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Abstract
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the virus that causes the coronavirus
disease 2019 (COVID-19). This highly transmissible and pathogenic virus has caused a signi�cant threat
to health care workers (HCW) as well as human health and public safety. Several studies have shown the
value and effectiveness of messenger ribonucleic acid (mRNA) vaccines (mRNA) protecting HCWs from
symptomatic or asymptomatic SARS-CoV-2 infections. New research is needed to demonstrate the
effectiveness of vaccines where the follow-up periods are more extended than prior research. This study
uses a "real-world" cohort of HCWs and provides insight into the effectiveness of the mRNA vaccines
against HCWs with symptomatic SARS-CoV-2 infection. Symptomatic SARS-CoV-2 infection occurred in 5
fully vaccinated HCWs and 124 unvaccinated HCWs (incidence rate, 4.14 vs. 95.53 per 100 000 person-
days, respectively, incidence risk ratio (IRR), 0.0433 [95% CI, 0.018-0.1]). Receipt of the authorized mRNA
vaccines was associated with a signi�cantly lower incidence of symptomatic SARS-CoV-2 infection for a
median follow-up of 139 days. Ways to enhance complete vaccination and, subsequently, optimal
immunity is required to lift masking restrictions in the health care settings.

Introduction
The dynamics of COVID-19 are unprecedented, and it has become clear that the response to COVID-19 is
more like a marathon than a sprint. Three COVID-19 vaccines are currently authorized and recommended
for use in the United States, including the one-dose adenovirus-vector Johnson and Johnson/Janssen
and the two-dose mRNA Moderna and P�zer/BioNTech vaccines. The U.S COVID-19 vaccination program
began on December 14, 2020. As of June 3, 2021, 41.2 % of the total population in the U.S. was fully
vaccinated and 50.9% received at least one vaccine dose [1]. In general, people are considered fully
vaccinated two weeks after their second dose in a 2-dose series, such as the P�zer or Moderna vaccines,
or two weeks after a single-dose vaccine, such as Johnson & Johnson's Janssen vaccine [2]. Data on
mRNA vaccine effectiveness for HCWs, who are frequently at risk of exposure to SARS-CoV-2, has been
consistent with the results from the phase 3 randomized clinical trials of the mRNA vaccines, which
showed e�cacy against symptomatic SARS-CoV-2 infection around 95% [3–12]. Authorized vaccines are
not 100% effective at preventing symptomatic and asymptomatic infections, but they are effective, safe
and crucial tools to control the pandemic. The risk of SARS-CoV-2 vaccine breakthrough infections after
full vaccination is rare and estimated to be 0.01% (10,262/101,000,000) [13]. 64% of these cases involved
a SARS-CoV-2 variant of concern (VOC). These variants included B.1.1.7 (UK) in 56% of breakthrough
cases, B.1.427 (California) in 29%, P.1 (Brazil) in 29%, B.1.429 in 25% (California), and B.1.351 (South
Africa) in 13% [13].

On December 16, 2020, a large-scale campaign was launched at Pikeville Medical Center, in close
collaboration with the State of Kentucky and the Pike County Public Health Departments, to vaccinate its
HCWs, along with individuals at increased risk of COVID-19 complications and death. Both mRNA
vaccines, P�zer/BioNTech COVID-19 (BNT162b2) vaccine (P�zer, Inc: Philadelphia, Pennsylvania) and
Moderna (mRNA-1273) vaccine (Moderna TX, Inc; Cambridge, Massachusetts) were administered upon
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State-derived allocations. Concurrently with the vaccination campaign, the number of new COVID-19
cases surged in Kentucky, with the highest daily new SARS-CoV-2 cases was 5,742 reported on January 6,
2021 (Fig. 1), [14] possibly due to the spread of the B.1.1.7 SARS-CoV-2 variant, which has overtaken the
pandemic in the U.S. [15]. This study was conducted to assess the effectiveness of vaccination with the
two authorized mRNA vaccines against symptomatic SARS-CoV-2 infections in HCWs over almost �ve
months and add to the rapidly evolving body of evidence in this domain.

Methods
Study Design

This retrospective cohort study examined the association between vaccination with the BNT162b2 and
m-RNA-1273 vaccines and the incidence of new cases of symptomatic SARS-CoV-2 infections among
HCWs. The study was conducted at the Pikeville Medical Center, a tertiary medical center that employs
over 3,000 HCWs. All HCWs were eligible to receive the vaccine from the �rst day of the vaccination
campaign on December 16, 2020, and throughout the study period until May 4, 2021 (Figure 2).
Employment status, personal demographics, vaccination dates, and SARS-COV-2 molecular test results
were retrieved from the Employee Health information system database. Participants who contracted
SARS-CoV-2 infection before study enrollment were excluded. All employees were screened daily with an
electronic "Fast Pass," where the employees completed a questionnaire. Those who did not pass the "Fast
Pass" were sent directly to NP-SARS-CoV-2 testing. Polymerase chain reaction (PCR) con�rmed all
positive lateral-�ow antigen tests. Participants infected with SARS-CoV-2 were de�ned as symptomatic if
they had any of the following: temperature greater than 37.6 °C (100.4 °F), headache, sore throat, cough,
dyspnea, rhinorrhea, diarrhea, myalgia, or loss of sense of taste or smell. All HCWs who had laboratory-
con�rmed COVID-19 by PCR were isolated under the Centers for Disease Control and Prevention (CDC)
protocols [16]. Frequent asymptomatic respiratory PCR or antigen or serum SARS-CoV-2 antibody testing
was not performed to evaluate the silent transmission rate. Furthermore, information on VOC was not
available. We used the sample date of a positive PCR result as the event date, which might have
introduced some misclassi�cation of vaccination status relative to infection. Days 0 through 13 after the
�rst dose were excluded from the �nal effectiveness analysis. All records were de-identi�ed before
analysis, and Ethics approval was obtained from the institutional review board and a waiver of written
informed consent.

Group Assignment and De�nition of the Follow-up Period

Health care workers who received at least one vaccine dose between December 16, 2020, and May 4,
2021, were assigned to the vaccinated group. The unvaccinated control group was composed of HCWs
who did not receive any vaccine doses during this period. The follow-up period for each "vaccinated" HCW
was de�ned as starting on the day of receiving the �rst vaccine dose and ending either on May 4, 2021 or
at the termination date of employment if it occurred before May 4, 2021. The follow-up period for each
"unvaccinated" HCW was de�ned as starting either on December 16, 2020, or the date of hiring if it
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happened after December 16, 2020, and before May 4, 2021, and ending either on May 4, 2021, or at the
termination date of employment if occurred before May 4, 2021. All participants, vaccinated and
unvaccinated, were censored at the �rst positive PCR test result. The number of risk days for each
employee was de�ned as any day in the appropriate follow-up period. During this timeframe, the 7-day
average of new SARS-CoV-2 infections, dropped signi�cantly over time in the state of Kentucky (Figure 1)

De�nitions

Participants were considered fully vaccinated after 14 or more days (≥14 days) after the second dose of
the mRNA vaccine (P�zer/BioNTech or Moderna) [2[. Partial vaccination occurred 14 or more days (≥14
days) from the �rst vaccine and before the second dose or to the end of the follow-up period if the second
dose was not administered.

Study Outcomes and statistical analysis

The primary outcome was the effectiveness of mRNA vaccines against HCWs with symptomatic SARS-
CoV-2 infection when fully vaccinated and no prior documented prior infection. These HCWs were
compared with unvaccinated HCW for a follow-up period of twenty weeks. The secondary outcome was
the effectiveness of partial vaccination with symptomatic SARS-CoV-2 infection in comparison with
unvaccinated HCWs. The reference group was the incidence rate of COVID-19 among unvaccinated
HCWs. We calculated the incidence rate ratio (IRR) and exact 95% con�dence interval (CI) and de�ned
vaccine effectiveness as 1-IRR [17]. The groups were compared using t-tests for normally distributed
continuous variables and χ2 tests for categorical variables. All reported tests were 2-sided, and a P value
of less than .05 was considered signi�cant. All statistical analyses were performed using R software
version 4.0.3 (R Foundation for Statistical Computing).

Results
A total of 2904 HCWs without prior documented SARS-CoV-2 infection (median [S.D.] age, 38 [12] years;
2134 [73.48 %] women) comprised the retrospective cohort. Of this cohort, 1513 HCWs (51.10 %) received
at least 1 dose of the P�zer/BioNTech (BNT162b2) or Moderna (mRNA-1273) vaccine, 1473 (50.72 %)
received 2 doses, and 1391 (47.90 %) were not vaccinated. For the recipients of 2 doses of the
P�zer/BioNTech vaccine, the median days between doses was 21 (IQR, 21–21); For Moderna (mRNA-
1273), the median days between doses was 28 (IQR, 28–28). The median follow-up was 139 days (Dec
16, 2020 to May 4, 2021) (Vaccinated: mean days = 116.24, SD = 33.36, IQR = 113–137; Unvaccinated:
mean days = 106.83, SD = 46.93, IQR = 19–139). The baseline characteristics of the participants appear in
Table 1. Vaccinated HCWs were older compared with unvaccinated participants (median age, 42 vs 33
years, respectively; P < .001). The estimated work-related risk of exposure to SARS-CoV-2 was interestingly
similar in providers between the 2 groups. A total of 256 PCR-con�rmed cases of symptomatic SARS-
CoV-2 infection were documented during the study period, with only 46 cases documented in the
vaccinated group (Fig. 3). Symptomatic SARS-CoV-2 infection was detected in 46 HCWs who received at
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least one vaccine dose and 186 unvaccinated HCWs. For the primary outcome analysis, the incidence
rate of symptomatic SARS-CoV-2 infection was 4.14 vs. 95.53 per 100 000 person-days in the fully
vaccinated and unvaccinated cohorts, respectively, corresponding with an IRR of 0.0433 (95% CI, 0.018-
0.1; Tables 2 & 3).
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Table 1
Baseline characteristics of study participants

Variable Vaccinated Unvaccinated P-
value

No. of participants 1513 1391 < 
0.001

Received 2 doses of vaccine, No. (%) 1473 (97.36) 0  

Age, median [SD], y 42 [12.09] 33 [11.65] < 
0.001

Age group, No. (%)      

≤ 39 y 656 (43.36) 925 (66.50) < 
0.001

40–59 y 726 (47.98) 422 (30.34) < 
0.001

≥ 60 y 131 (8.66) 44 (3.16) < 
0.001

Sex, No. (%)      

Female, No (%) 1088 (71.91) 1046 (75.20) < 
0.001

Male, No (%) 425 (28.09) 320 (23.01) < 
0.001

Employment sector, No. (%)      

Administrationa 517 (34.17) 426 (30.63) < 
0.001

Providersb 187 (12.36) 68 (4.89) 1

Nursingc 396 (26.17) 530 (38.10) < 
0.001

Other health professionsd 413 (27.30) 367 (26.38) < 
0.001

Abbreviations: IQR, interquartile range; S.D., standard deviation

aNo direct patient contact

bIncluded doctors, nurse practitioners, and physician assistants

cIncluded nurse aids, registered nurses, and licensed practical nurses

dIncluded rehabilitation, speech, and respiratory therapists, phlebotomists, and other paramedical
staff.
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Variable Vaccinated Unvaccinated P-
value

Active COVID-19, No. (%) 46 (3.04%) 164 (11.79%) < 
0.001

Mean follow-up time, days [SD; IQR] 116.24 [33.37; 113–
137]

106.83 [46.94; 69–
139]

 

No. hospitalizations for severe COVID-
19

0 5  

Death 0 0  

Abbreviations: IQR, interquartile range; S.D., standard deviation

aNo direct patient contact

bIncluded doctors, nurse practitioners, and physician assistants

cIncluded nurse aids, registered nurses, and licensed practical nurses

dIncluded rehabilitation, speech, and respiratory therapists, phlebotomists, and other paramedical
staff.
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Table 2
Observed Incidence Rate of Symptomatic SARS-CoV-2 Infection in the vaccinated groupa

Vaccination
status

No.
COVID-19
cases

Surveillance
time, person-
days

Incidence rate per
100,000 person-
days

Incidence relative
ratio (IRR) (95% CI)

P
value

Fully
vaccinatedb

5 120,852 4.14 0.0433 (0.018, 0.1) < 
0.001

Partially
vaccinatedc

13 34371 37.82 0.3959 (0.224, 0.7) < 
0.001

Unvaccinated 124 129799 95.53    

aWhen estimating incidence of symptomatic SARS-CoV-2 infections, follow-up was ceased on the day
of COVID-19 case con�rmation, the termination date of employment, or the end of follow-up on May
4, 2021. Participants with fewer than 14 days (< 14 d) of follow-up or who contracted SARS-CoV-2
less than 14 days after the �rst vaccine dose were excluded in this analysis

bIncluded those with data equal or longer than 14 days (≥ 14 d) after the second vaccine dose to the
end of follow-up

cIncluded those with data equal or longer than 14 days (≥ 14 d) from the �rst vaccine dose and fewer
than 14 days after the second dose if it happened, otherwise to the end of the follow-up.

The incidence rates were de�ned for each of the two groups as the number of positive SARS-CoV-2
cases divided by the cumulative follow-up time of the HCWs in the group within the examined time
frame

The incidence rate ratio (IRR) was computed directly from the incidence rates of the two groups as
simply the ratios of incidence rates between the vaccinated (fully and partially) group and
unvaccinated group.

 

Table 3. Characteristics of the �ve HCWs with breakthrough COVID-19 cases.
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Breakthrough
COVID-19 casesa

Age,
y

Sex Comorbidities Symptoms Hospitalization

Case 1 33 Female BMI>30, HTN,
hypothyroidism, DM,
asthma

Cough No

Case 2 37 Female Depression Rhinorrhea,
headache

No

Case 3 24 Female None Rhinorrhea,
headache

No

Case 4 59 Female HTN, hypothyroidism,
GERD, DM, AFib

Unknown, most
likely
asymptomatic

No

Case 5 39 Female Cystic �brosis Rhinorrhea No

Abbreviations: AFib, atrial �brillation; DM, diabetes mellitus; GERD, gastro-esophageal re�ux disease; HTN,
hypertension

aBreakthrough COVID-19 cases are de�ned as the occurrence of symptomatic or asymptomatic SARS-
CoV-2 infection after 14 days from receiving 2 doses of the messenger RNA vaccines (P�zer/BioNTech
and Moderna) and 1 dose of the adenovirus viral-vector Johnson and Johnson. Only 5 cases were
detected, however that number could be underestimated as regular testing was not performed to unveil
asymptomatic cases. All these breakthrough cases received the P�zer/BioNTech vaccine. 
 

Discussion
The COVID-19 has placed a massive physical and mental health burden on HCWs. Vaccines have shown
an early impact on the "domino effect" of the SARS-CoV-2 infection. Several studies provided strong
short-term evidence that vaccinating HCWs can substantially reduce symptomatic and asymptomatic
SARS-CoV-2 infection and, therefore, might help to reduce transmission of infection in the healthcare
settings [5–12]. In this retrospective cohort study, vaccination with two doses of the authorized available
mRNA vaccines was associated with a signi�cantly lower incidence rate for symptomatic SARS-CoV-2
infection in HCWs. The IRR for the fully vaccinated participants was 0.043 for symptomatic infection,
corresponding to the estimated vaccine effectiveness of 95.7 %. The results of this study are in full
agreement with the impact of the mRNA vaccines on COVID-19 in randomized control trials [3.4]. To
achieve optimal immunity, completing the series of two doses of the mRNA vaccines is required in
individuals without prior exposure to SARS-CoV-2 infection. Vaccination is not synonymous with
immunity and subsequently does not wholly eliminate infection risk, especially in the healthcare setting.
The silent spread of SARS-CoV-2 infection was a signi�cant driver of the COVID-19 pandemic [18–20].
Asymptomatic infection accounted for 27% of the reported breakthrough SARS-CoV-2 infections in the
United States, and this number is an underestimate [13]. Furthermore, COVID-19 vaccine skepticism was
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present in our study. In these cases, HCWs used appropriate personal protective equipment, social
distancing, and frequent hand hygiene to maintain a safe medical practice. This practice should continue
until the prevalence of SARS-CoV-2 has fallen to much lower levels to safeguard the healthcare setting.

Strengths
The data on study participants were collected in real time with a relatively longer follow-up time than prior
studies. Furthermore, the vaccinated and unvaccinated cohorts are similar in size and composition.

Limitations
This study has several limitations. First, the inherent characteristics of a single-center, retrospective
observational study might limit the generalizability of the �ndings. Second, the vaccinated and
unvaccinated cohorts differed in some individual characteristics. Unvaccinated HCWs were younger.
Third, HCWs were screened daily with an electronic "Fast Pass," and there may be a bias concerning the
decision of "feeling ill" dependent on the vaccination status. Vaccinated recipients may be less likely to
seek testing for minor symptoms, which may falsely increase vaccination effectiveness. Furthermore,
there may also be a bias concerning overall behavior for mitigation measures between vaccinated and
unvaccinated HCWs. Fourth, the study did not look at a regular collection of respiratory specimens in the
participants irrespective of symptoms to see the impact on silent transmission, not just illness prevention.
Comparison of disease severity and viral load or cycle threshold (Ct) value of PCR tests between
vaccinated and unvaccinated HCWs is another objective that may need to be investigated. Fifth, we
presume that most COVID-19 cases were community-related, as the hospital's Infection Prevention
department could not identify any nosocomial source. The hospital is implementing robust masking and
social distancing rules. However, the possibility of hospital-acquired infections cannot be excluded, as
these HCWs are caring and interacting with active cases of COVID-19.

Conclusions
Among HCWs at a single-center in Pikeville, Kentucky, the receipt of the BNT162b2 and mRNA-1273
vaccines compared with no vaccine was associated with a signi�cantly lower incidence of symptomatic
SARS-CoV-2 infection for twenty weeks following vaccination. The earlier HCWs achieve herd immunity;
the quicker mitigation measures can be lifted in the health care settings. Rigorous genetic surveillance is
crucial to determine if breakthrough cases will increase with time and with which VOC, to evaluate
vaccines that are most effective against future variants.
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Figures

Figure 1

The 7-day average of new cases of SARS-CoV-2 infections in Kentucky, December 16, 2020 through May
4, 2021.
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Figure 2

Number of vaccinated HCWs by �rst and second dose and day, Dec 16, 2020 to May 4, 2021 (n=1,708;
90.97% P�zer/BioNTech and 9.03% Moderna).
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Figure 3

Cumulative daily new symptomatic SARS-CoV-2 infections in vaccinated (n=46) and unvaccinated
(n=164) participants.


