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Abstract

Background and Objective

It is still unknown if the spread of SARS-CoV-2 is influenced by social and economic factors.
Earlier studies generally looked at cumulative incidences across time without studying trajec-
tories of incidences over time, and thus, developments of the spread. This study, therefore,
focuses on the regional dynamics of new infections and their relationship to socio-economic
characteristics. Based on the literature, we describe the state of knowledge and present our

own analysis of administrative data from Germany.

Methods

We use notification data of COVID-19 cases for 401 cities and counties from February 3, 2020
till March 28, 2021 in Germany and associate them with socio-economic characteristics of the
areas. Age-standardised weekly incidence rates were calculated and macro indicators were
added from the INKAR database (e.g. income, social benefit rate, employment rate, over-

crowding).

Results

While areas with higher incomes and lower poverty had higher incidences during the first and
at the beginning of the second wave of the pandemic, from December 2020 onwards incidence
rates were generally higher in low-income regions. Regions with high employment rates (es-
pecially if employed in the manufacturing sector) had high incidences, particularly in the sec-
ond wave and at the beginning of the third wave. Regions with lower average living space also
had higher incidence rates since November 2020.

Conclusion
Regional trajectories of incidences are associated with social and economic indicators. This
finding could provide information on target group-specific protection and test strategies and

help to identify social factors that are linked to increased infection rates.
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Introduction

The dynamics of the spread of SARS-CoV-2 (severe acute respiratory syndrome coronavirus
type 2) are influenced by many factors. In addition to the biological characteristics of the virus,
other factors determine the speed and spread of infections, for example, climatic conditions,
population density and age of the population in a geographic area, the behaviour with regard
to social contacts and infection protection measures or local test and quarantine strategies [1—
6]. If these factors differ between regions, different incidence rates may result. A systematic
pattern of interest in this context is the fluctuation in the number of SARS-CoV-2 infections
depending on socio-economic characteristics of a geographic area. Socio-economic factors
are associated with a number of the influencing factors on infection process (e.g. living condi-
tions, population density) and could thus be a pre-structuring element of the local infection

process [7, 8].

The fact that infectious diseases spread faster in disadvantaged areas is already known from
earlier epidemics. Studies on seasonal influenza or the SARS outbreak in 2003, for instance,
report higher infection rates in populations with a disadvantaged socio-economic position
(SEP; which is mostly measured by low income or poverty rates) [8—11]. Therefore, already
early on in the COVID-19 pandemic, it was suspected that such inequality could also occur in
this pandemic [12, 13].

This assumption has now been followed in various epidemiological investigations. The most
essential source currently of the regional extent of socio-economic inequalities in the COVID-
19 pandemic are ecological studies.Here measures of the incidence of the disease for specific
territorial units (e.g. communities, districts) are correlated with socio-economic characteristics
of these areas. Such evaluations are now available from many countries, including Germany
[14]. Overall, the findings of the available studies indicate that disadvantaged regions, in terms
of low average income, high-income inequality, high unemployment or multiple disadvantages
(deprivation indices), have a higher incidence [12, 13, 15-26]. This was found for small-area

comparisonssuch as city districts [18, 22, 27], and large-areas like municipalities [28, 29].

However, there are also studies with contradictory results and indications of changing relation-
ships between factors over time. Especially studies from the early phase of the pandemic in
spring 2020 found higher infection rates in areas with a higher average income, higher educa-
tion of the population or lower unemployment rates [12, 30—33]. There is a noticeable tendency
that studies carried out later in the course of the pandemic find higher infection rates in socio-
economically disadvantaged areas [27—-29, 34—-37]. A temporal change from higher case num-
bers in more affluent areas to higher case numbers in disadvantaged areas was also found in

the analysis of cumulative incidences from different periods in spring 2020 in Germany, and is



probably related to initial virus entries by socially better-off groups during the early phase of

the pandemic (e.g. ski holidays or business travellers) [30, 31].

A precise assessment of the dynamics of socio-demographic inequalities in the regional
SARS-CoV-2 infection process over time is currently missing because most studies used cu-
mulative incidence from the beginning of pandemic to the point of data analysis or periodical
prevalence for selected time periods outcome measurements. There are only a few studies
that were able to directly examine the temporal dynamics of the spread of infection. These
include the two studies from Germany already mentioned, which compared associations of
cumulative incidences with SEP indicators for different time periods at the beginning of the
pandemic. An analysis by Liu et al. [21] with data from England examined the temporal devel-
opment of the daily number of infections over a period of three months and determined that a
high increase in the daily number of cases was recorded, especially in regions with high socio-
economic disadvantage. Mourad et al. [35] pursued a similar approach and used the regional
increase in the number of infections in June 2020 in the USA as a target — with a similar result

as the previously mentioned study.

In addition to time, the socio-economic situation could play a role. The mentioned higher infec-
tion rates in less disadvantaged areas at the beginning of the pandemic have been shown in
studies using average income, level of education or unemployment rate. When using other
indicators such as poverty rate or complex deprivation indices that integrate a large number of

SEP indicators, higher infection rates were found in disadvantaged areas [14].

In summary, it can be stated that regional differences in the infection rate could be related to
the socio-economic characteristics of these regions. So far, there is also a lack of ecological
studies, which consider specifically the temporal dynamics of the infection process for various
regional indicators of social-economic situation. Such analyses could provide information
about regions where critical developments could be expected and group-specific interventions
should be performed. In the present article, we present such a study using official notification
data from Germany in which the development of the regional number of cases in Germany for
the period from calendar week 6/2020 to calendar week 12/2021 (03.02.2020-28.03.2021) is
considered depending on indicators of the socio-economic situation of a region.



Methods

Database

The analysis shown here is an ecological study in which the investigation units are the 401
rural districts and urban districts in Germany. The data on the incidence of infection come from
the SurvStat@RKI 2.0 database of the Robert Koch Institute (data access 01. April 2021),
which provides information on the laboratory-confirmed COVID-19 cases notified to the health
authorities in accordance with the Infection Protection Act. Starting with calendar week 6 of
2020 (start 03.02.2020), weekly incidences up to notification week 12/2021 (end 28.03.2021)
were calculated for each regional unit (cases/population). To avoid a bias due to the different
age structure of the population in the districts, the incidences were directly age-standardised.
The revised European standard population 2013 was used as the reference population (Euro-
stat). The standardisation was carried out based on the age-specific incidences at the district

level (age grouping in five-year intervals).

The indicators for the socio-economic situation in the 401 rural districts and urban districts
come from the INKAR database of the Federal Institute for Building, Urban and Spatial Re-
search (BSBR 2021). First of all, regional average income was selected, which has often been
used as an indicator in previous research. Three alternative indicators were used: the average
disposable household income of all private households in Euro, the mean income for employ-
ees subject to social insurance contributions in Euro and, as a marker for the prosperity of the
region as a whole, the gross domestic product per inhabitant (in 1,000 Euro). Other indicators
were also used. Some of them have not yet been investigated together with COVID-19 and
may allow additional conclusions to be drawn about determinants of unequal distribution pat-
terns in the infection process. The average living space (in m? per inhabitant), the unemploy-
ment rate (proportion of the unemployed in the labour force in %), the proportion of the popu-
lation receiving social benefit payments (according to the German Social Code, SGB Il / XII),
the employment rate (labour force per 100 inhabitants of working age, i.e. 15-64 years) and
the proportion of workers of all working persons in the a) primary, b) secondary and c) tertiary
sectors. The most recent data available were used for the analysis. These are from 2017,

except for the variables on the economic sectors (2016).

Since the data are anonymous and spatially aggregated, a submission to an ethics committee

was not necessary.

Statistical methods

In order to examine the course of the pandemic, courses for the age-standardised incidences

per 100,000 inhabitants for each notification week in the course of the study were considered.
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In order to show possible differences according to SEP indicators, all indicators were divided
into three groups (low-medium-high values) and incidence rates were calculated for these
groups. The dates of core intervention measures at the federal level in Germany have also
been included in the figures (Lockdown 1 (March 22, 2020 (LD 1)), Lockdown "light" (Novem-
ber 2, 2020 (LD light)) and Lockdown 2 (December 16, 2020 (LD 2)). In addition to the graphical
representation, a simple correlation matrix of all indicators used and the cumulative incidences
of the regions in the entire observation period was calculated (Pearson correlation coefficient).

All calculations and figures were produced with Stata 16.



Results

The course of the age-standardised incidences as a function of regional household income
shows that in the first wave of the epidemic in Germany in spring 2020, districts with middle
and higher average household income were more severely affected (Figure 1). This picture
emerged again in the first phase of the second wave of infections in October/November 2020,
but was then reversed after the nationwide implementation of new infection protection
measures, called “Lockdown light”, when there was a marked increase in incidences in low-
income areas. The number of infections then remained higher in the regions with low income
compared to higher-income regions until the end of the observation period. These patterns can
also be seen for the median income included in the analyses as an alternative income indicator
(Figure 2). The incidence curve is also similar for the gross domestic product (GDP), as an
indicator of the overall economic performance of a region, but the differences are less pro-
nounced. Higher incidences in the second and third wave can, however, be identified for re-

gions with low or medium living space per inhabitant.

Age-standardised incidences by notification week and
average regional household income
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Figure 1: Development of the age-standardised regional incidences (districts, n=401) per notification

week in the study period depending on the regional average household income



Age-standardised incidences (per 100.000) by notification week and
regional socioeconomic indicators
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Figure 2: Development of the age-standardised regional incidences (districts, n=401) per notification

week in the study period depending on the characteristics of various socio-economic indicators

If the unemployment rate and the Social Code (SGB Il) rate are considered as factors that can
serve as indicators of poverty in a region, in the first and at the beginning of the second wave,
districts with lower unemployment and lower level of social benefit receipt were more affected.
However, this trend weakened in the course of the second wave and from December 2020
onwards are hardly any differences between regions with high, medium or low unemployment
or Social Code (SGB Il) rates were noted. However, these indicators are not only related to
poverty but also to the regional labour market and employment. Figure 2 shows the spread of
infections for the employment rate: Regions, where this rate was high, had higher incidence
rates, especially during the second pandemic wave. At all times, high incidences were rec-
orded in districts with many employees in the secondary sector, while low incidences were

seen in distritics with a high proportion of employees in the tertiary sector.



The extent to which the individual regional social indicators interact with regard to the devel-
opment of incidences (e.g. confusion of the relationship of one indicator with the development
of infection by another indicator) cannot be clearly determined in this analysis. The correlation
matrix shown in Table 1 allows an approximation. The correlations with the cumulative inci-
dence in the total period should be viewed with caution because, as shown above, temporal
correlations in opposite directions can be observed, which cancel each other out in the overall
consideration. Essentially, however, the trends are confirmed. Most indicators are weakly to
moderately correlated, stronger correlations exist between the individual income-related fac-
tors and unemployment/social benefits, as well as between the labour market-related indica-

tors.



Table 1: Pearson correlation coefficients for all socio-economic-indicators on district level

Overall incidence
Household income
Median income
GDP

Living space
Unemployment rate
Social benefit rate
Employment rate
Primary sector
Secondary sector
Tertiary sector

-0.027
-0.083

0.055
-0.298
-0.054
-0.072

0.307
-0.126

0.271
-0.231

0.447
0.233
0.196
-0.661
-0.617
0.213
0.048
0.18
-0.178

0.719
-0.203
-0.194
-0.041
-0.248
-0.459

0.028

0.059

-0.346
-0.054
0.096
-0.1
-0.429
-0.04
0.117

10

-0.391
-0.456
0.086
0.505
0.315
-0.389

0.946
-0.435
-0.278
-0.453

0.476

-0.505
-0.399
-0.524

0.565

0.292
0.59
-0.607

1
0.246
-0.415

1
-0.984



Discussion

The analyses presented here show that there are differences over time in the course of the
COVID-19 epidemic between the districts in Germany and that these differences correlate with
socio-economic characteristics of these districts. This study, is among the first studies world-
wide to relate the development of regional infection rates to socio-economic factors over a
longer period of time. The results are in line with previous study results from various countries
and confirm socially differential regional patterns in the spread of SARS-CoV-2, including tem-

poral and indicator-specific deviations.

An empirical explanation for the patterns found is not possible on the basis of the correlative
data shown. Also, in the literature, there are only a few direct studies of possible mechanisms
that mediate between regional socio-economic characteristics and the risk of infection. It is
likely that the observed correlations are explained both by individual risks of the inhabitants of
certain regions (compositional effects) and by contextual characteristics (contextual effects) of
these regions. To date, there are only a few studies with individual data, mostly based on UK
Biobank data. These studies investigated individual social differences in the incidence or prob-
ability of a positive result of a COVID-19 test [3, 26, 38—41]. All studies found higher incidences
or positive test rates among people with disadvantaged SEP, so compositional effects seem
plausible if people with disadvantaged SEP live more often in regions that are socio-economi-
cally disadvantaged regions. Additionally, contextual factors such as the quality of living, the
organisation of local public transport and the regional infection control measures could play a

role as well.s.

In the following, we would like to describe what is known about these mechanisms. We do not
make a strict separation between the mentioned contextual and compositional effects or re-
gional and individual inequalities. Instead, we rely on one of the few theoretical models to
explain social inequalities in infectious diseases. This model was developed by Quinn and
Kumar and was based on experiences from previous pandemics. It offers a systematic ap-
proach that is useful also during the COVID-19 pandemic [8]. Concerning infection risks, the
authors differentiate between two main processes: socio-economic differences in a) the prob-
ability of exposure and b) in the susceptibility to infection.

In the case of a disease that is mainly transmitted through human-to-human contact, the prob-
ability of exposure is determined by the number, frequency and density of social contacts,
individual protective measures (e.g. wearing masks, hygienic behaviour), and the characteris-
tics of the places where contacts take place (e.g. interiors). The socio-economic position is
known to have an influence on these variables [8, 42]. In this context, Quinn and Kumar cite

differences in population density, differences in access to basic hygiene (e.g. water, sanitation)
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and work-related contacts as the main paths. All three paths could also play a role in SARS-
CoV-2.

First of all, it is known that the living situation is related to economic resources both within
one’s own home and in the immediate vicinity of the home [42]. It is also known that poorer
people are more likely to live in cramped living conditions and in areas with a high population
density [42]. At the same time, these factors are associated with the infection process: A high
population density in neighbourhoods and cramped living conditions in households seem to
increase the risk of infection with SARS-CoV-2 significantly [2, 43, 44], as was found in this
analysis. There are also indications that there are structural differences between poorer and
richer areas and that facilities for everyday life (e.g. supermarkets, restaurants) in poorer dis-

tricts have less space per visitor, making physical distancing difficult [27].

The second path of explanation is likely to have less of an impact in the current situation in
Germany, since access to clean water and sanitation should largely be given. However,
homeless people or people in initial reception facilities and collective accommodation, maybe
exceptions to this. However, if this aspect is interpreted more broadly than in the original model
and this also includes the availability of material for personal protection against infection, such
as masks with a high protective effect or disinfectants, then a lower income could definitely

limit this availability, which in turn could mean higher exposure risks.

Work is an area of life in which a large number of social contacts take place. Naturally, in a
pandemic, professional groups with direct contact to patients, customers, clients or colleagues
are at greater risk than professional groups that are able to maintain a physical distance [45].
However, the connection with the socio-economic position is complex and not always clearly
established. It is known that essential workers with a high social contact rate are often poorly
paid (e.g. care for the elderly, gastronomy, simple production jobs) [7], although this is not
always the case (e.g. doctors, teaching staff). In addition, parts of the tertiary sector were par-
ticularly affected by business closures during the pandemic, which is likely to have reduced

occupational exposure overall.

Another aspect is the possibility of being able to work flexibly and from home during a wave of
infection and, therefore, to be able to implement recommendations on physical distancing by
reducing mobility and professional contacts. Socially better-off occupational groups with higher
educational qualifications and higher incomes have better opportunities to work from home
[46]. In a statistical model based on data from metropolitan regions in the USA, higher infection
rates in socially disadvantaged groups could be attributed to the fact that people in these
groups were less able to restrict their mobility [27]. Furthermore, also the means of transport

to get to work (or to school or training centre) is relevant. If this is done by local public transport,
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the likelihood of exposure could also increase. There are initial indications that people living in

poorer regions used local public transport more frequently, even during the pandemic [16].

Although Individual hygiene and protective behaviour are not directly addressed in the
model by Quinn and Kumar, they play a significant role on exposure risks. Self-protection re-
guires adequate access to information, as well as individual competence in handling this infor-
mation — as well as the willingness to carry out the actions. A high level of health literacy and
adherence is in turn associated with characteristics such as education or language skills. Thus,

unequal exposure risks could arise as well [47].

If there is exposure, i.e. contact with the pathogen, the question of susceptibility (i.e. suscepti-
bility to infection), becomes decisive. Quinn and Kumar also identify possible differences re-
sulting from the socially unequal distribution of risk factors and previous illnesses. The socio-
economic inequality of disease risks is a long-known phenomenon of the health of the popula-
tion and many risk factors as well as chronic diseases are therefore more common in people,
who have fewer social and economic resources than the average population [7]. This also
applies to risks or diseases that are assumed to be associated with COVID-19 and severe
disease courses, such as smoking, sedentary lifestyle, obesity, chronic stress, decreased im-
mune functions, cardiovascular diseases or chronic lung diseases [7]. However, to the best of
our knowledge, there are no direct investigations in the context of new SARS-CoV-2 infections.
Studies on an individual level are only available on more severe courses of the disease, in
which risk factors and previous illnesses explained part of the social gradient in severe disease

courses [48].

The extent to which the individual processes actually influenced the temporal patterns found
here cannot be clearly answered at this point. In particular, findings of the reversed social
gradient in the course of the pandemic requires more research. However, this reversal does
not seem to be atypical, as studies on other infectious diseases suggest. Manabe et al. [49],
for example, investigatedpatients who were infected with influenza A in the 2009/2010 H1N1
pandemic and compared those who were infected in the early phase of the pandemic in Mexico
with those who became ill in later phases. Those who were infected in later phases were sig-
nificantly more likely to be poor and reported in interviews that they had little access to infor-
mation about the disease and protective measures. This study suggests that specific measures
for infection protection may affect groups differently. Possibly, socio-economically more ad-
vantaged regions are more successful in implementing control measures with time (e.g. more

test centres, more opportunities to work from home).

In Germany, the higher rate of infection in socially better-off regions during the first wave and
at the beginning of the second wave could be related, among other things, to the fact that these

regions are more economically active and are in greater contact with one another by means of
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economic relationships and commuter ties. Especially at the beginning of a wave of infections,
when containment measures such as contact restrictions are not yet in place or only limited,
this could contribute to higher mobility and virus transmissions. These work-related points
could explain the higher infection rates found in this analysis in areas with a high employment
rate or opposing trends in areas with high unemployment-driven poverty. The evaluations for
the employment rates by the economic sector also suggest that employment is important.
Since production companies were largely able to work at the business premises to the normal
extent in autumn/winter 2020/2021, while many businesses in the tertiary sector were closed
(e.g. restaurants) or a high proportion of employees switched to work from home, it seems

conceivable that social contacts have influenced overall incidence figures in the work context.

However, the results of this investigation have to be interpreted with caution. The strength of
the study include the use of official time-series data. Weaknesses that should be considered
concern primarily methodological limitations. The most important limitation is the ecological
design. Conclusions on an individual level remain not possible. Likewise, it was not possible
to take into account confounders such as gender, individual health status or competing regional
influences (e.g. local political containment measures). Our study must also be supplemented
by more complex statistical methods in the future. It should also be noted that the selected
territorial units (districts) are too large to allow a more precise localisation of affected areas. It
is likely that spatial differences in disease rates tend to have a small-scale character and, for
example, affect single urban districts and not the entire urban area. It must also be taken into
account that the outcomes of this analysis were laboratory-confirmed COVID-19 cases re-
ported to the RKI. It can be assumed that infections are under-recorded, which could possibly
show different socio-economic distribution patterns. Another problem is that more recent social
and economic data from the INKAR database would have been desirable. Even if these indi-
cators are relatively stable over time, it cannot be ruled out that changes since 2017 could lead

to misclassifications.

Finally, it should be noted that we have only focused on the incidence in order to be able to
make statements about the dynamics of the infection. Other important aspects, such as the
severity of a COVID-19 disease (including mortality), which are also associated with socio-
economic disadvantage, were not the subject of this analysis.

In summary, this study shows a connection between the regional temporal dynamics of the
spread of SARS-CoV-2 and socio-economic factors. The processes underlying this relation-
ship are still not clear. However, close monitoring that considers social and infection epidemi-

ological parameters together appears to be important in order to recognise abnormalities at
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an early stage. Higher infection risks in socio-economically disadvantaged regions also re-
guire more intensive research into the reasons and the development of local strategies to

specifically protect vulnerable population groups.
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