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Background. Reactogenicity of coronavirus disease 2019 (COVID-19) vaccines can result in inability to work. The object of this
study was to evaluate health care workers’ sick leave after COVID-19 vaccination and to compare it with sick leave due to severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and quarantine leave.

Methods. A multicenter cross-sectional survey was conducted at Regensburg University Medical Center and 10 teaching
hospitals in South-East Germany from July 28 to October 15, 2021.

Results. Of 2662 participants, 2309 (91.8%) were fully vaccinated without a history of SARS-CoV-2 infection. Sick leave after
first/second vaccination occurred in 239 (10.4%) and 539 (23.3%) participants. In multivariable logistic regression, the adjusted
odds ratio for sick leave after first/second vaccination compared with BNT162b2 was 2.26/3.72 for mRNA-1237 (95% CI, 1.28–
4.01/1.99–6.96) and 27.82/0.48 for ChAdOx1-S (95% CI, 19.12–40.48/0.24–0.96). The actual median sick leave (interquartile
range [IQR]) was 1 (0–2) day after any vaccination. Two hundred fifty-one participants (9.4%) reported a history of SARS-
CoV-2 infection (median sick leave [IQR] 14 [10–21] days), 353 (13.3%) were quarantined at least once (median quarantine
leave [IQR], 14 [10–14] days). Sick leave due to SARS-CoV-2 infection (4642 days) and quarantine leave (4710 days) accounted
for 7.7 times more loss of workforce than actual sick leave after first and second vaccination (1216 days) in all fully vaccinated
participants.

Conclusions. Sick leave after COVID-19 vaccination is frequent and is associated with the vaccine applied. COVID-19
vaccination should reduce the much higher proportion of loss of workforce due to SARS-CoV-2 infection and quarantine.
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In December 2020, a vaccination campaign unique in history
was started. Health care workers were prioritized to get vacci-
nated against coronavirus disease 2019 (COVID-19) because
of an increased risk of personal infection and transmission to
vulnerable patients [1]. Currently, 4 COVID-19 vaccines are
approved and broadly used in the European Union (EU):

BNT162b2 (Comirnaty from BioNTech/Pfizer), mRNA-1273
(Spikevax from Moderna), ChAdOx1-S (Vaxzevria from
AstraZeneca), and Ad26.COV2-S (COVID-19 Vaccine
Janssen from Janssen-Cilag) [2]. Recently, NVX-CoV2373
(Nuvaxovid from Novavax) has been authorized across the
EU [3].
The reactogenicity profiles of the COVID-19 vaccines are

similar, with the vast majority of reported adverse events in
the mild local and systemic category [4, 5]. Whereas the vector
vaccine ChAdOx1-S caused more adverse reactions after first
vaccination, the mRNA vaccines BNT162b2 and mRNA-1273
provoked more adverse reactions after second vaccination
[6–8]. When conducting a study on reactogenicity and immu-
nogenicity of the BNT162b2 vaccine in health care workers, we
realized that sick leave due to adverse reactions after vaccina-
tion was considerable, with 32 (4.3%) and 249 (33.9%) of
vaccinees unable to work after first and second vaccination
(n= 735) [9].
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Next to adverse reactions after vaccination, COVID-19-
related absences from work include severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection and quaran-
tine. The isolation period for SARS-CoV-2 infection in
Germany was generally 14 days during the study period and
has been reduced recently [10, 11]. The regulations for quaran-
tine leave after close contact with a SARS-CoV-2-positive
case have changed several times in Germany. During the
study, if someone was fully vaccinated or had a history of
SARS-CoV-2 infection within the last 6 months, no quarantine
was imposed. For SARS-CoV-2-naïve persons with a close con-
tact, quarantine was initially 14 days and got reduced to 10 days
in September, with the option to be shortened by a negative
polymerase chain reaction (PCR) test or antigen test at 5 or 7
days [12].

The present study aimed to further evaluate sick leave due
to severe adverse reactions after COVID-19 vaccination in
health care workers and to compare it with sick leave due to
SARS-CoV-2 infection and quarantine leave.

METHODS

Study Design and Participants

From July 28 to October 15, we conducted a cross-sectional
survey among hospital employees at Regensburg University
Medical Center and its 10 participating teaching hospitals
(Supplementary Table 1).

The survey was carried out by distributing paper tickets that
provided electronic access to an online survey (Supplementary
Figure 1). This method was previously used to evaluate health
care workers’ attitudes toward COVID-19 vaccination in our
hospital [13]. A ticket contained both a unique QR code and
a unique access code for the survey website. The survey could
be accessed either with an electronic device via a QR code or
by visiting the survey website using the access code, thus ensur-
ing anonymity of the participants and preventing multi-use.

We defined health care workers as all hospital employees in-
cluding clinical administrative staff and further personnel with-
out patient contact.

Survey Content

We developed an 87-item survey evaluating health care work-
ers’ experiences with COVID-19 vaccination, SARS-CoV-2 in-
fection, and quarantine (Supplementary Table 2).

Demographic Characteristics

Demographic characteristics of health care workers included
age group, sex, hospital, occupational activity (categorized
into nurse/physician/other occupation with direct patient con-
tact and other occupation without direct patient contact),
height in centimeters, weight in kilograms, smoking, presence
of any chronic disease, and immunosuppression.

COVID-19 Vaccination

Survey participants were asked whether they were fully vacci-
nated against COVID-19. According to German regulations,
full vaccination during the study period was defined as 2 vacci-
nations with an mRNA vaccine or ChAdOx1-S, a heterologous
combination of ChAdOx1-S with anmRNA vaccine, 1 vaccina-
tion with Ad26.COV2-S, or 1 vaccination with any approved
COVID-19 vaccine 6 months after a laboratory-confirmed
SARS-CoV-2 infection. The recommendation to administer
only 1 vaccination after a history of SARS-CoV-2 infection
was given late March 2021; therefore, there may be both vacci-
nees with 1 and 2 vaccinations after a history of SARS-CoV-2 in
the study population [14]. If not fully vaccinated, participants
were asked if they were within the vaccination process, whether
they were willing to get vaccinated, and, if not, what was the
main reason for refusal.
If fully vaccinated, it was asked if the decision for getting vac-

cinated was easy to make and if they were willing to get a boos-
ter vaccination, which COVID-19 vaccines had been applied,
whether the vaccinees had taken antipyretic medication before
or after vaccination and which, whether they had experienced
adverse reactions after first and second vaccinations catego-
rized as mild (defined as only local on the injection side), mod-
erate (not further classified), and severe (defined as any
symptom[s] resulting in sick leave).
Those with severe adverse reactions (ie, resulting in sick

leave) were asked to state how many days they would have
been unable to go to work independently if the following
days were working days or days off (potential sick leave).
They were additionally asked how many days they actually
were on sick leave (actual sick leave) and whether they had to
see a doctor.

SARS-CoV-2 Infection and Quarantine

All survey participants were asked whether they had ever had
COVID-19. In German colloquial language, the term
“SARS-CoV-2 infection” is not used—COVID-19 generally in-
cludes both asymptomatic SARS-CoV-2 infection and sympto-
matic COVID-19. No classification of asymptomatic or
symptomatic course was done. They were further asked wheth-
er they ever were in quarantine because of a close contact with a
SARS-CoV-2 case and, if yes, how often. In both cases, they
stated the potential infectious source (patient/colleague/fami-
ly/friend/other/unknown) and the number of days they were
off work. Participants with a history of SARS-CoV-2 infection
reported whether they were hospitalized, suffered from long
COVID symptoms, and, if yes, what symptoms they had and
whether these symptoms impaired their working life.

Technical Information and Statistics

The survey was programmed in REDCap, a web-based
clinical data management system hosted by the University of
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Regensburg [15]. Statistical analysis was performed using Stata
16 (StataCorp LLC, College Station, TX, USA).

We completed descriptive statistics to analyze frequencies of
demographic characteristics, occupational activity, and indi-
vidual health factors. For those fully vaccinated without a his-
tory of SARS-CoV-2 infection, descriptive statistics were
performed to further evaluate vaccination-related variables.
Summary statistics were performed to calculate the median
body mass index (BMI) and days off work as a result of adverse
reactions after COVID-19 vaccination, SARS-CoV-2 infection,
and quarantine leave. Univariate logistic regression was per-
formed on variables previously described as potentially influ-
encing reactogenicity of vaccines (ie, age, sex, occupational
activity, vaccine type, BMI, underlying diseases, antipyretic
medication before vaccination). Multivariable logistic regres-
sion was performed on the effect of vaccine type on severe ad-
verse reactions resulting in sick leave after first and second
vaccination after controlling for confounding. Data were ana-
lyzed from November to December 2021.

RESULTS

Baseline Characteristics

A total of 19 173 tickets were distributed to health care workers
in 11 hospitals in Southeast Germany; 2662 responses were
generated (response rate, 13.9%). Participants were from all
working age groups. Most survey participants were female
(72.3%). The majority were nurses (34.4%). Any chronic dis-
ease was reported by 22.2%, and immunosuppression by
2.7%. The vast majority were fully vaccinated against
COVID-19 (94.5%). Baseline characteristics of survey partici-
pants are shown in Table 1.

COVID-19 Vaccination

A total of 2309 fully vaccinated participants with no history of
SARS-CoV-2 infection were included in further analyses
(Table 2). Antipyretic medication was taken by about 7% of
survey participants before any vaccination. BNT162b2 was
the vaccine predominantly applied in first (73.5%) and second
(81.5%) vaccination. ChAdOx1-S administration decreased
from first (15.3%) to second (5.0%) vaccination; the reduction
was probably attributable to a recommendation for heterolo-
gous vaccine combinations after ChAdOx1-S prime because
of incidents with thrombosis with thrombocytopenia syn-
drome [16]. The detailed vaccine combinations are listed in
the Supplementary Data (Supplementary Table 3). In total,
more participants suffered from any type of adverse reaction af-
ter second vaccination (61.6%) compared with first vaccination
(46.5%). Consequently, sick leave as a result of severe adverse
reactions occurred more often after second (23.3%) than after
first vaccination (10.4%). Despite a high rate of adverse

reactions, most vaccinees would have been willing to get a
booster vaccination (90.6%).

Sick Leave After COVID-19 Vaccination

In univariate logistic regression, older age groups age 50 years
and above took significantly less sick leave after any COVID-19
vaccination compared with those age,30 years (Table 3). The
odds of sick leave after first and second vaccination were signif-
icantly higher in females compared with males (after first vac-
cination: odds ratio [OR], 1.69; 95% CI, 1.21–2.35; after second

Table 1. Baseline Characteristics of Survey Participants

Variable No. (%) (n= 2662)a

Age group

15–29 y 645 (24.2)

30–39 y 571 (21.5)

40–49 y 557 (20.9)

50–59 y 680 (25.5)

60–69 y 205 (7.7)

Missing 4 (0.2)

Sex

Male 731 (27.5)

Female 1926 (72.4)

Divers 1 (0.0)

Missing 4 (0.2)

Occupational activity

Nurse 915 (34.4)

Physician 439 (16.5)

Other occupation with patient contactb 514 (19.3)

Other occupation without patient contactc 790 (29.7)

Missing 4 (0.2)

BMI (n=2628),d median (IQR), kg/m2 24.5 (21.9–27.8)

Smokinge 427 (16.0)

Any chronic diseasee 591 (22.2)

Immunosuppressione 71 (2.7)

History of SARS-CoV-2 infection 251 (9.4)

History of SARS-CoV-2 quarantine 353 (13.3)

COVID-19 vaccination

Fully vaccinated 2515 (94.5)

Fully vaccinated with no history of SARS-CoV-2
infection

2309 (91.8, n=2515)

History of SARS-CoV-2 infection and 1 or 2
vaccinationsf

206 (8.2, n= 2515)

No vaccination because of a history of SARS-CoV-2
infection within the last 6 mo

27 (1.0)

Within the vaccination process 14 (0.5)

Willing to get vaccinated 14 (0.5)

Not willing to get vaccinated 92 (3.5)

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019; IQR,
interquartile range; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
aPercentages may not total 100 because of rounding.
bFor example, diabetes consultation, social services, physiotherapy, etc.
cFor example, administration, technical services, laboratory staff, etc.
dOne implausible value recoded to missing.
eFour missing values.
fGerman regulations recommended in March 2021 that vaccinees with a history of
SARS-CoV-2 infection only needed 1 COVID-19 vaccination 6 months after SARS-CoV-2
infection to be regarded as fully vaccinated [14].
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vaccination: OR, 1.50; 95% CI, 1.20–1.89). Compared with
nurses, there was significantly less sick leave in physicians after
both vaccinations (OR, 0.58/0.59, respectively; 95% CI, 0.36–
0.95 after first and 0.43–0.80 after second vaccination). There
was strong evidence for an association between sick leave and
vaccine type after first and second vaccination. There was no
evidence of an association between sick leave after first or sec-
ond vaccination and BMI, any chronic disease, immunosup-
pression, or antipyretic medication before second vaccination.

Sick Leave After COVID-19 Vaccination According to Vaccine

In multivariable logistic regression analyses, severe adverse re-
actions resulting in sick leave after first and second COVID-19
vaccination were described in reference to BNT162b2
(Table 4). After adjusting for confounders, the odds ratio of
sick leave after first/second vaccination was 2.26/3.72 for
mRNA-1273 (95% CI, 1.28–4.01/1.99–6.96), 27.82/0.48
for ChAdOx1-S (95% CI, 19.12–40.48/0.24–0.96), and 28.84
for Ad26.COV2-S (95% CI, 5.50–151.19) vaccinees.

Loss of Workforce due to COVID-19 Vaccination, SARS-CoV-2 Infection,
and SARS-CoV-2 Quarantine Leave

Two hundred fifty-one survey participants (9.4%) reported a
history of SARS-CoV-2 infection, and 353 (13.3%)
reported having been in SARS-CoV-2 quarantine, with quaran-
tine also occurring more than once. The most important sus-
pected source of SARS-CoV-2 infection was patients (47.8%).
The risk contacts for SARS-CoV-2 quarantine were predomi-
nantly exposure to SARS-CoV-2-positive family members
(36.1%) and colleagues (23.1%). Long COVID symptoms
were reported by 112 (44.6%) convalesced individuals, and 63
(25.1%) reported that these symptoms impaired their working
life. These and further details on SARS-CoV-2 infection and
quarantine in study participants are provided in
Supplementary Table 4.
In fully vaccinated participants without a history of

SARS-CoV-2 infection, the median number of days of potential
sick leave after first (n= 239) and second (n= 538) vaccination
(interquartile range [IQR]) was 2 (1–3). The median number of
actual sick days (IQR) was 1 (0–2) day. Similar results were
shown for fully vaccinated participants with a history of
SARS-CoV-2 infection (different sequences of infection and
vaccination possible in the study population). The median
number of sick days after SARS-CoV-2 infection and quaran-
tine leave (IQR) was 14 (10–21 [infection], 10–14 [quarantine])
days. When comparing total days off work due to SARS-CoV-2
infection (4642 days) and quarantine (4710 days), loss of work-
force was 7.7 times higher than through actual sick leave (1216
days) in all fully vaccinated study participants (Table 5).

DISCUSSION

This cross-sectional survey study describes the loss of work-
force in health care workers due to severe adverse reactions af-
ter COVID-19 vaccination resulting in sick leave and puts it in
context with loss of workforce due to SARS-CoV-2 infection
and SARS-CoV-2 quarantine.
Vaccine reactogenicity is dependent on different factors, and

symptoms are often perceived differently [17]. We used a sim-
plified classification of adverse reactions—no, mild, moderate,
and severe resulting in sick leave—to assess the extent of sick
leave after COVID-19 vaccination. Our results are in line
with general vaccine reactogenicity data. More frequent and se-
vere local and systemic reactions to vaccines are reported by fe-
males [18]. Less reactogenicity is reported with rising age,
possibly due to higher tolerance to pain and illness symptoms
and a waning innate immune defense [17]. Education level is
described as significantly associated with duration of symptoms
after a second COVID-19 vaccination [19].
The present analysis of sick leave dependent on vaccine con-

firms safety data on the 3 most used vaccines—BNT162b2,
mRNA-1273, and ChAdOx1-S [4, 6–8]. We found that

Table 2. Characteristics of COVID-19 Vaccination in Fully Vaccinated
Participants Without a History of SARS-CoV-2 Infection

Variable No. (%) (n=2309)a

Antipyretic medication before first vaccination 162 (7.0)b

Antipyretic medication before second vaccination 173 (7.5)c

Willingness to get COVID-19 booster vaccination 2093 (90.6)

First vaccine

BNT162b2 1696 (73.5)

mRNA-1273 251 (10.9)

ChAdOx1-S 354 (15.3)

Ad26.COV2-S 6 (0.3)

Missing 2 (0.1)

Second vaccined

BNT162b2 1881 (81.5)

mRNA-1273 303 (13.1)

ChAdOx1-S 116 (5.0)

No second vaccination because of Ad26.COV2-S 6 (0.3)

Missing 3 (0.1)

Adverse reactions after first vaccination

No 1232 (53.4)

Mild (only local on injection side) 444 (19.2)

Moderate 391 (16.9)

Severe (resulting in sick leave) 239 (10.4)

Missing 3 (0.1)

Adverse reactions after second vaccination

No 880 (38.1)

Mild (only local on injection side) 287 (12.4)

Moderate 596 (25.8)

Severe (resulting in sick leave) 539 (23.3)

Missing 7 (0.3)

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2.
aPercentages may not total 100 because of rounding.
bThree missing values.
cSeven missing values.
dOne implausible value recoded to missing.
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BNT162b2 was the least associated with sick leave after first
vaccination. Although ChAdOx1-S showed the most favor-
able results after second vaccination, this fact may be of no
benefit in the future as German authorities recommend
a heterologous vaccination scheme after priming with
ChAdOx1-S [16].

There are few studies focusing on the phenomenon of sick
leave after COVID-19 vaccination. A US survey found that
27.8% of participants required transient time off from work af-
ter mRNA-1273 vaccination and 12.3% after BNT162b2 vacci-
nation [20, 21]. Another study in health care workers reported
sick leave after prime/boost vaccination in 7.6%/22.7% of
BNT162b2 vaccinees and 11.5%/56.8% of mRNA-1273 vacci-
nees [22]. Sick leave after heterologous vaccination with
ChAdOx1-S/BNT162b2 was described as 66.3% after first and
31.7% after second vaccination [23]. The loss of workforce be-
cause of severe adverse reactions after COVID-19 vaccination
prompted the US Centers for Disease Control and Prevention
to recommend staggering delivery of vaccine to health care
workers and planning time away from work if systemic symp-
toms occurred after COVID-19 vaccination [24]. We also

decided to include potential and actual sick leave after vaccina-
tion to be able to account for planned days off.
Vaccine safety outcomes are difficult to compare among

studies [25]. Sick leave after vaccination may be an additional
variable to be included in future vaccine safety studies to enable
a quantitative comparison of vaccine reactogenicity in the
working population.
We excluded vaccinees with a history of SARS-CoV-2 infec-

tion from the logistic regression analysis as reactogenicity of
COVID-19 vaccines in those with preexisting immunity is dif-
ferent, with often more systemic adverse reactions [26, 27].
Absences caused by SARS-CoV-2 infection and quarantine

are long, with a median of 14 days in our survey. A study de-
scribing medical leave associated with COVID-19 among
emergency medical system responders and firefighters in
New York City found a mean medical leave duration of 25.3
days for reverse transcription PCR–confirmed SARS-CoV-2
infection [28]. The median duration of COVID-19 sick leave
in a national Swedish cohort study was 35 days [29]. Spanish
data reported a 116% increase in sick leave in March 2020,
mainly due to infectious and respiratory diseases, with the

Table 3. Univariate Logistic Regression on Severe Adverse Reaction Resulting in Sick Leave After First and Second COVID-19 Vaccination in Fully
Vaccinated Participants Without a History of SARS-CoV-2 Infection

Sick Leave After First Vaccinationa Sick Leave After Second Vaccinationa

Total (%) (n=239) Crude OR (95% CI) Total (%) (n=539) Crude OR (95% CI)

Age group

15–29 y (reference) 72 (30.1) 1 155 (28.8) 1

30–39 y 53 (22.2) 0.77 (0.53–1.13) 119 (22.1) 0.78 (0.59–1.03)

40–49 y 50 (20.9) 0.72 (0.49–1.06) 129 (23.9) 0.86 (0.66–1.13)

50–59 y 55 (23.0) 0.64 (0.44–0.93) 112 (20.8) 0.55 (0.42–0.73)

60–69 y 9 (3.8) 0.33 (0.16–0.67) 24 (4.5) 0.36 (0.23–0.57)

Sex

Male (reference) 47 (19.7) 1 120 (22.3) 1

Female 191 (79.9) 1.69 (1.21–2.35) 419 (77.7) 1.50 (1.20–1.89)

Divers 1 (0.4) … 0 …

Occupational activity

Nurse (reference) 71 (29.7) 1 193 (35.8) 1

Physician 23 (9.6) 0.58 (0.36–0.95) 68 (12.6) 0.59 (0.43–0.80)

Other occupation with direct patient contact 54 (22.6) 1.27 (0.87–1.85) 110 (20.4) 0.90 (0.69–1.18)

Other occupation without direct patient contact 91 (38.1) 1.37 (0.99–1.91) 168 (31.2) 0.87 (0.68–1.10)

Vaccine

BNT162b2 (reference) 51 (21.3) 1 408 (75.7) 1

mRNA-1273 18 (7.5) 2.49 (1.43–4.34) 120 (22.3) 2.37 (1.83–3.06)

ChAdOx1-S 167 (69.9) 28.94 (20.43–41.00) 11 (2.0) 0.38 (0.20–0.71)

Ad26.COV2-S 3 (1.3) 32.24 (6.35–163.60) … …

BMI (n=237/535) … 1.00 (0.97–1.02) … 0.98 (0.96–1.00)

Any chronic disease 58 (24.3) 1.13 (0.83–1.55) 135 (25.0) 1.22 (0.98–1.53)

Immunosuppression 7 (2.9) 1.19 (0.54–2.66) 13 (2.4) 0.94 (0.50–1.76)

Antipyretic medication before first vaccination 55 (23.0) 5.48 (3.83–7.84) … …

Antipyretic medication before second vaccination … … 43 (8.0) 1.09 (0.76–1.56)

Significant ORs (95% CI) are presented in bold.

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019; OR, odds ratio; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
aPercentages may not total 100 because of rounding.
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highest increase (457%) observed among health-related work-
ers [30]. There are hardly any quantitative data on other
COVID-19-related absences. An international cross-sectional
study among surgeons found that during the first 10 weeks of
the pandemic, the proportion of surgeons absent because of
isolation, shielding, and family care was higher than the pro-
portion sick with COVID-19 [31]. COVID-19 vaccination
may help to directly reduce loss of workforce due to
SARS-CoV-2 infection and quarantine in health care settings
and elsewhere. Among the 251 survey participants who report-
ed a history of SARS-CoV-2 infection, nearly half of them suf-
fered from long COVID symptoms, and about one-quarter
described their working life as impaired by those symptoms,
a long-term burden possibly largely preventable by COVID-19
vaccination.

Limitations

The study is subject to limitations. First, the response rate was
low (13.9%), which makes the results prone to selection bias. In
our survey, we linked severe adverse reactions and sick leave.
Therefore, the option to report sick leave was not possible for
vaccinees with mild or moderate adverse reactions. As there
is sick pay in Germany, this link might have resulted in misin-
terpretation of vaccine reactogenicity. We also did not assess
half-days for sick leave that may have occurred in vaccinees
who got their vaccination early in the morning and fell sick
sometime later but were able to return to work the following
day. This is possibly the reason why some vaccinees who re-
ported sick leave after vaccination indicated 0 days off.
Because of different vaccine reactogenicity in seropositive
and seronegative vaccinees and 2 vaccination strategies for peo-
ple with a laboratory-confirmed SARS-CoV-2 infection, we

decided to focus the logistic regression analysis on vaccine re-
actogenicity in participants without a history of SARS-CoV-2
infection. Yet, we cannot rule out that unwittingly seropositive
vaccinees were included in our analysis. For the majority of
participants with a history of SARS-CoV-2 infection who
were fully vaccinated, we did not know whether the infection
occurred before, during, or after the vaccination. Finally, there
are other causes of pandemic-induced loss of workforce not ad-
dressed in the study, for example, the necessity to care for quar-
antined or SARS-CoV-2-positive children and relatives or
compulsory quarantine after entry from a country with a
high SARS-CoV-2 incidence.

Supplementary Data
Supplementary materials are available at Open Forum Infectious

Diseases online. Consisting of data provided by the authors to benefit the
reader, the posted materials are not copyedited and are the sole responsibil-
ity of the authors, so questions or comments should be addressed to the
corresponding author.
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Table 5. Comparison of Length of Sick Leave After COVID-19 Vaccination,
SARS-CoV-2 Infection, and SARS-CoV-2 Quarantine

Median (IQR) No. Summary

Sick leave in vaccinees without a history of SARS-CoV-2 infection

Potential sick leave in daysa

After first vaccination 2 (1–3) n=239 639

After second vaccination 2 (1–3) n=538c 1292

Actual sick leave in daysb

After first vaccination 1 (0–2) n=239 333

After second vaccination 1 (0–2) n=538c 770

Sick leave in vaccinees with a history of SARS-CoV-2 infectiond

Potential sick leave in daysa

After first vaccination 2 (2–4) n=41 138

After second vaccination 2 (1.5–4) n=24 65

Actual sick leave in daysb

After first vaccination 1 (1–2) n=41 82

After second vaccination 1 (0–2) n=24 31

Sick leave because of SARS-CoV-2
infection

14 (10–21)c n= 250 4642

Sick leave because of SARS-CoV-2
quarantine

14 (10–14)c n= 352 4710

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2.
aSurvey participantswere asked howmany days theywould have been unable to go towork
because of COVID-19 vaccination–associated adverse reactions if the vaccination day was
followed by days off (weekend, holidays, etc.).
bSurvey participants were asked how many days they actually were on sick leave.
cOne implausible value recoded to missing.
dSARS-CoV-2 infection may have occurred before, during, or after the vaccination process.

Table 4. Multivariable Logistic Regression of Severe Adverse Reactions
Resulting in Sick Leave After First and Second COVID-19 Vaccination by
Vaccine Type in Fully Vaccinated Participants Without a History of
SARS-CoV-2 Infection

Adjusted OR 95% CI P-value

Severe adverse reaction leave after first vaccinationa

BNT162b2 (reference) 1

mRNA-1273 2.26 1.28–4.01 .005

ChAdOx1-S 27.82 19.12–40.48 ,.001

Ad26.COV2-S 28.84 5.50–151.19 ,.001

Severe adverse reaction after second vaccinationb

BNT162b2 (reference) 1

mRNA-1273 3.72 1.99–6.96 ,.001

ChAdOx1-S 0.48 0.24–0.96 .038

Abbreviations: BMI, bodymass index; COVID-19, coronavirus disease 2019; OR, odds ratio;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
aAdjusted for age, sex, BMI, occupational activity, any chronic disease,
immunosuppression, antipyretic medication before first vaccination.
bAdjusted for age, sex, BMI, occupational activity, any chronic disease,
immunosuppression, antipyretic medication before second vaccination, vaccine received
in first vaccination.

6 • OFID • Bauernfeind et al

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/9/7/ofac203/6568535 by U

niversitaetsbibliothek user on 28 Septem
ber 2022

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac203#supplementary-data


Gilead Sciences, lecture fees fromMSD Sharp &Dohme. A.M.: travel grants
from Gilead Sciences. All other authors report no potential conflicts.
All authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.
Author contributions. S.B., G.H., F.H., and B.S. conceived and de-

signed the study. L.H., S.P., H.H., W.S., M.W., S.S., K.K., C.P., N.K.,
D.D., and N.Z. collected the data. S.B. and K.M. performed the analysis.
S.B., F.H., A.M., B.M.J.L., and B.S. wrote the paper.
Ethics approval and participant consent. The study was performed in

accordance with the ethical standards of the Helsinki Declaration. It was
approved by the ethics committee of the University of Regensburg
(Ref. number: 21-2479-101). No consent was obtained as the data were col-
lected and analyzed anonymously.

References
1. Nguyen LH, Drew DA, Graham MS, et al. Risk of COVID-19 among front-line

health-care workers and the general community: a prospective cohort study.
Lancet Public Health 2020; 5:e475–83.

2. Bellino S. COVID-19 vaccines approved in the European Union: current evidence
and perspectives. Expert Rev Vaccines 2021; 20:1195–9.

3. European Medicines Agency. EMA recommends Nuvaxovid for authorisation in
the EU. Available at: https://www.ema.europa.eu/en/news/ema-recommends-
nuvaxovid-authorisation-eu. Accessed 30 December 2021.

4. McDonald I, Murray SM, Reynolds CJ, et al. Comparative systematic review and
meta-analysis of reactogenicity, immunogenicity and efficacy of vaccines against
SARS-CoV-2. NPJ Vaccines 2021; 6:74.

5. Heath PT, Galiza EP, Baxter DN, et al. Safety and efficacy of NVX-CoV2373
Covid-19 vaccine. N Engl J Med 2021; 385:1172–83.

6. Barrett JR, Belij-Rammerstorfer S, Dold C, et al. Phase 1/2 trial of SARS-CoV-2
vaccine ChAdOx1 nCoV-19 with a booster dose induces multifunctional anti-
body responses. Nat Med 2021; 27:279–88.

7. Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy of the BNT162b2
mRNA Covid-19 vaccine. N Engl J Med 2020; 383:2603–15.

8. Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety of the mRNA-1273
SARS-CoV-2 vaccine. N Engl J Med 2021; 384:403–16.

9. Bauernfeind S, Salzberger B, Hitzenbichler F, et al. Association between reactoge-
nicity and immunogenicity after vaccination with BNT162b2. Vaccines 2021; 9:
1089.

10. Robert-Koch-Institut. COVID-19: entlassungskriterien aus der isolierung.
Available at: https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/
Entlassmanagement-Infografik.pdf?__blob=publicationFile. Accessed 10 October
2021.

11. Die Bundesregierung. Bund-länder-beschluss das sind die aktuellen
corona-regelungen. Available at: https://www.bundesregierung.de/breg-de/
themen/coronavirus/corona-diese-regeln-und-einschraenkung-gelten-1734724.
Accessed 8 January 2022.

12. Robert-Koch-Institut. Kontaktpersonennachverfolgung bei SARS-CoV-2-
infektionen. Available at: https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_
Coronavirus/Kontaktperson/Grafik_Kontakt_allg.pdf?__blob=publicationFile.
Accessed 10 October 2021.

13. Bauernfeind S, Hitzenbichler F, Huppertz G, et al. Brief report: attitudes towards
Covid-19 vaccination among hospital employees in a tertiary care university
hospital in Germany in December 2020. Infection 2021; 49:1307–11.

14. Vygen-Bonnet S, Koch J, Bogdan C, et al. Beschluss der STIKO zur
3. Aktualisierung der COVID-19-Impfempfehlung und die dazugehörige wissen-
schaftliche begründung. Epidemiol Bull 2021; 12:13–25.

15. Harris PA, Taylor R, Thielke R, et al. Research Electronic Data Capture (REDCap)
—a metadata-driven methodology and workflow process for providing transla-
tional research informatics support. J Biomed Inform 2009; 42:377–81.

16. Vygen-Bonnet S, Koch J, Bogdan C, et al. Beschluss der STIKO zur
8. Aktualisierung der COVID-19-impfempfehlung und die dazugehörige wissen-
schaftliche begründung. Epidemiol Bull 2021; 27:14–31.

17. Hervé C, Laupèze B, Del Giudice G, et al. The how’s and what’s of vaccine reac-
togenicity. NPJ Vaccines 2019; 4:39.

18. Klein SL, Flanagan KL. Sex differences in immune responses. Nat Rev Immunol
2016; 16:626–38.

19. Levi ML, McMillan D, Dhandha V, et al. COVID-19 mRNA vaccination, reac-
togenicity, work-related absences and the impact on operating room staffing: a
cross-sectional study. Perioper Care Oper Room Manag 2021; 25:100220.

20. Kadali RAK, Janagama R, Peruru S, Malayala SV. Side effects of BNT162b2
mRNA COVID-19 vaccine: a randomized, cross-sectional study with detailed
self-reported symptoms from healthcare workers. Int J Infect Dis 2021; 106:
376–81.

21. Kadali RAK, Janagama R, Peruru S, et al. Non-life-threatening adverse effects
with COVID-19 mRNA-1273 vaccine: a randomized, cross-sectional study on
healthcare workers with detailed self-reported symptoms. J Med Virol 2021;
93:4420–9.

22. Ziemann M, Görg S. Inability to work after corona vaccination in medical staff.
Dtsch Arztebl Int 2021; 118:298–9.

23. Bauswein M, Peterhoff D, Plentz A, et al. Neutralization of SARS-CoV-2 Delta
variant is increased after heterologous ChAdOx1 nCoV-19/BNT162b2 versus ho-
mologous BNT162b2 vaccination. iScience 2022; 25:103694.

24. Centers for Disease Control and Prevention. Interim considerations for COVID-19
vaccination of healthcare personnel and long-term care facility residents: vaccine rec-
ommendations and guidelines of the ACIP. Available at: https://www.cdc.gov/
vaccines/hcp/acip-recs/vacc-specific/covid-19/clinical-considerations.html. Accessed
13 December 2021.

25. Blais JE,Wei Y, Chui CSL, et al. Inconsistent safety outcome reporting in random-
ized clinical trials of COVID-19 vaccines complicates informedmedical decisions.
Drug Saf 2021; 44:1121–3.

26. Menni C, Klaser K, May A, et al. Vaccine side-effects and SARS-CoV-2 infection
after vaccination in users of the COVID Symptom Study app in the UK: a pro-
spective observational study. Lancet Infect Dis 2021; 21:939–49.

27. Krammer F, Srivastava K, Alshammary H, et al. Antibody responses in seropos-
itive persons after a single dose of SARS-CoV-2 mRNA vaccine. N Engl J Med
2021; 384:1372–4.

28. Prezant DJ, Zeig-Owens R, Schwartz T, et al. Medical leave associated with
COVID-19 among emergency medical system responders and firefighters in
New York City. JAMA Netw Open 2020; 3:e2016094.

29. Westerlind E, Palstam A, Sunnerhagen KS, Persson HC. Patterns and predictors
of sick leave after Covid-19 and long Covid in a national Swedish cohort. BMC
Public Health 2021; 21:1023.

30. Calvo-Bonacho E, Catalina-Romero C, Fernández-Labandera C, et al.
COVID-19 and sick leave: an analysis of the Ibermutua cohort of over
1,651,305 Spanish workers in the first trimester of 2020. Front Public Health
2020; 8:580546.

31. COVIDSurg Collaborative. COVID-19-related absence among surgeons: devel-
opment of an international surgical workforce prediction model. BJS Open
2021; 5:zraa021.

COVID-19-Related Absences • OFID • 7

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/9/7/ofac203/6568535 by U

niversitaetsbibliothek user on 28 Septem
ber 2022

https://www.ema.europa.eu/en/news/ema-recommends-nuvaxovid-authorisation-eu
https://www.ema.europa.eu/en/news/ema-recommends-nuvaxovid-authorisation-eu
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Entlassmanagement-Infografik.pdf?__blob=publicationFile
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Entlassmanagement-Infografik.pdf?__blob=publicationFile
https://www.bundesregierung.de/breg-de/themen/coronavirus/corona-diese-regeln-und-einschraenkung-gelten-1734724
https://www.bundesregierung.de/breg-de/themen/coronavirus/corona-diese-regeln-und-einschraenkung-gelten-1734724
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Kontaktperson/Grafik_Kontakt_allg.pdf?__blob=publicationFile
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Kontaktperson/Grafik_Kontakt_allg.pdf?__blob=publicationFile
https://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/covid-19/clinical-considerations.html
https://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/covid-19/clinical-considerations.html

	Health Care Workers’ Sick Leave due to COVID-19 Vaccination in Context With SARS-CoV-2 Infection and Quarantine—A Multicenter Cross-Sectional Survey
	METHODS
	Study Design and Participants
	Survey Content
	Demographic Characteristics
	COVID-19 Vaccination
	SARS-CoV-2 Infection and Quarantine

	Technical Information and Statistics

	RESULTS
	Baseline Characteristics
	COVID-19 Vaccination
	Sick Leave After COVID-19 Vaccination
	Sick Leave After COVID-19 Vaccination According to Vaccine
	Loss of Workforce due to COVID-19 Vaccination, SARS-CoV-2 Infection, and SARS-CoV-2 Quarantine Leave

	DISCUSSION
	Limitations
	Supplementary Data
	Acknowledgments
	References


