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Objectives: COVID-19 vaccination is a key prevention strategy to reduce the spread and severity of SARS-
CoV-2 infections. However, vaccine-related inability to work among healthcare workers (HCWs) could
overstrain healthcare systems.
Study design: The study presented was conducted as part of the prospective CoVacSer cohort study.
Methods: This study examined sick leave and intake of pro re nata medication after the first, second, and
third COVID-19 vaccination in HCWs. Data were collected by using an electronic questionnaire.
Results: Among 1704HCWs enrolled, 595 (34.9%) HCWswere on sick leave following at least one COVID-19
vaccination, leading to a total number of 1550 sick days. Both the absolute sick days and the rate ofHCWs on
sick leave significantly increased with each subsequent vaccination. Comparing BNT162b2mRNA and
mRNA-1273, thedifference in sick leavewasnot significant after the seconddose, butmRNA-1273 induced a
significantly longer and more frequent sick leave after the third.
Conclusion: In the light of further COVID-19 infection waves and booster vaccinations, there is a risk of
additional staff shortages due to postvaccination inability to work, which could negatively impact the
already strained healthcare system and jeopardise patient care. These findings will aid further vacci-
nation campaigns to minimise the impact of staff absences on the healthcare system.

© 2023 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
Introduction

The ongoing COVID-19 pandemic,1 with its high morbidity and
accompanying therapeutic demands, has drastically demonstrated
the urgency of a resilient public health system.2 Healthcareworkers
(HCWs) of all qualifications play a central role in the critical
edicine I, University Hospital
urg, Germany. Tel.: þ49 931

h. Published by Elsevier Ltd. All ri
infrastructure needed to cope with the high SARS-CoV-2 infection
prevalence levels.3e6

The COVID-19 pandemic has a direct impact on the availability
of public healthcare due to the persistent and non-negligible
burden of disease. The exceptional strain on health systems is
caused not only by the increasing number of patients but also by
the number of HCWs on sick leave due to a SARS-CoV-2 infection.7

COVID-19 vaccination has emerged as a key strategy to control
the spread and severity of SARS-CoV-2 infections, particularly among
HCWs. However, vaccine-related incapacity could overwhelm public
healthcare and must be addressed as part of this important pre-
vention strategy. Vaccine-related staff absences must be considered
in light of future COVID-19 booster vaccination campaigns and the
challenges posed by the continuing COVID-19 pandemic.8
ghts reserved.
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Previous studies have described increased staff absences after
administration of mRNA-1273 compared to BNT162n2mRNA, as
well as in younger and female HCWs. All studies published to date
have examined only basic immunisation, including administration
of the first and second COVID-19 vaccine doses. To date, evidence is
insufficient to predict the impact of COVID-19 vaccine-related in-
capacity on healthcare systems.9e11

The main goal of this study was to examine the number of sick
days as well as the rate of staff absences after the first, second, and
third dose of COVID-19 vaccination among HCWs. We also per-
formed a detailed analysis to assess the intake of pro re nata (PRN)
medication following vaccinations and examined the impact of
vaccine type, gender, age, and profession on the inability to work
following COVID-19 vaccination.

Methods

Study design

The study presented was conducted as part of the prospective
CoVacSer cohort study, which examines the progression of Anti-
SARS-CoV-2-Spike IgG levels as well as quality of life and work
ability in HCWs after COVID-19 vaccination and/or SARS-CoV-2
infection.

Participants who met all of the following inclusion criteria were
recruited for the CoVacSer study: (i) age �18 years, (ii) written
informed consent, (iii) minimum interval of 14 days after first
confirmation of SARS-CoV-2 infection by polymerase chain reaction
and/or at least one dose of COVID-19 vaccination regardless of
vaccination schedule, and (iv) employment in healthcare sector.
Vaccination schedules with vaccines that were not licensed by the
European Medicines Agency (EMA) during the data collection
period were excluded from the data analysis according to the study
protocol.12

Under the study protocol, participants were followed up at set
intervals for 24 months after the last SARS-CoV-2 immunising
event, with the follow-up cycle restarting with each new SARS-
CoV-2 infection or COVID-19 vaccination. Serum blood samples in
combination with pseudonymised digital questionnaires were
collected both at study enrolment and at each follow-up.

Since the 18th of November 2021, COVID-19 booster vaccinations
have been officially offered at the earliest sixmonths after the second
dose of COVID-19 vaccine or after the last SARS-CoV-2 infection,
according to recommendation of the German Standing Committee
on Vaccination (STIKO). For immunocompetent adults aged 18e30
years, a single dose of BNT162b2mRNA (30 mg) was recommended;
for those aged�30 years, a single dose of BNT162b2mRNA (30 mg) or
half a dose of mRNA-1273 (50 mg). Both heterogeneous and homol-
ogous vaccine combinations were recommended.13

Data collection

The data collection period ranged from the 29th of September
2021 to the 27th of March 2022.

Only participants who had been vaccinated at least once against
COVID-19 without convalescence of SARS-CoV-2 before their first
vaccination were included into data analysis. All further follow-up
examinations were incorporated as long as participants were not
yet infected with SARS-CoV-2.

For the first vaccination, the COVID-19 vaccines
BNT162b2mRNA, mRNA-1273, ChAdOx1-S, and Ad26. CoV2eS
were considered. For the second and third vaccinations, only par-
ticipants who had received BNT162b2mRNA and/or mRNA-1273
187
were included, in accordance with the recommendations of the
German Standing Committee on Vaccination (STIKO) during the
data-collection period.13

Mainly HCWs from a single tertiary hospital were involved in
this study, but HCWs from surrounding hospitals and medical
surgeries were also included.

The questionnaire including questions on sick leave and post-
vaccination medication needs was conducted using the platform
Research Electronic Data Capture (REDCap), projectredcap.org.14

Occupational groups were asked in the following sections:
“nursing”, “physicians”, “other HCWs with patient contact”, and
“other HCWs without any patient contact”.

Ethical approval

The study protocol was approved by the Ethics committee of the
University of Wuerzburg in accordance with the Declaration of
Helsinki (file no. 79/21).

Statistics

For determining statistical differences, such as sick leave and
intake of PRN medication, within pairwise comparisons of HCWs’
subpopulations, exact Fisher tests were performed. For comparing
the days of sick leave between HCWs grouped by COVID-19
vaccination doses, gender, and profession, Wilcoxon rank-sum
tests were performed. Mean days of sick leave after vaccinations
were presented as bar graphs with error bars indicating one
standard deviation. The percentage of HCWs were also presented
as bar graphs, whereas the error bars indicate the upper confi-
dence interval based on a binomial distribution. To account for
multiple testing, P-values were corrected based on the
BenjaminieYekutieli procedure.15 Using a second-order inhomo-
geneous Markov model, the relationships between the outcomes
(healthy or sick leave) of various vaccination events (first dose,
second dose, third dose) were estimated. The statistical analyses
were performed with the statistical programming language R
(version 4.2.1).

The reproducible script and the statistical analysis can be
accessed under https://github.com/AlexGa/Inability-to-work-
following-COVID-19-vaccination-among-healthcare-workers.

Results

Participant recruitment and characterisation of the study
population

From the 29th of September 2021 to the 27th ofMarch 2022,1831
individuals participated and completed the study questionnaire.

A total of 1704 (93.1%) individuals were eventually included in
the data analysis. Seventy-seven participants did not meet the
study inclusion criteria according to the study protocol, 42 were
convalescent of SARS-CoV-2 infection prior to their first COVID-19
vaccination, and eight had received a COVID-19 vaccine other
than the ones considered. A detailed overview of excluded partic-
ipants is provided in Fig. 1.

A total of 81.0% (1379/1704) of the included participants iden-
tified as female, 19.0% (325/1704) as male, with an overall median
age of 39 (interquartile range: 29e52) years.

Overall, all 1704 included participants received at least a first
dose of COVID-19 vaccine, 99.6% (1698/1704) received a second
dose, and 79.5% (1355/1704) a third one, without any SARS-CoV-2
infection prior to the respective vaccine administration. A total of

http://projectredcap.org
https://github.com/AlexGa/Inability-to-work-following-COVID-19-vaccination-among-healthcare-workers
https://github.com/AlexGa/Inability-to-work-following-COVID-19-vaccination-among-healthcare-workers
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97.7% (1664/1704) participants were vaccinated with
BNT162b2mRNA for the first administration, 0.7% (12/1704) with
mRNA-1273, 1.2% (21/1704) with ChAdOx1-S, and 0.4% (7/1704)
with Ad26. CoV2eS. BNT162b2mRNA accounts for 98.9% (1680/
1698) of the second COVID-19 inoculations, whereas mRNA-1273
constitutes 1.1% (18/1698). In the third COVID-19 vaccination
dose, BNT162b2mRNA amounts to 81.0% (1100/1355) and mRNA-
1273 to 19.0% (255/1355; Fig. 1).

The enrolled HCWs were distributed among the four occupa-
tional groups as follows: 34.9% (594/1704) nursing, 18.6% (317/
1704) physicians, 22.0% (375/1704) other HCWs with patient
contact, and 24.5% (417/1704) other HCWs without any patient
contact. A detailed characterisation by profession is presented in
Table 1.

Sick leave separated by number of doses of COVID-19 vaccination

In total, absenteeism due to vaccine-related illness resulted in an
absolute number of 1550 sick days in the cohort of 1704 partici-
pants for the entirety of COVID-19 vaccinations administered.

The extent of sick leave following subsequent doses of COVID-19
vaccination can be expressed in the rate of cumulative sick days per
1000 HCWs. In our representative cohort, we found 74.5 sick days
per 1000 HCWs for the first vaccination dose, 437.5 for the second
dose, and 510.0 for the third dose.
Fig. 1. Recruitment of study participants and characterisation of final study p
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Sick leave after the first dose of COVID-19 vaccination among HCWs
After thefirstCOVID-19vaccinationdose, a total of 3.8% (51/1704)

HCWs were on sick leave, 3.1% (51/1664) of those vaccinated with
BNT162b2mRNA (0.1mean sick days, 95 absolute sick days), none in
case of mRNA-1273 administration, 52.4% (11/21) among ChAdOx1-
S-administered HCWs (1.1 mean sick days, 22 absolute sick days),
and 28.6% (2/7) of those vaccinated with Ad26. CoV2eS (1.0 mean
sick days, 7 absolute sick days).

The proportion of HWCswhowere absent fromwork after a first
dose of ChAdOx1-S was significantly higher than that after
administration of BNT162b2mRNA (P < 0.0001) or mRNA-1273
(P < 0.05; Fig. 2A). Mean sick days after a first dose of ChAdOx1-S
were significantly more than that after administration of
BNT162b2mRNA (P < 0.0001) or mRNA-1273 (P < 0.05); mean sick
days after a first dose of Ad26. CoV2eS were significantly longer
than that after administration of BNT162b2mRNA (P < 0.001;
Fig. 2D).
Sick leave after the second dose of COVID-19 vaccination among
HCWs

In the case of the second COVID-19 vaccination, 21.8% (370/1698)
of HWCs reported incapacity for work, 21.7% (365/1680) within the
group of HCWs vaccinated with BNT162b2mRNA (0.4 mean sick
days, 725 absolute sick days) and 27.8% (5/18) among HCWs
opulation separated by number of doses and type of COVID-19 vaccine.



Table 1
Characterisation of the study population separated by profession, percentages indicate the share of the study cohort. Age and body mass index are reported as medians with
interquartile ranges in brackets.

Characteristic Nursing Physicians Other HCWs with patient contact Other HCWs without any patient contact

HCWs with a first dose
of COVID-19
vaccination without
SARS-CoV-2
convalescence

594 (34.9%) 317 (18.6%) 375 (22.0%) 417 (24.5%)

HCWs with a second
dose of COVID-19
vaccination without
SARS-CoV-2
convalescence

592 (34.9%) 317 (18.7%) 374 (22.0%) 414 (24.4%)

HCWs with a third
dose of COVID-19
vaccination without
SARS-CoV-2
convalescence

462 (34.1%) 248 (18.3%) 293 (17.6%) 351 (25.9%)

Gender male 77 (13.0%) 127 (40.1%) 43 (11.5%) 77 (18.5%)
female 517 (87.0%) 190 (59.9%) 332 (88.5%) 340 (81.5%)

Age (IQR) [years] 39 (27e51) 33 (30e42) 42 (30e55) 42 (32e54)
BMI (IQR) [kg/m2] 24.3 (21.9e28.1) 22.7 (20.8e24.5) 23.8 (21.2e27.2) 23.6 (21.5e26.6)
smoking HCWs 120 (20.2%) 15 (4.7%) 44 (11.7%) 32 (7.7%)
Distribution of post-vaccination sick days
Cumulative absolute

number of sick days
after the first
COVID-19
vaccination

45 17 44 18

Cumulative absolute
number of sick days
after the second
COVID-19
vaccination

269 82 217 167

Cumulative absolute
number of sick days
after the third
COVID-19
vaccination

259 65 200 167

Mean sick days after
first dose of COVID-
19 vaccination

0.1 0.1 0.1 0.0

Mean sick days after
second dose of
COVID-19
vaccination

0.5 0.3 0.6 0.4

Mean sick days after
third dose of
COVID-19
vaccination

0.4 0.2 0.5 0.4

Share of HCWs per occupational group with postvaccination PRN medication
First dose of COVID-19

vaccination
159 (26.8%) 55 (17.4%) 283 (24.5%) 338 (18.9%)

Second dose of COVID-
19 vaccination

309 (52.2%) 128 (40.4%) 179 (47.9%) 168 (40.6%)

Fhird dose of COVID-
19 vaccination

403 (87.2%) 217 (87.5%) 255 (87.0%) 289 (82.3%)

First COVID-19 vaccination: distribution of vaccines
BNT162b2mRNA 583 (34.2%) 310 (18.2%) 366 (21.5%) 404 (23.7%)
mRNA-1273 2 (0.1%) 2 (0.1%) 3 (0.2%) 5 (0.3%)
ChAdOx1-S 7 (0.4%) 5 (0.3%) 5 (0.3%) 4 (0.2%)
Ad2.COV2eS 2 (0.1%) 0 1 (0.1%) 4 (0.2%)
Second COVID-19 vaccination: distribution of vaccines
BNT162b2mRNA 586 (34.5%) 314 (18.5%) 371 (21.9%) 408 (24.0%)
mRNA-1273 6 (0.4%) 3 (0.2%) 3 (0.2%) 6 (0.4%)
Third COVID-19 vaccination: distribution of vaccines
BNT162b2mRNA 381 (28.1%) 232 (17.1%) 235 (17.4%) 251 (18.5%)
mRNA-1273 81 (6%) 16 (1.2%) 58 (4.3%) 100 (7.4%)

BMI: body mass indes; HCWs: healthcare workers; IQR: interquartile range

J. Reusch, I. Wagenh€auser, A. Gabel et al. Public Health 222 (2023) 186e195

189



Fig. 2. Comparison of sick leave depending on the number of doses and type of COVID-19 vaccine. A portrays the relative proportion of healthcare workers on sick leave stratified by
number of doses and type of COVID-19 vaccine. B pictures the average days on sick leave stratified by number of doses and gender, C by number of doses and profession, D by
number of doses and type of COVID-19 vaccine. E visualises the overall average sick leave days stratified by number of doses and F the relative share of HCWs on sick leave separated
by number of doses. A&F: Error bars indicate the corresponding confidence interval: B-E: Bar height and error bars indicate group means and one standard deviation. *: P < 0.05, **:
P < 0.01, ***: P < 0.001. ****: P < 0.0001.
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administeredwithmRNA-1273 (0.6mean sick days,10 absolute sick
days).

After the second dose of COVID-19 vaccination, there was no
significant difference in the proportion of HCWs on sick leave or
mean sick days after administration of BNT162b2mRNA or mRNA-
1273 (Fig. 2A and D).

Sick leave after the third dose of COVID-19 vaccination among
HCWs

Following the third dose of COVID-19 vaccination, overall, 27.9%
(378/1355) of HCWs were off sick, 24.7% (272/1100) of those
vaccinated with BNT162b2mRNA (0.4 mean sick days, 487 absolute
sick days) and 41.6% (106/255) of participants who received mRNA-
1273 (0.8 mean sick days, 204 absolute sick days).

After a third COVID-19 vaccination dose, significantly more
HCWs were on sick leave after mRNA-1273 administration than
after BNT162b2mRNA administration (P < 0.0001; Fig. 2A), and
mean sick days after mRNA-1273 were significantly more than after
BNT162b2mRNA administration (P < 0.0001; Fig. 2A and D).
190
Post-vaccination sick leave among HCWs, separated by gender
Separated by gender, 4.1% female HCWs (56/1379) were on sick

leave after the first COVID-19 vaccination, 23.7% (325/1374)
following the second, and 29.7% (234/1121) after the third vaccine
administration. In case of male HCWs, 1.5% (5/325) were on sick
leave after the first vaccination,11.7% (38/324) after the second, and
17.1% (40/194) after the third one (Fig. 2B).

Overall, 526 of 1379 (38.1%) female and 69 of 325 (21.2%) male
HCWs were on sick leave, showing a significant ratio of absent fe-
male compared to male HCWs (P < 0.0001). Separated by dose of
COVID-19 vaccinations for all three administrations, female HCWs
showed significantly higher mean sick days (P < 0.05 for the first,
P < 0.0001 for the second, P < 0.001 for the third one; Fig. 2B).

Post-vaccination sick leave among HCWs, separated by occupational
groups

Separated by occupational groups, among nursing HCWs, 3.4%
were on sick leave following the first COVID-19 vaccination (0.1
mean sick days, 45 absolute sick days), 22.3% after the second (0.5
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mean sick days, 269 absolute sick days), and 25.6% after the third
one (0.4 mean sick days, 259 absolute sick days).

Among physicians, 2.8% were on sick leave after the first (0.05
mean sick days, 17 absolute sick days), 15.5% after the second (0.3
mean sick days, 82 absolute sick days), and 17.3% after the third
vaccination (0.2 mean sick days, 65 absolute sick days).

Among other HCWswith patient contact, 5.3% were off sick after
the first vaccination (0.1 mean sick days, 44 absolute sick days),
24.3% after the second (0.6 mean sick days, 217 absolute sick days),
and 36.9% after the third one (0.5 mean sick days, 200 absolute sick
days).

Among HCWs without any patient contact, 2.9% were on sick
leave following the first vaccination (0.0 mean sick days, 18 abso-
lute sick days), 22.7% after the second (0.4 mean sick days, 167
absolute sick days), and 29.6% after the third administration (0.4
mean sick days, 167 absolute sick days; Fig. 2D).

At the second COVID-19 vaccination, the mean number of sick
days was significantly higher among nursing HCWs than among
physicians (P < 0.05); physicians were significantly less likely to
be on sick leave than other HCWs with patient contact (P < 0.05)
and then other HCWs without any patient contact (P < 0.05;
Fig. 2C).

Following the third COVID-19 vaccination, nurses recorded
significantly longer mean sick leave than physicians (P < 0.05) but
fewer mean sick days than other HCWs with patient contact
(P < 0.05); physicians had significantly shorter sick leave than other
HCWs with (P < 0.0001) and without patient contact (P < 0.01;
Fig. 2C).

Overall sick leave after the first, second, and third dose of COVID-19
vaccination among HCWs

Overall, 3.8% (51/1704) of HCWs were on sick leave (0.1 average
sick days) after the first dose of COVID-19 vaccination, 21.8% (370/
1698; 0.4 average sick days) after the second, and 27.9% (378/1355;
0.5 average sick days) after the third one. An analysis of the re-
lationships between the outcomes (healthy or sick leave) of the
various vaccination events (first dose, second dose, third dose) are
shown in the Supplementary Results. With each additional dose,
there was a significant increase in the proportion of HCWs on sick
leave (P < 0.0001, comparing first and second doses; P < 0.0001,
comparing first and third doses; P < 0.0001, comparing second and
Table 2
Characterisation of the study population aged �30 years at the time of the third COVID-
years, separated by vaccination. Age and body mass index are reported as medians with

HCWswith a third dose of COVID-19 vaccine, aged�30
years

Absolute number of study participants
Gender Male

Female
Age (IQR) [years]
BMI (IQR) [kg/m2]
Smoking [absolute number]
Cumulative number of postvaccination sick days after

COVID-19 booster vaccination
Number of HCWs on post-vaccination sick leave after

COVID-19 booster vaccination
HCWs with postvaccination PRN medication after

COVID-19 booster vaccination
Distribution to occupational groups
Nursing
Physicians
Other HCWs with patient contact
Other HCWs without any patient contact

BMI: body mass indes; HCWs: healthcare workers; IQR: interquartile range; PRN: pro re
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third doses; Fig. 2F) as well as in the mean sick leave (P < 0.0001,
comparing first and second doses; P < 0.0001, comparing first and
third doses; P < 0.001, comparing second and third doses; Fig. 2E).
Comparison of BNT162b2mRNA and mRNA-1273 as booster
vaccines in HCWs aged �30 years

Since mRNA-1273 was officially recommended as a booster
vaccine in Germany only for individuals at least 30 years of age,13 an
age-adjusted subgroup analysis of the third COVID-19 vaccination
considering only HCWs aged �30 years was conducted (Table 2).

Within this subgroup of HCWs aged �30 years, after the third
COVID-19 vaccination, 23.7% (191/806) inoculated with
BNT162b2mRNA were off sick (0.4 mean sick days, 341 absolute
sick days) compared to 40.9% (103/252) of HCWs vaccinated with
mRNA-1273 (0.8 mean sick days, 204 absolute sick days).

Thus, mRNA-1273 administration was responsible for a signifi-
cantly higher proportion of HCWs on sick leave than
BNT162b2mRNA (P < 0.0001; Fig. 3A); also, the mean number of
sick days was significantly higher among mRNA-1273 booster
vaccinees (0.8 mean sick days, 202 absolute sick days) than among
HCWs administered with BNT162b2mRNA (0.3 mean sick days, 902
absolute sick days) (P < 0.0001, Fig. 3B).
Post-vaccination sick leave in relation to PRN medication

After administration of the first COVID-19 vaccine dose, a total of
22.6% (385/1704) HCWs reported intake of PRN medication, after
the second dose 46.2% (784/1698), and after the third dose 86.0%
(1165/1355; Fig. 4A).

The proportion of HCWs using PRN medication after the first
vaccine dose was 21.9% (365/1668) for BNT162b2mRNA, 8.3% (1/12)
for mRNA-1273, 76.2% (16/21) for ChAdOx1-S and 42.9% (3/7) for
Ad26. CoV2eS.

Following the second COVID-19 vaccination, 46.1% (774/1680) of
HCWs vaccinated with BNT162b3mRNA required PRN medication,
55.6% (10/18) in case of mRNA-1273.

After the third dose, the proportion of HCWs using PRN medi-
cation was 89.2% (981/1100) for BNT162b2mRNA-vaccinated and
72.2% (184/255) for mRNA-1273-vaccinated.
19 vaccination; percentages indicate the share of the subcohort of HCWs aged �30
interquartile ranges in brackets.

BNT162b2mRNA mRNA-1273

806 (76%) 252 (24%)
159 (19.7%) 34 (13.5%)
647 (80.3%) 218 (86.5%)
46 (37e55) 46 (39e55)
24.2 (21.8e27.5) 23.8 (21.5e27.1)
102 (12.7%) 24 (9.5%)
341 204

193 (24.0%) 106 (42.1%)

75 (9.3%) 71 (28.2%)

258 (24.4%) 80 (7.6%)
175 (16.6%) 15 (1.4%)
175 (16.6%) 58 (5.5%)
197 (18.6%) 99 (9.4%)

nata



Fig. 3. Comparison of sick leave depending on the number of doses of COVID-19
vaccine, adjusted for healthcare workers aged �30 years. A portrays the relative
number of healthcare workers on sick leave administered with mRNA-1273, B the
average days on sick leave separated by COVID-19 vaccine, both stratified by number of
doses of COVID-19 vaccine. Bar height and error bars indicate group means and one
standard deviation. ****: P < 0.0001.
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After the first vaccine dose, HCWs reported a significantly higher
rate of medication use after administration of ChAdOx1-S compared
to both BNT162b2mRNA (P < 0.0001) and mRNA-1273 (P < 0.01).
After the third dose, a significantly higher percentage of HCWs
vaccinated with BNT162b2mRNA reported the use of PRN medica-
tion than HCWs vaccinated with mRNA1273 (P < 0.0001; Fig. 4B).

Separated by gender, 24.0% (331/1379) of female and 16.6% (54/
325) of male HCWs took PRN medication after the first COVID-19
vaccination, 49.6% (682/1374) female and 31.5% (102/324) male
HCWs after the second vaccine administration, and 86.0% (964/
1121) female and 85.9% (201/234) male HCWs after the third one.

Female HCWs had a significantly higher proportion of post-
vaccination medication use after the first (P < 0.01) and second
(P < 0.0001) administration of COVID-19 vaccination than male
HCWs. No significant difference was found between female and
male HCWs for the third COVID-19 vaccination (Fig. 4C).

By occupation, 26.8% (159/594) of nurses, 17.4% (55/317) of
physicians, 24.5% (283/375) of other HCWs with, and 18.9% (338/
417) of HCWs without any patient contact indicated the use of PRN
medication following the first COVID-19 vaccination. For the sec-
ond COVID-19 vaccination, 52.2% (309/592) of nurses, 40.4% (128/
317) of physicians, 47.9% (179/374) of other HCWs with, and 40.6%
(168/414) of HCWs without any patient contact reported the use of
PRN medication. Regarding the third COVID-19 vaccination, 87.2%
(403/462) of nurses, 87.5% (217/248) of physicians, 87.0% (255/293)
of other HCWs with, and 82.3% (289/351) of HCWs without patient
contact used PRN medication (Table 1).

A significantly higher share of enrolled nurses than physicians
reported takingmedication PRN after the first (P < 0.05) and second
(P < 0.05) administration of COVID-19 vaccine, as well as in
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comparison to the group of other HCWs with patient contact after
the second vaccination (P < 0.05; Fig. 4D).

Discussion

Overall, COVID-19 vaccination caused a relevant number of sick
days among HCWs. HCWs who were administered the mRNA-
based vaccines BNT162b2mRNA and mRNA-1273 as their first
dose of COVID-19 vaccination had little postvaccination sick leave.
In contrast, a higher number of HCWs who were administered
ChAdOx1-S or Ad26. CoV2eS as their first COVID-19 vaccination
were subsequently on sick leave. The first dose of ChAdOx1-S
caused a significantly higher rate of sick leave than the mRNA-
based vaccines, and we observed a similar, albeit not statistically
significant, result in the small group (n ¼ 7) of HCWs receiving
Ad26. CoV2eS. Comparing BNT162b2mRNA and mRNA-1273, the
administration of mRNA-1273 resulted in a significantly higher
rate of postvaccination sick leave after the third vaccination dose,
with a similar trend for the second vaccination dose. The higher
rate of sick leave might be explained by differences in vaccine
composition. Following mRNA-1273 vaccination, increased anti-
poly (ethylene) glycol antibodies have been associated with
increased reactogenicity.16 A comparatively higher rate of PRN
medication intake after BNT162b2mRNA vaccination could have
reduced the rate of sick leave. Previous studies report that the
immunogenicity of mRNA-1273 with its proportionally higher
dosage exceeds that of BNT162b2mRNA and leads to a more
pronounced vaccination response.17,18 Our finding that mRNA-
1273 causes more sick leave supports these results and is very
robust as the higher rate of sick leave is significant in the overall
analysis and in the more homogenous subgroup analysis of
enrolled HCWs aged �30 years.

In contrast to the first COVID-19 vaccine dose, the second dose
resulted in an increase both in the rate of HCWs on sick leave and in
the average duration of sick leave, which further intensified after
the third dose, respectively.

As illustrated by the cumulative sick days, COVID-19 vaccination
has a non-negligible impact on the staff availability in the health
sector. Albeit that COVID-19 vaccination is undeniably an important
infection prophylaxis for HCWs, which aims to avoid quarantine-
and infection-related staff shortages, the vaccination also causes a
temporary relevant impairment of staff availability due to sickness
absences. The economic leverage of these sickness-related ab-
sences, due to limited treatment capacities of hospitals, should be
further considered.19e21

The observed rise in sick leave with increasing repetitions of
COVID-19 vaccinations might be explained by an immune response
boost that is amplified with each subsequent vaccination. This
could lead to an augmentation of vaccine-related reactions causing
side effects and incapacity for work, which is in line with previous
findings of increasing humoral and T-cellular immunogenicity as
well as with reports about more vaccine-related side effects with
repeated vaccinations.8,22 Comparison of different occupational
groups among the HCWs revealed that physicians spent fewer days
on sick leave after the second and third vaccination than other
professions. In addition, the lowest rate of postvaccination drug
intake was reported among physicians. In comparison, the rates of
sick leave as well as PRN medication intake were higher among
nurses. The increased use of medication might be an indicator of
more severe side effects and hence inability towork. This difference
might be explained by demographic variables such as age, gender
and health status (e.g., body mass index). In addition, the different
work routine of the nursing and medical staff, which entails a
higher physical burden for the nursing staff, might further explain
the higher sickness rate among nurses. Furthermore, significantly



Fig. 4. Postvaccination pro re nata medication, separated by the number of doses, type of COVID-19 vaccine, gender, and profession. A portrays the percentage of healthcare workers
with pro re nata medication after COVID-19 vaccine administration, separated by the number of doses, B separated by the number of doses and type of vaccine, C separated by
number of doses and gender, and D separated by the number of doses and profession. Bar height and error bars indicate group means and upper border of confidence interval. *:
P < 0.05, **: P < 0.01, ****: P < 0.0001.
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fewer male than female HCWs used PRN medication after the first
and second COVID-19 vaccination.

Our study has some relevant limitations. Since HCWs were
selected as study population, the collective is predominantly fe-
male, with women accounting for 81.0% of all participants,
reflecting the typical sociodemographic composition of HCWs in
Germany.23 Data on side effects and sick leave were collected
retrospectively, so a potential influence of recall bias and subjec-
tivity cannot be ruled out. Dosage and time of PRN medication
intake after vaccination was not queried. The number of sick days
after vaccinationwas not evaluated separately for working days and
weekends or holidays, which could reduce the extent of sick leave if
HCWs were incapable on their days off. Due to varying vaccine
availability and the recommendations of the German Standing
Committee on Vaccination (STIKO),13,24 the frequencies of the
different COVID-19 vaccines in our cohort are unequally distributed
for the first, second, and third vaccinations, respectively; however,
this reflects a real-life scenario. Since the federal recommendation
for administration of mRNA-1273 as a booster vaccine was
restricted to individuals who were �30 years of age,13 data on sick
leave among HCWs younger than 30 years vaccinated with mRNA-
1273 as booster vaccine are lacking. Of all the COVID-19 vaccines
considered, BNT162b2mRNAwas themost frequently administered
vaccine. The number of HCWs vaccinated with ChAdOx1-S (n ¼ 21)
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and Ad26. CoV2eS (n ¼ 7) in our study was small, and these two
vaccines were only used for the first COVID-19 vaccination dose. As
the focus of our study was on mRNA-based COVID-19 vaccines, our
results on sick leave after administration of ChAdOx1-S and Ad26.
CoV2eS should be interpreted with caution. Individuals immu-
nised with the COVID-19 subunit vaccine NVX-CoV2373 were not
included in this study as it was approved by the EMA after the study
recruitment period and was not recommended for a third vaccine
dose in Germany in individuals without contraindication for the
use of mRNA vaccines. Furthermore, due to the study period, the
meanwhile available Omicron variant of concerneadapted, bivalent
COVID-19 vaccines are not included in the study. However, all of
these limitationsmentioned are direct consequences of the real-life
study setting, which underlines the transferability of the data and is
a particular strength of our study.

In conclusion, inability to work following COVID-19 vaccination
among HCWs is an important and not-negligible aspect of this vital
infectioneprevention measure. Staff absences related to vaccina-
tion are considerably shorter than those after COVID-19 infection.25

Therefore, vaccine-related absence from work cannot be an argu-
ment for nonvaccination. However, vaccination-related staff ab-
sences can have a direct impact on healthcare capacity and place an
additional burden on an already understaffed healthcare system
dealing with demographic change, the additional burden of COVID-
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19 patients, and shortages of qualified staff, especially nurses. To
ensure patient safety and avoid work overload, staff shortages due
to SARS-CoV-2-infected HCWsmust be avoided. Our study provides
important data to estimate the burden of sick leave among HCWs
following COVID-19 vaccination. Our results provide representative
data that will inform the planning of vaccination campaigns and
provide a rational for optimisation measures such as the staggering
of vaccination offers. In view of the planned COVID-19 booster
vaccinations with a fourth or fifth dose, our data on the rise of sick
leave with repeated vaccine doses highlight the need to closely
monitor vaccine-related incapacity to work during the early stages
of the vaccination campaigns.
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