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ABSTRACT

Objective: We sought to determine the extent of SARS-CoV-2 seroprevalance and the factors

associated with seroprevelance across a diverse cohort of healthcare workers.

Design: Observational cohort study of healthcare workers, including SARS-CoV-2 serology

testing and participant questionaires.
Settings: A multi-site healthcare delivery system located in Los Angeles County.

Participants: A diverse and unselected population of adults (n=6,062) employed in a multi-site
healthcare delivery system located in Los Angeles County, including individuals with direct

patient contact and others with non-patient-oriented work functions.

Main Outcomes: Using Bayesian and multi-variate analyses, we estimated seroprevalence and
factors associated with seropositivity and antibody titers, including pre-existing demographic
and clinical characteristics; potential Covid-19 iliness related exposures; and, symptoms

consistent with Covid-19 infection.

Results: We observed a seroprevalence rate of 4.1%, with anosmia as the most prominently
associated self-reported symptom in addition to fever, dry cough, anorexia, and myalgias. After
adjusting for potential confounders, pre-existing medical conditions were not associated with
antibody positivity. However, seroprevalence was associated with younger age, Hispanic
ethnicity, and African-American race, as well as presence of either a personal or household
member having a prior diagnosis of Covid-19. Importantly, African American race and Hispanic
ethnicity were associated with antibody positivity even after adjusting for personal Covid-19
diagnosis status, suggesting the contribution of unmeasured structural or societally factors.

Notably, number of people, or children, in the home was not associated with antibody positivity.

Conclusion and Relevance: The demographic factors associated with SARS-CoV-2

seroprevalence among our healthcare workers underscore the importance of exposure sources

3
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beyond the workplace. The size and diversity of our study population, combined with robust
survey and modeling techniques, provide a vibrant picture of the demographic factors,
exposures, and symptoms that can identify individuals with susceptibility as well as potential to

mount an immune response to Covid-19.

STRENGTHS AND LIMITATIONS

Our study is strengthened by the size and granularity of data available on participants
e The observational nature of the study precludes statements regarding causality.

e The broad definition of healthcare worker, including both patient facing and non-patient
facing participants, enhances the generalizability of the results.

o The diverse participant population also enhances generalizability.
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INTRODUCTION

Amidst the ongoing global pandemic caused by SARS-CoV-2, the viral agent causing Covid-19,
substantial attention’ turned to antibody testing as an approach to understanding patterns of
exposure and immunity across populations. The use and interpretion of antibody testing to
assess exposure and immunity remains frought with inconsistencies and unclear clinical
correlations, in part due to a dearth of high quality studies among diverse participants.>® Recent
publications have pointed to the challenges and importance of understanding how different
antibody tests for SARS-CoV-2 perform, and factors that may render one method superior to
another.*5 Nonetheless, there remains general agreement that antibody testing offers valuable
information regarding the probable extent of SARS-CoV-2 exposure, the factors associated with

exposure, and the potential nature and determinants of seropositive status.®

To that end, we conducted a study of SARS-CoV-2 antibody screening of a large, diverse, and
unselected population of adults employed in a multi-site healthcare delivery system located in Los
Angeles County, including individuals with direct patient contact and others with non-patient-
oriented work functions. Recognizing the range of factors that might influence antibody status in
a given individual, we focused our study on not only estimating seroprevalence but also on
identifying factors associated with seropositivity and relative antibody levels within the following
three categories: (1) pre-existing demographic and clinical characteristics; (2) potential Covid-19
illness related exposures; and, (3) Covid-19 iliness related response variables (i.e. different types

of self-reported symptoms).

5
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METHODS

Study Sample

The sampling strategy for our study has been described previously.” In brief, beginning on May
11, 2020, we enrolled a total of N=6,318 active employees working at multiple sites comprising
the Cedars-Sinai Health System, located in the diverse metropolis of Los Angeles County,
California. The Cedars-Sinai organization includes two hospitals (Cedars-Sinai Medical Center
and Marina Del Rey Hospital) in addition to multiple clinics in the Cedars-Sinai Medical Delivery
Network. All active employees (total N~15,000) were invited to participate in the study by providing
a peripheral venous blood sample for serology testing and completing an electronic survey of
questions regarding past medical history, social history, and work environment in addition to
Covid-19 related symptoms and exposures.® For the current study, we included all participants
who completed both SARS-CoV-2 antibody testing and electronic survey forms (N=6,062). The
study protocol was approved by the Cedars-Sinai institutional review board and all participants

provided written informed consent.

Serologic Assays

All participant biospecimens underwent serology testing by the Cedars-Sinai Department of
Pathology and Laboratory Medicine using the Abbott Diagnostics SARS-CoV-2 IgG
chemiluminescent microparticle immunoassay assay (Abbott Diagnostics, Abbott Park, IL)
performed on an Abbott Diagnostics Architect ci16200 analyzer. The assay reports a signal-to-
cutoff ratio (S/CO) corresponding to the relative light units produced by the test sample compared
to the relative light units produced by an assay calibrator sample. The manufacturer
recommended S/CO ratio of 1.4 was used to assign binary seropositivity status. This cutoff was
validated for high specificity (i.e., >99%) ~14 days post symptom onset.’® The Abbott assay

detects antibodies directed against the nucleocapsid (N) antigen of the SARS-CoV-2 virus, which

6
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assists with packaging the viral genome after replication, and achieves specificity for IgG by

incorporating an anti-human IgG signal antibody.

Statistical Analyses

Estimates of Seroprevalence. We conducted a literature review to identify published data (until
June 25, 2020) on the sensitivity and specificity of the Abbott Architect SARS-CoV-2 IgG assay,
applied in specific populations using the manufacturer’s recommended thresholds. We identified
a total of 15 studies assessing sensitivity in 2,114 tests and 18 studies reporting specificity in
7,748 tests (Supplemental Tables 1-2); we combined this information with data from an
additional independent cohort of 60 case and 178 control specimens used to asses sensitivity
and specificity, respectively, within the Cedars-Sinai Department of Pathology and Laboratory
Medicine. We noted that studies investigating specificity generally assessed samples collected
prior to the SARS-CoV-2 pandemic whereas studies reporting sensitivity included specimens from
RT-PCR confirmed individuals (see details provided in Supplemental Tables 1-2). We restricted
our analyses to a referent cohort of tests conducted on samples from individuals who were
assayed 27 days following symptoms onset to most closely match our cohort sample
characteristics and the situational context for study enroliment. We integrated source population-
level demographic data, representative of the entire Cedars-Sinai employee base, with data from
our enrolled study sample using an Iterative Proportional Fitting procedure (IPF) to estimate the
number of eligible employees within each demographic category (with provided population totals
considered the target, using constraints derived from our sample)."" We then fit a Bayesian
multilevel hierarchical logistic regression model using RStan,'?'3 including reported age, gender,
race/ethnicity and site as coefficients, to model exposure probability (see Supplemental
Methods for full details). We estimated the seroprevalence within each post-stratified
demographic category based on the averaged and weighted value of the expected number of

employees within that category.
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Factors Associated with Seroprevalence. Prior to multivariable-adjusted analyses, age and
IgG index were transformed by dividing by 10 for interpretability of coefficients in all models. In
adjusted analyses, we compared differences between serology status (i.e. antibody positive
versus negative) in each variable of interest, grouped into one of three categories: (1) pre-existing
demographic and clinical characteristics (e.g. age, gender, ethnicity, race, and self-reported
medical comorbidities); (2) Covid-19 related exposures (e.g. self-reported medical diagnosis of
Covid-19 illness, household member with Covid-19 illness, number of people living in the home
including children, type of home dwelling, etc); and, (3) Covid-19 related response variables (e.g.
self-reported fever, chills, dry cough, anosmia, nausea, myalgias, etc.). In multivariable-adjusted
analyses, we used logistic and linear models to examine the extent to which the three categories
of variables (predictors) may be associated with antibody positive status (primary outcome) in the
total sample or IgG antibody level in the subset of persons with positive antibody status
(secondary outcome). Initial models were deliberately sparse, adjusting for a limited number of
key covariates (e.g. age, gender) and those variables with associations meeting a significance
threshold of P<0.10 were advanced for inclusion in a final multivariable model with only other
variables identified from the sparse regression included. A final separate multivariable model was
constructed for each of the 3 categories of variables.

Patient and Public Involvement. Patients and the public were not involved in the development

of this study.
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RESULTS

The demographic, clinical, exposure, and symptom response characteristics of the study sample
are shown in Table 1, by antibody test result status; the study sample included individuals whose
residence spanned diverse regions across Los Angeles County (Supplemental Figure 1). The
overall seroprevalence was 4.1% (95% CIl 3.1%, 5.7%), with higher estimates seen in younger
compared to older individuals and in Hispanics compared to non-Hispanics (Figure 1 and

Supplemental Table 3).

In multivariable-adjusted analyses of pre-existing characteristics (Figure 2 and Supplemental
Table 4), the main factors significantly associated with greater odds of seropositive status were
Hispanic ethnicity (OR 1.80 [95% CI 1.31, 2.46], P<0.001), and African American race (1.72 [1.03,
2.89], P=0.04), compared to non-Hispanic Whites. The main factors associated with lower odds
of being seropositive were older age (0.81 [0.71, 0.92] per age decade, P=0.001), and a history
of asthma (0.48 [0.26, 0.80], P=0.009). Among all seropositive persons, hypertension was
significantly associated with higher antibody level (beta 0.11 [SE 0.04] per 10-unit increment in

the IgG index, P=0.011).

In multivariable-adjusted analyses of Covid-19 related exposures (Figure 3 and Supplemental
Table 5), the factors significantly associated with greater odds of seropositive status were having
had a medical diagnosis of Covid-19 (7.78 [5.73, 10.56], P<0.001) and a household member
previously diagnosed with Covid-19 (9.42 [5.50, 16.13], P<0.001), with a similar trend observed
for working in a location where Covid-19 patients are treated (1.61 [1.18, 2.18], P=0.002]. Among
seropositive individuals, having a medical diagnosis of Covid-19 was associated with higher
antibody level. Notably, dwelling type, number of people in the home, and having children or

common domestic pets were not associated with either seroprevalence or antibody titer.
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In multivariable-adjusted analyses of Covid-19 response variables (Figure 4 and Supplemental
Table 6), the strongest self-reported symptom associated with greater odds of seropositive status
was anosmia (11.53 [7.51, 17.70], P<0.001). Other symptoms associated with the presence of
antibodies included dry cough, loss of appetite, and myalgias. Notably, the symptoms associated
with lower odds of seropositive status included sore throat and rhinorrhea. Dyspnea was
significantly associated with higher titer levels in seropositive individuals (beta 0.13 [SE 0.04],

P=0.001).

Significantly predictive pre-existing characteristics, exposures and symptoms from the prior
models were subsequently analyzed together. In multivariable analysis, all included predictors,
except for dry cough, myalgias and fatigue remained significantly associated with the presence
of antibodies. Predictors which remained significantly associated with higher antibody levels
included hypertension (beta 0.09 [SE 0.04], P=0.031), prior Covid-19 diagnosis (beta 0.09 [SE
0.03], P=0.002), working in a Covid unit (beta 0.07 [SE 0.03], P=0.008), and dyspnea (beta 0.07

[SE 0.03], P=0.015) (Figure 5 and Supplemental Table 7).
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DISCUSSION

In a large diverse healthcare employee cohort of over 6,000 adults in Los Angeles, we observed
a seroprevalence rate of 4.1%, which when accounting for published test characteristics, may
range from 3.1% to 5.7%. Seroprevalence varied across demographic, clinical, exposure and
symptom based characteristics. Specifically, factors significantly associated with presence of IgG
antibodies included younger age, Hispanic ethnicity, and African-American race, as were
exposure related factors including the presence of either a personal or household member having
a prior medical diagnosis of Covid-19. Among self-reported symptoms, anosmia was most
strongly associated with the presence of antibodies, with positive associations also noted for
fever, dry cough, anorexia, and myalgias. The size and diversity of this study population,
combined with robust survey and modeling techniques, provide a more vibrant picture of the
population at highest risk for Covid-19 infection, risks of various potential exposures and

symptoms that should alter patients to potential iliness.

Most prior seroprevalence studieshave focused on cohorts that included healthcare workers
predominantly involved in direct or indirect patient care, persons living within a circumscribed
region with high viral exposure rates, or larger geographic areas from which motivated individuals
could voluntarily enroll into community screening programs.'1% Given that completely unbiased
population-scale sampling for seroprevalence studies remains a logistical challenge, we used a
sampling approach that involved open enrollment and convenient access to testing facilities made
available to all employees working across multiple sites of a large healthcare system; this
approach was intended to broadly capture individuals with both patient-related exposures and
community-related exposures, while also representative of a relatively wide geographic area in
and around Los Angeles County. Although limited to persons who are generally healthy and able

to be employed, our study cohort included individuals representing a diversity of demographic

1
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characteristics including ethnicity and race — leading to findings that reflect the disparities that
have been persistently observed and reported for Covid-19 infection rates in our local

communities.

Consistent with findings from studies in healthcare workers, seroprevalence patterns in our cohort
indicate exposure from not only the work environment but also from the home environment and
likely unmeasured community-based factors.® It has been well reported that minority populations,
particularly African Americans and Hispanics, have been disproportionately effected by the Covid-
19 panedmic.'”'® Our study is consistent with these prior findings, but demonstrates that such
differences exist even when all participants work not just in the same field, but for the same
organization. Such a finding may indicate that community and non-work related environmental
factors are likely playing a significant role in the spread of Covid-19 among certain minority
populations. Even after controlling for a medical diagnosis of Covid-19, African American race
and Hispanic ethnicity remained risk factors for antibody positivity. The persistence of thse racial
and ethnic disparities may represent structural barriers to care or societally mediated risk.
Geographic clustering by race and ethnicity in housing, shopping and social gatherings may be
one such factor, while socioeconomic status and ability to self-isolate outside of work likely also

contribute.20-22

No self-reported pre-existing medical conditions were significantly associated with antibody
positivity, indicating that infection itself is agnostic to baseline health. In fact, asthma was
negatively associated with the presence of antibodies, or at least antibody levels above the
current threshold we use for positivity. While reactive airway disease is unlikely a protective factor
against Covid-19, participants with such conditions may be more likely to deligently follow social
distancing guidelines and practice better adherence to hand hygiene and use of personal

protective equipment. Hypertension was the only medical condition associated with higher SARS-
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CoV-2 antibody levels. It remains unclear as to what physiologic mechanism may contribute to
this finding, however, unmeasured confounding variables, such as medications or renal disease
may function as mediating factors. Further studies will be needed to both verify and elucidate this

finding.

Also concordant with prior studies, we found that anosmia was the single strongest symptom
associated with SARS-CoV-2 IgG antibody presence.?®25 Interestingly, neither dyspnea nor
diarrhea, two commonly cited symptoms, demonstrated a significant association in multivariable
analysis.?627 This is likely related to the non-specific nature of these symptoms, which are
common to multiple viral and non-viral etiologies. Importantly, dyspnea was associated with a
higher antibody level among those with anti-SARS-CoV-2 antibodies, suggesting that dyspnea
related to Covid-19 may drive a more robust humoral immune response, potentially related to
more severe infection. These findings are concordant with the known phenomenon of
proportionate adaptive immune response to higher doses of antigenic stress.?® The extent to
which the generation of measurably higher antibody levels could confer immunity to a larger
degree or for a longer duration of time remains unknown. Interestingly, prior studies have
demonstrated lower antibody levels among exposed, asymptomatic individuals, a phenomena
which may be attributable to a highly efficient cell mediated immune response.?® It has be
suggested that higher T-cell levels, whether virus specific or otherwise, may play a role in this

finding, however, further research is required.3%3

Further expanding from prior studies, we investigated and observed several factors that appeared
notably unassociated with seroprevalence. In particular, we found that recent travel, type of home,
and number of people living in the home were not associated with an antibody-based measure of
SARS-CoV-2 exposure. The presence of antibodies was also not related to youth or children in

the home, or to having domestic pets such as cats or dogs. Although far from definitive, these
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results suggest that these factors do not play an important role in mediating potentially meaningful

viral exposure in the communities represented by our study cohort.

Several limitations of this study merit consideration. Of the employees actively employed at our
multi-site institution, only a proportion of all eligible participants enrolled; nonetheless, the sample
size of the cohort was large, diverse, and representative of the source sample.” Our
seroprevalence estimates were based on using a validated assay of only IgG antibodies; assays
of IgM antibodies may offer complementary information in future studies. Data collected on
medical history, exposures, and symptoms were all self-reported, similar to approaches used in
prior studies. We were unable to completely verify prior Covid-19 iliness using viral test results in
part given lack of universally available testing for all individuals, particularly those with minimal to

no symptoms.

In conclusion, in a highly diverse population of healthcare workers, demographic factors
associated with Covid-19 antibody positivity indicate potential factors outside of the workplace
associated with SARS-CoV-2 exposure, although these do not appear related to the number of
people or to the presence of children in the home. Further, while for dyspnea may be a marker of

more severe disease among those with Covid-19, it's presence alone does not indicate infection.
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1

2

431 Table 1. Characteristics of the Study Sample

Z Antibody Negative Antibody Positive
7 N=5850 N=212
8 Pre-Existing Characteristics

9 Age, mean (SD) 41.6 (12.0) 38.5 (11.2)
10 Male gender (%) 1876 (32) 73 (34)
11 Hispanic ethnicity (%) 1097 (19) 62 (29)
12 Race (%)

13 Asian 1809 (31) 57 (27)
}‘5‘ Black 354 (6) 18 (8)
16 White 2938 (50) 104 (49)
17 Other 749 (13) 33 (16)
18 Current smoker (%) 99 (2) 3(1)
19 Current vape user (%) 83 (1) 4 (2)
20 Medical conditions (%)

21 Asthma 733 (13) 14 (7)
22 Immune 228 (4) 4 (2)
;j Cancer 195 (4) 3(1)
25 Cardiovascular 127 (2) 2(1)
26 Chronic Obstructive Pulmonary Disease 84 (2) 0 (0)
27 Diabetes Mellitus 371 (7) 8 (4)
28 Hypertension 967 (17) 26 (13)
29 Potential Covid-19 Related Exposures

30 Personal diagnosis of Covid-19 (%) 530 (9) 104 (50)
31 Household member diagnosed with Covid-19 (%) 51 (1) 31 (15)
gg Domestic travel since September 2019 (%) 2127 (37) 54 (26)
34 International travel since September 2019 (%) 1324 (23) 44 (21)
35 Regular contact with Covid-19 patients (%) 1358 (24) 86 (41)
36 Work on a unit housing/caring for Covid-19 patients (%) 1600 (27) 93 (44)
37 Type of dwelling (%)

38 Apartment 2636 (46) 93 (44)
39 House 2914 (51) 107 (51)
j? Other 216 (4) 9 (4)
42

43

44 1
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No. people living in the home, mean (SD) 23(1.7) 2.4 (1.8)
Any persons in the home under age 18 years (%) 1843 (32) 65 (31)
Any persons in the home under age 12 years (%) 1467 (25) 51 (24)
Cats as household pets (%) 783 (13) 27 (13)
Dogs as household pets (%) 2189 (37) 95 (45)
Potential Covid-19 Related Responses

Fever (%) 497 (9) 87 (43)
Chills (%) 683 (12) 95 (46)
Headache (%) 2061 (36) 126 (61)
Conjunctivitis (%) 162 (3) 14 (7)
Anosmia (%) 252 (4) 107 (52)
Nasal congestion (%) 1611 (28) 104 (51)
Rhinorrhea (%) 1493 (26) 82 (41)
Dry cough (%) 1235 (22) 108 (53)
Productive cough (%) 542 (10) 50 (25)
Sore throat (%) 1368 (24) 81 (40)
Chest pain (%) 453 (8) 45 (22)
Dyspnea (%) 604 (11) 66 (33)
Anorexia (%) 390 (7) 78 (38)
Nausea (%) 657 (12) 52 (25)
Vomiting (%) 188 (3) 15 (8)
Diarrhea (%) 853 (15) 59 (29)
Myalgias (%) 1033 (18) 117 (58)
Fatigue (%) 1447 (25) 135 (66)
Skin changes (%) 261 (5) 15 (8)
Stroke symptoms (%) 35 (1) 3(2)
Sneezing (%) 1863 (33) 94 (47)
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FIGURE LEGEND

Figure 1. Seroprevalence Overall and by Subgroup
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Figure 2. Pre-Existing Factors Associated with SARS-CoV-2 Seroprevalence

Figure 3. Potential COVID lliness Exposure Related Factors Associated with SARS-CoV-
12 2

14 Figure 4. Potential COVID lliness Response Factors Associated with SARS-CoV-2
16 Seroprevalence

18 Figure 5. Factors Associated with SARS-CoV-2
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Supplemental Table 1. Prior Studies Reporting Sensitivity for the Abbott Architect SARS-CoV-2 IgG Assay'-'4

Author Positive Total Sample Description
Tests Tests

Abbott' 109 115 Using data from >=8 days post symptom onset and including 5 immunocompromised samples. Positive
subjects who tested positive for SARS-CoV-2 by a polymerase chain reaction (PCR) method and who also
presented with Covid-19 symptoms.

Bryan and Pepper et al.2 668 689 Serum specimens sent for clinical testing from persons who tested RT-PCR positive for SARS-CoV -2
during March and April 2020.

Ng and Goldgof and Shy and 328 382 Received care at adult inpatient units or clinics and were RT PCR positive for SARS-CoV-2 from

Levine and Balcerek and Bapat nasopharyngeal and/or oropharyngeal swab testing. Using combined data from immunocompromised

et al.”® individuals. Combining data from Day 8 + PSO.

Ekelund et al.# 17 20 Serum samples from 16 individuals that prior to serum sampling had tested RT-PCR positive for SARS-
CoV-2 in nasopharyngeal and/or pharyngeal swabs. The interval between onset of Covid-19 symptoms to
serum sample collection ranged from 18 to 52 days (median 38 days).

Phipps and SoRelle et al.5 10 21 8 or more days PSO. suspected Covid-19 cases with PCR-based nasopharyngeal swab testing on the
m2000 Abbott RealTime SARS Cov-2 assay or the Abbott ID NOWTM Covid-19 assay.

Phipps and SoRelle et al.5 10 13 Indeterminate days from PSO. Suspected Covid-19 cases with PCR-based nasopharyngeal swab testing
on the m2000 Abbott RealTime SARS Cov-2 assay or the Abbott ID NOWTM Covid-19 assay.

Chew et al.b 65 96 Used COVID pts at different stage of disease: results based on 7 + PSO disease stage: <6 days (7/81), at
7-13 days (17/39), at 14—20 days (21/25), and at 221 days (27/32)

Theel et al.” 78 84 Anti-SARS-CoV-2 IgG assay sensitivity in convalescent sera and in individual patients tested 215 days
post-symptom onset or first positive SARS-CoV-2 RT-PCR result

Theel et al.” 123 175 Included inpatients and outpatients PCR positive from >= 8 PSO

Kohmer et al.8 35 45  From 45 pts with positive PCR

Stroemer et al.® 33 34 34 sera obtained from 26 patients between four and 60 days (median 19 days) after a positive real-time
RT-PCR.

Nicol et al.1® 115 141 141 serum from 82 patients with positive PCR varying days from PSO

Delliere et al."? 86 95 Serum samples (n=95) from patients at least 10 days from symptoms onset or positive PCR

Perkmann et al. 12 55 65 65 Covid-19 donors/patients with a symptom onset to analysis time of 214 days

Mueller et al.’3 7 8 8 RT-PCR positive individuals

Tang et al.™ 56 71 103 specimens from 48 patients with PCR confirmed SARS-CoV-2 infections from NP, OP or lower
respiratory swab. Reported positive results from time from PCR: 0d=12/27, 1-3d= 8/15, 3-7d=13/22, 8-
13d=16/23, >14d=13/16. and reported positive from symptoms onset: <3d= 0/12, 3-7d=6/20, 8-13=11/23,
>14d=45/48

Cedars-Sinai Department of 53 60 All COVID Positive subjects were selected by three criteria: (1) Presentation to Cedars-Sinai Medical

Pathology and Laboratory
Medicine*

Center with symptoms consistent with infection by SARS-CoV-2 virus; (2) Were PCR positive for SARS-
CoV-2 viral RNA in at least one nasopharyngeal sample; (3) Had EDTA or heparin plasma available for
testing which was collected 8 or more days after onset of symptoms according to physician's notes in the
medical record.

*Unpublished data
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1
2
Z Supplemental Table 2. Prior Studies Reporting Specificity for the Abbott Architect SARS-CoV-2 IgG Assay
> Author Negative Total Sample source
6 Test Tests
7 Abbott! 1066 1070 997 specimens were collected prior to September 2019
8 73 specimens were collected in 2020 with signs of respiratory iliness and Covid-19 RT-PCR negative
9 Bryan and Pepper et al.? 1019 1020 Serum samples from 2018 and 2019
10 Jaaskelainen et al.'® 79 81 Serum samples from 2018 and 2019
11 Ng, Goldgof, Shy, Levine, 1011 1013 US blood donors prior to the Covid-19 pandemic
12 Balcerek and Bapat et al.’>
13 234 235 Plasma samples from 163 Covid-19 RT-PCR negative
14 Ekelund et al.* 100 100 Pre-pandemic samples from 2018
15
16 Phipps and SoRelle et al.5 656 656 240 samples collected prior to the Covid-19 pandemic (blood donors September through November 2019),
17 and an additional 416 healthy donors without recent iliness collected from March to April, 2020
1 91 91 23 CMV IgG positive, 8 prior Flu A+, 7 Flu B+, 6 RSV+, 47 endemic coronavirus samples (January 1,
8 2015- September 30, 2019) with normal or high levels of total IgG with no infusion of intravenous
19 immunoglobulin in the preceding 3 months
20 29 29 Lupus patients that were positive for multiple autoantibodies (100% ANA, 62% anti-dsDNA, 75% anti-
21 U1RNP, 55% anti-Sm, 34% anti-Ro52, 170 and 24% anti-La) 2004-2007
22 20 20 Rheumatoid arthritis patients positive for rheumatoid factor (85% were also anti-CCP positive) 2011-2014
23 96 97 Patients with Covid-19 RT-PCR negative
;‘5‘ Chew et al 6 163 163
26 Theel et al.” 149 149 Healthy samples from 2018
27 104 105 Samples negative for Covid-19 but positive for antibodies from other respiratory virus or bacteria (2020)
28 Kohmer et al.8 35 35
gg Stréemer et al.? 99 100 100 archived samples from winter and summer seasons
31 Nicol et al."0 57 57 52 patients with symptoms of Covid-19 but negative RT-PCR
gg 49 50 Residual serum samples collected before Covid-19 in Mar 2019
34 25 25 Samples with potential cross-reaction to Covid-19
35 10 10 Samples from pregnant women
36 10 10 Samples with positive rheumatoid factor
37 Paiva et al."” 1055 1059 Combining random Covid-19 samples during March 2020 (negative RT-PCR), pre-pandemic samples, and
38 pre pandemic prenatal samples. False positive tests (4) were from samples with Hepatitis A, Hepatitis B,
39 Rheumatoid Factor and anti-DNA
2(1) Brecher et al.'8 20 20 Patients with PCR Documented Common Cold
42
43
44 3
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Delliéere et al.!"

Perkmann et al.'?

Mueller et al."3
Tang et al.™
Cedars-Sinai Department of

Pathology and Laboratory
Medicine*

42

490

299
356
26
152

178

42

494

302
358
26
153

178

42 patients from pre-pandemic. 14 healthy, 16 endemic corona virus, 1 rhino virus, 1 metapneumovirus, 1
influenza A, 1 RSV. 1 HIV, 1 Hepatitis B. 1 toxoplasmosis. 2 Rheumatoid Factor

Cross selection of Viennese population, LEAD study between November and April to enrich seasonal
infections

Healthy voluntary donors

Patients with rheumatic disease
Patients with suspected Covid but negative neutralization test and PCR

80 patients symptomatic for Covid-19 but negative RT-PCR. 50 samples collected in 2015. 5 samples with
other corona virus infection. 4 samples with Influenza A or B. 14 samples with interfering antibiotics.

Samples collected prior to 1/1/2020
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Supplemental Table 3. Prevalence of Measurable SARS-CoV-2 IgG Antibody in the

Study Sample

oNOYTULT D WN =

9 Mean (95% CI)
Overall 4.1 (3.1,5.7)
12 Sex: Female 3.9 (3.0, 5.6)
Sex: Male 4.3 (3.1,6.3)
15 Age: <25 45(2.4,7.7)
Age: 25-29 5.1(34,7.7)
18 Age: 30-34 5.1 (3.5,7.5)
Age: 35-39 3.6 (2.3,5.3)
21 Age: 40-44 4(2.6,6.1)
22 Age: 45-49 3.2(1.8,5.1)
24 Age: 50-54 3.7(2.1,5.7)
25 Age: 55-59 3.5(1.9, 5.6)
Age: 60-64 3.8(2.2,6.0)
28 Age: >65 3.1(1.5,5.1)
Race Eth.: Asian 3.4 (2.4,5.0)
31 Race Eth.: Black 4.8 (2.8, 8.0)
Race Eth.: Hispanic / Latino 5.7 (3.9, 8.3)
34 Race Eth.: Other 3.4 (1.8,5.4)
35 Race Eth.: White 3.1(2.1,4.5)
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Supplemental Table 4. Pre-Existing Factors Associated with SARS-CoV-2 Seroprevalence

Outcome: Antibody Positive
N=6,062 (everybody with a test result)

Outcome: IgG index (divided by 10)
N=212 (everybody with a test resulit)

Predictors Model 1 Model 2 Model 3 Model 4
OR (95% CI) P OR (95% CI) P Est (SE) P Est (SE) P

Age (per decade) 0.8 (0.7, 0.91) 0.001 0.81(0.71,0.92) 0.001 0.02 (0.01) 0.07 0.01 (0.01) 0.43
Male Sex 1.19 (0.89, 1.59) 0.24 -0.05 (0.03) 0.11

Hispanic Ethnicity 1.76 (1.28, 2.40) <0.001 1.8(1.31,2.46) <0.001 0(0.03) 0.93

African American Race 1.77 (1.07, 2.93) 0.027 1.72 (1.03, 2.89) 0.04 0.02 (0.05) 0.66

Smoking 0.83 (0.26, 2.66) 0.76 -0.01 (0.11) 0.91

Vaping 1.12 (0.4, 3.12) 0.82 -0.08 (0.1) 0.45

Asthma 0.48 (0.28, 0.83) 0.009 0.48 (0.28,0.8)  0.009 0.02 (0.05) 0.71

Immune Disorder 0.5(0.18, 1.35) 0.17 -0.07 (0.1) 0.49

Cancer 0.54 (0.17, 1.72) 0.29 0.01 (0.12) 0.92

Cardiovascular Disease 0.49 (0.12, 2.02) 0.33 0.06 (0.14) 0.65

ghronlc Obst_ructlve 0(0, Inf) 0.97

ulmonary Disease
Diabetes Mellitus 0.66 (0.32, 1.37) 0.26 0.07 (0.07) 0.31
Hypertension 0.9 (0.58, 1.41) 0.64 0.11 (0.04) 0.013 | 0.11(0.04) 0.011

Model 1 is adjusted for age, sex, ethnicity, race.
Model 2 is adjusted for anything that was significant in Model 1 to a P<0.10.

Model 3 is for age, sex

Model 4 is adjusted for anything that was significant in Model 3 to a P<0.10.
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Supplemental Table 5. Potential COVID lliness Exposure Related Factors Associated with SARS-CoV-2 Seroprevalence

Outcome: Antibody Positive
N=6,062 (everybody with a test result)

Outcome: IgG index (divided by 10)
N=212 (everybody with a test result)

Model 1 Model 2 Model 3 Model 4

Predictors OR (95% CI) P OR (95% CI) P Est (SE) P Est (SE) P
Age (per decade) 0.8 (0.7, 0.91) 0.001 | 0.84(0.73,0.97) 0.016 | 0.02(0.01) 0.07 0.02(0.01)  0.046
Male Sex 1.19 (0.89, 1.59) 0.24 -0.05(0.03)  0.11
Hispanic Ethnicity 1.76 (1.28, 2.4) <0.001 | 1.84(1.31,2.59)  0.001 0 (0.03) 0.93
African American 177(1.07,2.93) 0027 | 211(1.24,358) 0006 | 0.02(0.05  0.66
# people in home 1.02 (0.94, 1.11) 0.6 0.02(0.01)  0.038 | 0.01(0.01)  0.21
Physician Suspected | 14 14 759 1355) <0.001 |7.78 (5.73,10.56) <0.001 | 0.16(0.02)  <0.001 | 0.13(0.03)  <0.001
Covid Diagnosis
g%‘;sneohs?éd Covid 18.93 (11.74,30.53)  <0.001 | 9.42(5.5,16.13) <0.001 | 0.09(0.04)  0.016 | 0.03(0.04) 047
Domestic Travel 0.61 (0.44, 0.84) 0.002 | 0.67(0.48,0.94) 0.021 |-0.05(0.03)  0.08 |-0.04(0.03) 0.18
International Travel 0.93 (0.66, 1.31) 0.68 0 (0.03) 0.98
Covid Unit 1.98 (1.49, 2.63) <0.001 | 1.61(1.18,2.18)  0.002 | 0.10(0.03)  <0.001 | 0.07(0.03)  0.01
Dwelling: House 1.2 (0.89, 1.61) 0.23 0.03 (0.03) 0.27
Dwelling: Other 1.17 (0.58, 2.35) 0.67 0.05 (0.07) 0.44
Persons <18 in home | 0.96 (0.71, 1.29) 0.77 0.03 (0.03) 0.31
Person <12 in home 0.91 (0.66, 1.26) 0.58 0.02 (0.03) 0.47
Cats in home 0.98 (0.65, 1.48) 0.92 -0.01(0.04)  0.87
Dogs in home 1.34 (1.02, 1.78) 0.039 | 1.29(0.95,1.75)  0.10 | 0.01(0.03) 0.78

Model 1 is adjusted for age, sex, race, ethnicity.
Model 2 is adjusted for anything that was significant in Model 1 to a P<0.10.

Model 3 is adjusted age, sex
Model 4 is adjusted for anything that was significant in Model 3 to a P<0.10.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




oNOYTULT D WN =

BMJ Open

Supplemental Table 6. Potential COVID lliness Response Factors Associated with SARS-CoV-2 Seroprevalence

Outcome: Antibody Positive
N=6,062 (everybody with a test result)

Outcome: IgG index (divided by 10)
N=212 (everybody with a test result)

Model 1 Model 2 Model 3 Model 4
Predictors OR (95% CI) P OR (95% CI) P Est (SE) P Est (SE) P
Age (per decade) 0.8 (0.7, 0.91) 0.001 0.77 (0.65, 0.91) 0.002 0.02 (0.01) 0.07 0.02 (0.01) 0.05
Male Sex 1.19 (0.89, 1.59) 0.24 -0.05 (0.03) 0.1
Hispanic Ethnicity 1.76 (1.29, 2.4) <0.001 1.91 (1.3, 2.82) 0.001 0 (0.03) 0.93
African American
Race 1.77 (1.07, 2.93) 0.027 1.75 (0.92, 3.3) 0.09 0.02 (0.05) 0.66
Fever 7.8 (5.81, 10.48) <0.001 2.11 (1.26, 3.55) 0.005 0.15 (0.03) <0.001 0.08 (0.04) 0.032
Chills 6.23 (4.67, 8.31) <0.001 1.24 (0.73, 2.11) 0.44 0.11 (0.03) <0.001 -0.04 (0.04) 0.31
Headache 2.72 (2.03, 3.64) <0.001 0.69 (0.44, 1.09) 0.1 0.12 (0.03) <0.001 0.07 (0.04) 0.06
Conjunctivitis 2.56 (1.45, 4.52) 0.001 0.95 (0.45, 2) 0.89 -0.04 (0.06) 0.5
23.05 (16.98,
Anosmia 31.29) <0.001 11.53 (7.51, 17.7) <0.001 0.08 (0.03) 0.002 0 (0.03) 1
Nasal Congestion 2.59 (1.95, 3.44) <0.001 1.18 (0.71, 1.97) 0.53 0.07 (0.03) 0.017 0.01 (0.03) 0.75
Rhinorrhea 1.89 (1.41, 2.52) <0.001 0.6 (0.36, 1) 0.049 0.02 (0.03) 0.41
Dry Cough 4.28 (3.21, 5.69) <0.001 1.86 (1.21, 2.88) 0.005 0.09 (0.03) 0.001 -0.04 (0.04) 0.3
Productive Cough 3.01(2.16,4.2) <0.001 0.82 (0.49, 1.36) 0.44 0.09 (0.03) 0.005 0.01 (0.04) 0.72
Sore Throat 2.09 (1.56, 2.8) <0.001 0.47 (0.3, 0.74) 0.001 0.03 (0.03) 0.3
Chest Pain 3.2 (2.26, 4.53) <0.001 0.95 (0.56, 1.62) 0.85 0.07 (0.03) 0.034 -0.05 (0.04) 0.18
Dyspnea 4.08 (3, 5.56) <0.001 0.88 (0.54, 1.44) 0.61 0.16 (0.03) <0.001 0.13 (0.04) 0.001
Anorexia 8.57 (6.31, 11.63) <0.001 2.19 (1.34, 3.57) 0.002 0.14 (0.03) <0.001 0.04 (0.04) 0.27
Nausea 2.59 (1.86, 3.6) <0.001 0.86 (0.51, 1.44) 0.56 0.1 (0.03) 0.002 0.08 (0.04) 0.05
Vomiting 2.33 (1.34, 4.03) 0.003 0.69 (0.31, 1.52) 0.36 0.15 (0.05) 0.005 -0.07 (0.06) 0.28
Diarrhea 2.32 (1.69, 3.18) <0.001 0.83 (0.53, 1.31) 0.43 0.08 (0.03) 0.014 -0.04 (0.04) 0.25
Myalgias 6.36 (4.76, 8.5) <0.001 1.92 (1.14, 3.25) 0.015 0.13 (0.03) <0.001 0.04 (0.04) 0.33
Fatigue 5.91 (4.38, 7.98) <0.001 1.63 (0.95, 2.77) 0.07 0.14 (0.03) <0.001 0.01 (0.05) 0.76
Skin Changes 1.65 (0.96, 2.83) 0.07 0.89 (0.44, 1.81) 0.75 0.01 (0.05) 0.88
Stroke Symptoms 2.35(0.71,7.78) 0.16 0.27 (0.11) 0.019 0.05(0.13) 0.7
Sneezing 1.72 (1.29, 2.28) <0.001 0.83 (0.52, 1.31) 0.42 0.03 (0.03) 0.36
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Model 1 is adjusted for age, sex, race, ethnicity.
Model 2 is adjusted for anything that was significant in Model 1 to a P<0.10.
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Model 3 is adjusted for age, sex.
Model 4 is adjusted for anything that was significant in Model 3 to a P<0.10.
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Supplemental Table 7. Factors Associated with SARS-CoV-2

Outcome: Antibody Positive

Outcome: IgG index (divided by 10)

Predictors N=6,062 (everybody with a test result) N=212 (everybody with a test result)
OR (95% CI) P Est (SE) P

Age (per decade) 0.81 (0.69, 0.96) 0.017 0.02 (0.01) 0.22

Hispanic Ethnicity 2.11 (1.43, 3.13) <0.001

African American Race 2.08 (1.12, 3.88) 0.021

Asthma 0.25 (0.13,0.5) <0.001

Hypertension 0.09 (0.04) 0.031

Physician Suspected Covid Diagnosis 3.76 (2.52, 5.59) <0.001 0.09 (0.03) 0.002

Household Covid Diagnosis 6.09 (3.08, 12.06) <0.001

Domestic Travel 0.63 (0.42,0.92) 0.019

Covid Unit 1.75 (1.23, 2.5) 0.002 0.07 (0.03) 0.008

Fever 1.94 (1.23, 3.07) 0.004 0.03 (0.03) 0.42

Headache 0.04 (0.03) 0.22

Anosmia 10.44 (6.78, 16.07) <0.001

Rhinorrhea 0.58 (0.38, 0.89) 0.012

Dry Cough 1.2 (0.77, 1.86) 0.42

Sore Throat 0.5 (0.32,0.77) 0.002

Dyspnea 0.07 (0.03) 0.015

Anorexia 1.52 (0.94, 2.46) 0.09

Nausea 0.05 (0.03) 0.15

Myalgias 1.47 (0.88, 2.48) 0.14

Fatigue 1.46 (0.87,2.44) 0.15

Models are adjusted for significant predictors from the primary multivariable models examining associations of existing
characteristics, exposures and symptoms with antibody positivity and IgG titer index.
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Supplemental Figure 1.
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ABSTRACT (300 word limit)

Objective: We sought to determine the extent of severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) seroprevalance and the factors associated with
seroprevelance across a diverse cohort of healthcare workers.

Design: Observational cohort study of healthcare workers, including SARS-CoV-2 serology

testing and participant questionaires.
Settings: A multi-site healthcare delivery system located in Los Angeles County.

Participants: A diverse and unselected population of adults (n=6,062) employed in a multi-site
healthcare delivery system located in Los Angeles County, including individuals with direct

patient contact and others with non-patient-oriented work functions.

Main Outcomes: Using Bayesian and multi-variate analyses, we estimated seroprevalence and
factors associated with seropositivity and antibody levels, including pre-existing demographic
and clinical characteristics; potential coronavirus disease 2019 (COVID-19) illness related

exposures; and, symptoms consistent with COVID-19 infection.

Results: We observed a seroprevalence rate of 4.1%, with anosmia as the most prominently
associated self-reported symptom (OR 11.04, P<0.001) in addition to fever (OR 2.02, P=0.002)
and myalgias (OR 1.65, P=0.035). After adjusting for potential confounders, seroprevalence
was also associated with Hispanic ethnicity (OR 1.98, P=0.001) and African-American race (OR
2.02, P=0.027) as well as contact with a COVID-19 diagnosed individual in the household (OR
5.73, P<0.001) or clinical work setting (OR 1.76, P=0.002). Importantly, African American race
and Hispanic ethnicity were associated with antibody positivity even after adjusting for personal
COVID-19 diagnosis status, suggesting the contribution of unmeasured structural or societally

factors.
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Conclusion and Relevance: The demographic factors associated with SARS-CoV-2

seroprevalence among our healthcare workers underscore the importance of exposure sources

oNOYTULT D WN =

beyond the workplace. The size and diversity of our study population, combined with robust
10 survey and modeling techniques, provide a vibrant picture of the demographic factors,
12 exposures, and symptoms that can identify individuals with susceptibility as well as potential to

14 mount an immune response to COVID-19.

19 STRENGTHS AND LIMITATIONS

22 o Our study was strengthened by the size and granularity of data available on participants.
24 e Our broad definition of healthcare worker, including patient facing and non-patient facing
26 employees, enhanced diversity of the study and generalizability of the results.

28 o Data collected on medical history, exposures, and symptoms were self-reported.

e Variations in the timing of prior symptom onset in relation to the immunoassay likely

resulted in underestimation of seroprevalence.

35 ¢ Additional data on the specific roles and nature of clinical care performed by healthcare
37 workers, including roles involving nasopharygeal or respiratory procedures, are needed

39 for future investigations.
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INTRODUCTION

Amidst the ongoing global pandemic caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the viral agent causing coronavirus disease 2019 (COVID-19), substantial
attention? turned to antibody testing as an approach to understanding patterns of exposure and
immunity across populations. The use and interpretion of antibody testing to assess exposure
and immunity remains frought with inconsistencies and unclear clinical correlations, in part due to
a dearth of high quality studies among diverse participants.??® Recent publications have pointed
to the challenges and importance of understanding how different antibody tests for SARS-CoV-2
perform, and factors that may render one method superior to another.#5 Nonetheless, there
remains general agreement that antibody testing offers valuable information regarding the
probable extent of SARS-CoV-2 exposure, the factors associated with exposure, and the potential

nature and determinants of seropositive status.®

To that end, we conducted a study of SARS-CoV-2 antibody screening of a large, diverse, and
unselected population of adults employed in a multi-site healthcare delivery system located in Los
Angeles County, including individuals with direct patient contact and others with non-patient-
oriented work functions. Recognizing the range of factors that might influence antibody status in
a given individual, we focused our study on not only estimating seroprevalence but also on
identifying factors associated with seropositivity and relative antibody levels within the following
three categories: (1) pre-existing demographic and clinical characteristics; (2) potential COVID-
19 illness related exposures; and, (3) COVID-19 iliness related response variables (i.e. different

types of self-reported symptoms).
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METHODS

Study Sample

The sampling strategy for our study has been described previously.” In brief, beginning on May
11, 2020, we enrolled a total of N=6,318 active employees working at multiple sites comprising
the Cedars-Sinai Health System, located in the diverse metropolis of Los Angeles County,
California. The Cedars-Sinai organization includes two hospitals (Cedars-Sinai Medical Center
and Marina Del Rey Hospital) in addition to multiple clinics in the Cedars-Sinai Medical Delivery
Network. All active employees (total N~15,000) were invited to participate in the study by providing
a peripheral venous blood sample for serology testing and completing an electronic survey of
questions regarding past medical history, social history, and work environment in addition to
COVID-19 related symptoms and exposures.®® For the current study, we included all participants
who completed both SARS-CoV-2 antibody testing and electronic survey forms (N=6,062).
Survey forms collected data on pre-existing traits, exposure factors including work location, and
previously experienced symptoms. Work location was specified as spending most working hours
in an ICU (COVID-19 or non-COVID-19 designated), non-ICU ward (COVID-19 or non-COVID-
19 designated), outpatient clinic, office, work-from-home, or other location. The study protocol
was approved by the Cedars-Sinai institutional review board and all participants provided written

informed consent.

Serologic Assays

For all participants, EDTA plasma specimens were transported within 1 hour of phlebotomy to the
Cedars-Sinai Department of Pathology and Laboratory Medicine and underwent serology testing
using the Abbott Diagnostics SARS-CoV-2 IgG chemiluminescent microparticle immunoassay
(Abbott Diagnostics, Abbott Park, IL) performed on an Abbott Diagnostics Architect ci16200

analyzer. The assay reports a signal-to-cutoff ratio (S/CO) corresponding to the relative light units
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produced by the test sample compared to the relative light units produced by an assay calibrator
sample. The manufacturer recommended S/CO ratio of 1.4 was used to assign binary
seropositivity status. This cutoff was validated for high specificity (i.e., >99%) ~14 days post
symptom onset.’® The Abbott assay detects antibodies directed against the nucleocapsid (N)
antigen of the SARS-CoV-2 virus, which assists with packaging the viral genome after replication,
and achieves specificity for IgG by incorporating an anti-human IgG signal antibody. To verify
local performance of the assay, we used samples obtained at our institution from 60 cases of
COVID-19 (hospitalized between March and May 2020) and 178 controls that were identified
based on positive or negative PCR assay (RT-qPCR assay based on A*STAR Fortitude Kit 2.0)
with a time lapse between symptom onset and antibody assay of ~7 to 14 days. We found a
sensitivity or positive percent agreement (PPA) of 88.3%, with CVs of <1.4% for positive and

negative controls.

Statistical Analyses

Estimates of Seroprevalence. We conducted a comprehensive literature review to identify
published data (through June 25, 2020) on the sensitivity and specificity of the Abbott Architect
SARS-CoV-2 IgG assay, as applied in specific populations using the manufacturer’s
recommended thresholds. We identified a total of 15 studies assessing sensitivity in 2,114 tests
and 18 studies reporting specificity in 7,748 tests (Supplemental Tables 1-2); we combined this
information with data from an additional independent cohort of 60 case and 178 control specimens
used to asses sensitivity and specificity, respectively, within the Cedars-Sinai Department of
Pathology and Laboratory Medicine. We noted that studies investigating specificity generally
assessed samples collected prior to the SARS-CoV-2 pandemic whereas studies reporting
sensitivity included specimens from RT-PCR confirmed individuals (see details provided in
Supplemental Tables 1-2). We restricted our analyses to a referent cohort of tests conducted on

samples from individuals who were assayed =7 days following symptoms onset to most closely
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match our cohort sample characteristics and the situational context for study enrollment. Given
that our study cohort included a large number, yet not the total number, of all eligible healthcare
workers employed in our health system, we used the iterative proportional fitting (IPF) procedure
to account for any possible sampling bias; notably, the IPF has been applied effectively in prior
as well as contemporary studies related to SARS-CoV-2 exposure.!" Accordingly, we integrated
source population-level demographic data, representative of the entire Cedars-Sinai employee
base, with data from our enrolled study sample and then used IPF to estimate the number of
eligible employees within each demographic category (with provided population totals considered
the target, using constraints derived from our sample).'? In addition to accounting for potential
bias from sampling, we also recognized the need to account for potential bias related to the
previously reported sensitivity and specificity of the antibody assay (Supplemental Tables 1-2).
Thus, in accordance with methods applied in similar seroprevalence studies,'®'* we fit a Bayesian
multilevel hierarchical logistic regression model using RStan,'®'¢ including reported age, gender,
race/ethnicity and site as coefficients, to model exposure probability. We then estimated the
seroprevalence within each post-stratified demographic category based on the averaged and

weighted value of the expected number of employees within that category.

Factors Associated with Seroprevalence. Prior to logistic and linear multivariable-adjusted
analyses, age and IgG index were transformed by dividing by 10 for interpretability of coefficients
in all models. In adjusted analyses, we compared differences between serology status (i.e.
antibody positive versus negative) in each variable of interest, grouped into one of three
categories: (1) pre-existing demographic and clinical characteristics (e.g. age, gender, ethnicity,
race, and self-reported medical comorbidities); (2) COVID-19 related exposures (e.g. self-
reported medical diagnosis of COVID-19 iliness, household member with COVID-19 illness,
number of people living in the home including children, type of home dwelling, etc); and, (3)

COVID-19 related response variables (e.g. self-reported fever, chills, dry cough, anosmia,
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nausea, myalgias, etc.). In multivariable-adjusted analyses, we used logistic and linear models to
examine the extent to which the three categories of variables (predictors) may be associated with
antibody positive status (primary outcome) in the total sample or IgG antibody level in the subset
of persons with positive antibody status (secondary outcome). Initial models were deliberately
sparse, adjusting for a limited number of key covariates (e.g. age, gender) and those variables
with associations meeting a significance threshold of P<0.05 were advanced for inclusion in a
final multivariable model along with only other variables identified as significant from the sparse
regressions. A final separate logistic or linear multivariable model was constructed for each of the
3 categories of variables in relation to the binary outcome of seropositivity or the continuous
outcome of IgG antibody level, respectively.

Patient and Public Involvement. Patients and the public were not involved in the development

of this study.
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RESULTS

The demographic, clinical, exposure, and symptom response characteristics of the study sample
are shown in Table 1, by antibody test result status; the study sample included individuals whose
residence spanned diverse regions across Los Angeles County (Supplemental Figure 1). The
overall seroprevalence was 4.1% (95% CIl 3.1%, 5.7%), with higher estimates seen in younger
compared to older individuals and in Hispanics compared to non-Hispanics (Figure 1 and

Supplemental Table 3).

In multivariable-adjusted analyses of pre-existing characteristics (Figure 2 and Supplemental
Table 4), the main factors significantly associated with greater odds of seropositive status were
Hispanic ethnicity (OR 1.80 [95% CI 1.31, 2.46], P<0.001), and African American race (1.72 [1.03,
2.89], P=0.04), compared to non-Hispanic Whites. The main factors associated with lower odds
of being seropositive were older age (0.81 [0.71, 0.92] per age decade, P=0.001), and a history
of asthma (0.48 [0.28, 0.83], P=0.009). Among all seropositive persons, hypertension was
significantly associated with higher antibody level (beta 0.12 [SE 0.04] per 10-unit increment in

the IgG index, P=0.003).

In multivariable-adjusted analyses of COVID-19 related exposures (Figure 3 and Supplemental
Table 5), the factors significantly associated with greater odds of seropositive status were having
had a medical diagnosis of COVID-19 (7.78 [5.73, 10.56], P<0.001) and a household member
previously diagnosed with COVID-19 (9.42 [5.50, 16.13], P<0.001), with a similar trend observed
for working in a location where COVID-19 patients are treated (1.61[1.18, 2.18], P=0.002]. Among
seropositive individuals, having a medical diagnosis of COVID-19 was associated with higher
antibody level. Notably, domestic travel, dwelling type, number of people in the home, and having

children or common domestic pets were not associated with either seroprevalence or antibody
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level in the more completely adjusted multivariable models, which can account at least partially

for the effects unmeasured confounders that are not captured in the sparser models.

In multivariable-adjusted analyses of COVID-19 response variables (Figure 4 and Supplemental
Table 6), the strongest self-reported symptom associated with greater odds of seropositive status
was anosmia (11.91 [7.77, 18.24], P<0.001). Other symptoms associated with the presence of
antibodies included dry cough, loss of appetite, and myalgias. Notably, the symptoms associated
with lower odds of seropositive status included sore throat and rhinorrhea. Dyspnea was
significantly associated with higher IgG index levels in seropositive individuals (beta 0.13 [SE

0.04], P=0.001).

Significantly predictive pre-existing characteristics, exposures and symptoms from the prior
models were subsequently analyzed together. In multivariable analysis, all included predictors,
except for dry cough remained significantly associated with the presence of antibodies. Predictors
which remained significantly associated with higher antibody levels included hypertension (beta
0.1 [SE 0.04], P=0.007), prior COVID-19 diagnosis (beta 0.1 [SE 0.03], P=0.001), working in a
Covid unit (beta 0.06 [SE 0.03], P=0.021), dyspnea (beta 0.08 [SE 0.03], P=0.009), and nausea

(beta 0.06 [SE 0.03], P=0.05. (Figure 5 and Supplemental Table 7).
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DISCUSSION

In a large diverse healthcare employee cohort of over 6,000 adults in Los Angeles, we observed
a seroprevalence rate of 4.1%, which when accounting for published test characteristics, may
range from 3.1% to 5.7%. Seroprevalence varied across demographic, clinical, exposure and
symptom based characteristics. Specifically, factors significantly associated with presence of IgG
antibodies included younger age, Hispanic ethnicity, and African-American race, as were
exposure related factors including the presence of either a personal or household member having
a prior medical diagnosis of COVID-19. Among self-reported symptoms, anosmia was most
strongly associated with the presence of antibodies, with positive associations also noted for
fever, dry cough, anorexia, and myalgias. The size and diversity of this study population,
combined with robust survey and modeling techniques, provide a more vibrant picture of the
population at highest risk for COVID-19 infection, risks of various potential exposures and

symptoms that should alter patients to potential iliness.

Most prior seroprevalence studies have focused on cohorts that included healthcare workers
predominantly involved in direct or indirect patient care, persons living within a circumscribed
region with high viral exposure rates, or larger geographic areas from which motivated individuals
could voluntarily enroll into community screening programs.'”'® Given that completely unbiased
population-scale sampling for seroprevalence studies remains a logistical challenge, we used a
sampling approach that involved open enrollment and convenient access to testing facilities made
available to all employees working across multiple sites of a large healthcare system; this
approach was intended to broadly capture individuals with both patient-related exposures and
community-related exposures, while also representative of a relatively wide geographic area in
and around Los Angeles County. Although limited to persons who are generally healthy and able

to be employed, our study cohort included individuals representing a diversity of demographic

1
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

characteristics including ethnicity and race — leading to findings that reflect the disparities that
have been persistently observed and reported for COVID-19 infection rates in our local
communities. Similar to prior seroprevalence studies conducted across large samples sizes in
other regions,' results from immunoassays performed at a single timepoint are likely to
underestimate the true prior exposure and infection rate particularly given that SARS-CoV-2 IgG
antibody levels are known to wane over a period of weeks to months.?° Notwithstanding
underestimated prior infection rates, related also to variable sensitivity of most IgG immunoassays
in relation to timing of symptoms (ranging from =7 days to 6 months in our study), the overall
seroprevalence that we observed is consistent with that reported for regionally proximate

populations evaluated during a relatively contemporaneous time period.?!

Consistent with findings from studies in healthcare workers, seroprevalence patterns in our cohort
indicate exposure from not only the work environment but also from the home environment and
likely unmeasured community-based factors.?? It has been well reported that minority populations,
particularly African Americans and Hispanics, have been disproportionately effected by the
COVID-19 panedmic.?3-2% Qur study is consistent with these prior findings, but demonstrates that
such differences exist even when all participants work not just in the same field, but for the same
organization. Such a finding may indicate that community and non-work related environmental
factors are likely playing a significant role in the spread of COVID-19 among certain minority
populations. Even after controlling for a medical diagnosis of COVID-19, African American race
and Hispanic ethnicity remained risk factors for antibody positivity. The persistence of thse racial
and ethnic disparities may represent structural barriers to care or societally mediated risk.
Geographic clustering by race and ethnicity in housing, shopping and social gatherings may be
one such factor, while socioeconomic status and ability to self-isolate outside of work likely also

contribute.26-28
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No self-reported pre-existing medical conditions were significantly associated with antibody
positivity, indicating that infection itself is agnostic to baseline health. In fact, asthma was
negatively associated with the presence of antibodies, or at least antibody levels above the
current threshold we use for positivity. While reactive airway disease is unlikely a protective factor
against COVID-19, participants with such conditions may be more likely to deligently follow social
distancing guidelines and practice better adherence to hand hygiene and use of personal
protective equipment. Hypertension was the only medical condition associated with higher SARS-
CoV-2 antibody levels. It remains unclear as to what physiologic mechanism may contribute to
this finding, however, unmeasured confounding variables, such as medications or renal disease
may function as mediating factors. Further studies will be needed to both verify and elucidate this

finding.

Also concordant with prior studies, we found that anosmia was the single strongest symptom
associated with SARS-CoV-2 IgG antibody presence.?®3" Anosmia is recognized as not only
highly specific among the symptoms attributable to COVID-19 but is also known to be a
particularly frequent finding among younger compared to older infected persons — which likely
accounts in part for its especially prominent association with the ability to mount an immune
response reflected by degree of detectable seropositivity. Interestingly, neither dyspnea nor
diarrhea, two commonly cited symptoms, demonstrated a significant association in multivariable
analysis.?233 This is likely related to the non-specific nature of these symptoms, which are
common to multiple viral and non-viral etiologies. Importantly, dyspnea was associated with a
higher antibody level among those with anti-SARS-CoV-2 antibodies, suggesting that dyspnea
related to COVID-19 may drive a more robust humoral immune response, potentially related to
more severe infection. These findings are concordant with the known phenomenon of
proportionate adaptive immune response to higher doses of antigenic stress.3* The extent to

which the generation of measurably higher antibody levels could confer immunity to a larger
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degree or for a longer duration of time remains unknown. Interestingly, prior studies have
demonstrated lower antibody levels among exposed, asymptomatic individuals, a phenomena
which may be attributable to a highly efficient cell mediated immune response.3® It has be
suggested that higher T-cell levels, whether virus specific or otherwise, may play a role in this

finding, however, further research is required.36.3"

Several limitations of this study merit consideration. Of the employees actively employed at our
multi-site institution, only a proportion of all eligible participants enrolled; nonetheless, the sample
size of the cohort was large, diverse, and representative of the source sample.” Our
seroprevalence estimates were based on using a validated assay of only IgG antibodies; assays
of IgM antibodies may offer complementary information in future studies. Data collected on
medical history, exposures, and symptoms were all self-reported, similar to approaches used in
prior studies. We were unable to completely verify prior COVID-19 illness using viral test results
in part given lack of universally available testing for all individuals, particularly those with minimal
to no symptoms. We observed that history of asthma was associated with lower odds of
seropositivity, potentially related to use of corticosteroids or other immunosuppressive therapies;
because information on these medications was not available in the current study, they warrant
attention in future investigations. Although we collected information on work locations, data
regarding specific professions and roles were not consistently captured. Further studies, including
potentially training level and seniority of healthcare worker roles, are warranted. Additional details
regarding the nature of clinical care provided in certain work areas, particularly those involving

nasopharygeal or respiratory procedures, would also be important for future investigations.

In conclusion, in a highly diverse population of healthcare workers, demographic factors
associated with COVID-19 antibody positivity indicate potential factors outside of the workplace

associated with SARS-CoV-2 exposure, although these do not appear related to the number of
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people or to the presence of children in the home. Further, while for dyspnea may be a marker of

more severe disease among those with COVID-19, it's presence alone does not indicate infection.
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Antibody Negative

Antibody Positive

N=5850 N=212

Pre-Existing Characteristics
Age, mean (SD) 41.6 (12.0) 38.5 (11.2)
Male gender (%) 1876 (32) 73 (34)
Hispanic ethnicity (%) 1097 (19) 62 (29)
Race (%)

Asian 1809 (31) 57 (27)
Black 354 (6) 18 (8)
White 2938 (50) 104 (49)
Other 749 (13) 33 (16)
Current smoker (%) 99 (2) 3(1)
Current vape user (%) 83 (1) 4 (2)
Medical conditions (%)

Asthma 733 (13) 14 (7)
Autoimmune disease 228 (4) 4 (2)
Cancer 195 (4) 3 (1)
Cardiovascular 127 (2) 2(1)
Chronic Obstructive Pulmonary Disease 84 (2) 0 (0)
Diabetes Mellitus 371 (7) 8 (4)
Hypertension 967 (17) 26 (13)
BMI, mean (SD) 26.7 (5.6) 26.3 (5.1)
Obesity, BMI = 30 (%) 998 (23) 32 (21)
Potential COVID-19 Related Exposures
Personal diagnosis of COVID-19 (%) 530 (9) 104 (50)
Household member diagnosed with COVID-19 (%) 51 (1) 31 (15)
Domestic travel since September 2019 (%) 2127 (37) 54 (26)
International travel since September 2019 (%) 1324 (23) 44 (21)
Regular contact with COVID-19 patients (%) 1358 (24) 86 (41)
Work on a unit housing/caring for COVID-19 patients (%) 1600 (27) 93 (44)
Type of dwelling (%)

Apartment 2636 (46) 93 (44)

2
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1

2

3 House 2914 (51) 107 (51)
‘5‘ Other 216 (4) 9 (4)

6 No. people living in the home, mean (SD) 23(1.7) 2.4 (1.8)
7 Any persons in the home under age 18 years (%) 1843 (32) 65 (31)
8 Any persons in the home under age 12 years (%) 1467 (25) 51 (24)
9 Cats as household pets (%) 783 (13) 27 (13)
10 Dogs as household pets (%) 2189 (37) 95 (45)
1 Potential COVID-19 Related Responses

g Fever (%) 497 (9) 87 (43)
14 Chills (%) 683 (12) 95 (46)
15 Headache (%) 2061 (36) 126 (61)
16 Conjunctivitis (%) 162 (3) 14 (7)
17 Anosmia (%) 252 (4) 107 (52)
18 Nasal congestion (%) 1611 (28) 104 (51)
19 Rhinorrhea (%) 1493 (26) 82 (41)
20 Dry cough (%) 1235 (22) 108 (53)
;; Productive cough (%) 542 (10) 50 (25)
23 Sore throat (%) 1368 (24) 81 (40)
24 Chest pain (%) 453 (8) 45 (22)
25 Dyspnea (%) 604 (11) 66 (33)
26 Anorexia (%) 390 (7) 78 (38)
27 Nausea (%) 657 (12) 52 (25)
28 Vomiting (%) 188 (3) 15 (8)
29 Diarrhea (%) 853 (15) 59 (29)
30 Myalgias (%) 1033 (18) 117 (58)
g; Fatigue (%) 1447 (25) 135 (66)
33 Skin changes (%) 261 (5) 15 (8)
34 Stroke symptoms (%) 35(1) 3(2)
35 Sneezing (%) 1863 (33) 94 (47)
36

37

38

39

40

41

42

43

44 2
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FIGURE LEGEND

Figure 1. Seroprevalence Overall and by Subgroup

Figure 2. Pre-Existing Factors Associated with SARS-CoV-2 Seroprevalence

Figure 3. Potential COVID lliness Exposure Related Factors Associated with SARS-CoV-
2

Figure 4. Potential COVID lliness Response Factors Associated with SARS-CoV-2
Seroprevalence

Figure 5. Factors Associated with SARS-CoV-2
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Age by decade
Male

Hispanic

Black

Current smoker
Current vape user
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25 . .
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32
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35 Hypertension
36
37
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4
42
43
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45
46
47

Cancer

Cardiovascular

Diabetes

Antibody Positivity

N=6,062 (all participants with a test result)

BMJ Open

IgG Index
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N=212 (all participants with anti-SARS-CoV-2 IgG antibodies)

Odds Ratio (95% CI)
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Age by decade
Male

Hispanic

Black

Fever

Chills

Headache
Conjunctivitis
Anosmia

Nasal congestion
Rhinorrhea

Dry cough
Productive cough
Sore throat
Chest pain
Dyspnea
Anorexia
Nausea
Vomiting
Diarrhea
Myalgias

Fatigue

Skin changes
Stroke symptoms
Sneezing

IgG Index
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Correlates of Higher Antibody Level (IgG index),
if Antibody Positive
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Correlates of Being Antibody Positive
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1
2
431 upplemental Table 1. Prior Studies Reporting Sensitivity for the Abbott Architect SARS-CoV-2 IgG Assay'"*
5 Author Positive Total  Sensitivity Sample Description
6 Tests Tests %
7 Abbott! 109 115 94.78% Using data from >=8 days post symptom onset and including 5 immunocompromised
samples. Positive subjects who tested positive for SARS-CoV-2 by a polymerase chain
8 reaction (PCR) method and who also presented with Covid-19 symptoms.
9 Bryan and Pepper et al.? 668 689 96.95% Serum specimens sent for clinical testing from persons who tested RT-PCR positive for
10 SARS-CoV -2 during March and April 2020.
11 Ng and Goldgof and Shy 328 382 85.86% Received care at adult inpatient units or clinics and were RT PCR positive for SARS-CoV-2
12 and Levine and Balcerek from nasopharyngeal and/or oropharyngeal swab testing. Using combined data from
13 and Bapat et al.'® immunocompromised individuals. Combining data from Day 8 + PSO.
Ekelund et al.# 17 20 85.00% Serum samples from 16 individuals that prior to serum sampling had tested RT-PCR
14 positive for SARS-CoV-2 in nasopharyngeal and/or pharyngeal swabs. The interval
15 between onset of Covid-19 symptoms to serum sample collection ranged from 18 to 52
16 days (median 38 days).
17 Phipps and SoRelle et al.® 10 21 47.62% 8 or more days PSO. suspected Covid-19 cases with PCR-based nasopharyngeal swab
18 testing on the m2000 Abbott RealTime SARS Cov-2 assay or the Abbott ID NOWTM
19 Covid-19 assay.
Phipps and SoRelle et al.® 10 13 76.92% Indeterminate days from PSO. Suspected Covid-19 cases with PCR-based
20 nasopharyngeal swab testing on the m2000 Abbott RealTime SARS Cov-2 assay or the
21 Abbott ID NOWTM Covid-19 assay.
22 Chew et al.® 65 96 67.71% Used COVID pts at different stage of disease: results based on 7 + PSO disease stage: <6
23 days (7/81), at 7-13 days (17/39), at 14—20 days (21/25), and at =21 days (27/32)
24 Theel et al.” 78 84 92.86% Anti-SARS-CoV-2 IgG assay sensitivity in convalescent sera and in individual patients
25 tested 215 days post-symptom onset or first positive SARS-CoV-2 RT-PCR result
2% Theel et al.” 123 175 70.29% Included inpatients and outpatients PCR positive from >= 8 PSO
57 Kohmer et al.2 35 45 77.78% From 45 pts with positive PCR
28 Stroemer et al.® 33 34 97.06% 34 sera obtained from 26 patients between four and 60 days (median 19 days) after a
29 positive real-time RT-PCR.
Nicol et al.° 115 141 81.56% 141 serum from 82 patients with positive PCR varying days from PSO
2(1) Delligre et al."" 86 95 90.53% Serum samples (n=95) from patients at least 10 days from symptoms onset or positive
PCR
32 Perkmann et al. '2 55 65 84.62% 65 Covid-19 donors/patients with a symptom onset to analysis time of 214 days
33 Mueller et al.3 7 8  87.50%  8RT-PCR positive individuals
34 Tang et al.' 56 71 78.87% 103 specimens from 48 patients with PCR confirmed SARS-CoV-2 infections from NP, OP
35 or lower respiratory swab. Reported positive results from time from PCR: 0d=12/27, 1-3d=
36 8/15, 3-7d=13/22, 8-13d=16/23, >14d=13/16. and reported positive from symptoms onset:
37 <3d= 0/12, 3-7d=6/20, 8-13=11/23, >14d=45/48
38 Cedars-Sinai Department of 53 60 88.33% All COVID Positive subjects were selected by three criteria: (1) Presentation to Cedars-
39 Pathology and Laboratory Sinai Medical Center with symptoms consistent with infection by SARS-CoV-2 virus; (2)
Medicine* Were PCR positive for SARS-CoV-2 viral RNA in at least one nasopharyngeal sample; (3)
40 Had EDTA or heparin plasma available for testing which was collected 8 or more days after
41 onset of symptoms according to physician's notes in the medical record.
42
43
44 2
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1
2
431 Supplemental Table 2. Prior Studies Reporting Specificity for the Abbott Architect SARS-CoV-2 IgG Assay
> Author Negative Total Specificity Sample source
6 Test Tests %
7 Abbott’ 1066 1070 99.63% 997 specimens were collected prior to September 2019
8 73 specimens were collected in 2020 with signs of respiratory iliness and Covid-19 RT-
9 PCR negative
10 Bryan and Pepper et al.? 1019 1020 99.90% Serum samples from 2018 and 2019
e 16 o

11 Jaaskelainen et al. . 79 81 97.530/0 Serum samples from 2018 and 2919 .
12 Ng, Goldgof, Shy, Levine, 1011 1013 99.80% US blood donors prior to the Covid-19 pandemic

Balcerek and Bapat et
13 al.® 234 235 99.57% Plasma samples from 163 Covid-19 RT-PCR negative
14
15 Ekelund et al.# 100 100 100% Pre-pandemic samples from 2018
16 Phipps and SoRelle et al.® 656 656 100% 240 samples collected prior to the Covid-19 pandemic (blood donors September through
17 November 2019), and an additional 416 healthy donors without recent iliness collected
18 from March to April, 2020
19 91 91 100% 23 CMV IgG positive, 8 prior Flu A+, 7 Flu B+, 6 RSV+, 47 endemic coronavirus samples
20 (January 1, 2015- September 30, 2019) with normal or high levels of total IgG with no
21 infusion of intravenous immunoglobulin in the preceding 3 months
22 29 29 100% Lupus patients that were positive for multiple autoantibodies (100% ANA, 62% anti-dsDNA,
23 75% anti-UTRNP, 55% anti-Sm, 34% anti-Ro52, 170 and 24% anti-La) 2004-2007

20 20 100% Rheumatoid arthritis patients positive for rheumatoid factor (85% were also anti-CCP

24 positive) 2011-2014
25 96 97 98.97% Patients with Covid-19 RT-PCR negative
26

Chew et al.® 163 163 100%
27 °
28 Theel et al.” 149 149 100% Healthy samples from 2018
29 104 105 99.05% Samples negative for Covid-19 but positive for antibodies from other respiratory virus or
30 bacteria (2020)
31 Kohmer et al.2 35 35 100%
gg Stréemer et al.® 99 100 99.00% 100 archived samples from winter and summer seasons
34 Nicol et al.’® 57 57 100% 52 patients with symptoms of Covid-19 but negative RT-PCR
35 49 50 98.00% Residual serum samples collected before Covid-19 in Mar 2019
g? 25 25 100% Samples with potential cross-reaction to Covid-19
38 10 10 100% Samples from pregnant women
39 10 10 100% Samples with positive rheumatoid factor
40
41
42
43
44 4
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Paiva et al.'”

Brecher et al.'®

Delliére et al."!

Perkmann et al."2

Mueller et al.'3

Tang et al.™

Cedars-Sinai Department
of Pathology and
Laboratory Medicine*

1055

20
42

490

299
356
26
152

178

1059

20
42

494

302
358
26
153

178

99.62%

100%
100%

99.19%

99.01%
99.44%
100%
99.35%

100%

Combining random Covid-19 samples during March 2020 (negative RT-PCR), pre-
pandemic samples, and pre pandemic prenatal samples. False positive tests (4) were from
samples with Hepatitis A, Hepatitis B, Rheumatoid Factor and anti-DNA

Patients with PCR Documented Common Cold

42 patients from pre-pandemic. 14 healthy, 16 endemic corona virus, 1 rhino virus, 1
metapneumovirus, 1 influenza A, 1 RSV. 1 HIV, 1 Hepatitis B. 1 toxoplasmosis. 2
Rheumatoid Factor

Cross selection of Viennese population, LEAD study between November and April to
enrich seasonal infections

Healthy voluntary donors

Patients with rheumatic disease
Patients with suspected Covid but negative neutralization test and PCR

80 patients symptomatic for Covid-19 but negative RT-PCR. 50 samples collected in 2015.
5 samples with other corona virus infection. 4 samples with Influenza A or B. 14 samples
with interfering antibiotics.

Samples collected prior to 1/1/2020

5
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9 Mean (95% CI)
Overall 4.1 (3.1,5.7)
12 Sex: Female 3.9 (3.0, 5.6)
Sex: Male 4.3 (3.1,6.3)
15 Age: <25 45(24,7.7)
Age: 25-29 5.1(34,7.7)
18 Age: 30-34 5.1(3.5,7.5)
19 Age: 35-39 3.6 (2.3, 5.3)
21 Age: 40-44 4(2.6,6.1)
22 Age: 45-49 3.2(1.8,5.1)
24 Age: 50-54 3.7(2.1,5.7)
25 Age: 55-59 3.5(1.9, 5.6)
27 Age: 60-64 3.8(2.2,6.0)
28 Age: >65 3.1(1.5,5.1)
Race Eth.: Asian 3.4(2.4,5.0)
31 Race Eth.: Black 4.8 (2.8, 8.0)
Race Eth.: Hispanic / Latino 5.7 (3.9, 8.3)
34 Race Eth.: Other 3.4(1.8,5.4)
35 Race Eth.: White 3.1(2.1,4.5)
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Supplemental Table 4. Pre-Existing Factors Associated with SARS-CoV-2 Seroprevalence

Page 38 of 45

Outcome: Antibody Positive Outcome: IgG index (divided by 10)
N=6,062 (everybody with a test result) N=212 (everybody with a test result)
Predictors Model 1 Model 2 Model 3 Model 4
OR (95% CI) P OR (95% CI) P Est (SE) P Est (SE) P
Age (per decade) 0.80 (0.70, 0.91) 0.001 0.81 (0.71, 0.92) 0.001 0.02 (0.01) 0.07
Male Sex 1.19 (0.89, 1.59) 0.24 -0.05 (0.03) 0.1
Hispanic Ethnicity 1.76 (1 .29, 2.40) <0.001 1.80 (1 31, 2.46) <0.001 0.00 (0.03) 0.93
African American Race 1.77 (1 .07, 2.93) 0.027 1.72 (1 .03, 2.89) 0.04 0.02 (0.05) 0.66
Smoking 0.83 (0.26, 2.66) 0.76 -0.01 (0.11) 0.91
Vaping 1.12 (0.40, 3.12) 0.82 -0.08 (0.10) 0.45
Asthma 0.48 (0.28, 0.83) 0.009 0.48 (0.28, 0.83) 0.009 0.02 (0.05) 0.71
Autoimmune disease 0.50 (0.18, 1.35) 0.17 -0.07 (0.10) 0.49
Cancer 0.54 (0.17,1.72) 0.29 0.01 (0.12) 0.92
Cardiovascular Disease 0.49 (0.12, 2.02) 0.33 0.06 (0.14) 0.65
g_hronlc Obstructive Pulmonary 0.00 (0.00, inf) 0.97
isease
Diabetes Mellitus 0.66 (0.32, 1.37) 0.26 0.07 (0.07) 0.31
Hypertension 0.90 (0.58, 1.41) 0.64 0.11 (0.04) 0.013 0.12 (0.04) 0.003
Obesity 0.82 (0.55, 1.24) 0.35 0.01 (0.04) 0.71

Logistic model 1 is adjusted for age, sex, ethnicity, race.

Logistic model 2 is adjusted for anything that was significant in Model 1 to a P<0.05.

Linear model 3 is adjusted for age, sex
Linear model 4 is adjusted for anything that was significant in Model 3 to a P<0.05.
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Supplemental Table 5. Potential COVID lliness Exposure Related Factors Associated with SARS-CoV-2 Seroprevalence

Outcome: Antibody Positive
N=6,062 (everybody with a test result)

Outcome: IgG index (divided by 10)
N=212 (everybody with a test result)

Model 1 Model 2 Model 3 Model 4
Predictors OR (95% CI) P OR (95% CI) P Est (SE) P Est (SE) P

Age (per decade) 0.80 (0.70, 0.91) 0.001 | 0.84(0.73,0.97) 0.016 | 0.02(0.01) 0.07

Male Sex 1.19 (0.89, 1.59) 0.24 -0.05 (0.03) 0.11

Hispanic Ethnicity 1.76 (1.28, 2.4) <0.001 | 1.84(1.31,2.59)  0.001 | 0.00 (0.03) 0.93

African American 177(1.07,293) 0027 | 211(1.24,358) 0.006 | 0.02(0.05)  0.66

# people in home 1.02 (0.94, 1.11) 0.6 0.02 (0.01) 0.038 | 0.01(0.01) 0.3
Physician Suspected | 416 14 (759 1355)  <0.001 |7.78 (5.73,10.56) <0.001 | 0.16 (0.02)  <0.001 |0.13(0.03) <0.001
Covid Diagnosis

g%‘gsneohs‘?'sd Covid 18.93 (11.74,30.53)  <0.001 | 9.42(55,16.13) <0.001 | 0.09(0.04)  0.016 |0.02(0.04) 055
Domestic Travel 0.61 (0.44, 0.84) 0.002 | 0.67(0.48,0.94)  0.021 | -0.05(0.03) 0.08

International Travel 0.93 (0.66, 1.31) 0.68 0.00 (0.03) 0.98

Covid Unit 1.98 (1.49, 2.63) <0.001 | 1.61(1.18,2.18)  0.002 | 0.10(0.03)  <0.001 | 0.06 (0.03)  0.026
Dwelling: House 1.20 (0.89, 1.61) 0.23 0.03 (0.03) 0.27

Dwelling: Other 1.17 (0.58, 2.35) 0.67 0.05 (0.07) 0.44

Persons <18 in home 0.96 (0.71, 1.29) 0.77 0.03 (0.03) 0.31

Person <12 in home 0.91 (0.66, 1.26) 0.58 0.02 (0.03) 0.47

Cats in home 0.98 (0.65, 1.48) 0.92 -0.01 (0.04) 0.87

Dogs in home 1.34 (1.02, 1.78) 0.039 | 1.29(0.95,1.75)  0.10 | 0.01(0.03) 0.78

Logistic model 1 is adjusted for age, sex, race, ethnicity.
Logistic model 2 is adjusted for anything that was significant in Model 1 to a P<0.05.

Linear model 3 is adjusted age, sex

Linear model 4 is adjusted for anything that was significant in Model 3 to a P<0.05.
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Supplemental Table 6. Potential COVID lliness Response Factors Associated with SARS-CoV-2 Seroprevalence

Outcome: Antibody Positive
N=6,062 (everybody with a test result)

Outcome: IgG index (divided by 10)
N=212 (everybody with a test result)

Model 1 Model 2 Model 3 Model 4
Predictors OR (95% CI) P OR (95% CI) P Est (SE) P Est (SE) P

Age (per decade) 0.8 (0.7, 0.91) 0.001 0.77 (0.66, 0.91) 0.002 0.02 (0.01) 0.07

Male Sex 1.19 (0.89, 1.59) 0.24 -0.05 (0.03) 0.11

Hispanic Ethnicity 1.76 (1.29, 2.4) <0.001 1.93 (1.31, 2.84) 0.001 0 (0.03) 0.93

African American

Race 1.77 (1.07, 2.93) 0.027 1.72 (0.91, 3.26) 0.09 0.02 (0.05) 0.66

Fever 7.8 (5.81, 10.48) <0.001 2.2 (1.31,3.69) 0.003 0.15 (0.03) <0.001 0.08 (0.04) 0.032
Chills 6.23 (4.67, 8.31) <0.001 1.28 (0.75, 2.18) 0.36 0.11 (0.03) <0.001 -0.04 (0.04) 0.31
Headache 2.72 (2.03, 3.64) <0.001 0.67 (0.43, 1.06) 0.09 0.12 (0.03) <0.001 0.06 (0.04) 0.11
Conjunctivitis 2.56 (1.45, 4.52) 0.001 0.89(0.42, 1.86) 0.75 -0.04 (0.06) 0.5

23.05 (16.98,

Anosmia 31.29) <0.001 11.91(7.77, 18.24) <0.001 0.08 (0.03) 0.002 -0.01 (0.03) 0.81
Nasal Congestion 2.59 (1.95, 3.44) <0.001 1.22 (0.73, 2.04) 0.44 0.07 (0.03) 0.017 0.01 (0.03) 0.83
Rhinorrhea 1.89 (1.41, 2.52) <0.001 0.59 (0.36, 0.97) 0.039 0.02 (0.03) 0.41

Dry Cough 4.28 (3.21, 5.69) <0.001 1.82(1.18, 2.81) 0.007 0.09 (0.03) 0.001 -0.04 (0.04) 0.25
Productive Cough 3.01(2.16, 4.2) <0.001 0.83 (0.5, 1.37) 0.46 0.09 (0.03) 0.005 0.01(0.04) 0.73
Sore Throat 2.09 (1.56, 2.8) <0.001 0.48 (0.31, 0.75) 0.001 0.03 (0.03) 0.3

Chest Pain 3.2 (2.26, 4.53) <0.001 0.96 (0.56, 1.63) 0.88 0.07 (0.03) 0.034 -0.05 (0.04) 0.24
Dyspnea 4.08 (3, 5.56) <0.001 0.88 (0.54, 1.43) 0.6 0.16 (0.03) <0.001 0.13 (0.04) 0.001
Anorexia 8.57 (6.31, 11.63) <0.001 2.19(1.34, 3.57) 0.002 0.14 (0.03) <0.001 0.06 (0.04) 0.13
Nausea 2.59 (1.86, 3.6) <0.001 0.88 (0.52, 1.47) 0.62 0.1 (0.03) 0.002 0.08 (0.04) 0.049
Vomiting 2.33 (1.34, 4.03) 0.003 0.67 (0.3, 1.47) 0.31 0.15 (0.05) 0.005 -0.06 (0.06) 0.35
Diarrhea 2.32 (1.69, 3.18) <0.001 0.82 (0.52, 1.29) 0.39 0.08 (0.03) 0.014 -0.05 (0.04) 0.22
Myalgias 6.36 (4.76, 8.5) <0.001 1.88 (1.11, 3.17) 0.019 0.13 (0.03) <0.001 0.04 (0.04) 0.35
Fatigue 5.91 (4.38, 7.98) <0.001 1.58 (0.93, 2.69) 0.09 0.14 (0.03) <0.001 0.02 (0.05) 0.67
Skin Changes 1.65 (0.96, 2.83) 0.07 0.01 (0.05) 0.88

Stroke Symptoms 2.35(0.71,7.78) 0.16 0.27 (0.11) 0.019 0.05 (0.13) 0.73
Sneezing 1.72 (1.29, 2.28) <0.001 0.82(0.52, 1.31) 0.41 0.03 (0.03) 0.36
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Logistic model 1 is adjusted for age, sex, race, ethnicity.
Logistic model 2 is adjusted for anything that was significant in Model 1 to a P<0.05.

oNOYTULT D WN =

Linear model 3 is adjusted for age, sex.
Linear model 4 is adjusted for anything that was significant in Model 3 to a P<0.05.
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Supplemental Table 7. Factors Associated with SARS-CoV-2

Outcome: Antibody Positive

Outcome: IgG index (divided by 10)

Predictors N=6,062 (everybody with a test result) N=212 (everybody with a test result)
OR (95% CI) P Est (SE) P

Age (per decade) 0.80 (0.68, 0.94) 0.008

Hispanic Ethnicity 1.98 (1.34, 2.92) 0.001

African American Race 2.02 (1.08, 3.76) 0.027

Asthma 0.25 (0.13, 0.51) <0.001

Hypertension 0.1 (0.04) 0.007

Physician Suspected Covid Diagnosis 3.85 (2.6, 5.69) <0.001 0.1 (0.03) 0.001

Household Covid Diagnosis 5.73 (2.9, 11.32) <0.001

Domestic Travel 0.62 (0.42, 0.91) 0.015

Covid Unit 1.76 (1.24, 2.5) 0.002 0.06 (0.03) 0.021

Fever 2.02 (1.28, 3.18) 0.002 0.03 (0.03) 0.26

Anosmia 11.04 (7.22, 16.88) <0.001

Rhinorrhea 0.58 (0.38, 0.88) 0.011

Dry Cough 1.3(0.84, 2) 0.23

Sore Throat 0.53 (0.34, 0.82) 0.004

Dyspnea 0.08 (0.03) 0.009

Anorexia 1.58 (0.98, 2.54) 0.06

Nausea 0.06 (0.03) 0.05

Myalgias 1.65 (1.04, 2.63) 0.035

Logistic and linear models are adjusted for significant predictors from the primary multivariable models examining associations of
existing characteristics, exposures and symptoms with antibody positivity and IgG index.
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Supplemental Figure 1.

oNOYTULT D WN =

Cedars-Sinai Medical Center %m .

31 Cedars-Sinai Marina Del Rey

35
36
37

41 ® (Cedars-Sinai Medical System | , . . |
42 Number of participants (per city)
43 (CJo-10

44 [ J10-27

45 J27-62

40 [ 62 - 157

I 157 - 239%

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

SUPPLEMENTAL REFERENCES

Abbott. ARCHITECT SARS-CoV-2 IgG Instructions for Use. 2020.

Bryan A, Pepper G, Wener MH, et al. Performance Characteristics of the Abbott Architect
SARS-CoV-2 IgG Assay and Seroprevalence in Boise, Idaho. J Clin Microbiol. 2020.

Ng D, Goldgof G, Shy B, et al. SARS-CoV-2 seroprevalence and neutralizing activity in
donor and patient blood from the San Francisco Bay Area. medRXxiv.
2020:2020.2005.2019.20107482.

Ekelund O, Ekblom K, Somajo S, Pattison-Granberg J, Olsson K, Petersson A. High-
throughput immunoassays for SARS-CoV-2, considerable differences in performance
when comparing three methods. medRxiv. 2020:2020.2005.2022.20106294.

Phipps WS, SoRelle JA, Li Q-Z, et al. SARS-CoV-2 Antibody responses do not predict
COVID-19 disease severity. medRxiv. 2020:2020.2005.2015.20103580.

Chew KL, Tan SS, Saw S, et al. Clinical evaluation of serological IgG antibody response
on the Abbott Architect for established SARS-CoV-2 infection. Clinical Microbiology and
Infection. 2020.

Theel ES, Harring J, Hilgart H, Granger D. Performance Characteristics of Four High-
Throughput Immunoassays for Detection of IgG Antibodies against SARS-CoV-2. Journal
of Clinical Microbiology. 2020:JCM.01243-01220.

Kohmer N, Westhaus S, Ruhl C, Ciesek S, Rabenau HF. Brief clinical evaluation of six
high-throughput SARS-CoV-2 1gG antibody assays. Journal of Clinical Virology.
2020;129:104480.

Stroemer A, Grobe O, Rose R, Fickenscher H, Lorentz T, Krumbholz A. Diagnostic
accuracy of six commercial SARS-CoV-2 IgG/total antibody assays and identification of
SARS-CoV-2 neutralizing  antibodies in convalescent  sera. medRXxiv.

2020:2020.2006.2015.20131672.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 44 of 45



Page 45 of 45

oNOYTULT D WN =

10.

11.

12.

13.

14.

15.

16.

17.

18.

BMJ Open

Nicol T, Lefeuvre C, Serri O, et al. Assessment of SARS-CoV-2 serological tests for the
diagnosis of COVID-19 through the evaluation of three immunoassays: Two automated
immunoassays (Euroimmun and Abbott) and one rapid lateral flow immunoassay (NG
Biotech). Journal of Clinical Virology. 2020;129:104511.

Delliere S, Salmona M, Minier M, et al. Evaluation of COVID-19 IgG/IgM Rapid Test from
Orient Gene Biotech. Journal of Clinical Microbiology. 2020:JCM.01233-01220.
Perkmann T, Perkmann-Nagele N, Breyer M-K, et al. Side by side comparison of three
fully automated SARS-CoV-2 antibody assays with a focus on specificity. medRXxiv.
2020:2020.2006.2004.20117911.

Mueller L, Ostermann PN, Walker A, et al. Sensitivity of commercial Anti-SARS-CoV-2
serological assays in a high-prevalence setting. medRXxiv.
2020:2020.2006.2011.20128686.

Tang MS, Hock KG, Logsdon NM, et al. Clinical Performance of Two SARS-CoV-2
Serologic Assays. Clinical Chemistry. 2020.

Guo W, Li M, Dong Y, et al. Diabetes is a risk factor for the progression and prognosis of
COVID-19. Diabetes/metabolism research and reviews. 2020:€3319.

Jaaskelainen AJ, Kuivanen S, Kekaldinen E, et al. Performance of six SARS-CoV-2
immunoassays in comparison with microneutralisation. medRXxiv.
2020:2020.2005.2018.20101618.

Paiva KJ, Grisson RD, Chan PA, et al. Validation and Performance Comparison of Three
SARS-CoV-2 Antibody Assays. bioRxiv. 2020:2020.2005.2029.124776.

Brecher SM, Dryjowicz-Burek J, Yu H, Campbell S, Ratcliffe N, Gupta K. Patients with
Common Cold Coronaviruses Tested Negative for IgG Antibody to SARS-CoV-2. Journal

of Clinical Microbiology. 2020:JCM.01029-01020.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies

Page 46 of 45

. . I

Section/Topic #t em Recommendation Reported on page #

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract Pg.3
(b) Provide in the abstract an informative and balanced summary of what was done and what was found Pg. 3-4

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported Pg.5

Objectives 3 State specific objectives, including any prespecified hypotheses Pg.5

Methods

Study design Present key elements of study design early in the paper Pg.6

Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data Pg.6
collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants Pg.6

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if Pg.7-8
applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe Pg.6-8

measurement comparability of assessment methods if there is more than one group

Bias 9 Describe any efforts to address potential sources of bias Pg.6-7

Study size 10 | Explain how the study size was arrived at Pg.6

Quantitative variables 11 | Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and Pg.7
why

Statistical methods 12 | (a) Describe all statistical methods, including those used to control for confounding Pg.7-8
(b) Describe any methods used to examine subgroups and interactions Pg.7-8
(c) Explain how missing data were addressed Pg.7-8
(d) If applicable, describe analytical methods taking account of sampling strategy Pg.7-8
(e) Describe any sensitivity analyses Pg.7-8

Results
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1

2 Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, Pg.9

i confirmed eligible, included in the study, completing follow-up, and analysed

5 (b) Give reasons for non-participation at each stage Pg.6

6 (c) Consider use of a flow diagram N/A

% Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential Pg.9

2 confounders

10 (b) Indicate number of participants with missing data for each variable of interest N/A

11 Outcome data 15* | Report numbers of outcome events or summary measures Pg. 9-10
1; Main results 16 | (o) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence Pg.9-10
14 interval). Make clear which confounders were adjusted for and why they were included

15 (b) Report category boundaries when continuous variables were categorized Pg.9-10
16 (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period NA

1; Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses Pg.7-8
19 Discussion

;? Key results 18 | Summarise key results with reference to study objectives Pg. 11-14
22 Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and Pg. 14
23 magnitude of any potential bias

24 Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from Pg. 14
;2 similar studies, and other relevant evidence

27 Generalisability 21 | Discuss the generalisability (external validity) of the study results Pg. 13-14
;g Other information

30 Funding 22 | Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on Pg. 15
31 which the present article is based

32

gi *Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

35

36 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
37 checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
gg http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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