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Background: The true prevalence of COVID-19 is difficult to estimate due to the absence of random
population-based testing. To estimate current and past COVID-19 infection prevalence in a large urban
area, we conducted a population-based survey in St. Louis County, Missouri.

Methods: The population-based survey of active infection (PCR) and seroprevalence (IgG antibodies) of
adults (>18 years) was conducted through random-digit dialing and targeted sampling of St. Louis County

Keywords: residents with oversampling of Black residents. Infection prevalence of residents was estimated using
Covid-19 design-based and raking weighting.
Probability survey Results: Between August 17 and October 24, 2020, 1245 residents completed a survey and underwent PCR
Seroprevalence testing; 1073 residents completed a survey and underwent PCR and IgG testing or self-reported results.
Weighted prevalence estimates of residents with active infection were 1.9% (95% Cl, 0.4%-3.3%) and 5.6%
were ever infected (95% CI, 3.3%-8.0%). Overall infection hospitalization and fatality ratios were 4.9% and
1.4%, respectively.
Conclusions: Through October 2020, the percentage of residents that had ever been infected was rel-
atively low. A markedly higher percentage of Black and other minorities compared to White residents
were infected with COVID-19. The St. Louis region remained highly vulnerable to widespread infection in
late 2020.
© 2022 Elsevier Inc. All rights reserved.
Introduction alone [2], fundamental epidemiological characteristics of the epi-

demic remain incompletely understood. In particular, in the first
year of the pandemic clinical manifestations of disease revealed
a remarkable spectrum of clinical severity (as many as 50% of
infected people are asymptomatic, and 90% are not severely ill)
[3-5], routine public health surveillance based on diagnosed cases
in routine care vastly underestimate both the prevalence of ac-
tive infection at any given time, and the cumulative incidence over

Although the global COVID-19 pandemic has led to almost six
million deaths globally [1] and over 900,000 in the United States
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time. The limited supply of tests (early in the pandemic) [6-9] and
the variation in limitations by geography [10], time, and racial and
socioeconomic groups [11-13] all make it inappropriate to use any
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single “correction” factor. Without an estimate of true incidence
and prevalence of infection, however, the actual burden of disease,
and differences in burden by geography, racial groups, and socioe-
conomic status remain incompletely known. In addition, calculat-
ing the risk of hospitalization and death as well as the reach of
municipal testing efforts all require the estimates of true preva-
lence of infection.

Few existing studies that attempt to assess the prevalence of
active as well as cumulative COVID-19 infections [14-18] have
been based on survey sampling methods in the United States (US).
A number of studies estimating SARS-CoV-2 seroprevalence have
been conducted globally [19,20], but the majority of these studies
were conducted outside of the US and therefore are of uncertain
relevance to the US epidemic. Most of the surveys that have been
conducted in the US are based on convenience samples [but see
21,22] which are more likely to generate biased prevalence esti-
mates compared to population-based probability samples.

St. Louis County is among the 50 most populated counties in
the US and the most populated county in Missouri, with about one
quarter identifying as Black and two thirds identifying as White
[23]. Early on in the pandemic (April-May 2020) estimates of sero-
prevalence in the St. Louis metropolitan area [24] and the Missouri
region [25] indicated that about 3% of individuals had been in-
fected with SARS-CoV-2 at some point; however, these studies re-
lied on convenience serum samples collected during routine health
care and accurate estimates of infection that are critical to esti-
mating key epidemiological measures (e.g., risk of death and hos-
pitalization) and to informing public health decisions were largely
lacking in Missouri during the early stages of the pandemic.

In the fall of 2020, we undertook a complex survey sampling
study to assess the prevalence of active COVID-19 disease (as mea-
sured by PCR assay), and the prevalence of infection to that point
(using both PCR and antibody assays) in St. Louis County. We strat-
ified the sample to enable examination of prevalence by racial
group and geography to identify variable disease burden in sub-
populations in the region. We also used the estimate of true infec-
tion prevalence to assess regional penetration of testing (number
with active infections compared to number tested) as well as hos-
pitalization and fatality rates (number ever infected compared to
cumulative hospitalizations and deaths). This formal application of
a survey sampling approach offers additional insights into the ex-
tent of the COVID-19 pandemic, regional variability in burden of
disease, as well as the impact of public health activities.

Methods
Study design and participants

Our target population consisted of St. Louis County, Missouri
residents greater than or equal to 18 years that were not in long-
term care facilities and who could be reached by landline or cell
phone. We sampled individuals from this population for our study
through random digit dialing. Telephone numbers were obtained
from Marketing Systems Group (MSG), a commercial vendor who
supplies contact information for a range of survey purposes (e.g.,
public health surveillance, marketing, political campaigns). We ini-
tially sought an equal number of Black and White respondents
to obtain estimates of comparable precision in each group. Be-
cause ~24% of the county residents identify as Black, but the
racial/ethnic identity of phone owners is not known a priori, we
oversampled phone numbers linked to geographical areas where
the majority of the residents are Black. Initially, fully random digit
dialing numbers based on Behavioral Risk Factor Surveillance Sys-
tem [26] protocols were used to recruit St. Louis County residents
for testing (eligible population ~777,067). Due to slow ramp-up
of calling activities and time constraints, we later supplemented
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the sample with listed cell and landline phone numbers provided
by MSG. Use of listed numbers increases operational efficiency be-
cause the sample excludes non-working and business numbers and
is also accompanied by socio-demographic information, but sacri-
fices a pure probability sample since mechanisms of selection into
listed samples are not comprehensively known to the vendor.

Study procedures

Residents reached by phone were offered SARS-CoV-19 testing
and invited to participate in a 15-minute survey. PCR and/or anti-
body testing was conducted at one of seven locations distributed
throughout St. Louis County. The Health and Behavioral Risk Re-
search Center at the University of Missouri Columbia was con-
tracted to complete calling, phone interviews, and scheduling of
tests. We offered gift card incentives for completing the survey
and participating in PCR and/or antibody testing; we also provided
roundtrip rides via Uber Health and cab vouchers to participants
who needed transportation. The surveys administered were pri-
marily based on the 2020 Behavioral Risk Factor Surveillance Sys-
tem and included newly-developed custom COVID-19 pandemic re-
lated questions.

SARS-CoV-2 PCR testing

At each of seven specimen collection sites, nasopharyngeal
swabs were collected. PCR tests were offered to all participants
in this study. Presence or absence of infection with SARS-CoV-2
was determined using FDA-approved RT-PCR assays on the Roche
Cobas® platform [27]. All PCR testing was performed in CAP/CLIA
certified laboratories.

SARS-CoV-2 IgG antibody testing

At five of seven specimen collection sites, 5 mL venous blood
samples were collected from those participants that agreed to an
IgG antibody test. Due to personnel limitations, during the last 2
weeks off the study antibody tests were only performed at two of
the sites. Presence or absence of SARS-CoV-2 specific IgG antibod-
ies was determined using FDA approved Abbott Architect chemilu-
minescent microparticle immunoassays [28]. All IgG antibody test-
ing was performed in CAP/CLIA certified laboratories.

County surveillance data: rates of infection, hospitalization and
fatality

To obtain county-level estimates of the number of individuals
infected at the time of testing, we used the estimated prevalence
from our study and St. Louis County census and testing data from
the Missouri Department of Health & Senior Services. The percent-
age of individuals that were tested in the county was determined
by tabulating the total number of residents that had PCR-positive
tests at the midpoint of the study testing period (September 20,
2020) and compared these totals to the total expected individuals
with active infection. We used + or - 10 days of PCR positivity
around date of positive PCR test. Given the sensitivity of estimates
to assumed duration of infection and the uncertainty of duration
of PCR positivity in non-hospitalized patients, we explore effects
on estimates assuming +7 and +14 days [29]. Repeat positive tests
and congregate facilities (e.g., nursing homes) were removed from
the testing dataset.

The infection hospitalization ratio (IHR) and infection fatality
ratio (IFR) were determined by tabulating the cumulative number
of COVID-19 related hospitalizations and deaths (excluding congre-
gate facilities such as nursing homes) from March 2020 through
the midpoint of our testing period (hospitalization data from the



C.W. Goss, B.B. Maricque, V.V. Anwuri et al.

Missouri Hospital Association, and death data from the Missouri
Department of Health & Senior services). These totals were then
divided by the number of residents estimated to have ever been
infected to obtain IHR and IFR estimates. The lower and upper con-
fidence bounds from the ever-infected prevalence estimates were
multiplied by the county census estimates to obtain the denomi-
nator for the 95% confidence bounds for I[HR and IFR. Estimates are
reported for overall and stratified by age, race, and sex. Instances
where race was unknown were imputed using a hot-deck imputa-
tion approach [30].

Statistical analysis

Our analytical approach entailed imputation and weighting of
the survey data followed by a weighted frequency analysis. So-
ciodemographic variables used in the weighting process (sex, ge-
ographic area, age, race, ethnicity, education, income, smoking his-
tory, COVID-19 testing history, depression and adults with reduced
contact due to epidemic) as well as other key variables from the
survey were imputed using a hierarchical hot-deck imputation ap-
proach [30]. The probability sample (n = 951) was weighted using
a combination of design-based weights as well as raking based on
geodemographic variables. For the targeted non-probability sam-
ple (n = 1363) in addition to geodemographic weighting variables,
a set of calibration variables (depression, smoking history, testing
history, and reduced adult contact during pandemic) were used in
the weighting process for this subset to better integrate these data
with the probability-based sample and obtain the final weights for
the total survey sample (n = 2314). Individuals with active infec-
tion were determined as the subset of individuals who completed
the survey and took a PCR test (n = 1245). Individuals that com-
pleted a survey and took a PCR and IgG test or did not test with
us but reported a recent positive or negative test (n = 31) as the
main reason for not wanting to test in our study were included in
our estimates of “ever infected” group (total n = 1073). Data for
both outcomes were re-weighted using design-based weights and
an iterative raking approach. More details regarding the imputa-
tion and weighting approach can be found in the supplement (see
Supplementary Methods).

Active infection (PCR) and ever infected (PCR, IgG or self-
reported [previous positive or negative test]) prevalence was es-
timated using Taylor series linearization [31] to adjust the variance
estimates for survey weights. In addition to overall prevalence,
we estimated the prevalence and associations between infection
and key variables collected from the survey that included: age
(18-39, 40-60, >60 years), race (White, Black/other), sex (F, M),
county division (Central, Inner North, Outer North, South, West),
prior COVID-19 testing history, mask wearing frequency (always vs.
not always), COVID-19 related symptoms, income level (<$35,000
vs. >$35,000), and education (attended college vs. did not attend
college). Results are reported as n (%), mean + SD, and weighted
prevalence (%) with 95% confidence intervals. As sensitivity anal-
yses, we estimated unweighted the unweighted prevalence for ac-
tive (PCR), ever infected (PCR, IgG, self-reported), and ever infected
with self-reported results excluded. All analyses were conducted
using SAS version 9.4 (SAS Institute Inc., Cary, NC) and P-values
<.05 were considered significant.

Results
Calling summary and cohort description

Over the course of the study, a total of 121,423 persons were
reached and 4994 were eligible to be tested (Fig. 1). Of these, a to-
tal of 1245 took a PCR test and 1073 took both PCR and IgG tests
or refused to test with us but reported having a recent prior nega-
tive or positive test result. Sixty three percent of respondents were
female and 63%, 35%, and 2% of respondents were White, Black or
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Counts of Testing by Zipcode
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Fig. 1. Testing density by zip code and testing locations for residents who were
tested in the study. “(For interpretation of the references to color in this figure leg-
end, the reader is referred to the Web version of this article.)”

121,423 Reached

4,994 Eligible

y

2,314 Completed
Survey

1,073 PCR &
IGG, or Self
Reported Test

1,245 PCR Test

Fig. 2. Flow diagram of participants included in the analysis. “(For interpretation
of the references to color in this figure legend, the reader is referred to the Web
version of this article.)”

another minority group, respectively. The mean age for the cohort
was 60 + 15.5 years. The highest percentage of respondents were
in the northern (51%) and western parts of the county (23%), with
the southern (13%) and central parts (13%) of the county compris-
ing less than 30% of the total (Fig. 2). Additional characteristics are
provided in Table 1.
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Table 1

. . i R . Table 2
Sociodemographic statistics for individuals who received a . . . . .
PCR test. Weighted prevalence estimates based on testing for current (PCR) infection.

Characteristic 1 (%) (Total N = 1245) Characteristic Weighted Prevalence (95% CI)  P-value
Overall 1.9% (0.9%-3.9%) NA
Age group Race 026
ig:ég ;Sg 833;; White 0.9% (0.3%-2.5%)
e Black/Other 4.1% (1.6%-10.4%)
>60 711 (57.1%) Sex 207
Race .
Male 1% (0.3%-3.3%
Black/Other 463 (37.2%) Female 2 6; (1.1%-6 2)%)
White 782 (62.8%) R
Sex Age Group 797
Female 786 (63.1%) 18-39 2% 0(0'4‘;8'8@0
Male 459 (36.9%) 40-60 2.4% (1.1%-4.9%)
County Geographic Area - >60 1.2% (0.3%-4.5%)
M srap o County Geographic Area 312
Central 163 (13.1%) , oo
Inner North 343 (27.6%) Central 0% (0%-2.3%)
ey Inner North 3.9% (0.8%-16.4%)
Outer North 285 (22.9%) Outer North 2.5% (1%-6%)
South 166 (13.3%) SOSAI "
West 288 (23.1%) South 2% (0.6%-7.1%)
Education e West 1% (0.3%-3%)
Attended college 1025 (82.3%) COVID-19 Testing History . . 057
. o Previous test 3.7% (1.3%-9.9%)
Did not attenq collgge 220 (17.7%) No previous test 1% (0.4%-2.6%)
COVID-19 testing history Household Income . : 276
No previous test 847 (68%) ~35.000 1.4% (0.7%-2.9%) )
Previous test 398 (32%) Z$3'5 000 3'7% (0.8%—1.5 3%)
COVID-19 Symptoms? COVID-19 Symptoms? 681
No symptoms 696 (55.9%) ymp
Symptoms 549 (44'10/) No symptoms 1.6% (0.4%-5.7%)
ymp e Symptoms 2.2% (1%-4.6%)
Always wears mask? .
Always wears a mask 1098 (88.2%) Education 182
v o0 Did not attend college 3.4% (1%-10.9%)
Does not always wear a mask 147 (11.8%) 5 B
Income <$35.,000? Attended college 1.3% (0.6%-2.5%)
<$35,000 e 320 (25.7%) Always wears mask? 469
35,000 925 (74.3%) Does not always wear a mask 3% (0.9%-9.6%)

Always wears a mask

1.7% (0.7%-4%)

* The Central area had zero individuals with a PCR positive result. To obtain
a group P-value a randomly selected individual was set to positive and given a

Active infection rates as indicated by PCR testing weight of .001.

We estimated the prevalence of infection as detected by PCR
assay (Table 2) to be 1.9% (95% CI, 0.9% to 3.9%) of the population
in St. Louis County during the testing period (August 17 to October
24). Black and other minority residents had a prevalence of 4.1%

Table 3

Weighted prevalence estimates based on testing for current (PCR) or
past infection (IgG antibody test or self-reported prior infection).

X . . . . Characteristic Prevalence (95% CI P-value
which was 4.6 times higher compared to White residents (0.9%) ( )
(P = .026). Individuals that reported having been tested for COVID- Overall 5.6% (3.7%-8.5%) NA
19 previously (regardless of result) had over three times higher Race 008
p y (reg i g White 3.6% (1.9%-6.5%)
prevalence (3.7%) compared to those that did not have a previous Black/Other 10.5% (6%-17.8%)
test (1.0%) (P = .057). The prevalence in females was slightly higher Sex .539
than in males (2.6% vs. 1.0%) although not significantly different Male 4.8% (2.2%-9.9%)
_ . Female 6.3% (3.9%-10.2%)
(P = .207). By age group, the highest prevalence was for the 18-39 Age Group 601
years age group (2.0%), followed by 40-60 years group (2.4%) and 18-39 7% (3.1%-14.7%) '
residents >60 (1.2%) (P = .797). There was small (non-significant; 40-60 5.3% (2.8%-9.7%)
P = .312) differences in prevalence estimates among different re- >60 _ 4.6% (2.6%-8.1%)
gions in the county with the highest prevalence in the northern ar- g"”t““; Geographic Area 1% (02%-45%) 460
o/ o o entra A% (0.2%-4.5%
eas (Inner North, 3.9%; Outer North,_Z.SA), followed by South (2.0%) Inner North 7% (3.2%-14.8%)
and West (1.0%); Central County did not have anyone that had a Outer North 6.7% (3.6%-12.2%)
PCR positive test. Symptom status, mask wearing, education level South 7.4% (3.3%-15.9%)
and income level were not significantly associated with having ac- West o 4.8% (1.8%-12.1%)
tive infection (Table 2). When we compared the weighted results COVID-19 Testing History 020
. A Previous test 9.9% (6%-15.9%)
to th_e un\_/velghted results, the unweighted absolute prevalence and No previous test 3.7% (1.8%-7.3%)
relative differences between groups were smaller compared to the Household Income .590
weighted results but the direction was largely the same (Supple- >35,000 5.3% (3.3%-8.6%)
mental Table 1). <$35,000 6.9% (3.2%-14.4%)
COVID-19 Symptoms? 539
No symptoms 5% (2.6%-9.4%)
Current or past infection as indicated by PCR or IgG antibody testing Symptoms 6.4% (3.8%-10.6%)
results Education .166
Did not attend college 8.4% (4%-16.7%)
. . . Attended coll 4.5% (2.8%-7.2%
We estimated (Table 3) the prevalence of ever having been in- Alvs:ysewecgrsei]eask? ( ) 331

fected (as measured by either a + antibody test, + PCR or self-
reported positive test) of 5.6% (95% CI, 3.7% to 8.5%). Prevalence
estimates for Black residents and other minorities was 10.5% which
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Does not always wear a mask

Always wears a mask

9% (3.2%-22.9%)
5.1% (3.3%-7.7%)
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Table 4
Estimated percentage of active infections tested by St. Louis County during the
study.

# Of active infections
based on routine
county PCR testing

# Of days from point of
testing assumed to
have active infection

Percentage of true
infections detected
(95% CI)

+ 13 days 3248 22.6% (10.8%, 47.8%)
+ 10 days 2516 17.5% (8.3%, 37%)
+ 7 days 1813 12.6% (6%, 26.7%)

The true active infection prevalence assumed to be 1.9% by PCR. The total number
of individuals tested on September 20, 2020 (midpoint of the study testing period).

was almost three times higher compared to White residents (3.6%)
(P = .008). Those reporting a prior test (any test result) had an
estimated prevalence of 9.9% compared to 3.7% for those that re-
ported not having tested previously (P = .020). The 18-39 and
40-60 age groups had elevated infection prevalence compared to
greater than 60-year-old group but the difference was not signifi-
cant (P = .691). Female prevalence was slightly elevated compared
to males (6.3% vs. 4.8%) although not significant (P = .539). The
northern and southern portions of the county had the greatest
prevalence with prevalence estimates near or above 7%, and west-
ern and central areas of the county had lower prevalence with
estimates of 4.8% and 1.1%, respectively (P = .460). Mask wear-
ing, education, COVID-19 symptoms, and income level were not
strongly associated with ever being infected (Table 3). Sensitivity
analyses revealed that, in general, the unweighted and weighted
results generated similar prevalence estimates (Supplemental Ta-
ble 2). When we excluded those that reported prior positive or
negative tests, we found that the overall unweighted prevalence
estimates were just over 1% lower compared to the weighted es-
timates (overall prevalence, 4.4%); and while there were absolute
differences in prevalence estimates for the different groups, the
relative differences were generally similar (Supplemental Table 3).

County surveillance: rates of testing, hospitalization and fatality for
infected residents

Based on prevalence of true active infections estimated in our
survey (as indicated by PCR), we estimated that the percentage
of true infections captured through routine testing ranged from
12.6%-22.6%, depending on how long individuals are assumed to
have active infection (Table 4). The overall infection hospitaliza-
tion ratio (IHR) was 4.9% (95% CI, 3.3%-7.5%) and the infection
fatality ratio (IFR) was 1.4% (95% CI, 0.9%-2.2%). IHR and IFR es-
timates were similar between race and gender groups (Table 5);
however, there were strong differences between age groups with
the youngest age group (18-39 years) having the lowest IHR (1.5%)
and IFR (~0%), the 40-60 years-old group having intermediate IHR
(5%) and IFR (0.4%) estimates, and the oldest age group (>60 years)
had more than double the nearest age group with 10.6% IHR esti-
mate and 5% IFR estimate.

Discussion

Here, we report population-based prevalence estimates of active
and ever-infected residents with SARS-CoV-2 in St. Louis County.
During the study period (August 17th through October 24th 2020),
1.9% of St. Louis County residents had active SARS-CoV-2 infec-
tion and 5.6% of residents either had an active infection or had
been infected in the past. These data indicate that there has been
a substantial burden of disease in the St. Louis region and high-
light the considerable portion of the population that was still at
risk of SARS-CoV-2 infection at the time of this study in the fall of
2020. This is consistent with the rapid rise in cases in the region
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during December 2020 and January 2021. Results from our study
provided critical and timely information to St. Louis County health
officials to make decisions regarding COVID policy in this region.
These data are also consistent with other studies in regions that
were relatively heavily effects that have led to similar estimates of
disease burden around the same calendar time [32].

Although we recorded data on several factors thought to be
associated with infection prevalence, race was the only factor
with consistently significant associations for both active and ever-
infected outcomes. Communities of color have been disproportion-
ately affected by SARS-CoV-2 infection and COVID illness [10-12,
33]. Consistent with nationwide trends and local testing data, we
observed a significant disparity in overall infection prevalence be-
tween Black residents and White residents, in which Black resi-
dents were nearly three times more likely to have been infected
with SARS-CoV-2 than White residents. These disparities are con-
sistent with longstanding race-based disparities in health [34-37],
increased representation in essential work settings [38], and lack of
access to effective COVID testing resources [10,11]. Age, sex, and in-
come level have been shown to be associated with infection preva-
lence in a recent global meta-analysis of infection prevalence [19].
In our study we found numerical differences in the expected di-
rection for two out of three of these factors (higher prevalence for
younger ages and lower incomes), but none of the differences were
significant. This suggests that our study was either underpowered
to detect differences across these groups and/or that these factors
are not important in the region that we studied. Nevertheless, the
data presented here (esp. racial disparities) are critical for prioritiz-
ing resource allocation, modifying testing approaches and improv-
ing rates of testing in communities that have been hardest hit by
COVID-19.

Results from the current study indicate that routine testing pro-
cedures in St. Louis likely detected one in five COVID-19 cases,
demonstrating that the majority of infections were not identi-
fied as cases. A wide range of factors may contribute to this,
including a substantial percentage of asymptomatic infections,
lack of widespread surveillance testing, decentralized recommen-
dations for when testing was indicated and accessibility issues.
While COVID-19 is a disease with remarkably heterogenous clini-
cal manifestations [39], the low case-ascertainment rate and mild
and asymptomatic infections underscores the challenges to public
health. Low detection rates severely limit the value of public health
strategies such as quarantine of detected cases or contact tracing
[40], strategies whose impact is directly related to the proportion
of cases that are rapidly diagnosed and acted upon. Indeed, in most
regions in the United States, these measures were unable to keep
up with and had minimal impact on the epidemic in part because
of limited penetrance of testing. Rapid development of strategies
to optimize testing, in addition to the test characteristics them-
selves, will be critical to the next pandemic response as well as
this present one.

Consistent with previous estimates, our work suggests ap-
proximately 5% of persons with COVID-19 were hospitalized.
Population-based studies in Indiana [41] and Connecticut [42] from
early on in the pandemic (March through June 2020) report overall
IHR estimates that bracket the estimate in our study with IHR esti-
mates of 2.1% and 6.9%, respectively. This figure is relatively sensi-
tive to the age structure of those infected (which is dependent on
the age structure of the population) and our results show a strong
increase in IHR as a function of age which mirrors these studies.
The incidence of hospitalizations among all infected is an impor-
tant quantity for anticipating the burden on the health system, and
therefore for allocating and optimizing resources. The relationship
is also of high interest for modeling exercises: because the thresh-
old for hospitalization is relatively uniform, hospitalizations can be
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Table 5
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Cumulative COVID-19 hospitalization data from St. Louis County from March 1, 2020 through September 20, 2020 (midpoint of the study.

Total # infected Cumulative COVID-19

Cumulative COVID-19

Characteristic at any point related hospitalizations (%) IHR (95% CI) related deaths (%) IFR (95% CI)
Overall 43,714 (100%) 2143 (100%) 4.9% (3.3%, 7.5%) 619 (100%) 1.4% (0.9%, 2.2%)
Race

White 19,652 (45%) 847 (40%) 4.3% (2.4%, 8.0%) 301 (49%) 1.5% (0.8%, 2.8%)
Black/Other 23,750 (54%) 1296 (60%) 5.5% (3.2%, 9.5%) 318 (51%) 1.3% (0.8%, 2.3%)
Age group

18-39 19,170 (44%) 282 (13%) 1.5% (0.7%, 3.3%) 3 (0%) 0% (0%, 0%)
40-60 13,853 (32%) 689 (32%) 5% (2.7%, 9.3%) 56 (9%) 0.4% (0.2%, 0.8%)
>60 11,098 (25%) 1172 (55%) 10.6% (6%, 18.8%) 560 (90%) 5% (2.9%, 9%)
Sex

Male 17,249 (39%) 1040 (49%) 6% (2.9%, 12.8%) 307 (50%) 1.8% (0.9%, 3.8%)
Female 26,328 (60%) 1103 (51%) 4.2% (2.6%, 6.8%) 312 (50%) 1.2% (0.7%, 1.9%)

Total number infected derived from the combined PCR, IgG and self-reported prevalence estimate of 5.6% and county-level census estimates for the different characteristics.

used to estimate true burden of infection when diagnosed cases
are known to capture only a fraction of true cases.

Infection fatality ratio (IFR) estimates from our study indicated
that just over 1% of infected individuals died with a strong posi-
tive association between age and fatality rates with essentially 0%
of the youngest group (18-39 years) dying and 5% of infections in
the oldest age group (>60 years) resulted in death. As with the
IHR estimates, our overall and positive association of IFR with age
aligns with previously reported IFR estimates from early on in the
pandemic [42]. These IFR estimates are also within the range of re-
sults from a recent mathematical modeling study in England [43].
Results from the current study to contribute to our understanding
of the severity of disease once infected, and confirm that despite
the heterogeneity of clinical manifestations, SARS-CoV-2 infection
can have severe clinical consequences in a small but substantial
proportion of individuals.

This study has several limitations. While our study was in
progress, we modified the sampling approach to ensure an ade-
quate number of tests for Black residents at a cost of decreasing
representativeness by including listed phone numbers to obtain
targeted samples. Furthermore, the relatively low response rates
(especially among younger participants) could have created addi-
tional bias in our estimates. Closing some lesser-used testing sites
and having limited evening and weekend testing availability may
have deterred some individuals from testing. PCR-based prevalence
estimates are limited by the timing of testing relative to infection.
An infected individual is most likely to test positive in PCR-based
assays within 4 days of the onset of infection. Finally, IgG-based
estimates are limited by decreasing antibody assay sensitivity as
the time between SARS-CoV-2 infection and testing increases [44].

Our sample did not include residents in long-term care facil-
ities. This group is particularly vulnerable to COVID-19 infection
and hospitalization or death which may have led to underestimates
of IHR and IFR. For our “ever tested” prevalence estimates, we in-
cluded self-reported results for a subset of 31 individuals that did
not test during the study. The self-reported test results were not
confirmed with outside sources (e.g., health care records) and po-
tentially, and only a subset of the patients indicated this as the
main reason for not testing during the study.

Conclusion

In St. Louis County through October 2020, there was a relatively
low prevalence of residents who had ever been infected. Notably,
a higher percentage of Black and other minority residents were
currently or had ever been infected with COVID-19 compared to
White residents. The St. Louis region remained highly vulnerable to
widespread infection in late 2020. Routine testing did not identify
most true cases, implying that mitigation strategies that depend on
identification (e.g., contact tracing) were unlikely to be effective.
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In understanding the epidemiology of COVID-19, researchers must
triangulate among different sources of data to develop an accurate
understanding of the transmission dynamics and burden when all
methods have shortcomings, and this paper contributes to that un-
derstanding.
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