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Abstract

Background As vaccines for COVID-19 became available, many countries introduced an obligation in 2021

for employees to prove their COVID-19 status at work, known in Germany as the 3G rule (vaccinated, recovered,
tested). In view of the controversial debate, there was concern that employees might try to avoid providing manda-
tory COVID-19 certificates by taking sick leave. The aim of this study was to investigate whether mandatory COVID-19
tests in the workplace led to such an evasive response.

Method For an empirical panel analysis, we collected data from official sources and combined aggregated health
insurance data on sick leave, epidemiological data on laboratory-confirmed COVID-19 infections, and vaccination
rates for the German states from September 2021 to January 2022. We used a regional panel data analysis to estimate
the impact of the mandatory COVID-19 certificates at the workplace on workers'sick leave. The regional vaccination
rate reflected differences in treatment intensity.

Results This study contributes to the limited evidence on the potential impact of introducing mandatory COVID-19
certificates at the workplace on sickness absence rates. In fact, our results showed that after controlling for infection
rates, a one percentage point lower vaccination rate led to a 0.021 percentage point increase in the sickness absence
rate when the 3G rule came into effect. This effect was measured with high statistical precision. In addition, in robust-
ness checks, we controlled for a number of other possible influencing factors that may have affected sickness behav-
iours, such as time-varying labour market situations. However, the results remained robust.

Conclusions The results of our empirical panel analysis implied that mandatory COVID-19 certificates in the work-
place led to evasive responses and to additional days of sick leave of a relevant magnitude. Testing obligations were
meant to help contain the epidemic. However, when introducing controversial obligations, it is important to consider
evasive responses and to design the rules appropriately and communicate them convincingly.
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Introduction

The COVID-19 pandemic not only caused recessions due
to declining demand but also large-scale decreases in the
number of hours worked [1], particularly as a result of
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the widespread use of short-time working arrangements
[2]. However, on the employees’ side there was also a
decrease in the number of hours worked due to COVID-
19. Reasons for this included COVID-19 infections [3,
4], quarantine periods [5] and the absence of parents due
to the closure of schools and childcare facilities [6—8].
In Germany, just under 40 percent of establishments
reported such employee-associated reductions in the
number of hours worked in January 2022 [9].

In this study we examined a further possible cause of
the decline in hours worked. In 2021 many countries
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introduced an obligation for employees to prove their
COVID-19 status at work [10] to reduce the risk of infec-
tion at work, especially in cases where working from
home was not possible [11].

The European Union established the Green Digi-
tal Certificate in 2021, which documents the vaccina-
tion, recovery of a person from COVID-19 or a negative
COVID-19 test result carried out in the previous 48 h
[12]. Certification has been introduced in many areas,
e.g. for international travel or in a domestic context for
access to facilities, and in some countries for access to
the workplace [13]. In Germany in November 2021, the
so-called 3G rule for workers to be vaccinated (Geimpft),
recovered (Genesen), or tested (Getestet) was introduced
at the workplace, i.e., employees required proof of vacci-
nation, proof of recovery or a negative antigen (or PCR)
test to gain access at work. In this way, the chain of infec-
tion could be broken at an early stage, preventing a major
outbreak in an organisation.

The employee’s test result had to be available digitally
or in writing. Testing in the workplace was possible under
supervision. A rapid test was valid for 24 h; a PCR test for
48 h. The 3G rule and the associated controls meant that
unvaccinated employees now had to undergo a COVID-
19 test far more frequently on every working day. Employ-
ers had to offer their employees at least two rapid tests
per week and bear the costs for them unless they worked
exclusively from home. Consequently, unvaccinated
workers had to pay part of the cost of testing.

As of December 2021, approximately 83% of employ-
ees were vaccinated or have recovered (2G), meaning
that approximately one in six still needed regular testing.
In total, approximately a quarter of the employees were
tested daily at that time, as some employees with 2G sta-
tus also had themselves tested [14]. This could have led
to evasive reactions from employees who, for example,
opposed the testing obligation or were annoyed about
it. There were thus concerns that employees might try to
circumvent this obligation by taking sick leave. This must
also be seen in the light of the fact that debates surround-
ing COVID-19 policies have often been very intense and
ideological.

The few findings available regarding the effects of
mandatory certificates proving vaccination, recovery or
a negative test in the workplace suggest that changes in
behaviour can occur (see [10] for an overview). There is
evidence, for instance, that restricting access to the work-
place to people with COVID-19 status certificates can
lead to a minority of the unvaccinated population delib-
erately exposing themselves to a COVID-19 infection
to obtain a certificate [10]. In addition, the requirement
to present a COVID19 status certificate at work may
increase vaccine uptake [15, 16].
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This paper contributes to the limited evidence on the
potential impact of introducing mandatory COVID-19
certificates in the workplace. To the best of our knowl-
edge, our study is the first to use a consistent empirical
framework to estimate the effects on the sickness absence
rate of workers. Specifically, we examined whether
employees circumvented the mandatory COVID-19 cer-
tificate by taking sick leave. We identified such an effect by
exploiting the substantial differences between the vacci-
nation rates of Germany’s federal states. The more unvac-
cinated people there were in a state, the more strongly the
sickness absence rate would react if an effect existed.

Method

Data collection

For the empirical analysis, we combine aggregated data at
the level of the German federal states with health insur-
ance data on the one hand and epidemiological data on
the other. We collected aggregate COVID-19 pandemic-
related data as well as data on sick leave absence rates
from health insurance funds at the national and federal
state levels. The aggregated data used are freely available
for download on the official websites of the institutions.

The epidemiological data were obtained from the Rob-
ert Koch Institute (RKI), which is the government’s cen-
tral scientific institution for safeguarding public health
in Germany. The RKI translates laboratory-confirmed
COVID-19 infection data reported to the local public
health authorities into statistical data. Only cases that
meet the reference definition are published as RKI statis-
tics. These are COVID-19 cases for which there is labo-
ratory diagnostic evidence by nucleic acid detection (e.g.,
PCR) or pathogen isolation. We utilised the COVID-19
infection rates in the 15-59 age group in relation to the
corresponding population group [17]. Furthermore, the
vaccination rates of people with basic immunisation in the
18-59 age group, in other words, those who had received
two doses, were included in the estimate [18]. These data
are also compiled by the RKI from the vaccination data
reported by service providers (vaccination centres, mobile
teams, doctors, etc.) and published as corresponding sta-
tistics. The summary of the 18-59 age group in terms of
vaccination statistics is related to legislation."

As shown in Fig. 1, regional differences were gener-
ally most pronounced between western and eastern
Germany, with significantly lower vaccination rates in
the eastern states (including BB, BE, MV, SN, ST, and
TH). An additional file provides an overview of the

! The German ordinances, which regulate COVID-19 vaccinations in detail,
also specify the information to be reported on the vaccinated individuals.
With regard to age, information is reported in 5 age groups: 0—4 years,
5-11 years, 12—17 years, 18—59 years and 60 years and over.
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Fig. 1 Differences in the vaccination and sick leave rates by German federal state compared to the national value (monthly averages from October
2021 to January 2022). Vaccination rates of those with basic immunisation aged 18 to 59. Abbreviations: BB, Brandenburg; BE, Berlin; BW, Baden
Wurttemberg; BY, Bavaria; HB, Bremen; HH, Hamburg; HE, Hesse; MV, Mecklenburg Western Pomerania; NI, Lower Saxony; NW, North Rhine
Westphalia; RP, Rhineland Palatinate; SL, Saarland; SN, Saxony; ST, Saxony-Anhalt; SH, Schleswig Holstein; TH, Thuringia

different vaccination rates in the federal states at the
end of September 2021 and January 2022, respectively
(see Additional file 1).

In addition, we used data from health insurance provid-
ers on sickness absence rates in Germany. These data are
based on analyses of days of sick leave of some four mil-
lion employees who have statutory health insurance from
a company health insurance fund (Betriebskrankenkassen,
BKK) [19]. In Germany, employees are entitled to full con-
tinued payment of wages by their employer for a maximum
of six weeks in the case of sickness. The sickness absence
rate is calculated on the basis of days of sick leave reported
and indicates the percentage of calendar days in the obser-
vation period during which each employee was unable to
work on average due to sickness. Furthermore, the aver-
age number of days of sick leave is also available by major
diagnostic category according to the International Statisti-
cal Classification of Diseases and Related Health Problems
(ICD). The course of the sickness absence rate based on
the BKK largely corresponds to that of all statutory health
insurance funds in Germany (see Fig. 2); the structure of
the BKK members does not differ substantially from that of
the entire workforce. The figures in the additional file show
an overview of the different development of sick leave rates
in the federal states for the months of September 2021 to
January 2022 in more detail (see Additional file 2).

The estimate was conducted using monthly data
aggregated at the federal state level from September

2021 onwards. Information regarding the vaccination
rates was available from this time onwards. Further-
more, from September onwards the infections were
almost entirely dominated by the Delta variant. The
study period ended in January 2022. In Germany, the
3G rule (vaccinated, recovered, tested) in the workplace
came into force on 24 November 2021 and thus relates
mainly to December and January in these data. As of 19
March 2022, the 3G rules in the workplace was relaxed
again; since then, establishments have been allowed to
make their own decisions about protective measures.
The effect of COVID-19 on the sickness absence rate
was indeed stronger in federal states with lower vaccina-
tion rates. A 3G effect (in other words, an evasion effect)
could not simply be inferred from this observation, how-
ever. It is also obvious that the sickness absence rate was
higher when the vaccination rate was low because more
infections would occur and because COVID-19 is more
serious in unvaccinated people (although vaccination side
effects could also increase the sickness absence rate).

Data analysis

We considered this kind of correlation in a regional
panel data analysis and utilised the considerable dif-
ferences between the vaccination rates in the federal
states. The more unvaccinated people there were in a
federal state, the more strongly the sickness absence
rate would respond if there was a 3G effect.
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Fig. 2 Monthly sick leave of employed health insurance members as percentages over time (January 2019 to January 2022). Deviations

in the sickness absence rate may also be due to the different recording of the two statistics. The sickness absence rate on the basis of all statutory
health insurance funds is calculated based on monthly average values from information on the cut-off dates on the first of the month, which are
published by the Federal Ministry of Health (curve “Total"). The sickness absence rate of BKK employees corresponds to the days of incapacity

to work in the entire reporting month (curve “BKK"). Abbreviation: BKK, Betriebskrankenkassen

The sickness absence rate served as the dependent vari-
able. We used federal state fixed effects to control for the
general characteristics of the states (such as the sector
composition of people who could potentially work from
home). Time fixed effects took into account month-spe-
cific features, including seasonal effects. Furthermore, it
was important to control for the regional development
of the pandemic. First, the COVID-19 infection rate was
used to consider differences in the infection burden. This
also measured whether more infections were recorded
due to the testing requirements involved in the 3G rule
than had previously been the case. Second, the COVID-
19 infection rate interacted with the vaccination rate, as
infections can be more serious for unvaccinated peo-
ple and may accordingly lead to more sick leave. Third,
the base effect of the vaccination rate was also taken
into account. This would also capture cases of sick leave
resulting from vaccination side effects. Finally, the vacci-
nation rate interacted with a 3G rule (December/January)
dummy. This interaction measured the strength of the
post-treatment effect due to the introduction of the 3G
rule. The panel model is shown in Eq. (1):

sickis =c1 + cainf ;, + c3inf;, X vaci + cavacy

1
+ csvaciy x 3Gy + wi + v + €ir ()

where c is the coefficients, sick is the sickness absence
rate, inf is the COVID-19 infection rate, vac is the vac-
cination rate, 3G is the December/January dummy, y; is

the regional fixed effects, y; is the time fixed effects and
eir is the error terms (which were verified to be serially
uncorrelated). The index for the states is denoted by
i=1,...,16 and the time indexbyt =1, ...,5.

A 3G effect could be assumed to exist if the vaccina-
tion rate of those individuals with basic immunisation in
December and January had a negative effect on the sick-
ness absence rate exceeding that of the previous months.
This procedure could be seen as a type of difference-in-
differences approach with December 2021 as the treat-
ment date. We used a special application of this approach
by replacing the binary treatment with the “bite’, i.e., dif-
ferent vaccination rates. We borrowed this procedure
from the literature that measured the effects of a nation-
wide minimum wage on employment; see, for instance,
Card [20] or recent applications in Bauer and Weber [21]
and Caliendo et al. [22]. Using regional panel data analy-
sis, the different model estimations of the determinants
of sickness absence were carried out with the statistical
and econometric software package EViews version 10
(IHS Global Inc, United States). The results table shows
the coeflicients and t values of the different models.

Results

The results of the estimation are shown in Table 1 (Model
1). A higher COVID-19 infection rate increased the sick-
ness absence rate, as expected. The vaccination rate had
a statistically nonsignificant negative effect, which may
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Table 1 Panel regression results for the regional sickness absence rates and robustness checks

Model 1 Model 2 Model 3 Model 4

coef tvalue coef tvalue coef tvalue coef tvalue
constant 6.281 (2.83) 6.274 (2.80) 5.831 (2.22) 4404 (1.58)
infection rate 0.269 (3.63) 0.264 (2.22) 0.217 (0.95) 0.307 (3.47)
infection rate x vaccination rate 0.0001 (0.06) 0.0001 (0.10) 0.001 (0.23) -0.0003 (-0.31)
vaccination rate -0.007 (-0.23) -0.006 (-0.22) 0.001 (0.04) -0.005 (-0.18)
vaccination rate x 3G -0.021 (-8.67) -0.020 (-4.29) -0.026 (-2.34) -0.019 (-6.78)
vaccination rate x Nov - - -0.0006 (-0.11) - - - -
booster - - - - -0.039 (-1.18) -
infection rate x booster - - - - -0.0006 (-0.16) - -
booster x 3G - - - - 0.043 (1.35) - -
unemployment rate - - - - - - 0.293 (2.38)
short-time rate - - - - - - -0.012 (-0.22)

t values in parentheses (white period cluster)

Abbreviations: coef coefficient, 3G 3G rule (vaccinated, recovered, tested), Nov November onwards dummy

have been due to side effects [23]; reduction in infec-
tions due to vaccination was already controlled for by
the COVID-19 infection rate variable. What was decisive
for our research question was the interaction term of the
vaccination rate and the 3G dummy, whose effect was
estimated to be highly significant at -0.021. This means
that a one percentage point lower vaccination rate led to
an increase in the sickness absence rate by 0.021 percent-
age points when the 3G rule came into force.

To illustrate the significance of the estimation results,
we considered counterfactual scenarios. If the vaccina-
tion rates of the eight states with the lowest values had
equalled the average of the eight with the highest values,
the sickness absence rate in December would hypotheti-
cally have been 0.07 percentage points lower due to this
effect. If the vaccination rate of all the federal states had
equalled the average of the top three states, the sickness
absence rate would hypothetically have been 0.23 per-
centage points lower due to this effect. The costs associ-
ated with absenteeism are often substantially higher than
the daily wage, depending on the function of the absent
worker [24]. In 2020, the German Federal Institute for
Occupational Safety and Health [25] estimated the costs
of a day of sick leave in terms of lost production at 124
euros per employee. An extrapolation of this would result
in production loss costs of between 78.3 and 257.3 mil-
lion euros per day due to the higher sickness absence
rate.

No indication of autocorrelation was found in the
residuals. A lagged endogenous variable also played no
significant role in a generalized method of moments
(GMM) estimation [26].

While effects such as regional COVID-19 infection
rates and vaccinations were controlled for, it is important

that no unconsidered factor simultaneously altered the
effect of the vaccination rate. On November 1st, 2021,
two further regulations came into effect. First, unvac-
cinated employees would lose their entitlement to com-
pensation for loss of earnings in accordance with the
Infection Protection Act if they had to go into quarantine
[27]. Second, doctors were allowed to write a sick note
for respiratory illness following a telephone consultation.
We therefore conducted a robustness check using an
additional dummy from November onwards that inter-
acted with the vaccination rate (Table 1, Model 2). How-
ever, this turned out to be statistically nonsignificant (the
effect thus remained with the 3G dummy from Decem-
ber onwards). This nonsignificance of a pre-treatment
indicator also provided evidence supporting the common
trends assumption. Furthermore, especially from Decem-
ber onwards, there was a clear increase in the uptake of
booster vaccines, which had a stronger impact on states
whose vaccination rates were already high (double dose).
As a robustness check, we additionally incorporated into
the model the booster rate, the booster rate interaction
term with the COVID-19 infection rate and the booster
rate that interacted with the 3G dummy. The measured
3G effect then increased slightly from -0.021 to -0.026
(Table 1, Model 3). Furthermore, we controlled for the
time-varying labour-market situation in the states, which
may have influenced the sick leave behaviours. As prox-
ies, we used the regional unemployment rate [28] and the
regional rate of short-time workers [29]. However, the 3G
effect changed only marginally (Table 1, Model 4).

We also conducted our panel analysis using days of sick
leave according to major diagnostic category. The BKK
data on the days of sick leave per 100 employees permit-
ted a differentiation into eight different ICD diagnostic
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categories: “certain infectious and parasitic diseases
(A00-B99)’, “neoplasms (C00-D48)’, “mental and behav-
ioural disorders (FO0-F99)’, “diseases of the circulatory
system (I00-199)", “diseases of the respiratory system
(J00-J99)’, “diseases of the digestive system (K00-K93)’,
“diseases of the musculoskeletal system and connective
tissue (M00-M99)’, and “injury, poisoning and certain
other consequences of external causes (S00-T98)” The 3G
effect only appeared in the “respiratory system” category.
This category may have been well suited for circumven-
tion of the 3G rule because it includes common infec-
tious diseases such as the cold and flu, and there was the
possibility of telephone sick leave? in the pandemic.

Discussion

How does our study contribute to an understanding
of the use of the 3G rule in the workplace during the
COVID-19 pandemic? COVID-19 testing in the work-
place has become a standard protective measure in
German workplaces during periods of high incidence
and widespread availability of low-cost testing. Fre-
quent testing in the workplace can help break the chain
of transmission at an early stage and protect employees
from infection in the workplace. From April 2021, com-
panies in Germany were initially required to offer their
employees a COVID-19 test twice a week. However, even
before that, the uptake of voluntary testing in companies
was high: by the beginning of April 2021, two-thirds of
employees had already received a weekly voluntary test
offered by their employer [30]. In November 2021, the
mandatory test offer was then replaced by the 3G rule at
the workplace. The employer was now obliged to check
the relevant evidence before entering the workplace, even
if the 3G rule was not yet consistently adhered to by a
third of the companies in the beginning [31].

There was further loss of working hours related to 3G
rule, in addition to that caused by the testing itself. Our
results suggest that the 3G rule led to a considerable
amount of additional sick leave. Work absences due to
evasive reactions to the 3G rule through increased sick
leave alone were estimated at 2 million working days
in Germany for the period October 2021 to February
2022. This is approximately 5% of all absences from work
that were associated with increased sick leave during
this period [32]. These included COVID-19 infections,

2 To ease the burden on doctors’ surgeries and reduce the spread of the
virus, the usual method of obtaining a sick note was relaxed temporarily
during the pandemic: from November 2021 to March 2022 it was possible
to get a sick note for respiratory illness without visiting the doctor in per-
son; a doctor was able to write a sick note for up to 14 days following a tel-
ephone consultation.
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COVID-19 vaccine side effects, relaxed sick leave policies
and mandatory COVID-19 certificates in the workplace.

From a behavioural economics perspective, COVID-
19 certificates can also be interpreted as vaccination
incentives [33]. For example, the COVID-19 vaccination
certificate has been shown to increase vaccination cover-
age [13, 15, 16]. The financial and time costs associated
with testing can be a burden on employees, providing an
incentive to vaccinate. This works well for some groups.
However, it can have the opposite effect on those who
already distrust authorities [33]. For example, 21% of the
unvaccinated people said they would be even less likely to
be vaccinated if the 3G rule were made mandatory in the
workplace [34].

Other studies suggest that for a minority, a manda-
tory certificate may lead to deliberate exposure to
infection [10]. In addition, mandatory COVID-19
certificates may also entail criminal behaviour as fal-
sification and use of inaccurate vaccination or testing
records increases [35].

Since the first vaccines against COVID-19 appeared,
the public discourse on this issue has intensified consid-
erably, leading to a polarisation between vaccinated and
unvaccinated people [36]. In the public, it was argued
on the one hand that it is ethically justifiable to require
unvaccinated people to prove that they are not COVID-
19 positive through reliable proof. Thus, it is justified to
design individual cost—benefit incentives in such a way
that the benefit of vaccination is subjectively estimated to
be higher than the assumed personal costs and disadvan-
tages [37]. On the other hand, it has been argued that a
COVID-19 vaccination certificate can be seen as a form
of discrimination between those who have it and can
therefore exercise their constitutionally guaranteed free-
doms and those who do not and whose rights have been
suspended. Such a discriminatory mechanism may not be
justified, as all three conditions certified by the COVID-
19 certificate cannot scientifically guarantee the absence
of viral infection, as infection can also occur in places to
which only certified individuals have access [12].

Thus, in some regions in Germany, even the 3G rule
has succeeded only to a limited extent in counteracting
the reluctance to vaccinate. This is due to a number of
factors, including political affiliation and regional loca-
tion [38]. Particularly in federal states, where a higher
proportion of the population has a low level of accept-
ance and trust in authorities, there is greater dissatisfac-
tion with the 3G rule and a lower willingness to vaccinate
[13, 38, 39]. These are also often federal states with very
high incidences. In fact, our results also showed that
the evasive reactions to sick leave when the 3G rule was
introduced occurred mainly in federal states with low
vaccination rates.



Wanger and Weber BMC Public Health (2023) 23:1482

To minimise the potential disadvantages of a COVID-
19 certificate, it should be accompanied by a combina-
tion of measures. This includes equal access to testing,
vaccination and certification. Furthermore, it should be
ensured that no group loses access to an everyday activ-
ity due to the requirement of certification, especially if
income, health or education are affected [10]. Polarisa-
tion between vaccinated and unvaccinated individuals
should be avoided so that vaccination is perceived as a
health choice and not an ideological value choice [36].

Limitations

Difference-in-difference analyses are subject to the gen-
eral limitation that while common trends can be inves-
tigated pre-treatment, no definitive proof can be given
for the whole sample. We checked other plausible factors
that may have simultaneously altered the effect of the
vaccination rate. Notwithstanding, we could not com-
pletely rule out that further relevant factors remained
unconsidered.

The usual caveats apply to the generalisability and rele-
vance of the results and conclusions of this study to other
countries. Specific reasons for this include differences
between countries in terms of health and epidemiologi-
cal data and political as well as information strategies for
COVID-19.

Conclusion

In this paper, we quantified the impact of mandatory
workplace COVID-19 certificates for employees on
sickness absence by combining health insurance data
and epidemiological data and analysing them at the
state level for the period September 2021 to January
2022. The results of our empirical panel analysis pro-
vide evidence that workplace testing requirements lead
to evasive responses. These reactions correspond to the
willingness to vaccinate against COVID-19. Thus, a one
percentage point lower vaccination rate, controlling for
infection rates, led to a 0.021 percentage point increase
in sickness-related absenteeism by the time the 3G rule
came into force. These evasive reactions do not necessar-
ily imply a violation of duties. They may have been genu-
ine illnesses that would not otherwise have led to a sick
leave note. It is therefore important to consider evasive
responses when introducing controversial measures and
to design the regulations appropriately and communicate
them convincingly.

Future research could address mandatory certificate
effects on absenteeism in other countries to ascertain
the external validity of our results. One important aspect
would be to increase the uptake of health certificates in
regions and populations with less trust in government
interventions.
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Abbreviations
COVID-19  Coronavirus disease 2019
3G Vaccinated, recovered, tested (Geimpft, Genesen, Getestet)
PCR Polymerase chain reaction
2G Vaccinated, recovered (Geimpft, Genesen)
RKI Robert Koch Institute
BB Brandenburg
BE Berlin
BW Baden Wurttemberg
BY Bavaria
HB Bremen
HH Hamburg
HE Hesse
MV Mecklenburg Western Pomerania
NI Lower Saxony
NW North Rhine Westphalia
RP Rhineland Palatinate
SL Saarland
SN Saxony
ST Saxony-Anhalt
SH Schleswig Holstein
TH Thuringia
BKK Company health insurance funds (Betriebskrankenkassen)
ICD International Statistical Classification of Diseases and Related
Health Problems
coef Coefficient
GMM Generalized method of moments

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-023-16415-y.

Additional file 1: Figures A1. Rate of full vaccination by federal states in
Germany.

Additional file 2: Figures A2. Sickness absence rates by federal states in
Germany.

Acknowledgements

We are grateful to Benjamin Lochner (Institute for Employment Research
Nuremberg, Germany) fur helpful comments and to the reviewers and editors
for their constructive feedback which helped improve the manuscript.

Authors’ contributions
Allauthors contributed to the article. Data collection was performed by SW and data
analysis by EW.The manuscript was written and approved jointly by the authors.

Funding
Open Access funding enabled and organized by Projekt DEAL. No funds,
grants, or other support was received.

Availability of data and materials

Already prepared, published data are used within the framework of a second-
ary data analysis. The data on which the results of this study are based are freely
available from the Robert Koch Institute (www.rki.de), the company health
insurance funds (www.bkk-dachverband.de) and the Federal Employment
Agency (https://statistik.arbeitsagentur.de/). Code available upon request.

Declarations

Ethics approval and consent to participate

Not applicable: For the analysis of health insurance data, a purpose limitation in
the sense of a corresponding legal basis is necessary. In the case of the monthly
statistics of the BKK as well as other statistics on health reporting in Germany,
this legal basis can be found in §20a/b SGB V (Social Code). The basic data
protection legal framework for the analyses is Article 9 DSVGO (European Data
Protection Regulation) paragraph 2 h in conjunction with Article 6 (DSVGO).

All analyses published by the company health insurance funds are, without


https://doi.org/10.1186/s12889-023-16415-y
https://doi.org/10.1186/s12889-023-16415-y
http://www.rki.de
http://www.bkk-dachverband.de
https://statistik.arbeitsagentur.de/

Wanger and Weber BMC Public Health

(2023) 23:1482

exception, aggregated data for which traceability to individual persons is
excluded.

Consent for publication
Not applicable.

Competing interests
The authors have no competing interests to declare that are relevant to the
content of this article.

Received: 2 August 2022 Accepted: 27 July 2023
Published online: 03 August 2023

References

1.

Anderton R, Botelho V, Consolo A, Da Silva AD, Foroni C, Mohr M, Vivian L.
The impact of the COVID-19 pandemic on the euro area labour market.
European Central Bank. Economic Bulletin Articles. 2021;8. https:/ideas.
repec.org/a/ecb/ecbart/202100082.html. Accessed 26 June 2023.
Herzog-Stein A, NUR P, Peede L, Stein U. Germany's labour market in
coronavirus distress - New challenges to safeguarding employment. IMK
Working Paper. 2021;209. https://www.econstor.eu/bitstream/10419/
237907/1/p-imk-wp-209-2021.pdf. Accessed 26 June 2023.

OECD (Organization for Economic Co-operation and Development).
Health at a glance 2021: OECD indicators. 2021. https://doi.org/10.1787/
ae3016b9-en.

Jannsen N. Pandemiebedingte Arbeitsausfalle und Wirtschaftsleis-

tung. Wirtschaftsdienst. 2022;102(3):239-40. https://doi.org/10.1007/
$10273-022-3141-4.

Busato F, Chiarini B, Cisco G, Ferrara M, Marzano E. Lockdown policies: a
macrodynamic perspective for COVID-19. Economia. 2021,22(3):198-213.
https://doi.org/10.1016/j.econ.2021.11.003.

Collins C, Landivar LC, Ruppanner L, Scarborough WJ. COVID-19 and

the gender gap in work hours. Gend Work Organ. 2020;28(51):101-12.
https://doi.org/10.1111/gwao.12506.

Fuchs-Schiindeln N, Krueger D, Ludwig A, Popova . The long-term distri-
butional and welfare effects of Covid-19 school closures. NBER Working
Paper 27773. 2020. https://www.nber.org/system/files/working_papers/
w27773/w27773.pdf. Accessed 26 Jun 2023.

Reichelt M, Makovi K, Sargsyan A. The impact of Covid-19 on gender
inequality in the labor market and gender-role attitudes. Eur Soc.
2021,23(sup1):228-45. https://doi.org/10.1080/14616696.2020.1823010.
IAB (Institute for Employment Research). Knapp 40 Prozent der Betriebe
sind von Corona-bedingten Arbeitsausfallen betroffen. Press release of
the IAB 22.02.2022. 2022. https://iab.de/presseinfo/knapp-40-prozent-
der-betriebe-sind-von-corona-bedingten-arbeitsausfaellen-betroffen/.
Accessed 26 June 2023.

. Drury J,Mao G, John A, Kamal A, Rubin GJ, Stott C, Vandrevala T, Marteau

TM. Behavioural responses to Covid-19 health certification: a rapid
review. BMC Public Health. 2021,21:1205. https://doi.org/10.1186/
512889-021-11166-0.

Rosella LC, Agrawal A, Gans J, Goldfarb A, Sennik S, Stein J. Large-scale
implementation of rapid antigen testing system for COVID-19 in work-
places. Sci Adv. 2022;8(8):eabm3608. https://doi.org/10.1126/sciadv.
abm3608.

. Vergallo GM, Del Rio A, Negro F, Zaami S. COVID-19 vaccine mandates:

What are the current European public perspectives. Eur Rev Med Pharma-
col Sci. 2022;26:643-52.

. Mills MC, Rittenauer T. The effect of mandatory COVID-19 certificates

on vaccine uptake: synthetic-control modelling of six countries.
Lancet Public Health. 2022;7(1):e15-22. https://doi.org/10.1016/52468-
2667(21)00273-5.

. Thomsen SL, Trunzer J. 3G am Arbeitsplatz: zur Situation in niedersach-

sischen Unternehmen Ende 2021. Wirtschaftsdienst. 2022;102:127-32.
https://doi.org/10.1007/510273-022-3111-x.

. Attwell K, Rizzi M, McKenzie L, Carlson SJ, Roberts L, Tomkinson S, Blyth

CC. COVID-19 vaccine Mandates: An Australian attitudinal study. Vac-
cine. 2022;40(51):7360-9. https://doi.org/10.1016/j.vaccine.2021.11.056.

20.

21.

23.

24.

25.

26.

27.

28.

29.

30.

34.

35.

6.

Page 8 of 9

Reno C, Sanmarchi F, Stoto MA, Fantini MP, Lenzi J, Golinelli D. The
impact of health policies and vaccine rollout on the COVID-19 pan-
demic waves in Italy. Health Policy Technol. 2022;11(2):100604. https://
doi.org/10.1016/).hIpt.2022.100604.

RKI (Robert Koch Institute). SARS-CoV-2 infections in Germany. Zenodo
Berlin. 2022. https://doi.org/10.5281/zenod0.5989727.

RKI (Robert Koch Institute). COVID-19 vaccinations in Germany. Zenodo
Berlin. 2022. https://doi.org/10.5281/zenod0.6375012.

BKK (Dachverband der Betriebskrankenkassen). Statistik Monatlicher
Krankenstand, Monatsstatistik Januar 2022. 2022. https://www.bkk-dachv
erband.de/statistik/monatlicher-krankenstand. Accessed 19 May 2022.
Card D. Using regional variation in wages to measure the effects of the
federal minimum wage. ILR Rev. 1992;46(1):22-37. https://doi.org/10.
1177/001979399204600103.

Bauer A, Weber E. Lockdown length and strength: labour-market effects in Ger-
many during the COVID-19 pandemic. IAB-Discussion Paper 10. 2021. https.//
dokuiab.de/discussionpapers/2021/dp1021.pdf. Accessed 19 May 2022.

. Caliendo M, Fedorets A, Preuss M, Schroder C, Wittbrodt L. The short-run

employment effects of the German minimum wage reform. Labour Econ.
2018;53:46-62. https://doi.org/10.1016/j.labeco.2018.07.002.

Ziemann M, Gorg S. Inability to Work After Corona Vaccination in Medical
Staff. Dtsch Arztebl Int. 2021;118(17):298-9. https://doi.org/10.3238/arzte
bl.m2021.0205.

Nicholson S, Pauly MV, Polsky D, Sharda C, Szrek H, Berger ML. Measuring
the effects of work loss on productivity with team production. Health
Econ. 2006;15(2):111-23. https://doi.org/10.1002/hec.1052.

BAUA (Bundesanstalt fiir Arbeitsschutz und Arbeitsmedizin). Volk-
swirtschaftliche Kosten durch Arbeitsunfahigkeit 2020. 2020. https://
www.baua.de/DE/Themen/Arbeitswelt-und-Arbeitsschutz-im-Wandel/
Arbeitsweltberichterstattung/Kosten-der-AU/pdf/Kosten-2020.pdf?__
blob=publicationFile&v=2. Accessed 19 May 2022.

Arellano M, Bover O. Another look at the instrumental variables estima-
tion of error-components models. J Econom. 1995;68(1):29-51. https://
doi.org/10.1016/0304-4076(94)01642-D.

Sagan A, Schuller C. Covid-19 and labour law in Germany. Eur Labour Law
1.2020;11(3):292-7. https://doi.org/10.1177/2031952520934566.
Bundesagentur flr Arbeit. Arbeitslosigkeit im Zeitverlauf Alo-Quoten
Nurnberg April 2022. 2022. https:/statistik.arbeitsagentur.de/Statistikd
aten/Detail/Aktuell/iiia4/zr-alo-bl/zr-alo-bl-dwolr-0-xIsx xIsx?__blob=
publicationFile&v=1. Accessed 19 May 2022.

Statistik der Bundesagentur flr Arbeit. Tabellen Realisierte Kurzarbeit
(hochgerechnet) (Monatszahlen) - Nurnberg Mai 2022. 2022. https://stati
stik. arbeitsagentur.de/Statistikdaten/Detail/Aktuell/iiia7/kurzarbeit-hr/
kurzarbeit-hr-dlkrdaa-0-xIsx xlsx;jsessionid=E20CF5B5C802F7E88D91
7678B162CFA8?__blob=publicationFile&v=1. Accessed 19 May 2022.
Bonin H, Krause-Pilatus A, Rinne U. Arbeitssituation und Belastung-
sempfinden von abhangig Beschaftigten im von der Corona-Pandemie
gepragten Jahr 2021: Zentrale Ergebnisse reprasentativer Befragungen
von Februar bis September 2021 Endbericht. 2021. https://www.ssoar.
info/ssoar/handle/document/77181. Accessed 23 June 2023.

. Kunze F, Zimmermann S. Die Transformation zu einer hybriden Arbe-

itswelt: Ergebnisbericht zur Konstanzer Homeoffice Studie 2020-2022.
2022. https://kops.uni-konstanz.de/server/api/core/bitstreams/ca63bff5-
1dfd-43dd-a741-543ab2babdc1/content. Accessed 23 June 2023.

. Wanger S, Weber E. Krankheits- und quaranténebedingte Arbeitsausfalle

legen in der vierten und fuinften Welle der Pandemie deutlich zu. IAB-
Forum 21. Médrz 2022. 2022. https://doi.org/10.48720/IAB.FO0.20220321.01.

. Keser C, Rau HA. Determinants of people’s motivations to approach

COVID-19 vaccination centers. Sci Rep. 2023;13(1):5282, 1-10. https://doi.
0rg/10.1038/541598-023-30244-4.

Forsa. Befragung von nicht geimpften Personen zu den Griinden fur die
fehlende Inanspruchnahme der Corona-Schutzimpfung. Ergebnisbericht
18. Oktober 2021. 2021. https.//www.bundesgesundheitsministerium.de/
fileadmin/Dateien/3_Downloads/C/Coronavirus/Befragung_Nichtgeimp
fte_-_Forsa-Umfrage_Okt_21.pdf. Accessed 23 June 2023.

Lamberty P. Causes of belief in conspiracy narratives and recommenda-
tions for successful risk communication in healthcare. Bundesgesund-
heitsblatt Gesundheitsforschung Gesundheitsschutz. 2022;65(5):537-44.
https://doi.org/10.1007/500103-022-03524-z.


https://ideas.repec.org/a/ecb/ecbart/202100082.html
https://ideas.repec.org/a/ecb/ecbart/202100082.html
https://www.econstor.eu/bitstream/10419/237907/1/p-imk-wp-209-2021.pdf
https://www.econstor.eu/bitstream/10419/237907/1/p-imk-wp-209-2021.pdf
https://doi.org/10.1787/ae3016b9-en
https://doi.org/10.1787/ae3016b9-en
https://doi.org/10.1007/s10273-022-3141-4
https://doi.org/10.1007/s10273-022-3141-4
https://doi.org/10.1016/j.econ.2021.11.003
https://doi.org/10.1111/gwao.12506
https://www.nber.org/system/files/working_papers/w27773/w27773.pdf
https://www.nber.org/system/files/working_papers/w27773/w27773.pdf
https://doi.org/10.1080/14616696.2020.1823010
https://iab.de/presseinfo/knapp-40-prozent-der-betriebe-sind-von-corona-bedingten-arbeitsausfaellen-betroffen/
https://iab.de/presseinfo/knapp-40-prozent-der-betriebe-sind-von-corona-bedingten-arbeitsausfaellen-betroffen/
https://doi.org/10.1186/s12889-021-11166-0
https://doi.org/10.1186/s12889-021-11166-0
https://doi.org/10.1126/sciadv.abm3608
https://doi.org/10.1126/sciadv.abm3608
https://doi.org/10.1016/S2468-2667(21)00273-5
https://doi.org/10.1016/S2468-2667(21)00273-5
https://doi.org/10.1007/s10273-022-3111-x
https://doi.org/10.1016/j.vaccine.2021.11.056
https://doi.org/10.1016/j.hlpt.2022.100604
https://doi.org/10.1016/j.hlpt.2022.100604
https://doi.org/10.5281/zenodo.5989727
https://doi.org/10.5281/zenodo.6375012
https://www.bkk-dachverband.de/statistik/monatlicher-krankenstand
https://www.bkk-dachverband.de/statistik/monatlicher-krankenstand
https://doi.org/10.1177/001979399204600103
https://doi.org/10.1177/001979399204600103
https://doku.iab.de/discussionpapers/2021/dp1021.pdf
https://doku.iab.de/discussionpapers/2021/dp1021.pdf
https://doi.org/10.1016/j.labeco.2018.07.002
https://doi.org/10.3238/arztebl.m2021.0205
https://doi.org/10.3238/arztebl.m2021.0205
https://doi.org/10.1002/hec.1052
https://www.baua.de/DE/Themen/Arbeitswelt-und-Arbeitsschutz-im-Wandel/Arbeitsweltberichterstattung/Kosten-der-AU/pdf/Kosten-2020.pdf?__blob=publicationFile&v=2
https://www.baua.de/DE/Themen/Arbeitswelt-und-Arbeitsschutz-im-Wandel/Arbeitsweltberichterstattung/Kosten-der-AU/pdf/Kosten-2020.pdf?__blob=publicationFile&v=2
https://www.baua.de/DE/Themen/Arbeitswelt-und-Arbeitsschutz-im-Wandel/Arbeitsweltberichterstattung/Kosten-der-AU/pdf/Kosten-2020.pdf?__blob=publicationFile&v=2
https://www.baua.de/DE/Themen/Arbeitswelt-und-Arbeitsschutz-im-Wandel/Arbeitsweltberichterstattung/Kosten-der-AU/pdf/Kosten-2020.pdf?__blob=publicationFile&v=2
https://doi.org/10.1016/0304-4076(94)01642-D
https://doi.org/10.1016/0304-4076(94)01642-D
https://doi.org/10.1177/2031952520934566
https://statistik.arbeitsagentur.de/Statistikdaten/Detail/Aktuell/iiia4/zr-alo-bl/zr-alo-bl-dwolr-0-xlsx.xlsx?__blob=publicationFile&v=1
https://statistik.arbeitsagentur.de/Statistikdaten/Detail/Aktuell/iiia4/zr-alo-bl/zr-alo-bl-dwolr-0-xlsx.xlsx?__blob=publicationFile&v=1
https://statistik.arbeitsagentur.de/Statistikdaten/Detail/Aktuell/iiia4/zr-alo-bl/zr-alo-bl-dwolr-0-xlsx.xlsx?__blob=publicationFile&v=1
https://statistik.arbeitsagentur.de/Statistikdaten/Detail/Aktuell/iiia7/kurzarbeit-hr/kurzarbeit-hr-dlkrdaa-0-xlsx.xlsx;jsessionid=E20CF5B5C802F7E88D917678B162CFA8?__blob=publicationFile&v=1
https://statistik.arbeitsagentur.de/Statistikdaten/Detail/Aktuell/iiia7/kurzarbeit-hr/kurzarbeit-hr-dlkrdaa-0-xlsx.xlsx;jsessionid=E20CF5B5C802F7E88D917678B162CFA8?__blob=publicationFile&v=1
https://statistik.arbeitsagentur.de/Statistikdaten/Detail/Aktuell/iiia7/kurzarbeit-hr/kurzarbeit-hr-dlkrdaa-0-xlsx.xlsx;jsessionid=E20CF5B5C802F7E88D917678B162CFA8?__blob=publicationFile&v=1
https://statistik.arbeitsagentur.de/Statistikdaten/Detail/Aktuell/iiia7/kurzarbeit-hr/kurzarbeit-hr-dlkrdaa-0-xlsx.xlsx;jsessionid=E20CF5B5C802F7E88D917678B162CFA8?__blob=publicationFile&v=1
https://www.ssoar.info/ssoar/handle/document/77181
https://www.ssoar.info/ssoar/handle/document/77181
https://kops.uni-konstanz.de/server/api/core/bitstreams/ca63bff5-1dfd-43dd-a741-543ab2babdc1/content
https://kops.uni-konstanz.de/server/api/core/bitstreams/ca63bff5-1dfd-43dd-a741-543ab2babdc1/content
https://doi.org/10.48720/IAB.FOO.20220321.01
https://doi.org/10.1038/s41598-023-30244-4
https://doi.org/10.1038/s41598-023-30244-4
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/3_Downloads/C/Coronavirus/Befragung_Nichtgeimpfte_-_Forsa-Umfrage_Okt_21.pdf
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/3_Downloads/C/Coronavirus/Befragung_Nichtgeimpfte_-_Forsa-Umfrage_Okt_21.pdf
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/3_Downloads/C/Coronavirus/Befragung_Nichtgeimpfte_-_Forsa-Umfrage_Okt_21.pdf
https://doi.org/10.1007/s00103-022-03524-z

Wanger and Weber BMC Public Health

36.

37.

38.

39.

(2023) 23:1482

Henkel L, Sprengholz P, Korn L, Betsch C, Bbhm R. The association
between vaccination status identification and societal polarization. Nat
Hum Behav. 2023;7:231-9. https://doi.org/10.1038/541562-022-01469-6.
O'Malley M, Zerth J, Knoepffler N. Ethics of vaccination prioritization
and compulsory vaccination: an integrative approach. Ethics Bioeth.
2021;11(3-4):153-62. https://doi.org/10.2478/ebce-2021-0012.

Desson Z, Kauer L, Otten T, Peters JW, Paolucci F. Finding the way forward:

COVID-19 vaccination progress in Germany, Austria and Switzerland.
Health Policy Technol. 2022;11(2):100584. https://doi.org/10.1016/j.hipt.
2021.100584.

Bischof J, Dérrenberg P, Rostam-Afschar D, Simons D, Voget J. GBP-
Monitor: Unternehmenstrends im Januar 2022: Betriebswirtschaftliche
Einschatzungen und Erwartungen von Unternehmen in Deutschland.
Ergebnisbericht German Business Panel 2022. TRR 266 Accounting for
Transparency. 2022. https://doi.org/10.52569/JRKM2116.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1038/s41562-022-01469-6
https://doi.org/10.2478/ebce-2021-0012
https://doi.org/10.1016/j.hlpt.2021.100584
https://doi.org/10.1016/j.hlpt.2021.100584
https://doi.org/10.52569/JRKM2116

	Sickness absence due to mandatory COVID-19 certificates in the workplace
	Abstract 
	Background 
	Method 
	Results 
	Conclusions 

	Introduction
	Method
	Data collection
	Data analysis

	Results
	Discussion
	Limitations
	Conclusion
	Anchor 15
	Acknowledgements
	References


