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Authors' response - Occupation and SARS-CoV-2 infection risk among workers during
the first pandemic wave in Germany: potential for bias

We thank van Tongeren et al for responding to our study
on occupational disparities in SARS-CoV-2 infection
risks during the first pandemic wave in Germany (1).
The authors address the potential for bias resulting
from differential testing between occupational groups
and propose an alternative analytical strategy for deal-
ing with selective testing. In the following, we want to
discuss two aspects of this issue, namely (i) the extent
and reasons of differential testing in our cohort and (ii)
the advantages and disadvantages of different analyti-
cal approaches to study risk factors for SARS-CoV-2
infection.

Our study relied on nationwide prospective cohort
data including more than 100 000 workers in order to
compare the incidence of infections between different
occupations and occupational status positions. We found
elevated infection risks in personal services and busi-
ness administration, in essential occupations (including
health care) and among people in higher occupational
status positions (ie, managers and highly skilled work-
ers) during the first pandemic wave in Germany (2). Van
Tongeren’s et al main concern is that the correlations
found could be affected by a systematic bias because
people in healthcare professions get tested more often
than employees in other professions. A second argument
is that better-off people could be more likely to use
testing as they are less affected by direct costs (prices
for testing) and the economic hardship associated with
a positive test result (eg, loss of earnings in the event
of sick leave).

We share the authors’ view that differential testing
must be considered when analysing and interpreting the
data. Thus, in our study, we examined the proportion of
tests conducted in each occupational group as part of
the sensitivity analyses (see supplementary figure S1,
accessible at www.sjweh.fi/article/4037). As expected,
testing proportions were exceptionally high in medical
occupations (due to employer requirements). However,
we did not observe systematic differences among non-
medical occupations or when categorising by skill-level
or managerial responsibility. This might be explained
by several reasons. First, SARS-CoV-2 testing was free
of charge during the first pandemic wave in Germany,
but reporting a risk contact or having symptoms was a
necessary condition for testing!. The newspaper article
cited by van Tongeren et al is misleading as it refers to
a calendar date after our study period. Second, differ-
ent motivation for testing due to economic hardship in
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case of a positive test result is an unlikely explanation,
because Germany has a universal healthcare system,
including paid sick leave and sickness benefits for all
workers (3). Self-employed people carry greater finan-
cial risks in case of sickness. We therefore included
self-employment in the multivariable analyses to address
this potential source of bias.

While the observed inverse social gradient may be
surprising, it actually matches with findings of ecologi-
cal studies from Germany (4, 5), the United States (6,
7) as well as Spain, Portugal, Sweden, The Netherlands,
Israel, and Hong Kong (8), all of which observed higher
infection rates in wealthier neighbourhoods during the
initial outbreak phase of the pandemic. One possible
explanation is the higher mobility of managers and bet-
ter educated workers, who are more likely to participate
in meetings and engage in business travel and holiday
trips like skiing. Given the increasing number of studies
providing evidence for this hypothesis, we conclude that
the inverse social gradient in our study likely reflects
different exposure probabilities and is not a result of
systematic bias. This also holds true for the elevated
infection risks in essential workers, which is actually
corroborated by a large body of research (9-11).

Regarding differential likelihood of testing, van Ton-
geren et al state that “[i]t is relatively simple to address
this problem by using a test-negative design” (1). As van
Tongeren et al describe, this is a case—control approach
only including individuals who were tested (without
considering those who were not tested). However, the
proposed analytical strategy can lead to another (more
serious) selection bias if testing proportions and/or
testing criteria differ between groups (12). This can be
easily illustrated when comparing the results based on
a time-incidence design with those obtained by a test-
negative design as shown in table 1.

Both approaches show similar results in terms of
vertical occupational differences. Infection was more
common if individuals had a high skill level or had a
managerial position, but associations were stronger in
the time-incidence design and did not reach statistical
significance in the test-negative design (as indicated
by the confidence intervals overlapping “1”). Unfortu-
nately, the test-negative approach relies on a strongly

1. https://www.bundesgesundheitsministerium.de/coronavirus/

chronik-coronavirus.html (accessed 5 September 2022).
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reduced sample size and thus results in greater statistical
uncertainty and loss of statistical power (13). In contrast,
the test-negative design yields a different picture when
estimating the association between essential occupation
and infection risk: In this analysis, essential workers did
not differ from non-essential workers in their chance
of being infected with SARS-CoV-2 (the test-nega-
tive design even exhibits a lower chance for essential
workers). This is rather counter-intuitive and is not in
accordance with what we know about the occupational
hazards of healthcare workers during the pandemic (14).
The main problem is that proportions of positive tests
are highly unreliable when testing proportions and/or
testing criteria differ between groups. As essential work-
ers were tested more often without being symptomatic
(due to employer requirements), a lower proportion of
positive tests in this group does not necessarily corre-
spond to a lower risk of infection.

Consequently, we are not convinced that the test-
negative design should be the ‘gold standard’ for
studying risk factors for SARS-CoV-2 infections (15).
Especially problematic is the loss of statistical power
(increasing the probability of a type II error) and the
low validity of the test-positivity when test criteria and/
or test proportions differ between groups.

Table 1. Comparison of two analytical approaches to estimate the as-
sociation between occupation and SARS-CoV-2 infection during the
firstwave of the COVID-19 pandemic in Germany (1 February-31August
2020). Data from the German National Cohort (NAKO). [OR=0dds ratios;
IRR=incidence rate ratios; Cl=confidence interval; KIdB 2010 = Klas-
sifikation der Berufe 2010 (German Classification of Occupations 2010)]

Time-incidence Test-negative

design’ design?
(N=108 960) (N=6 064)
IRR? 95% Cl OR® 95%Cl

Essential occupations

Non-essential workers 1.00 1.00

Essential workers 196 1.59-2.41 088 0.71-1.09
Skill level (5" digit KIdB 2010)

Unskilled or semi-skilled 121 0.67-2.20 1.21 0.62-2.36

Skilled activities 1.00 1.00

Complex activities 115 0.87-1.52 113  0.84-1.51

Highly complex activities 139 1.08-1.80 1.14 0.87-1.48
Supervisory/managerial
responsibility (4* digit KIdB 2010)

No 1.00 1.00

Supervisor 0.72 0.36-1.47 0.83 0.40-1.73

Manager 151 101224 143 0.93-2.18

"The time-incidence design uses all workers (tested or not tested).

2The test-negative design uses only workers who were at least once tested for
SARS-CoV-2.

3 OR based on logistic regression analysis. IRR based on robust Poisson regres-
sion with person-days at risk defined as exposure variable. Estimates were
adjusted for age group (in five-year increments), sex, migration background,
study centre, weekly working hours, and self-employment, and skill-level and
supervisory/managerial responsibility (for the variable essential occupations)
or for occupational segment (1¢-2" digit of the KIdB-2010) (for the variables
skill level and supervisory/managerial responsibility). Separate models were
calculated for each indicator.
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