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SPECIAL SECTION: FOCUS ON EMS AND COVID-19

SARS-COV-2 IGG SEROPOSITIVITY AND ACUTE ASYMPTOMATIC INFECTION

RATE AMONG FIREFIGHTER FIRST RESPONDERS IN AN EARLY OUTBREAK COUNTY

IN CALIFORNIA

Jennifer A. Newberry, MD, JD, MSc, Marc Gautreau, MD, MBA, Katherine Staats, MD ,
Eli Carrillo, MD, William Mulkerin, MD, Samuel Yang, MD, PhD, Michael A. Kohn, MD,
MPP, Loretta Matheson, MS, Scott D. Boyd, MD, PhD, Benjamin A. Pinsky, MD, PhD,
Andra L. Blomkalns, MD, MBA, Matthew C. Strehlow, MD, Peter A. D’Souza, MD

ABSTRACT

Objective: Firefighter first responders and other emergency
medical services (EMS) personnel have been among the
highest risk healthcare workers for illness during the SARS-
CoV-2 pandemic. We sought to determine the rate of sero-
positivity for SARS-CoV-2 IgG antibodies and of acute
asymptomatic infection among firefighter first responders

in a single county with early exposure in the pandemic.
Methods:We conducted a cross-sectional study of clinically
active firefighters cross-trained as paramedics or EMTs in
the fire departments of Santa Clara County, California.
Firefighters without current symptoms were tested
between June and August 2020. Our primary outcomes
were rates of SARS-CoV-2 IgG antibody seropositivity and
SARS-CoV-2 RT-PCR swab positivity for acute infection.
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We report cumulative incidence, participant characteristics
with frequencies and proportions, and proportion positive
and associated relative risk (with 95% confidence intervals).
Results: We enrolled 983 out of 1339 eligible participants
(response rate: 73.4%). Twenty-five participants (2.54%,
95% CI 1.65-3.73) tested positive for IgG antibodies and 9
(0.92%, 95% CI 0.42-1.73) tested positive for SARS-CoV-2 by
RT-PCR. Our cumulative incidence, inclusive of self-
reported prior positive PCR tests, was 34 (3.46%, 95% CI
2.41-4.80). Conclusion: In a county with one of the earliest
outbreaks in the United States, the seroprevalence among
firefighter first responders was lower than that reported by
other studies of frontline health care workers, while the
cumulative incidence remained higher than that seen in the
surrounding community. Key words: COVID-19; EMS;
firefighter; pandemic; public health
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INTRODUCTION

The first known death in the United States due to
SARS-CoV-2 occurred on February 6, 2020 in Santa
Clara County, California (1). By early March, a fire-
fighter from the station that cared for that individ-
ual was hospitalized with SARS-CoV-2 (2). He had
been on shift in the interim and attended a course
with personnel from other fire departments.
Rapidly, more than a dozen firefighters became
symptomatic and tested positive, while 80 others
were quarantined, with a significant impact on
the workforce.
Firefighter first responders and other emergency

medical services (EMS) personnel are among the
highest risk healthcare workers for illness during
outbreaks. In New York City, 34.5% of firefighters
and 40.7% of EMS responders had taken medical
leave as of July 2020 for suspected or confirmed
SARS-CoV-2 (3). Workforce reduction was a particu-
lar threat to fire departments along the West and
Gulf Coasts in 2020 because of concurrent natural
disasters requiring emergency personnel from across
the country.
Several issues increase the SARS-CoV-2 infection

risk to firefighters and EMS. On shift, firefighters
must live in close quarters, often sharing common
sleep rooms and communal meals. On scene, the
variable presentation of patients with SARS-CoV-2
and limited patient information complicates clinical
gestalt. Additionally, a culture among health care
workers of working even when they feel ill (4–6)
coupled with a lack of available testing for SARS-
CoV-2 early in the pandemic, meant that many fire-
fighters and EMS personnel went untested.
These factors combined with the early impact of

the pandemic on Santa Clara County created a sig-
nificantly higher risk to its firefighter and EMS

population. In this study, we aimed to determine
the seropositivity of SARS-CoV-2 antibodies and
asymptomatic acute infection rates among firefighter
first responders in the county.

METHODS

Study Design

We conducted a cross-sectional study of firefighters
cross-trained as paramedics or emergency medical
technicians (EMTs) in Santa Clara County,
California, to determine the rate of SARS-CoV-2 IgG
antibody seropositivity and SARS-CoV-2 RT-PCR
swab positivity. The Stanford Institutional Review
Board approved this study (#56572). We obtained
written informed consent from all participants.

Setting

Santa Clara County is one of the top 20 most popu-
lous counties in the United States with approxi-
mately 1.9 million residents (7, 8). By the
completion of the study, (August 31st, 2020) there
was a cumulative total of 18,021 COVID-19 cases
and 285 COVID-19 related deaths (9, 10).
All fire departments in the county require yearly

N95 fit testing and training. Prompted by early evi-
dence of community transmission in California, per-
sonal protective equipment for both droplet and
contact precautions (PPE: gloves, eye protection,
gowns, and N95 masks) became mandatory for all
county EMS personnel when responding to calls of
patients with fever or respiratory symptoms on
March 4, 2020. If tolerated by the patient, surgical or
procedure masks were placed on patients with fever
or respiratory symptoms. On April 2, the Santa
Clara County EMS Agency issued an administrative
order for the judicious use of aerosol generating
procedures: early transition to laryngeal mask air-
way (LMA) in cardiac arrest, nebulized albuterol
and/or CPAP reserved only for pulse oximetry less
than 94%, whether on oxygen or not. Changes were
also made within fire stations, including tempera-
ture screening, prohibition of duty uniforms in liv-
ing quarters, and requirements to disinfect surfaces
and wear masks while in the station. However,
these changes were variably implemented through-
out the county in March and April.

Selection of Participants and Outcomes

We included participants from ten of the county’s
eleven fire departments. We excluded the single fire
department staffed by cross-trained public safety
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officers who do not work as paramedics. All sworn
firefighters clinically active since November 2019
were eligible to participate. We recruited partici-
pants through emails sent via fire department and
union leadership and obtained written informed
consent to ensure that study participation was vol-
untary. We conducted testing at local fire stations
from June to August 2020, allowing crews to partici-
pate while on duty and minimizing impact on sys-
tem resources. Participants completed a survey
including demographics, prior exposures, symp-
toms, use of PPE, and results of prior PCR testing.
Within demographics we collected information on
participant’s primary county of residence as anec-
dotally we understood some participants did not
live and work in the same county. To better under-
stand exposures, we collected data on work-related
exposures (e.g. bag valve mask ventilation, intub-
ation, confirmed patient or coworker COVID-19
exposure), changes to living quarter policies (e.g.
mask wearing, temperature screening), travel, and
community COVID-19 exposures.

Outcomes

Our study’s primary outcomes were SARS-CoV-2
IgG antibody seropositivity and SARS-CoV-2 RT-
PCR swab positivity. In order to optimize diagnostic
accuracy, our clinical lab’s antibody testing proto-
cols evolved during the study using three validated
testing platforms: a laboratory-developed enzyme-
linked immunosorbent assay (ELISA) test for IgG to
the receptor binding domain of the spike protein
(Stanford)(11); a high-throughput CMIA test for IgG
to the nucleocapsid protein (Abbott Architect); and
an ELISA for IgG to the S1 domain of the spike pro-
tein (EuroImmun). We also tested participants for
active SARS-CoV-2 infection with a sample collected
via nasopharyngeal swab using a laboratory-devel-
oped RT-PCR test (Stanford) with FDA emergency
use authorization. All tests were performed at the
Stanford Health Care Clinical Laboratories.

Data Analysis

We report a cumulative incidence which includes
participants positive for IgG antibodies, positive on
the study’s RT-PCR, or previously PCR positive by
self-report. We report participant characteristics
with frequencies and proportions, as well as propor-
tion positive and the associated relative risk (with
exact 95% confidence intervals). We used SAS
Enterprise Guide version 8.2 for our data analysis.

RESULTS

We enrolled 983 participants out of 1339 eligible, for
a response rate of 73.4%. Most participants were
men 942 (95.8%) and lived outside the county
(68.3%). 60.4% of participants were white non-
Hispanic (Table 1). When not on duty, firefighters
resided throughout California, including more than
half of all counties (33/58, 56.9%), with 7 (0.7%)
returning to homes out of state (Figure 1).
Twenty-five participants (2.54%, 95% CI 1.65-3.73)

tested positive for IgG antibodies and 9 (0.92%, 95%
CI 0.42-1.73) tested positive for SARS-CoV-2 by RT-
PCR. Of the 9 positive for SARS-CoV-2 by RT-PCR,
3 were positive for IgG antibodies. Of the 952 partic-
ipants who were negative on both IgG and RT-PCR
testing, 3 reported a prior positive PCR test. This
resulted in a cumulative incidence of 34 out of 983,
or 3.46% (95% CI 2.41-4.80).
Over the 60-day study period we saw no trend in

testing positivity rate. The 9 participants tested RT-
PCR positive at days 20, 21, 22, 24(2), 26, 43, and
51(2). The 32 participants who were either RT-PCR
positive or IgG antibody positive, were positive at
days 3, 20(2), 21(2), 22(5), 24(2), 26, 29(3), 30(2), 31,
35, 38, 42(3), 43(2), 51(6). Further, most of the
reported prior positive PCR tests occurred greater
than 2months before our study period (83.3%
(10/12)).
Of the 25 participants who were IgG antibody

positive, 10 participants (40.0%) were asymptomatic
since February 1, 2020. This is compared to 651
(68.0%) asymptomatic participants in the IgG nega-
tive group (P¼ 0.005). Of the 9 participants who
tested positive for SARS-CoV-2 by RT-PCR, only 1
(11.1%) had any symptoms within the preceding
two weeks.
Hispanic firefighters faced a higher relative risk of

having IgG antibodies compared to white non-
Hispanic firefighters (RR ¼ 3.48, 95% CI 1.36-8.90)
(Table 1). Participants who thought they “definitely”
had SARS-CoV-2 previously and were not known to
be previously SARS-CoV-2 positive, had an 8.80
relative risk (95% CI 1.80-43.07) of being IgG posi-
tive. Of note, this represented only two participants.
Sharing working quarters with someone the partici-
pant believed to be SARS-CoV-2 positive increased
the relative risk of having IgG antibodies (RR ¼
3.37, 95% CI 1.53-7.41) and active SARS-CoV-2 infec-
tion (RR ¼ 4.49, 95% CI 1.13-17.83) (Table 2).
Exposure at work to a confirmed SARS-CoV-2 posi-
tive patient’s respiratory secretions also increased
the relative risk of being IgG positive (RR ¼ 2.85,
95% CI 1.32-6.16). While multiple community expo-
sures carried a higher relative risk, this finding was
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not statistically significant (RR ¼ 3.05, 95% CI
0.94-9.89).

DISCUSSION

Our study estimates a 2.54% seropositivity rate for
IgG antibodies to SARS-CoV-2, and 0.92% positivity
rate of SARS-CoV-2 acute asymptomatic infection in
firefighter first responders. Even in a county with
one of the earliest outbreaks, our seroprevalence
was low compared to the 5.4% seropositivity in
EMS first responders in Cleveland (12), 8.9% IgG
seropositivity among firefighters in South Florida
(13), or 6.0% IgG seropositivity among health care

workers in a multistate hospital network (14).
However, our IgG seropositivity is higher than the
1.5% seropositivity seen among Arizona first res-
ponders (15). The cumulative incidence of 3.46%
was much higher than that seen in the surrounding
community of 0.93% (16). Over the course of the
study, the test positivity in the community increased
from 2.4% to 3.3%, with a late July peak of 4.6%
(16). However, we saw no trend in our study’s
test positivity.
The county’s early mandatory PPE order may

have helped protect EMS. Criteria for PPE use
expanded beyond travel history to include all
patients with fever or respiratory symptoms. In add-
ition, aerosolizing procedures and the number of

TABLE 1. Characteristics of study participants and proportion with IgG antibodies or SARS-CoV-2

Total
IgG Positive SARS-CoV-2 PCR Positive

N (%)
n

(% of N)
Relative Risk
(95% CI)

n
(% of N)

Relative Risk
(95% CI)

Total 983 25 (2.5) 9 (0.9)
Age, years
18-34 206 (21) 2 (1) reference 2 (1) reference
35-49 556 (56.6) 17 (3.1) 3.15 (0.73–13.51) 3 (0.5) 0.56 (0.09–3.3)
50 or older 221 (22.5) 6 (2.7) 2.8 (0.57–13.7) 4 (1.8) 1.86 (0.35–10.07)

Race/ethnicity�
White (non-Hispanic) 594 (60.4) 8 (1.3) reference 6 (1) reference
Hispanic 192 (19.5) 9 (4.7) 3.48 (1.36–8.9) 3 (1.6) 1.55 (0.39–6.13)
Asian or Pacific Islander (non-Hispanic) 78 (7.9) 3 (3.8) 2.86 (0.77–10.54) 0 –

Black (non-Hispanic) 26 (2.6) 1 (3.8) 2.86 (0.37–21.99) 0 –

Other or did not answer 93 (9.5) 4 (4.3) 3.19 (0.98–10.39) 0 –

Number of people living in home†

1 45 (4.6) 2 (4.4) reference 0 –

2þ 929 (94.5) 23 (2.5) 0.56 (0.13–2.27) 9 (1) –

Living with children
No 317 (32.2) 7 (2.2) reference 3 (0.9) reference
Yes 666 (67.8) 18 (2.7) 1.22 (0.52–2.9) 6 (0.9) 0.95 (0.24–3.78)

Non-work-related exposures to COVID-19
0 people 896 (91.1) 20 (2.2) reference 9 (1) –

1 person 43 (4.4) 2 (4.7) 2.08 (0.5–8.63) 0 –

2þ people 44 (4.5) 3 (6.8) 3.05 (0.94–9.89) 0 –

Domestic** or international trips since 11/1/2019
No 706 (71.8) 16 (2.3) reference 7 (1) reference
Yes 277 (28.2) 9 (3.2) 1.43 (0.64–3.21) 2 (0.7) 0.73 (0.15–3.48)

Number of PCR tests (prior to study)
No prior PCR tests 675 (68.7) 12 (1.8) reference 3 (0.4) reference
1 prior PCR test 226 (23) 6 (2.7) 1.49 (0.57–3.93) 2 (0.9) 1.99 (0.33–11.84)
2þ prior PCR tests 82 (8.3) 7 (8.5) 4.8 (1.95–11.85) 4 (4.9) 10.98 (2.5–48.18)

Positive PCR result (prior to study)
No 971 (98.8) 17 (1.8) reference 6 (0.6) reference
Yes 12 (1.2) 8 (66.7) 38.08 (20.52–70.65) 3 (25) 40.46 (11.44–143.15)

Do you think you have had COVID-19?‡

No, I do NOT think so 528 (54.4) 5 (0.9) reference 3 (0.6) reference
No, I think it is somewhat UNLIKELY 91 (9.4) 2 (2.2) 2.32 (0.46–11.78) 1 (1.1) 1.93 (0.2–18.39)
I am UNSURE if had COVID-19 186 (19.2) 3 (1.6) 1.7 (0.41–7.06) 0 –

Yes, I think it is somewhat LIKELY 142 (14.6) 5 (3.5) 3.72 (1.09–12.67) 2 (1.4) 2.48 (0.42–14.69)
Yes, I DEFINITELY think so 24 (2.5) 2 (8.3) 8.8 (1.8–43.07) 0 –

�Race/ethnicity categories defined by investigators and included because infection rates may vary by race/ethnicity.
��Domestic trips defined as trips within the continental U.S (excludes Hawaii and U.S terriorites or possessions).
†Number includes self.
‡Only if no prior positive PCR test.
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personnel in direct contact with the patient were
limited. Even with these changes, only 67.8% of
respondents reported having worn full PPE during
an exposure to a patient later confirmed to have
COVID-19. This may be indicative of the broad
range of symptoms COVID-19 may present with
beyond fever or respiratory symptoms.
Further, work and living condition changes, such

as masks and cleaning protocols, may have pre-
vented living in a fire station from being a recurrent
superspreading event. The fire departments in the
study all implemented various levels of changes in
living quarters early in the pandemic with increased
attention on protocol adherence as cases rose over
late summer. In our study, most of the firefighters
lived outside of the county. Consequently, there
was significant travel occurring weekly to monthly
between this county, other regions of California,

and across five other states. Efforts required to fight
wildfires create similar conditions of increased
exposure risk and travel. Both fire camps where fire-
fighters stay and incident command where activities
are coordinated present scenarios where firefighters
must work together with little ability to socially dis-
tance (17). Lessons learned from the pandemic
should be evaluated for their utility in these situa-
tions as well.
Symptoms of COVID-19 are both insensitive and

nonspecific. Among participants with evidence of
prior infection, 40% had no symptoms during the
pandemic, while many study participants who were
seronegative reported symptoms consistent with
COVID-19. Further, notification of a confirmed posi-
tive exposure, whether patient or colleague, and
non-work-related positive exposures, did not dem-
onstrate statistically significant increases in risk.

FIGURE 1. Geographic distribution of home residencies of participants..
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One reason may be a concern expressed by partici-
pants: they were worried that they were not notified
of patients later found to have SARS-CoV-2.
Nationally, real-time linking of hospital data to pre-
hospital emergency care data is an on-going chal-
lenge and contact tracing efforts remain
understaffed. Consequently, the reported confirmed
positive exposure notifications may well underesti-
mate actual confirmed positive exposures, and over-
all actual positive exposures.

LIMITATIONS

These findings have two primary limitations. First,
specimens were collected at one point in time. IgG
accuracy would have been improved by two rounds
of specimen collection. Further, declining antibody
levels in the months following documented infection
suggest that some previously seropositive individu-
als may have become seronegative (18). However,
our large sample size limits this bias and a recent

study using serial antibody tests in an EMS popula-
tion found no new positives at retesting after three
weeks (12). Second, there is no adjusted prevalence
based on test characteristics. The sensitivity of sero-
logical tests for SARS-CoV-2 antibodies in asymp-
tomatic individuals remains a topic of active
investigation and given the high performance of the
tests used in this study, this limitation can be con-
sidered minor (19).

CONCLUSION

Given that prehospital EMS personnel, including
firefighters, serve at the frontline of any disease out-
break, it is important to better understand their risk
of infection. In our cross-sectional study of 983 fire-
fighter first responders in Santa Clara County,
2.54% and 0.92% of participants tested positive for
IgG antibodies and acute SARS-CoV-2 respectively,
with a cumulative incidence of 3.46%. For a US
county that experienced an early outbreak,

TABLE 2. Workplace exposures of Study Participants and Proportion with IgG Antibodies or SARS-CoV-2

Total
IgG Positive SARS-CoV-2 PCR Positive

N (%) n (% of N)
Relative Risk
(95% CI) n (% of N)

Relative Risk
(95% CI)

Total 983 25 (2.5) 9 (0.9)
Work exposure to a confirmed SARS-CoV-2

positive patient's respiratory secretions
No 712 (72.4) 12 (1.7) reference 7 (1) reference
Yes 271 (27.6) 13 (4.8) 2.85 (1.32–6.16) 2 (0.7) 0.75 (0.16–3.59)

Notified of exposure to confirmed
SARS-CoV-2 positve patient or colleague
No 648 (65.9) 15 (2.3) reference 4 (0.6) reference
Yes 335 (34.1) 10 (3) 1.29 (0.59–2.84) 5 (1.5) 2.42 (0.65–8.94)

Full PPE during exposure, % of notified
Yes, full PPE 227 (67.8) 3 (1.3) reference 3 (1.3) reference
No, not full PPE 90 (26.9) 5 (5.6) 4.2 (1.03–17.22) 2 (2.2) 1.68 (0.29–9.9)
Cannot recall 18 (5.4) 2 (11.1) 8.41 (1.5–47.12) 0 –

PPE breach or failure�
No 837 (85.1) 19 (2.3) reference 9 (1.1) –

Yes 37 (3.8) 1 (2.7) 1.19 (0.16–8.66) 0 –

Unsure 99 (10.1) 5 (5.1) 2.22 (0.85–5.83) 0 –

Prefer not to answer 10 (1) 0 – 0 –

Confidence in ability to correctly use PPE
when on duty
Less than fairly confident 7 (0.7) 0 – 0 –

Fairly confident 141 (14.3) 3 (2.1) reference 3 (2.1) reference
Completely confident 835 (84.9) 22 (2.6) 1.24 (0.38–4.08) 6 (0.7) 0.34 (0.09–1.33)

Confidence PPE is protective when on duty
Less than fairly confident 164 (16.7) 6 (3.7) reference 1 (0.6) reference
Fairly confident 510 (51.9) 8 (1.6) 0.43 (0.15–1.22) 6 (1.2) 1.93 (0.23–15.91)
Completely confident 309 (31.4) 11 (3.6) 0.97 (0.37–2.58) 2 (0.6) 1.06 (0.1–11.62)

Shared close work quarters with colleague
believed to be SARS-CoV-2 positive
No 680 (69.2) 10 (1.5) reference 3 (0.4) reference
Yes 303 (30.8) 15 (5) 3.37 (1.53–7.41) 6 (2) 4.49 (1.13–17.83)

�This only includes the period after which PPE became mandatory, 3/4/2020.
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firefighter first responders had a relatively low sero-
prevalence compared to other published rates for
health care workers. Despite the virus’s early arrival
and limited availability of testing, early changes to
care protocols, including broadened criteria for PPE
use, and living quarter modifications, may have
mitigated the spread of infection in this high-risk
population. Future research should investigate the
efficacy of such mitigation strategies with larger
sample sizes to advance pandemic preparedness.
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