residents in participant’s ZIP code   
 <200  3,718 26 (0.7) 0.2 (0–0.9) 0.02 
 200–500 3,012 34 (1.1) 0.8 (0.1–2.0)  
 >500 1,378 29 (2.1) 2.2 (0.6–5.5)  
*Participants completed survey and had serum collected to test for SARS-CoV-2 IgG. COVID-19, coronavirus disease; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2. 
†Adjusted for sampling design and test sensitivity (0.83) and specificity (0.996) 
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dialysis patients; in Utah it was 3.1%. Discrepancies 
between results of other studies and our findings are 
likely due to our use of probabilistic sampling to re-
duce bias (30).

Our results suggest that Utah’s public health re-
sponse to SARS-COV-2 was effective in case detection. 
Factors that likely contributed to the success of Utah’s 
approach to case detection include early expansion of 
access to testing, mobile testing that targeted heavily 
impacted communities, and a strong commitment to 
contact tracing and contact testing by the state and 
local health departments. This conclusion also is sup-
ported by our finding that 29% of seropositive per-
sons reported exposure to a known case.

We observed that seropositivity was much more 
frequent than RT-PCR positivity, a finding that con-
trasts with selected other studies that combined vi-
ral detection and measurement of seroprevalence. 
For example, among randomly sampled residents of 
the US state of Indiana, the unadjusted prevalence 
of a positive RT-PCR was 1.74%, compared with an 
unadjusted SARS-CoV-2 seroprevalence of 1.01% 
(31). The ratio of prevalence of antibody detection 
to prevalence of viral detection, as observed in our 
community survey, suggests that infections were ac-
cumulating linearly rather than exponentially during 
the study period.

One limitation of our study is that it covers the 
early period of the COVID-19 pandemic, which re-
flects the cumulative incidence of SARS-CoV-2 infec-
tion through mid-June 2020. An updated analysis is 
needed to examine the secular trend in seroprevalence 
and determine whether the detection fraction contin-
ues to be high. Additional data also will enhance the 
feasibility of examining possible geographically lo-
calized hot spots. Our application of weighting and 
iterative proportional fitting should minimize nonre-
sponse bias because of ethnicity and other measured 
factors at each stage of the sampling. However, our 

analytic approach cannot fully account for all sources 
of bias, particularly due to unmeasured factors that 
influenced the decision to participate at the house-
hold level. Thus, despite weighting techniques, the 
generalizability of our results might be limited by 
residual bias due to nonresponse. Nonetheless, our 
sampling frame likely reflects population seropreva-
lence more accurately than convenience-based sam-
ples. Recruitment efforts should focus on increasing 
the ease and appeal of participation of a wide range of 
demographic and geographic groups, especially for 
populations that traditionally have lower response 
rates and have been disproportionately affected by 
the COVID-19 pandemic.

In conclusion, we used a project design in which 
we randomly selected all participants, detected 
SARS-CoV-2 antibodies with a highly specific assay, 
applied rigorous analytical methods to account for 
bias and test error, and analyzed survey responses 
to support population-level inferences. The most dis-
tinctive finding in our analysis was that the detection 
fraction was estimated to be 40%. Further analysis is 
needed to determine whether this pattern has contin-
ued in subsequent months of the COVID-19 pandem-
ic and to assess the factors that influence SARS-CoV-2 
transmission and detection. High rates of testing and 
enhanced case detection are key initial steps for effec-
tive public health response.

This article was preprinted at https://www.medrxiv.org/
content/10.1101/2020.10.26.20219907v1.
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Table 4. Relationship between COVID-19 exposures and serologic results of participants in a study of SARS-CoV-2 seroprevalence, 
Utah, USA* 

Exposures Total 
No. (%) seronegative, 

n = 8,019 
No. (%) seropositive, 

n = 89 
% Adjusted seroprevalence 

(95% CI)† 
Contact with diagnosed COVID-19 case 360 334 (92.8) 26 (7.2) 8.5 (3.3–19.5) 
Participant’s relationship with contact     
 Family member 97 83 (85.6) 14 (14.4) 14.8 (4.0–40.8) 
 Friend 42 38 (90.5) 4 (9.5) 14.0 
 Healthcare worker‡ 38 38 (100) 0 (0) 0.0 
 Coworker 105 102 (97.1) 3 (2.9) 3.4 
 Other 78 73 (93.6) 5 (6.4) 3.1 (0.3–12.9) 
Reside in household with >1 seropositive 
person  

123 100 (81.3) 23 (18.7) 24.9 (10.5–48.7) 

*COVID-19, coronavirus disease; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 
†Adjusted for sampling design and test sensitivity (0.83) and specificity (0.996). Confidence intervals are omitted for subgroups with fewer than 5 
seropositive persons. 
‡Participant reported that their exposure was related to their work as a healthcare worker.  
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