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mRNA SARS-CoV-2
Immunization Confers

Robust Antibody
Response in

Occupational
Healthcare Workers

and Fosters
Workplace Safety

To the Editor:

I mmunization against Severe Acute
Respiratory Syndrome Coronavirus-2

(SARS-CoV-2) is a major step in protecting
the healthcare worker beyond standard pan-
demic precautions and infection control mea-
sures.1 Healthcare workers (HCW) are at high
risk for SARS-CoV-2 exposure and infection
placing burden on the workplace.2,3 Hence,
reducing SARS-CoV-2 infection of HCWs
serves multiple goals in the occupational
health arena. These include protecting the
health and safety of the HCW as well as
reducing transmission of Coronavirus Dis-
ease 2019 (COVID-19) in the clinic and the
larger workplace it serves.Furthermore, when
HCWs demonstrate appropriate pandemic
precautions and health practices, they serve
as strategic models for other workers. This
modeling represents leadership which can
inspire optimism and hope in a workforce
beleaguered by the pandemic.
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Modern medical practices and public
health measures (ie, clean water, antibiotics,
and vaccination) have transformed public
health and human society,4 and there is good
reason to expect that immunizing employees
against COVID-19 will similarly transform
the workplace burdened by the SARS-CoV-2
pandemic. However, one barrier to this suc-
cess could be vaccine hesitancy on the part of
the HCW as well as the general workforce.
Vaccine hesitancy is multidetermined and
not amenable to a one-size-fits-all approach.
Yet, achieving immunity amongst HCWs is
vital for the HCW, the employees they serve,
and to communicate confidence and hope for
workers whose immunization is pending or
in doubt by hesitancy.5–7

With these concerns in mind, we
report data from serial immunoassays for
anti-SARS-CoV-2 antibodies collected on
a group of confirmed COVID-19 naı̈ve occu-
pational HCWs who were immunized by
mRNA vaccine. Antibody reactivity and
kinetics data were compared with results
obtained from employees recovered from
confirmed COVID-19 from whom serial
antibody immunoassays were obtained. In
addition, a group of HCW with prior infec-
tion by SARS-CoV-2 were immunized and
provided preliminary data on antibody for-
mation. Side effect data from immunization
of HCWs were also gathered. These results
are discussed with respect to level of immune
protection attained and how this achieve-
ment may mitigate vaccine hesitancy.

METHODS
HCWs (physicians, psychologists,

nurse practitioners, nurses, medical technol-
ogists, medical assistants, medical adminis-
trative assistants, and technicians; N¼ 62)
were immunized with the Pfizer/BioNTech
(B162b2; N¼ 49) or Moderna (mRNA-
1273; N¼ 13) SARS-CoV-2 vaccine. Vac-
cines were administered by local county
health departments following standardized
dosing and protocol of the Food and Drug
Administration (FDA) Emergency Use
Authorization. Serologic immunoglobulin
G (IgG) antibody formation was measured
at approximate 2-week, 3-week, 4-week,
and 5-week intervals post-immunization.
Immunoassay was done with the Beck-
man-Coulter Access SARS-CoV-2 IgG test
which detects the receptor binding domain
(RBD) spike protein of the SARS-CoV-2
virus. Laboratory analyses were performed
in an on-site high-complexity Clinical Lab-
oratory Improvement Amendments (CLIA)
lab. A self-report survey (this survey is
al and Environmental Medicine. Unauthorize
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available in supplemental table 1 (S1),
http://links.lww.com/JOM/A889) designed
to assess common SARS-CoV-2 vaccine
side effects was administered 2 weeks after
the boost dose (week 5 for Pfizer/BioNTech;
week 6 for Moderna). In addition to reactive
versus non-reactive status, signal to cut off
ratios (S/CO) for the IgG assays were exam-
ined. Statistical analyses were conducted
with JMP (Version 15.2.0, SAS Institute
Inc., Cary, NC, 1989–2020) and SPSS (Ver-
sion 26, IBM Corp. Released 2019. IBM
SPSS Statistics for Windows, Armonk, NY)
software packages.

SARS-CoV-2 infection was diag-
nosed by results of real time-polymerase
chain reaction (RT-PCR) testing using the
Applied Biosystems TaqPath COVID-19
Combo Kit. The occupational health clinic
has performed over 46,136 RT-PCR tests
on employees over an 11-month period on
our large workforce of approximately 5700
employees. The testing strategy involved
random surveillance of workers in addition to
targeted testing of mission-critical employees
and testing of symptomatic and exposed
workers. As of the time of this report, 684
workers were confirmed positive for COVID-
19 (overall new case positivity rate¼ 1.49%).

Recovered confirmed COVID-19 pos-
itive employees were offered serial antibody
testing. Sera for immunoassay were taken
at approximately 14 days and at monthly
intervals (30, 60, 90 days, etc) after initial
positive RT-PCR result. Recovered COVID-
19 employee comparison groups were formed
by closely matching mean, median, and range
of days since first positive RT-PCR test result
with the time intervals at which immunoassay
sera were collected on HCWs. Vaccinated
HCWs provided self-report ratings of side
effect symptoms and perceived global inter-
ference in daily activity using a 0 to 4 Likert
scale (0¼ none; 1¼mild; 2¼moderate;
3¼ severe; 4¼ extreme). In addition, 10
HCW who had previously tested positive
for SARS-CoV-2 infection were also exam-
ined for antibody development. All analyses
were conducted as internal quality metrics of
existing clinic data; the pertinent Institutional
Review Board (IRB) determined that these
comparisons did not require full IRB review.

Descriptive statistics for age and sex of
the vaccinated HCW and the recovered
COVID-19 employees were collected and
percent antibody reactive status and the IgG
geometric mean at each time interval for the
sera samples were determined. Table 1 (T1)
summarizes these descriptive statistics.
Figure 1 (F1) shows the time trend in antibody
d reproduction of this article is prohibited 
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TABLE 1. Descriptive Statistics on Recovered COVID-19 and Vaccinated Health Care Worker Employees

Convalescent Pfizer Moderna Pooled Vaccinated

Serum 1 Geometric S/CO 3.42 3.47 7.47 4.07
11–17 days N 168 45 12 57

Age (Mean) 44.31 43.27 44.25 43.47
Age (Std Dev.) 10.98 12.88 16.12 13.47
Male 69% 24% 67% 33%
Reactive 79.76% 77.78% 83.33% 78.95%
Draw Day (Mean) 14.54 14.10 14.17 14.10

Serum 2 Geometric S/CO 4.81 4.21 11.21 5.63
18–23 days N 21 26 11 37

Age (Mean) 45.67 46.03 45.09 45.76
Age (Std Dev.) 11 13.79 16.63 14.46
Male 71% 23% 55% 32%
Reactive 95.24% 80.77% 100% 86.49%
Draw Day (Mean) 20.33 20.23 21.10 20.49

Serum 3 Geometric S/CO 6 19.1 11.28 16.31
24–29 days N 166 26 11 37

Age (Mean) 45.1 46.23 45.91 46.14
Age (Std Dev.) 11.55 13.4 15.8 13.92
Male 73% 27% 73% 41%
Reactive 90.36% 100% 100% 100%
Draw Day (Mean) 28.29 26.65 27.73 26.98

Serum 4 Geometric S/CO 5.44 38.19 39.74 38.64
34–44 days N 57 24 10 34

Age (Mean) 46.26 46.17 45.8 45.6
Age (Std Dev.) 11.84 13.66 16.65 14.39
Male 70% 25% 70% 38%
Reactive 89.47% 100% 100% 100%
Draw Day (Mean) 36.44 35.75 42.7 37.79

Total healthcare workers who received vaccinations¼ 62; total N at each blood draw interval varied. S/CO, signal to cut off ratio, SD, standard deviation.
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formation for vaccinated employees and the
recovered COVID-19 positive employees.

Antibody Level Comparisons
At 2-week comparison, the natural

infection group was 79% reactive for IgG
antibodies and the pooled Pfizer/BioNTech
and Moderna vaccinated HCWs also were
ht © 2021 American College of Occupation
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FIGURE 1. Convalescent COVID-19 employ
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78% reactive. Percent reactive for the recov-
ered infected and vaccinated groups at 3-, 4-,
and 5-week immunoassay were as follows:
95% and 86%, 90% and 100%, and 89% and
100%, respectively. Comparisons of the geo-
metric mean IgG ratios for convalescent
employees, Pfizer/BioNTech, Moderna,
and pooled vaccinated HCW employees at
al and Environmental Medicine. Unauthorize
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sample collection intervals evidenced mean-
ingful differences. Previously infected
employees showed generally stable and
moderate geometric mean IgG levels at
and beyond 3 weeks post infection, but
Pfizer/BioNTech immunized HCWs demon-
strated an approximate 3-fold increase in
antibody level at 4 weeks (1 week after
d reproduction of this article is prohibited 
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boost), and Moderna vaccinated HCWs
showed over an approximate 7-fold increase
in geometric mean IgG level at 5 weeks (2
weeks after boost). The pooled Pfizer/BioN-
Tech and Moderna geometric mean IgG S/
CO ratio for vaccinated HCWs approxi-
mately 2 weeks after their respective boosts
was almost eight times higher than the natu-
ral infection group (38.64 vs 5.44 S/CO).
Comparison of the distribution of geometric
mean IgG ratios for these collection intervals
between recovered COVID-19 employees
and vaccinated HCWs showed that the vac-
cinated groups achieved significantly greater
mean IgG levels at week 4 and 5 (after their
second [boost] dose) by Wilcoxon Signed-
Ranks tests: week 4: Z¼ 3.712, P< 0.0002;
week 5: Z¼ 6.513, P< 0.0001. The group
geometric means did not differ at the first
two sera samplings (week 2: Z¼ –0.186,
P< 0.853; week 3: Z¼ –0.525, P< 0.594).

A small group of vaccinated HCWs
(N¼ 10) had previously been infected by
SARS-CoV-2. Of these, eight had provided
serial antibody levels prior to vaccination;
75% were IgG reactive at the first IgG
assay (mean of 30 days post infection).
The geometric mean IgG S/CO ratios at
an average of 30 and 53 days after infection
were 2.13 and 2.96. However, 2 weeks after
the first vaccination dose (all Pfizer/BioN-
Tech), their geometric mean was 17.90 S/
CO, an approximate 6-fold increase. Of
note, one HCW’s most recent antibody
level (1.61 S/CO) was taken at day 151
from initial infection. At 2-weeks after
vaccination, the IgG was 18.5 S/CO, show-
ing a similar strong antibody response to
the first vaccination dose.

Side Effect Analyses
Fifty-three of the 57 HCWs who

had received their vaccine boost and com-
pleted the immunization protocol provided
a completed survey (93%). The mean lev-
els of rated interference in daily activity
(on a 0 to 4 scale) at dose one and dose
two for vaccinated HCWs were 0.23
(SD¼ 0.69) and 1.34 (SD¼ 1.43), respec-
tively; this was a statistically significant
difference (t¼ –4.21, 34 df, P< 0.0001)
showing side effect interference was
greater after the vaccine boost. The differ-
ence between mean side effect rating at
dose one (0.31 [SD¼ 0.74]) and dose
two (0.74 [SD¼ .0.60]) nearly achieved
conventional statistical difference of
P< 0.05 determined by one-way analysis
of variance (ANOVA; df 23; F¼ 3.957;
P< 0.06). The two most elevated side
effects were pain at injection site (mean
dose one¼ 1.54 [SD¼ 1.09] and mean
dose two¼ 1.75 [SD¼ 1.18]) and fatigue
(mean dose one¼ .57 [SD¼ .96] and mean
dose two¼ 1.58 [SD¼ 1.34]). The differ-
ence between injection site pain level at
ht © 2021 American College of Occupation
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dose one and two was not significantly
significant (t¼ –1.24, df 35, P< 0.22),
but fatigue was rated significantly higher
at dose two (t¼ –4.79, df 35, P< 0.000).
Although the mean levels of side effect
symptoms and interference in daily activ-
ity ratings were generally low, individuals
reported a wide range of values. For exam-
ple, eight persons (20%) reported interfer-
ence ratings of 3 (severe) or 4 (extreme)
after the boost vaccination, 13 persons
(37%) reported no interference from expe-
rienced side effects, and 3 (9%) persons
reported no side effects or interference
at all.

DISCUSSION
These results are important in several

ways. First, our data are consistent with
early reports from clinical trials and other
studies of the two mRNA vaccines for
efficacy and with respect to differential
antibody response in vaccinated and recov-
ered COVID-19 patients.8–12 Although
studies have used various antibody assays
and characterized different aspects of the
humoral immune response, results suggest
these mRNA vaccines confer strong immu-
nogenicity.13–16 Secondly, measurements
of immune response indicators have shown
that the second (boost) dose of either Pfizer/
BioNTech or Moderna immunization pro-
duces robust antibody formation,17 consis-
tent with our findings of a greater than
approximate 7-fold increase in geometric
mean IgG level relative to that observed
in recovered COVID-19 employees. Of
note, our study tracked one indicator of
humoral immunity (IgG) using an EUA-
approved qualitative assay. However, stud-
ies have shown that IgG ratios are very
highly correlated with assessments of neu-
tralizing antibodies and other aspects of the
adaptive immune response (eg, Spearman
rho¼ 0.95),14 and the S/CO value of a
qualitative immunoassay can be analyzed
non-parametrically and examined as a rel-
ative indicator for investigative study
(as we did). It is important to conduct
further studies of vaccine antibody kinetics
and durability with different methods and
in diverse peoples, with respect to co-
morbidities and covariates, and their per-
formance relative to SARS-CoV-2 variants.
Nonetheless, these early results from
mRNA vaccination are very promising.18

Third, although individuals report both a
range of side effects and severity level
(which increase at boost dose), most people
experience few, mild, and short-lived side
effects.10,11 Thus, tolerability of the vaccine
appears quite acceptable. Fourth and very
importantly, results from prior studies and
the current data collectively provide a plat-
form on which increased acceptance of
SARS-CoV-2 vaccination can be built.
al and Environmental Medicine. Unauthorize
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Success begets success. HCWs can
capitalize on findings documenting robust
antibody response and the low side effect
profile of mRNA immunization against
SARS-CoV-2. This information may be
combined with the strong efficacy data to
communicate informed, fact-based, posi-
tive, and hopeful messages in the work-
place. Empirical evidence provides the
information base the HCW may use to
discuss SARS-CoV-2 vaccination with hes-
itant workers, but often information is not
sufficient to accomplish behavior change.
Surveys show vaccination hesitancy is a
significant concern nationally and interna-
tionally, a potential barrier to achieving
herd immunity, and is not rare within
HCWs.19–22 A multi-prong approach
informed by behavioral science is needed
to reduce vaccine hesitancy.23 Health
behavior change addresses fears and knowl-
edge gaps as well as leveraging communi-
cation and marketing principles,6,24 the
power of social modeling,25,26 and peer-
based example27,28 to effect change. These
efforts are amplified by empathic listening
on the part of the health professional.29

Actions speak louder than words in inspir-
ing trust, and the HCW seeking to reduce
vaccine hesitancy knows the healing rela-
tionship itself is curative.30 Thus, both
modeling vaccine acceptance and establish-
ing credibility as an ally of the reluctant
individual are important. Effective encour-
agement proceeds non-judgmentally and
makes use of motivational interviewing
techniques.31 In point of fact, a few HCWs
in our occupational health clinic were vac-
cine hesitant. Leading by example, provid-
ing accessible and fact-based information
for knowledge gaps, and relating to the
reluctant HCW with interest and a lack
of judgment succeeded in increasing our
numbers of vaccinated HCWs.
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