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ABSTRACT
Objectives  Given the importance of continued 
COVID-19 surveillance, our objective was to present 
findings from a short follow-up survey of workforce 
SARS-CoV-2 antibody testing in previously seropositive 
participants and describe associations between work 
locations and negative seroconversion.
Methods  We conducted a follow-up cross-sectional 
survey on previously seropositive healthcare workers, 
using questionnaires and serology testing. Eligible 
employees previously consented to be contacted were 
invited by email to participate in a survey and laboratory 
blood draws. SAS V.9.4 was used to describe employee 
characteristics and seroconversion status. Binomial 
regression models were used to calculate unadjusted 
and adjusted prevalence ratios (PRs) of seronegativity. 
The multivariable analyses included age, gender, race/
ethnicity, region of residence, work location, prior 
diagnosis/PCR results and days between antibody tests. 
Unadjusted and adjusted PRs 95% CIs and p values 
were reported.
Results  Of the 3990 employees emailed in the 
follow-up, 1631 completed an exposure survey and 
generated a blood-draw requisition form. Average time 
between serology testing was 4 months. Of the 955 
employees with complete serology results, 79.1% were 
female, 53.4% were white and 46.4% resided in Long 
Island; 176 participants seroconverted to negative. 
In multivariable regression analyses adjusted for 
gender, race/ethnicity and region of residence, younger 
employees (<20–30 years), intensive care unit workers 
and those with no/negative prior PCR results were more 
likely to have negative seroconversion.
Conclusions and relevance  Patterns of negative 
seroconversion showed significant differences by 
sociodemographic and workplace characteristics. 
These results contribute information to workplace 
serosurveillance.

INTRODUCTION
Prior to the availability of vaccines for SARS-CoV-2 
that causes COVID-19, exposure assessments 
through surveillance included antibody testing 
that allowed workplaces to understand prevalence 
patterns and potential exposure.1 2 As with many 
healthcare systems across the country, the largest 
one in New York implemented various COVID-19 
policies that augmented infection control to 
increase the number of heating ventilation and 

air-conditioning inspections on floors and units, 
as well as adjusting specifications for aerosolising 
procedures and personal protective equipment 
(PPE) during patient handling.1–6 In spring 2020 
(wave 1), our healthcare system offered free SARS-
CoV-2 antibody testing to all 70 812 employees.2 
Results of the testing have been previously 
reported for dates between 20 April 2020 and 23 
June 2020. In brief, of the final consented partic-
ipants (40 329), 13.7% (5523) tested positive for 
IgG antibodies.2 The findings were comparable to 
New York State antibody screenings at the time, 
which revealed 12.3% of the general population 
were seropositive.7–9 The New York State Gover-
nor’s report at the time further showed 10.5% of 
the New York City Police Department and 17.1% 
of New York City Fire Department Emergency 

Key messages

What is already known about this subject?
►► Antibodies for COVID-19 decline over time. 
However, population patterns of negative 
seroconversion are not well understood.

What are the new findings?
►► The study discovered sociodemographic and 
workplace patterns of negative seroconversion 
among healthcare workers. In a follow-up 
survey of 955 previously seropositive New 
York healthcare workers, 176 retested negative 
over a 4-month study period. High negative 
seroconversion occurred among those with who 
had a negative or no prior PCR test, intensive 
care unit (ICU) workers (compared with non-ICU 
workers) and younger employees (20–29 years 
compared with other age groups).

How might this impact on policy or clinical 
practice in the foreseeable future?

►► This is a large follow-up of seropositive 
healthcare workers, paired with a survey 
of work characteristics and self-reported 
exposures. Future directions include a review 
of vaccine uptake and seroconversion with 
molecular differentiation that includes an 
understanding of sociodemographic and 
workplace patterning of exposure over time.
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http://dx.doi.org/10.1136/oemed-2021-107382
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Medical Service (FDNY/EMS) members had tested positive for 
antibodies.2 9

Our healthcare system’s wave 1 results showed that 93.7% of 
employees who were diagnosed positive through reverse tran-
scription PCR tests were also positive for antibodies.2 Further, 
a self-reported index of suspicion of exposure to COVID-19 
correlated well with antibody measures. This suggested that 
workers without confirmed PCR tests were attuned to degrees 
of exposure (online supplemental figure S1) and that the suspi-
cion index was a robust measure of exposure perception.2 In 
the fall of 2020 (September and October) (wave 2), the health-
care system extended serology testing to 3990 employees, who 
were antibody positive in wave 1 and who agreed to future 
testing. This wave 2 serology testing introduced an opportu-
nity to understand prevalence patterns in the workplace and 
target protective measures, as needed. Here, we present initial 
findings from a short exposure survey and the second round 
(wave 2, September and October 2020) of workforce testing 
for SARS-CoV-2 antibodies in participants previously identified 
as seropositive (wave 1, April and May 2020). Antibodies for 
COVID-19 decline over time. However, population patterns 
of negative seroconversion are not well understood. Given the 
importance of continued COVID-19 surveillance, our objective 
was to present findings from a short follow-up survey of work-
force SARS-CoV-2 antibody testing in previously seropositive 
participants and describe associations between work locations 
and negative seroconversion.

METHODS
On 8 September 2020 (with reminders on 23 September 2020), 
3990 emails were sent to eligible employees, who had initially 
tested positive for SARS-CoV-2 antibodies between April and 
June 2020 (wave 1) and who had consented to future serology 
testing. Some participants had received prior PCR testing.2 For 
this wave 2 study, blood draw requisitions and lab results were 
collected from 8 September 2020 to 5 October 2020. Antibody 
testing was validated at our healthcare system laboratories using 
a combination of ELISA, chemiluminescent microparticle immu-
noassays and immunometric assays.2 10 These are instrument-
based, qualitative IgG SARS-CoV-2 immunoassays with up to 
97% sensitivity.2 10 The antibody test is not a test for active 
infection but may identify previous exposure to the virus within 
at least the past 1–2 weeks.2 10 Additional information regarding 
the testing panels is available as online supplemental table S1.

Data collected from wave 2 testing were gathered, prepared 
and analysed for continued presence of SARS-CoV-2 antibodies. 
We used SAS V.9.4 software (SAS Institute Inc.) to conduct bino-
mial regression analyses to calculate unadjusted and adjusted 
prevalence ratios (PRs) of seronegativity and frequency distribu-
tions for sociodemographic characteristics, work location, time 
between testing, county of residence, prior diagnosis/PCR, recent 
travel and level of suspicion of re-exposure to virus: ‘Do you 
believe you may have been exposed again to COVID-19?’ (1-9; 
1=no; 9=yes definitely; 7–9=high suspicion of exposure). ‘If 
so, did you feel ill?’ (Yes/No). ‘Do you usually take public trans-
portation to work?’ (Yes/No). ‘In the past month, have you trav-
eled outside of the NY metropolitan region and northeast?’ (Yes/
No). Several industrial hygiene/infection control practices were 
noted, to include PPE policies (universal masking was required 
with N95 minimum for staff and procedural mask minimum for 
patients from as early as 7 March 2020; visitors were restricted 
and also required masking with temperature checks), ventila-
tion requirements that adhered to American Society of Heating, 

Refrigerating and Air-Conditioning Engineers recommendations 
with minimum air changes per hour (ACH) equal to 12–15 for 
intensive care units (ICUs) that required minimum efficiency 
reporting values (13–14) to ventilate the rooms and positive 
pressure breathing apparatus (level B PPE). Patient waiting areas 
had a minimum recommendation of 4–6 ACH.5 6

RESULTS
Of the 3990 wave 2 email invitations, 1631 employees responded 
to the survey and obtained requisitions, rendering a response 
rate of 40.9%; of those, 955 (58.6%) received wave 2 serology 
results and 779 (81.6%) retested positive (table  1). Average 
months between testing were 4.3 (SD=0.5), median=4.0 and 
IQR=1. Average age of non-participants in wave 2 was similar to 
that of participants. Blacks, Hispanics and males were less likely 
to participate in wave 2 (online supplemental table S2).

Overall negative seroconversion proportion was 176/955 
(18.4% (95% CI=16.0% to 21.0%)). In regression models that 
included age, gender, race/ethnicity, residential county, days 
between testing and prior PCR test, those working in areas 
other than the ICU were less likely to seroconvert to negative 
(PR=0.58, 95% CI=0.36 to 0.93, p=0.02), compared with ICU 
workers. Those who were previously seropositive and with a 
negative PCR result (PR=2.22, 95% CI=1.38 to 3.59, p=0.001) 
or no PCR test (PR=2.56, 95% CI=1.83 to 3.58, p<0.0001) 
were 2½ times more likely to seroconvert to negative than those 
with a positive PCR test (table 1). Residential and work counties, 
recent travel, transportation type and suspicion of re-exposure 
were not significantly associated with negative seroconversion.

DISCUSSION
Our results present patterns of negative seroconversion in a 
large, single study follow-up of previously seropositive health-
care workers. As expected, SARS-CoV-2 antibodies decreased 
over time.4 10–12 Almost one-fifth of previously seropositive 
employees experienced negative seroconversion over a 4-month 
period.

Those working in ICUs were more likely to seroconvert (to 
negative) than employees in other work areas. Though not 
possible to confirm with this study, it is plausible that ICU loca-
tions have decreased potential for reinfection (exposure) because 
of effective infection control practices at work (increased venti-
lation checks and adherence to optimal standards, appropriate 
administrative polices and targeted PPE), low infection among 
coworkers, coupled with low prevalence of active community 
infection (at the time of wave 2 data collection, New York State 
had new daily infection rates below 1%).9 It is unclear why those 
over the age of 30 years were less likely to seroconvert to nega-
tive and thus, seemed to retain measurable SARS-CoV-2 anti-
bodies for longer than younger workers. Similarly, those with 
confirmed disease through past PCR positive results were less 
likely to seroconvert to negative. The PCR testing for this cohort 
was conducted early in the pandemic (March/April 2020) when 
most tests were reserved for sicker, hospitalised individuals. It is 
conceivable that asymptomatic and those with milder symptoms 
were less likely to have received a PCR test.

There are limitations to these findings. This study sample was 
voluntary in waves 1 and 2 and results may not be generalis-
able to the population of all our seropositive healthcare workers. 
With wave 2 testing, there were patterns of non-response that 
may have influenced results. Determining the exact timeline 
between infection, antibody generation and antibody reduction 
was not possible because some employees were not diagnostically 
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Workplace

tested (PCR) at the time of infection. It is also possible that those 
who were more likely to seroconvert (to negative) during this 
follow-up were infected earlier than those who retained anti-
body seropositivity.

Nevertheless, these results are informative and document 
patterns of negative seroconversion in a sample of healthcare 
workers. This study also introduces exposure questions and 
biomarkers that will be expanded in future surveys. Sophisti-
cated biological/molecular testing is particularly important as we 
begin to integrate vaccination results and patterns of infection.

Globally, frontline workers were among the hardest hit group 
early in the SARS-CoV-2 pandemic.3 4 In one of the largest 
cross-continental cohort studies that encompassed the UK and 
USA risk of reporting COVID-19 exposure or infection was 
highest among frontline healthcare workers.3 Data from New 
York showed variability by institute and county that may indicate 
community spread as the driver of these rates.2 In all studies, 
minority and socially disadvantaged groups were most affected 
and had among the highest prevalence of SARS-CoV-2 anti-
bodies.1 2 Our results provide a summary of follow-up serology 
testing in New York State’s largest workforce. Future directions 
include ongoing monitoring and analyses of the effects of vaccine 
delivery with a concerted outreach plan for healthcare workers 
and the surrounding communities.
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