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ABSTRACT
Objective We sought to determine the extent of SARS- 
CoV-2 seroprevalence and the factors associated with 
seroprevalence across a diverse cohort of healthcare 
workers.
Design Observational cohort study of healthcare workers, 
including SARS- CoV-2 serology testing and participant 
questionnaires.
Settings A multisite healthcare delivery system located in 
Los Angeles County.
Participants A diverse and unselected population of 
adults (n=6062) employed in a multisite 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 multivariate 
analyses, we estimated seroprevalence and factors 
associated with seropositivity and antibody levels, 
including pre- existing demographic and clinical 
characteristics; potential 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 societal factors.
Conclusion and relevance The demographic factors 
associated with SARS- CoV-2 seroprevalence among our 
healthcare workers underscore the importance of exposure 

sources beyond the workplace. The size and diversity of 
our study population, combined with robust survey and 
modelling 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.

INTRODUCTION
Amidst the ongoing global pandemic caused 
by SARS- CoV-2, the viral agent causing 
COVID-19, substantial attention1 turned to 
antibody testing as an approach to under-
standing patterns of exposure and immunity 
across populations. The use and interpreta-
tion of antibody testing to assess exposure 
and immunity remains fraught with inconsis-
tencies and unclear clinical correlations, in 
part due to a dearth of high- quality studies 

Strengths and limitations of this study

 ► Our study was strengthened by the size and granu-
larity of data available on participants.

 ► Our broad definition of healthcare worker, including 
patient- facing and non- patient- facing employees, 
enhanced diversity of the study and generalisability 
of the results.

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

 ► Variations in the timing of prior symptom onset in 
relation to the immunoassay likely resulted in under-
estimation of seroprevalence.

 ► Additional data on the specific roles and nature of 
clinical care performed by healthcare workers, in-
cluding roles involving nasopharyngeal or respirato-
ry procedures, are needed for future investigations.
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among diverse participants.2 3 Recent publications have 
pointed to the challenges and importance of under-
standing how different antibody tests for SARS- CoV-2 
perform, and factors that may render one method supe-
rior to another.4 5 Nonetheless, there remains general 
agreement that antibody testing offers valuable infor-
mation regarding the probable extent of SARS- CoV-2 
exposure, the factors associated with exposure and the 
potential nature and determinants of seropositive status.6

To that end, we conducted a study of SARS- CoV-2 anti-
body screening of a large, diverse and unselected popula-
tion of adults employed in a multisite healthcare delivery 
system located in Los Angeles County, including indi-
viduals with direct patient contact and others with non- 
patient- oriented work functions. Recognising the range 
of factors that might influence antibody status in a given 
individual, we focused our study on estimating seropreva-
lence and 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 illness- related response 
variables (ie, different types of self- reported symptoms).

METHODS
Study sample
The sampling strategy for our study has been described 
previously.7 In brief, beginning on 11 May 2020, we 
enrolled a total of n=6318 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 organisation 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 medical history, social history and work envi-
ronment in addition to COVID-19- related symptoms and 
exposures.8 9 For the current study, we included all partic-
ipants who completed both SARS- CoV-2 antibody testing 
and electronic survey forms (n=6062). 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 intensive care unit (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.

Serological assays
For all participants, EDTA plasma specimens were trans-
ported within 1 hour of phlebotomy to the Cedars- Sinai 
Department of Pathology and Laboratory Medicine and 
underwent serology testing using the Abbott Diagnos-
tics SARS- CoV-2 IgG chemiluminescent microparticle 

immunoassay (Abbott Diagnostics, Abbott Park, Illi-
nois) performed on an Abbott Diagnostics Architect 
ci16200 analyser. The assay reports a signal to cut- off 
(S/CO) ratio corresponding to the relative light units 
produced by the test sample compared with the rela-
tive 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 cut- off was 
validated for high specificity (ie, >99%) ~14 days after 
symptom onset.10 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 
(hospitalised 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 anti-
body assay of ~7–14 days. We found a sensitivity or positive 
per cent agreement of 88.3%, with coefficients of varia-
tion ≤1.4% for positive and negative controls.

Statistical analyses
Estimates of seroprevalence
We conducted a comprehensive literature review to iden-
tify published data (through 25 June 2020) on the sensi-
tivity and specificity of the Abbott Architect SARS- CoV-2 
IgG assay, as applied in specific populations using the 
manufacturer’s recommended thresholds. We identi-
fied a total of 15 studies assessing sensitivity in 2114 tests 
and 18 studies reporting specificity in 7748 tests (online 
supplemental tables 1 and 2); we combined this informa-
tion with data from an additional independent cohort of 
60 case and 178 control specimens used to assess sensi-
tivity and specificity, respectively, within the Cedars- Sinai 
Department of Pathology and Laboratory Medicine. 
We noted that studies investigating specificity gener-
ally 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 online supplemental tables 1 and 2). 
We restricted our analyses to a referent cohort of tests 
conducted on samples from individuals who were assayed 
≥7 days following symptom onset to most closely match 
our cohort sample characteristics and the situational 
context for study enrolment. 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 expo-
sure.11 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 

https://dx.doi.org/10.1136/bmjopen-2020-043584
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eligible employees within each demographic category 
(with provided population totals considered the target, 
using constraints derived from our sample).12 In addition 
to accounting for potential bias from sampling, we also 
recognised the need to account for potential bias related 
to the previously reported sensitivity and specificity of 
the antibody assay (online supplemental tables 1 and 
2). Thus, in accordance with methods applied in similar 
seroprevalence studies,13 14 we fit a Bayesian multilevel 
hierarchical logistic regression model using RStan,15 16 
including reported age, gender, race/ethnicity and site 
as coefficients, to model exposure probability. We then 
estimated the seroprevalence within each poststrati-
fied 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 anal-
yses, 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 (ie, antibody positive vs negative) in each 
variable of interest, grouped into one of three categories: 
(1) pre- existing demographic and clinical characteristics 
(eg, age, gender, ethnicity, race and self- reported medical 
comorbidities); (2) COVID-19- related exposures (eg, self- 
reported medical diagnosis of COVID-19 illness, house-
hold member with COVID-19 illness, number of people 
living in the home including children, type of home 
dwelling, and so on); and (3) COVID-19- related response 
variables (eg, self- reported fever, chills, dry cough, 
anosmia, nausea, myalgias, and so on). 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 (eg, age, gender), and those variables with asso-
ciations 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 three 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 develop-
ment of this study.

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 (online supplemental 
figure 1). The overall seroprevalence was 4.1% (95% CI 
3.1% to 5.7%), with higher estimates seen in younger 
compared with older individuals and in Hispanics 
compared with non- Hispanics (figure 1 and online 
supplemental table 3).

In multivariable- adjusted analyses of pre- existing char-
acteristics (figure 2 and online supplemental table 4), the 
main factors significantly associated with greater odds 
of seropositive status were Hispanic ethnicity (OR 1.80, 
95% CI 1.31 to 2.46, p<0.001) and African- American race 
(1.72, 95% CI 1.03 to 2.89, p=0.04), compared with non- 
Hispanic Whites. The main factors associated with lower 
odds of being seropositive were older age (0.81 per age 
decade, 95% CI 0.71 to 0.92, p=0.001) and a history of 
asthma (0.48, 95% CI 0.28 to 0.83, p=0.009). Among all 
seropositive persons, hypertension was significantly asso-
ciated 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 online supplemental table 5), 
the factors significantly associated with greater odds of 
seropositive status were having had a medical diagnosis 
of COVID-19 (7.78, 95% CI 5.73 to 10.56, p<0.001) 
and a household member previously diagnosed with 
COVID-19 (9.42, 95% CI 5.50 to 16.13, p<0.001), with a 
similar trend observed for working in a location where 
patients with COVID-19 are treated (1.61, 95% CI 1.18 
to 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 level in the more completely 
adjusted multivariable models, which can account at least 
partially for the effects of unmeasured confounders that 
are not captured in the sparser models.

In multivariable- adjusted analyses of COVID-19 response 
variables (figure 4 and online supplemental table 6), the 
strongest self- reported symptom associated with greater 
odds of seropositive status was anosmia (11.91, 95% CI 
7.77 to 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 rhinorrhoea. Dyspnoea 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 analysed 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 

https://dx.doi.org/10.1136/bmjopen-2020-043584
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0.1 (SE 0.03), p=0.001), working in a COVID-19 unit 
(beta 0.06 (SE 0.03), p=0.021), dyspnoea (beta 0.08 (SE 
0.03), p=0.009) and nausea (beta 0.06 (SE 0.03), p=0.05) 
(figure 5 and online supplemental table 7) .

DISCUSSION
In a large diverse healthcare employee cohort of over 
6000 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%. Seropreva-
lence varied across demographic, clinical, exposure and 
symptom- based characteristics. Specifically, factors signifi-
cantly associated with presence of IgG antibodies included 
younger age, Hispanic ethnicity and African- American 
race, as were exposure- related factors including the pres-
ence 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 

Table 1 Characteristics of the study sample

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 patients with 
COVID-19 (%)

1358 (24) 86 (41)

Work on a unit housing/caring for 
patients with COVID-19 (%)

1600 (27) 93 (44)

Type of dwelling (%)

  Apartment 2636 (46) 93 (44)

  House 2914 (51) 107 (51)

  Other 216 (4) 9 (4)

Number of people living in the 
home, mean (SD)

2.3 (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)

Continued

Antibody 
negative

Antibody 
positive

n=5850 n=212

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)

Rhinorrhoea (%) 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)

Dyspnoea (%) 604 (11) 66 (33)

Anorexia (%) 390 (7) 78 (38)

Nausea (%) 657 (12) 52 (25)

Vomiting (%) 188 (3) 15 (8)

Diarrhoea (%) 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)

BMI, body mass index.

Table 1 Continued

https://dx.doi.org/10.1136/bmjopen-2020-043584
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with robust survey and modelling techniques, provide 
a more vibrant picture of the population at highest risk 
for COVID-19 infection, risks of various potential expo-
sures and symptoms that should alter patients to potential 
illness.

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 

Figure 1 Seroprevalence overall and by subgroup.

Figure 2 Pre- existing factors associated with SARS- CoV-2 seroprevalence. COPD, chronic obstructive pulmonary disease.
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individuals could voluntarily enrol into community 
screening programmes.17 18 Given that completely unbi-
ased population scale sampling for seroprevalence 
studies remains a logistical challenge, we used a sampling 
approach that involved open enrolment 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 individ-
uals with both patient- related 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 char-
acteristics including ethnicity and race—leading to find-
ings 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 sample sizes in other 
regions,19 results from immunoassays performed at a 
single time point 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.20 Notwithstanding under-
estimated prior infection rates, related also to variable 
sensitivity of most IgG immunoassays in relation to timing 

Figure 3 Potential COVID illness exposure- related factors associated with SARS- CoV-2. dx, diagnosis.

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

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

Rhinorrhoea

Dyspnoea

Diarrhoea

Rhinorrhoea

Dyspnoea

Diarrhoea

Figure 4 Potential COVID-19 illness response factors associated with SARS- CoV-2 seroprevalence.



7Ebinger JE, et al. BMJ Open 2021;11:e043584. doi:10.1136/bmjopen-2020-043584

Open access

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 contempora-
neous time period.21

Consistent with findings from studies in healthcare 
workers, seroprevalence patterns in our cohort indi-
cate exposure from the work environment and home 
environment and likely unmeasured community- based 
factors.22 It has been well reported that minority popu-
lations, particularly African- Americans and Hispanics, 
have been disproportionately affected by the COVID-19 
pandemic.23–25 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 organisation. Such a finding may indi-
cate 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 these 
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 socio-
economic status and ability to self- isolate outside of work 
likely also contribute.26–28

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 
diligently follow social distancing guidelines and practise 
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 physiological mech-
anism may contribute to this finding; however, unmea-
sured 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.29–31 Anosmia 
is recognised as highly specific among the symptoms 
attributable to COVID-19 and is known to be a partic-
ularly frequent finding among younger compared with 
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 dyspnoea 
nor diarrhoea, two commonly cited symptoms, demon-
strated a significant association in multivariable anal-
ysis.32 33 This is likely related to the non- specific nature 
of these symptoms, which are common to multiple viral 
and non- viral aetiologies. Importantly, dyspnoea was 
associated with a higher antibody level among those with 
anti- SARS- CoV-2 antibodies, suggesting that dyspnoea 
related to COVID-19 may drive a more robust humoral 
immune response, potentially related to more severe 
infection. These findings are concordant with the 

Correlates of Being Antibody Positive Correlates of Higher Antibody Level (IgG index), 
if Antibody Positive

Pre-existing factors

Exposures

Symptoms

Rhinorrhoea

Dyspnoea

Figure 5 Factors associated with SARS- CoV-2. dx, diagnosis.
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known phenomenon of proportionate adaptive immune 
response to higher doses of antigenic stress.34 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 phenom-
enon which may be attributable to a highly efficient cell- 
mediated immune response.35 It has been suggested that 
higher T- cell levels, whether virus specific or otherwise, 
may play a role in this finding; however, further research 
is required.36 37

Several limitations of this study merit consideration. 
Of the employees actively employed at our multisite 
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.7 
Our seroprevalence estimates were based on using a 
validated assay of only IgG antibodies; assays of IgM anti-
bodies 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 indi-
viduals, 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 avail-
able 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 nasopharyngeal 
or respiratory procedures, would also be important for 
future investigations.

In conclusion, in a highly diverse population of health-
care workers, demographic factors associated with 
COVID-19 antibody positivity indicate potential factors 
outside of the workplace are 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 dyspnoea may be a marker of more 
severe disease among those with COVID-19, its presence 
alone does not indicate infection.

Author affiliations
1Department of Cardiology, Cedars- Sinai Medical Center, Los Angeles, California, 
USA
2Smidt Heart Institute, Cedars- Sinai Medical Center, Los Angeles, California, USA
3F. Widjaja Foundation Inflammatory Bowel and Immunobiology Research Institute, 
Cedars- Sinai Medical Center, Los Angeles, California, USA
4Division of Pulmonary and Critical Care Medicine, University of California, San 
Diego, La Jolla, California, USA

5Departments of Pediatrics, Division of Infectious Diseases and Immunology, and 
Infectious and Immunologic Diseases Research Center (IIDRC), Department of 
Biomedical Sciences, Cedars- Sinai Medical Center, Los Angeles, California, USA
6Department of Pediatrics, David Geffen School of Medicine at UCLA, Los Angeles, 
California, USA
7Department of Pathology and Laboratory Medicine, Cedars- Sinai Medical Center, 
Los Angeles, California, USA
8Advanced Clinical Biosystems Institute, Department of Biomedical Sciences, 
Cedars- Sinai Medical Center, Los Angeles, California, USA
9Cedars- Sinai Cancer and Department of Medicine, Cedars- Sinai Medical Center, 
Los Angeles, California, USA
10Department of Medicine, Cedars- Sinai Medical Center, Los Angeles, California, 
USA
11Department of Epidemiology, Cedars- Sinai Medical Center, Los Angeles, California, 
USA
12Biobank & Translational Research Core Laboratory, Samuel Oschin Comprehensive 
Cancer Institute, Cedars- Sinai Medical Center, Los Angeles, California, USA
13Department of Public Health Sciences and Comprehensive Cancer Center, 
University of California, Davis, Davis, California, USA
14Department of Medicine and Pharmacology, University of California, San Diego, La 
Jolla, California, USA
15Department of Pharmacology, University of California San Diego School of 
Medicine, La Jolla, California, USA
16Department of Internal Medicine, Division of Hematology, Cedars- Sinai Medical 
Center, Los Angeles, California, USA
17Employee Health Services, Department of Medicine, Cedars- Sinai Medical Center, 
Los Angeles, California, USA
18Brawerman Nursing Institute, Cedars- Sinai Medical Center, Los Angeles, 
California, USA
19Center for Neural Science and Medicine, Department of Biomedical Sciences, 
Board of Governors Regenerative Medicine Institute, Department of Neurology, 
Cedars- Sinai Medical Center, Los Angeles, California, USA
20David Geffen School of Medicine, University of California, Los Angeles, Los 
Angeles, California, USA
21Chief Medical Officer, Cedars- Sinai Medical Center, Los Angeles, California, USA
22La Jolla Institute for Allergy and Immunology, La Jolla, California, USA
23Barbra Streisand Women’s Heart Center, Cedars- Sinai Medical Center, Los 
Angeles, California, USA

Twitter Gregory J Botwin @gjbotwin

Acknowledgements We are grateful to all the front- line healthcare workers in our 
healthcare system who continue to be dedicated to delivering the highest quality 
care for all patients.

Contributors JEE, GJB, AHB, PBM, MM, KS, JGB, and SC conceived of the 
presented idea and contributed to study design. Data collection and analyses were 
performed by AHB, PB, WH, SJ, EHK, YL, EL, PBM, TTN, KR, MAR, SSt, and NS. JEE, 
GJB, KS, JGB, and SC led writing of the initial manuscript draft. JEE, GJB, CMA, MAl, 
MAr, AB, JF- B, JCF, JDG, MH, SKH, MJ, SJ MK, DL, DPBM, AM, NM, PBM, MM, TTN, 
KR, MAR, CER, RVR, SSh, WGT, JVE, KS, JGB, and SC reviewed, edited and finalised 
the manuscript, providing critical feedback and changes prior to submission.

Funding This work was supported in part by the Cedars- Sinai Medical Center, the 
Erika J Glazer Family Foundation, the F. Widjaja Family Foundation, the Helmsley 
Charitable Trust, the NIH/NCI (grant U54- CA260591), and the NIH/ NHLBI (grant 
K23- HL153888).

Map disclaimer The depiction of boundaries on this map does not imply the 
expression of any opinion whatsoever on the part of BMJ (or any member of its 
group) concerning the legal status of any country, territory, jurisdiction or area or 
of its authorities. This map is provided without any warranty of any kind, either 
express or implied.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval The study protocol was approved by the Cedars- Sinai Institutional 
Review Board and all participants provided written informed consent.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement The data that support the findings of this study are 
available from Cedars- Sinai Medical Center upon reasonable request. The data 

https://twitter.com/gjbotwin


9Ebinger JE, et al. BMJ Open 2021;11:e043584. doi:10.1136/bmjopen-2020-043584

Open access

are not publicly available due to the contents including information that could 
compromise research participant privacy/consent.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

ORCID iD
Susan Cheng http:// orcid. org/ 0000- 0002- 4977- 036X

REFERENCES
 1 Bryant JE, Azman AS, Ferrari MJ, et al. Serology for SARS- CoV-2: 

Apprehensions, opportunities, and the path forward. Sci Immunol 
2020;5:eabc6347.

 2 Health CfDaR. Policy for diagnostic tests for coronavirus 
disease-2019 during the public health emergency. In: Administraction 
FaD, ed: Dockets management 2020.

 3 Nuccetelli M, Pieri M, Grelli S, et al. SARS- CoV-2 infection serology: 
a useful tool to overcome lockdown? Cell Death Discov 2020;6:38.

 4 Petherick A. Developing antibody tests for SARS- CoV-2. Lancet 
2020;395:1101–2.

 5 Mallapaty S. Will antibody tests for the coronavirus really change 
everything? Nature 2020;580:571–2.

 6 Espejo AP, Akgun Y, Al Mana AF. Review of current advances in 
serologic testing for COVID-19. Am J Clin Pathol 2020;154:293–304.

 7 Ebinger JE, Botwin GJ, Albert CM. An opportune and relevant design 
for studying the health trajectories of healthcare workers. medRxiv 
2020;2020.

 8 Harris PA, Taylor R, Thielke R, et al. Research electronic data capture 
(REDCap)—A metadata- driven methodology and workflow process 
for providing translational research informatics support. J Biomed 
Inform 2009;42:377–81.

 9 Harris PA, Taylor R, Minor BL, et al. The REDCap Consortium: 
building an international community of software platform partners. J 
Biomed Inform 2019;95:103208.

 10 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;58.

 11 Menachemi N, Yiannoutsos CT, Dixon BE, et al. Population point 
prevalence of SARS- CoV-2 infection based on a statewide random 
sample — Indiana, April 25–29, 2020. MMWR Morb Mortal Wkly Rep 
2020;69:960–4.

 12 Barthélemy J, Suesse T. mipfp: An R Package for Multidimensional 
Array Fitting and Simulating Multivariate Bernoulli Distributions. J 
Stat Softw 2018;86:20.

 13 Dong Q, Gao X. Bayesian estimation of the seroprevalence of 
antibodies to SARS- CoV-2. JAMIA Open 2020;323.

 14 Tilley K, Ayvazyan V, Martinez L, et al. A cross- sectional study 
examining the seroprevalence of severe acute respiratory syndrome 
coronavirus 2 antibodies in a university student population. J 
Adolesc Health 2020;67:763–8.

 15 RStan: the R interface to Stan. R package version 2.19.3 [computer 
program]. 2020.

 16 Carpenter B, Gelman A, Hoffman MD, et al. Stan : a probabilistic 
programming language. J Stat Softw 2017;76:32.

 17 Mughal MS, Kaur IP, Patton CD, et al. The prevalence of severe 
acute respiratory coronavirus virus 2 (SARS- CoV-2) IgG antibodies 
in intensive care unit (ICU) healthcare personnel (HCP) and its 
implications—a single- center, prospective, pilot study. Infect Control 
Hosp Epidemiol 2020;69:1–2.

 18 Madsen T, Levin N, Niehus K, et al. Prevalence of IgG antibodies 
to SARS- CoV-2 among emergency department employees. Am J 
Emerg Med 2020;38:30306–5.

 19 Moscola J, Sembajwe G, Jarrett M, et al. Prevalence of SARS- CoV-2 
antibodies in health care personnel in the New York City area. JAMA 
2020;324:893–5.

 20 Stephens DS, McElrath MJ. COVID-19 and the path to immunity. 
JAMA 2020;324:1279–81.

 21 Sood N, Simon P, Ebner P, et al. Seroprevalence of SARS- CoV-2–
Specific antibodies among adults in Los Angeles County, California, 
on April 10-11, 2020. JAMA 2020;323:2425–7.

 22 Steensels D, Oris E, Coninx L, et al. Hospital- Wide SARS- CoV-2 
antibody screening in 3056 staff in a tertiary center in Belgium. JAMA 
2020;324:195.

 23 Chowkwanyun M, Reed AL. Racial health disparities and Covid-19 — 
caution and context. N Engl J Med 2020;383:201–3.

 24 Rentsch CT, Kidwai- Khan F, Tate JP. Covid-19 by race and ethnicity: 
a national cohort study of 6 million United States veterans. medRxiv 
2020.

 25 DBG T, Shah A, Doubeni CA. The disproportionate impact of 
COVID-19 on racial and ethnic minorities in the United States. Clin 
Infect Dis 2020.

 26 Turner- Musa J, Ajayi O, Kemp L. Examining social determinants of 
health, stigma, and COVID-19 disparities. Healthcare 2020;8

 27 Thakur N, Lovinsky- Desir S, Bime C. The structural and social 
determinants of the racial/ethnic disparities in the US COVID-19 
pandemic: what’s our role? Am J Respir Crit Care Med 2020.

 28 Raifman MA, Raifman JR. Disparities in the population at risk of 
severe illness from COVID-19 by Race/Ethnicity and income. Am J 
Prev Med 2020;59:137–9.

 29 Lechien JR, Chiesa- Estomba CM, De Siati DR, et al. Olfactory 
and gustatory dysfunctions as a clinical presentation of mild- 
to- moderate forms of the coronavirus disease (COVID-19): 
a multicenter European study. Eur Arch Otorhinolaryngol 
2020;277:2251–61.

 30 Tong JY, Wong A, Zhu D, et al. The prevalence of olfactory and 
gustatory dysfunction in COVID-19 patients: a systematic review and 
meta- analysis. Otolaryngol Head Neck Surg 2020;163:3–11.

 31 Lee DJ, Lockwood J, Das P, et al. Self- reported anosmia and 
dysgeusia as key symptoms of coronavirus disease 2019. CJEM 
2020;22:595–602.

 32 Zhu J, Zhong Z, Ji P. Clinicopathological characteristics of 8697 
patients with COVID-19 in China: a meta- analysis. Fam Med 
Community Health 2020;8:e000406.

 33 Kopel J, Perisetti A, Gajendran M, et al. Clinical insights into 
the gastrointestinal manifestations of COVID-19. Dig Dis Sci 
2020;65:1932–9.

 34 DiazGranados CA, Dunning AJ, Kimmel M, et al. Efficacy of high- 
dose versus standard- dose influenza vaccine in older adults. N Engl 
J Med 2014;371:635–45.

 35 Long QX, Tang XJ, Shi QL. Clinical and immunological assessment of 
asymptomatic SARS- CoV-2 infections. Nat Med 2020.

 36 Grifoni A, Weiskopf D, Ramirez SI, et al. Targets of T cell responses 
to SARS- CoV-2 coronavirus in humans with COVID-19 disease and 
unexposed individuals. Cell 2020;181:1489–501.

 37 Weiskopf D, Schmitz KS, Raadsen MP, et al. Phenotype and kinetics 
of SARS- CoV-2- specific T cells in COVID-19 patients with acute 
respiratory distress syndrome. Sci Immunol 2020;5:eabd2071.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-4977-036X
http://dx.doi.org/10.1126/sciimmunol.abc6347
http://dx.doi.org/10.1038/s41420-020-0275-2
http://dx.doi.org/10.1016/S0140-6736(20)30788-1
http://dx.doi.org/10.1038/d41586-020-01115-z
http://dx.doi.org/10.1093/ajcp/aqaa112
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1128/JCM.00941-20
http://dx.doi.org/10.15585/mmwr.mm6929e1
http://dx.doi.org/10.18637/jss.v086.c02
http://dx.doi.org/10.18637/jss.v086.c02
http://dx.doi.org/10.1093/jamiaopen/ooaa049
http://dx.doi.org/10.1016/j.jadohealth.2020.09.001
http://dx.doi.org/10.1016/j.jadohealth.2020.09.001
http://dx.doi.org/10.18637/jss.v076.i01
http://dx.doi.org/10.1017/ice.2020.298
http://dx.doi.org/10.1017/ice.2020.298
http://dx.doi.org/10.1016/j.ajem.2020.04.076
http://dx.doi.org/10.1016/j.ajem.2020.04.076
http://dx.doi.org/10.1001/jama.2020.14765
http://dx.doi.org/10.1001/jama.2020.16656
http://dx.doi.org/10.1001/jama.2020.8279
http://dx.doi.org/10.1001/jama.2020.11160
http://dx.doi.org/10.1056/NEJMp2012910
http://dx.doi.org/10.3390/healthcare8020168
http://dx.doi.org/10.1016/j.amepre.2020.04.003
http://dx.doi.org/10.1016/j.amepre.2020.04.003
http://dx.doi.org/10.1007/s00405-020-05965-1
http://dx.doi.org/10.1177/0194599820926473
http://dx.doi.org/10.1017/cem.2020.420
http://dx.doi.org/10.1136/fmch-2020-000406
http://dx.doi.org/10.1136/fmch-2020-000406
http://dx.doi.org/10.1007/s10620-020-06362-8
http://dx.doi.org/10.1056/NEJMoa1315727
http://dx.doi.org/10.1056/NEJMoa1315727
http://dx.doi.org/10.1016/j.cell.2020.05.015
http://dx.doi.org/10.1126/sciimmunol.abd2071

	Seroprevalence of antibodies to SARS-CoV-2 in healthcare workers: a cross-sectional study
	Abstract
	Introduction
	Methods
	Study sample
	Serological assays
	Statistical analyses
	Estimates of seroprevalence
	Factors associated with seroprevalence

	Patient and public involvement

	Results
	Discussion
	References


