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Abstract
Background  Although many studies have investigated COVID-19 outbreaks in long-term care facilities (LTCFs), 
evidence that combines multiple clustered levels is scarce. We aimed to describe individual, LTCF, and regional-level 
factors associated with COVID-19 infections.

Methods  We conducted a nationwide study using insurance claims data from Germany between 1st October 2020 
and 31st March 2021. The sample comprised 284,186 residents over 60 years in 9,869 LTCFs across all of Germany’s 
400 districts. We used multilevel logistic regression to model associations between individual, LTCF, and district-level 
factors, and the probability of a COVID-19 infection.

Results  A total of 44,042 (15.5%) COVID-19 infections were recorded during the study period. On the individual 
level, male sex (OR 1.15; 95% CI 1.12–1.18), dementia (OR 1.09; CI 1.06–1.11), medium-severe care dependency level 
3 and 4 (OR 1.17; CI 1.12–1.22 / OR 1.21; CI 1.16–1.26) were associated with greater risk of infection. At the LTCF level, 
infection risks increased with the mean age of residents (OR 1.09; CI 1.03–1.15) and higher resident numbers (OR 1.20; 
CI 1.14–1.27). On the district level, a higher proportion of public LTCFs was associated with lower infection risks (OR 
0.90; CI 0.84–0.97), while a higher mean number of residents (OR 1.16; CI 1.05–1.28), and the district-level SARS-CoV-2 
incidence rate among the general population (OR 1.54; CI 1.41–1.67) was associated with higher risks. A cross-level 
interaction between facility size and COVID-19 prevalence was not significant (p > 0.5).

Conclusion  We found evidence of individual, facility, and regional levels factors associated with COVID-19 infections 
among older adults in LTCFs. Future measures to combat infections, outbreaks, and pandemics should take an 
orchestrated multilevel approach.

Keywords  COVID-19, SARS-CoV-2, Long-term care facilities, Nursing homes, Contextual effects
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Introduction
In the early months of the COVID-19 pandemic, it was 
already known that long-term care facilities (LTCFs) 
were particularly affected as they provided an excel-
lent environment for an airborne virus to spread among 
a highly vulnerable population. Hence, already on 21 st 
March 2020, the WHO provided guidance for prevention 
and control for long-term care facilities. Those guidelines 
included staff training, the physical distancing of resi-
dents from one another and visitors, and the recognition 
and isolation of infected residents [1]. 

Despite these precautions, LTCF residents were dispro-
portionally affected by the pandemic: In Germany, where 
fewer than 1% of the population lives in LTCFs, LTCF 
residents accounted for 2.3% to 4.0% of all COVID-19 
cases registered by 31 st March 2021 [2, 3]. Nevertheless, 
we found only two studies which investigated COVID-19 
outbreaks in German LTCFs [4, 5]. One study was based 
on data from the official national COVID-19 statistics 
which provide only basic information on individuals (i.e. 
age and sex), and none at all on the characteristics of 
LTCFs [4]. The second study relied on self-report ques-
tionnaires sent to LTCFs. These data contain information 
about facility-level infection rates and countermeasures 
but none about individual residents [5]. Hence, both 
studies leave out important aspects due to data limita-
tions. A systematic review by Karimi-Dehkordi et al. 
gathered 99 studies on COVID-19 outbreaks and mor-
tality in LTCFs and systematized them using a multilevel 
framework [6]. The individual studies included pro-
vided evidence for one or more of the following levels: 
(1) sociodemographic and condition-specific factors at 
the individual level, (2) LTCFs quality indications, staff-
ing, ownership, Medicare and Medicaid coverage, and 
LTCFs racial and ethnic composition at the organiza-
tional level, and (3) community factors and characteris-
tics of the physical conditions at the environmental level. 
The authors found that, at the individual level, infections 
were associated with older age, increased dependency, 
female sex, higher frailty, presence of comorbidities, and 
a cognitive decline/dementia. At the organizational level, 
infection rates were found to be related to staffing levels, 
facility ratings, the percentage of ethnic and racial minor-
ities in LTCFs, ownership, and the presence of infected 
staff. Finally, at the environmental level, size and crowd-
ing, the regional incidence rate, community sociodemo-
graphic, and population density were the most important 
factors associated with COVID-19 infections among 
residents. While the systematic review by Karimi-Deh-
kordi et al. [6] provided an overview of relevant factors 
at various levels, evidence is still lacking from studies that 
examined individual, facility, and regional levels simul-
taneously and went beyond self-report or convenience 
data. By addressing this gap, this study aims to describe 

individual, facility, and regional factors contributing to 
COVID-19 infections in German LTCFs. It focuses on 
their impact during the second wave of the pandemic 
after pandemic measures were in place.

As illustrated in our conceptual framework (Fig. 1), 
we examine how individual-level, facility-level, and dis-
trict-/community-level factors, as generally proposed by 
the socio-ecological model, are assumed to be associated 
with COVID-19 infection risks among LTCF residents 
in Germany. Our analysis is based on claims data from 
the largest statutory health and long-term care insurance 
fund in Germany and observed mainly the second wave 
of the pandemic.

Methods
Study design and population
This retrospective observational study is based on claims 
data from the largest German statutory health and long-
term care insurance fund (AOK). Germany has a dual 
health insurance system with statutory and private health 
insurances. In 2020 about 88% of the German popula-
tion was insured with a statutory health insurance [7]. 
According to AOK´s own reporting, in 2020 AOK cov-
ered 46.6% of the statutorily insured residents living in 
LTCFs [8]. These LTCFs are run by non-profit, public or 
for-profit organizations. This study comprises all AOK-
insured individuals who resided in a LTCF for at least one 
day during the observation period between 1 st October 
2020 and 31 st March 2021. This observation period was 
aligned with the availability of the data, as information 
on COVID-19 diagnosis was only available by quarters. 
Thus, the observation period includes most of the sec-
ond wave of the pandemic in Germany, which took place 
between 28th September 2020 and 28th February 2021, 
and the first half of the subsequent third wave from 1 st 
March 2021 to 13th June 2021 [9]. We analyzed data from 
284,186 LTCF residents aged 60 years and older (Table 
1) in 9,869 LTCFs (Table 2) and all 400 German districts 
(Table 3). COVID-19 infection data were obtained from 
the Robert Koch Institute (RKI) [10], while district-level 
characteristics were sourced from the Federal Insti-
tute for Research on Building, Urban Affairs and Spatial 
Development (BBSR) [11]. These datasets were matched 
to the claims data at the district level to enable a multi-
level analysis.

Measures
The dependent variable, COVID-19 infection, was deter-
mined through a COVID-19 diagnosis (ICD U07.1) by 
an outpatient physician or through a hospital admission 
including such diagnosis. In both cases, PCR (polymerase 
chain reaction) confirmation was not required. Indepen-
dent variables were measured at the appropriate levels 
and aggregated for the higher levels. We present these 
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covariates at their basic level of measurement. Individ-
ual-level: gender (women/men), age, long-term care 
dependency level based on the Book XI of the German 
Social Code (≤ 2–5; highest available record within the 
study period) and validated dementia diagnosis (based 
on at least one confirmed inpatient diagnosis or at least 
two confirmed dementia diagnoses from an outpa-
tient physician in two distinct quarters in 2020); facility 
level: LTCF type (ownership: non-profit/public/private) 
and share of AOK-insured residents (we calculated the 
AOK-share using the number of AOK-insured residents 
weighted by the length of stay and compared it with the 
facility size; latest record available 2019); district-level: 
COVID-19 incidences among the general population [10] 
(based on the official count of SARS-CoV-2 infections 
per 100,000 inhabitants within the study period) and an 
indicator for the territorial type (big city/urban district/
rural district with dense areas/rural district) [11]. All 
metric measures were z-standardized at the level of mea-
surement, namely age, number of residents, AOK-share, 

and COVID-19 incidence. Furthermore, all aggregate-
level measures were z-standardized. For the facility level 
these were: proportion of women, mean age, mean care 
dependency level, dementia prevalence; and for the dis-
trict level: proportion of women, mean age, mean care 
dependency level, dementia prevalence, proportion of 
non-profit LTCFs, proportion of public LTCFs, and pro-
portion of private LTCFs, mean number of residents, and 
mean AOK-share. With the exception of the AOK-share 
we assume that all covariates included in our analysis are 
covariates of interest. We use AOK-share as an indicator 
of the data quality at the LTCF and district level (Fig. 1).

Statistical analysis
Descriptive statistics of the study population were com-
pared between residents with and without a known 
COVID-19 infection using standardized mean differ-
ences (SMD). In addition, we compared the regional 
distributions of COVID-19 incidence rates between the 
general and study populations using z-standardized 

Fig. 1  Proposed conceptual framework for the multilevel analysis of COVID-19 infections in long-term care facilities in Germany. Solid lines represent 
covariates of interest, dotted lines indicate potential confounders or factors affecting data quality, and dashed lines depict potential indirect causal 
pathways
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incidence rates. To describe possible associations 
between the covariates of interest and COVID-19 infec-
tions we applied a three-level multilevel logistic regres-
sion. The covariates included in this model were derived 
from the conceptual framework (Fig. 1), which integrates 
findings from a systematic review [6] and aligns them 

with the structural characteristics of German insurance 
claims data. As further detailed below, the random effects 
specification was chosen to provide valid statistical infer-
ence for the coefficients of interest given the hierar-
chical data structure while keeping model complexity 
manageable. We used data measured at the appropriate 
level and aggregated data for higher levels. Therefore, all 
categorical variables were transformed into prevalence 
metrics for higher levels. All metric covariates, includ-
ing the transformed metrics, were z-standardized and 
grand mean-centered. This means that individuals within 
the same facility share identical values for aggregated 
LTCF covariates, and individuals within the same district 
share identical values for aggregated district covariates. 
This facilitates the most straightforward interpretation 
of contextual effects as coefficient estimates and associ-
ated test statistics indicate how much the aggregate effect 
differs from that at the next lower level and if this differ-
ence is statistically significantly different from zero [12, 
13]. That is, for covariates measured at the individual 
level (e.g., age), the facility-level coefficient indicates if 
the facility-level effect (e.g., facility-average age) differs 
from the individual-level effect. Further, the district-level 

Table 1  Descriptives level 1: LTCF residents (N = 284186)
COVID-19 Infection Total SMD 

(95% 
CI)

no yes

Gender women 172,779 
(84.8%)

30,976 
(15.2%)

203,755 
(71.7%)

0.04 
(0.03, 
0.05)men 67,365 

(83.8%)
13,066 
(16.2%)

80,431 
(28.3%)

Age mean (SD) 84.1 (9.0) 84.4 
(8.4)

84.2 
(8.9)

−0.04 
(−0.05, 
−0.03)

Care level ≤ 2nd level 33,874 
(86.5%)

5268 
(13.5%)

39,142 
(13.8%)

0.09 
(0.08, 
0.10)3rd level 77,351 

(84.3%)
14,438 
(15.7%)

91,789 
(32.3%)

4th level 79,874 
(83.2%)

16,101 
(16.8%)

95,975 
(33.8%)

5th level 49,045 
(85.6%)

8235 
(14.4%)

57,280 
(20.2%)

Dementia no 103,569 
(85.6%)

17,481 
(14.4%)

121,050 
(42.6%)

0.07 
(0.06, 
0.08)yes 136,575 

(83.7%)
26,561 
(16.3%)

163,136 
(57.4%)

LTCF type non-profit 133,411 
(84.7%)

24,141 
(15.3%)

157,552 
(55.4%)

0.02 
(0.01–
0.03)public 10,292 

(85.3%)
1775 
(14.7%)

12,067 
(4.2%)

private 96,441 
(84.2%)

18,126 
(15.8%)

114,567 
(40.3%)

District type big city 51,999 
(83.7%)

10,119 
(16.3%)

62,118 
(21.9%)

0.05 
(0.04, 
0.06)urban 

district
80,831 
(85.3%)

13,925 
(14.7%)

94,756 
(33.3%)

rural district 
with dense 
areas

55,397 
(83.8%)

10,744 
(16.2%)

66,141 
(23.3%)

rural district 51,917 
(84.9%)

9254 
(15.1%)

61,171 
(21.5%)

Districtwide 
COVID-19 
incidence 
rate

mean (SD) 3139.2 
(1256.3)

3645.0 
(1374.6)

3217.6 
(1288.4)

−0.38 
(−0.39, 
−0.37)

Districtwide 
COVID-19 
incidence 
rate
(SD 
categories)

<−1 SD 35,258 
(91.8%)

3159 
(8.2%)

38,417 
(13.5%)

0.37 
(0.36, 
0.38)< 0 SD 113,133 

(86.7%)
17,288 
(13.3%)

130,421 
(45.9%)

> 0 SD 59,129 
(81.8%)

13,150 
(18.2%)

72,279 
(25.4%)

> 1 SD 32,624 
(75.7%)

10,445 
(24.3%)

43,069 
(15.2%)

LTCF Long-term-care facility, SMD Standardized Mean Difference, SD standard 
deviation

Table 2  Descriptives level 2: Long-term care facilities (N = 9869)
Proportion of women (%) mean (SD) 71.1 (15.6)
Mean Age mean (SD) 83.6 (4.8)

Mean care dependency level mean (SD) 3.6 (0.4)

Dementia prevalence (%) mean (SD) 56.1 (18.4)

LTCF Type non-profit 5302 (53.7%)

public 384 (3.9%)

private 4183 (42.4%)

Number of residents mean (SD) 72.6 (39.5)

AOK-share mean (SD) 35.9 (17.8)
LTCF Long-term-care facility, SD Standard deviation

Table 3  Descriptives level 3: districts (N = 400)
Proportion of women (%) mean (SD) 71.8 (3.2)
Mean Age mean (SD) 84.1 (1.1)

Mean Care dependency level mean (SD) 3.6 (0.1)

Dementia prevalence (%) mean (SD) 56.2 (6.6)

LTCF type non-profit (%) mean (SD) 56.9 (18.8)

LTCF type public (%) mean (SD) 5.2 (8.8)

LTCF type private (%) mean (SD) 37.9 (19.5)

Number of residents mean (SD) 88.6 (18.4)

AOK-share (%) mean (SD) 39.1 (11.6)

COVID-19 incidence mean (SD) 3149.6 
(1241.3)

District type big city 67 (16.8%)

urban district 132 (33.0%)

rural district with 
dense areas

100 (25.0%)

rural district 101 (25.2%)
LTCF Long-term-care facility, SD Standard deviation, AOK AOK Die 
Gesundheitskasse (General local health and care insurance company)



Page 5 of 11Kohl et al. BMC Public Health          (2026) 26:717 

coefficient (e.g., district-average age) shows how much 
the district-level effect differs from the facility-level 
effect. Similarly, for covariates measured at level 2 (e.g. 
private ownership, number of residents), the district-level 
coefficient captures the difference between the district-
level effect (e.g., the proportion of privately-owned facili-
ties) from the facility-level effect.

We estimated three models: the Null Model (without 
covariates), Random Intercept Model I (with covariates at 
the lowest level), and Random Intercept Model II (includ-
ing all covariates). The first two models serve primarily 
as benchmarks for interpreting the full model. For each 
model we report Marginal R² (variance explained by fixed 
effects) and Conditional R² (variance explained by fixed 
plus random effects), as well as the Variance Partition 
Coefficients (VPC) using the latent response formulation 

for logistic models with the level-1 variance set to π 2/
3  

[14]. The VPC represents the proportion of latent vari-
ance that can be attributed to unmeasured higher-level 
covariates. Hence for the Null Model without any covari-
ates, the VPC for each level (i.e., facility and district) rep-
resents the proportion of the total variance that can be 
attributed to that level. By comparing the VPC between 
models without higher-level covariates and with higher-
level covariates we can determine how much variance 
can be attributed to adding these covariates. However, 

since residual variance is set to π 2/
3  in logistic regres-

sions we must first introduce the covariates on the low-
est level to establish a baseline (Random Intercept Model 
I). By comparing facility-level and district-level VPCs 
between models with and without higher-level covari-
ates, we assess how including covariates at those levels 
changes the share of total latent variance attributable to 
each upper level.

To explore a possible CLI between number of residents 
in a LTCF and the COVID-19 incidence we applied a 
separate model (Fig. 1). Since CLIs require the introduc-
tion of the random slope of the lower-level component to 
avoid overoptimistic statistical inference, we included a 
random slope for the number of residents [15]. 

For reasons analogous to those affecting CLIs, ‘pure’ 
lower-level effects can also yield overoptimistic infer-
ences when not accompanied by a random slope [15]. To 
address this, we conducted sensitivity analyses for all sig-
nificant lower-level effects by sequentially including one 
random slope at a time (a model including all random 
slopes simultaneously would not be estimable due to the 
large number of random effects variances and covari-
ances). We report below when including a random slope 
changed the statistical significance of a coefficient.

All analyses were performed in the R environment for 
statistical computing (R version 4.2.1) and RStudio (Ver-
sion 2022.07.1).

Results
A total of 44,042 (15.5%) COVID-19 infections were 
recorded among the study population during the study 
period. The average district-level infection rate among 
AOK-insured LTCF residents was also 15.5 per 100 resi-
dents (SD: 8.7). In the same period, the German govern-
ment reported almost 2.6 million SARS-CoV-2 infections 
among the general population. The infections included 
in our study represent roughly 3.1% of the 2.6 million 
cases [10]. Fig. 2 shows the distribution of infection rates 
among the general population and AOK-insured LTCF 
residents in districts, with higher rates among the gen-
eral population in southeast Germany (especially Bavaria, 
Thuringia, and Saxony). For Saxony, but less so for 
Thuringia and especially Bavaria, this regional clustering 
is also visible in infection rates among LTCF residents. In 
addition, there are a few Western German districts with 
very high LTCF infection rates but without clear regional 
clustering or correspondingly high infection rates in the 
general population.

The multilevel regression models of COVID-19 infec-
tions among AOK-insured LTCF residents are displayed 
in Fig. 3; Table 4. Figure 3 illustrates results from the full 
model (Random Intercept Model II), with Table 4 addi-
tionally reporting a null model and a random intercept 
model with individual-level covariates only.

On the individual level, men had a higher probabil-
ity of infection (Odds Ratio [OR] 1.15; 95% Confidence 
Interval [CI] 1.12–1.18). Moreover, higher age (OR 1.02; 
CI 1.01–1.04) and dementia (OR 1.09; CI 1.06–1.11) 
were associated with a greater risk. For care dependency 
level, residents with care dependency level 3 (OR 1.17; CI 
1.12–1.22) and 4 (OR 1.21; CI 1.16–1.26) were associated 
with higher risk of infection compared to the reference 
group of level ≤ 2. Care dependency level 5 was associ-
ated with a lower risk of infection (OR: 0.95 CI 0.91–
1.00). However, the sensitivity analyses indicated that 
age (OR 1.00; CI 0.99–1.02) and care dependency level 5 
(OR 0.98; CI 0.93–1.03) were not significantly associated 
with COVID-19 infections when accompanied with their 
respective random slope (Supplemental Table 2).

On the facility level, a higher mean age of residents fur-
ther increased the risk of COVID-19 infections, beyond 
the individual-level effect of age noted above (OR 1.09; CI 
1.03–1.15). Further, we found a trend towards increased 
risk in LTCFs with higher mean care dependency level 
(OR 1.04; CI 0.99–1.09) and higher dementia prevalence 
(OR 1.04; CI 1.00–1.09). However, these were not statis-
tically significant. In addition, the number of residents 
(OR 1.20; CI 1.14–1.27) showed a positive association 
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with the probability of infection, as did private ownership 
compared to reference LTCFs with non-profit status (OR 
1.11; CI 1.01–1.23). However, private ownership, com-
pared to non-profit LTCFs, did not differ significantly in 
sensitivity analysis (OR 1.11; CI 1.00–1.23) (Supplemen-
tal Table 3).

On the district level, a higher proportion of public 
LTCFs was associated with lower odds of infection (OR 
0.90; CI 0.84–0.97). However, given the prevalence of 
public LTCFs is fairly low at 5.2% and the standard devia-
tion is 8.8% points the effect size is substantively small 
and should be interpreted with caution. Further, a greater 
mean number of residents was associated with a greater 
risk (OR 1.16; CI 1.05–1.28) and provided an effect, 
which differed from the facility-level effect. The most 
pronounced effect was the regional SARS-CoV-2 inci-
dence rate among the general population on the district 
level (OR 1.54; CI 1.41–1.67). As shown in Tables 4 and 
56% of the share of total latent variance is attributable 
to clustering at the facility level (47%) and the district 
level (9%). The introduction of higher-level covariates 
accounted for 58% reduction of the share attributable to 
the district level (VPC District 0.088 vs. 0.037) but only for 
0.2% reduction (VPC LTCF 0.466 vs. 0.465) on the facility 
level.

We further tested for a potential cross-level interac-
tion between the number of residents on the facility level 
and the COVID-19 infection rate on the district level but 

did not find a significant effect (OR 0.99; CI = 0.94–1.04; 
p = 0.709) (Supplemental Table 1).

Discussion
Our study examined how individual-, facility-, and dis-
trict-level determinants contribute to the risk of SARS-
CoV-2 infections among German residents of LTCFs 
during the second wave of the COVID-19 pandemic.

At the individual level, our findings showed that infec-
tions were significantly associated with gender, demen-
tia, and care dependency level. These results were in line 
with previous studies, except for a higher risk among 
male residents in comparison to female residents, which 
at first glance does not echo the previous findings [6]. 
But, from the three studies cited by Karimi-Dehkordi et 
al. only one treats gender as an individual characteristic 
and that one reports slightly fewer women in the infected 
population vs. the total population [16]. An additional 
German study, not included in the review, observed that 
infection rates reflected the overall gender distribution 
[4] Our findings may reflect gendered risk-taking behav-
ior, where men are taking higher risks (i.e., refusal to 
wear masks, social distancing, and other protective mea-
sures). Although this explanation is speculative it would 
align with gendered behavioral patterns towards protec-
tive measures documented in previous studies [17, 18]. 
Likewise, differences between residents with and without 
dementia may be attributable to lower compliance with 

Fig. 2  Standardized COVID-19 incidence rate among the general population (left) and AOK-insured LTCF residents (right) on the regional level. Color 
coding was limited to a standard deviation of ± 2. Values surpassing this range were color-coded according to the nearest limit; Mean COVID-19 incidence 
rate among the population: 3149.6 per 100,000 inhabitants (SD: 1241.3); Mean COVID-19 incidence rate among AOK-insured LTCF residents: 15497.6 per 
100,000 residents (SD: 8697.7). The middle panel shows the distribution of the crude incidence rate per 100,000 people. Red solid line signifies the average 
district level infection rate, dashed lines the standard deviation
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protective measures among those with dementia due to 
their cognitive or mental limitations. Several studies have 
highlighted the difficulties to ensure protection for this 
population [19–21]. 

At the facility level, we found associations with resi-
dents’ mean age, facility size, and facility type. Previous 
studies have typically examined age as an individual-level 
factor, with the exception of Lord et al., who treated it as 
a contextual factor. These studies found that a higher per-
centage of residents aged above 65 was associated with 
lower incidence rates [22]. Our results showed a positive 

association between mean age and COVID-19 infections 
distinct from an individual-level effect. There is exten-
sive research on the effect of environmental factors like 
higher number of beds or occupancy rates on COVID-19 
infections which is in line with our finding that residents 
in larger facilities had a higher risk of infections [23–26]. 
Furthermore, the effect of the ownership especially the 
higher risk of residents in privately owned LTCFs is well 
established in the international literature and mainly dis-
cussed in light of larger sizes, lower staffing, and older 
design standards [27–30]. While our study lacks data to 

Fig. 3  Multilevel logistic regression: SARS-CoV-2 infections among LTCF residents. Number of observations: 284,186, number of groups: 9869 LTCFs, 400 
districts
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control most of these factors our results are still of inter-
est since it contradicts previous findings of a protective 
effect of private LTCFs in Germany; thus, our findings 
appear to be in line with the international evidence [5]. 
However, since the relative reduction of the VPC is neg-
ligible, we must assume that our facility-level factors do 
not show the whole picture. We refer to the limitations 
section where we discuss further possible facility-level 
factors.

At the district level, we found that mean care depen-
dency level, mean facility size and COVID-19 incidences 
were associated with COVID-19 infections. Among the 

significantly related factors, the infection rate was the 
strongest one, which is in line with previous findings, 
including the two prior German studies [4–6]. Notably, 
regional population density was not a significant contrib-
utor, even though Karimi-Dehkordi et al. cited six studies 
reporting such an association [6]. 

Strengths and limitations
The strengths of our study are the large dataset of an 
underresearched yet vulnerable and hard-to-reach pop-
ulation, the coverage of the claims data, as well as the 
sophisticated multilevel analytical approach. However, 

Table 4  Multilevel logistic regression: SARS-COV-2-infection among LTCF-residents
Covariates Null Model Random Intercept Model I Random Intercept Model 

II
Odds Ratios p Odds Ratios p Odds Ratios p

(Intercept) 0.07 (0.06–0.08) <0.001 0.06 (0.05–0.06) <0.001 0.06 (0.05–0.07) <0.001
Individual level

  Gender: men 1.15 (1.12–1.18) <0.001 1.15 (1.12–1.18) <0.001
  Age 1.02 (1.01–1.04) 0.001 1.02 (1.01–1.04) 0.002
  Care dependency level: 3rd level 1.17 (1.12–1.22) <0.001 1.17 (1.12–1.22) <0.001
  Care dependency level: 4th level 1.21 (1.16–1.26) <0.001 1.21 (1.16–1.26) <0.001
  Care dependency level: 5th level 0.95 (0.91–1.00) 0.036 0.95 (0.91–1.00) 0.030
  Dementia: yes 1.09 (1.06–1.12) <0.001 1.09 (1.06–1.11) <0.001
Facility level

  Proportion of women 0.96 (0.91–1.01) 0.101

  Mean age 1.09 (1.03–1.15) 0.003
  Mean care dependency level 1.04 (0.99–1.09) 0.085

  Dementia prevalence 1.04 (1.00–1.09) 0.059

  LTCF Type: public 1.09 (0.86–1.38) 0.484

  LTCF Type: private 1.11 (1.01–1.23) 0.030
  Number of residents 1.20 (1.14–1.27) <0.001
  AOK-share 0.85 (0.79–0.91) <0.001
District level

  Proportion of women 0.96 (0.87–1.05) 0.331

  Mean age 1.10 (0.99–1.21) 0.078

  Mean care dependency level 1.13 (1.05–1.22) 0.002
  Mean Dementia prevalence 1.00 (0.92–1.10) 0.939

  Proportion public LTCF 0.90 (0.84–0.97) 0.004
  Proportion private LTCF 1.01 (0.93–1.09) 0.848

  Mean number of residents 1.16 (1.05–1.28) 0.004
  Mean AOK-share 1.07 (0.97–1.19) 0.183

  COVID-19 incidence 1.54 (1.41–1.67) <0.001
  District type: urban district 1.16 (0.92–1.46) 0.199

  District type: rural district with dense areas 1.05 (0.80–1.36) 0.730

District type: rural district 1.13 (0.86–1.48) 0.371

  VPC 0.555 0.554 0.502

  VPC LTCF 0.467 0.466 0.465

  VPC District 0.088 0.088 0.037

  N LTCF 9869 9869 9869

  N District 400 400 400

  Observations 284186 284186 284186

  AIC/BIC 188735.7/188767.3 188339.8/188434.8 188029.8/188336.0

  Marginal R2/Conditional R2 0.000/0.555 0.002/0.557 0.053/0.558
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since our study is observational we can only describe 
associations rather than causal relations. Furthermore, 
our study has several other limitations, primarily asso-
ciated with the nature of health insurance claims data 
in Germany. First, the study period aims to evaluate the 
second wave of COVID-19 infections in Germany, which 
took place between 28th September 2020 and 28th Feb-
ruary 2021 [9]. Due to the requirements for reporting 
outpatient care in Germany, our analysis was bound to 
quarterly data. Therefore, our data includes all outpatient 
COVID-19 diagnoses between 1 st October 2020 and 
31 st March 2021, which also includes part of the third 
wave. Secondly, our study relies on COVID-19 diagno-
sis in hospital and outpatient physician settings. While 
this operationalization allows identification of COVID-
19 cases from claims data, the accuracy of ICD coding 
warrants scrutiny and constitutes a key limitation. On 
the one hand, this could lead to an overestimation since 
our study did not require confirmation of this diagnosis 
with PCR testing, as such data was not available. Since 
claims data indicates only that people were tested but not 
the results of the testing, the added value of including a 
PCR testing requirement is limited. On the other hand, 
it is possible that COVID-19 infections did not get rec-
ognized or were not reported, e.g., due to a lack of symp-
toms or the challenging circumstances in the LTCFs at 
that time which could lead to an underestimation. Our 
data were nonetheless compared to the German federal 
statistics on COVID-19 cases [3]. While we found more 
COVID-19 cases in the claims data than we would expect 
from the national statistics for the second quarter of 
2020 corresponding with the first wave of the COVID-19 
pandemic, we did not find systematic differences for the 
study period. Hence, we assume our data is at least com-
parable to other available data sources in Germany. Fur-
ther, the vaccination program against the SARS-CoV-2 
virus started within the study period following the con-
ditional market authorization on 21 st December 2020, 
and residents of LTCF were included in the first group 
of eligible people in Germany [31]. Until the end of our 
study period, over 9.4 million people (11.3% of the Ger-
man population) had been vaccinated at least once, and 
almost half of them twice [3]. However, due to the fed-
eral funding of the vaccination program, we do not have 
any record of the vaccination status of LTCF residents. 
Therefore, we cannot control for any preventive effect on 
infections among the study population, as was reported 
in other countries [32–34], nor for possible biases aris-
ing from facility- and/or district-level differences in the 
starting date or speed of vaccination rollout. In addi-
tion, due to data limitations, our study cannot account 
for any LTCF-level factors other than the number of 
residents and ownership. In particular, we were not able 
to consider factors like building type or age, room type, 

crowdedness, or other design elements of the facilities, 
which were reported in other studies [27, 35, 36]. The 
same applies to performance and management factors 
like infection control policy and pandemic preparedness, 
facility ratings, and caregiver-to-resident ratio [37–39]. 
This may also explain the small relative reduction in the 
facility-level VPC achieved by our covariates. Finally, 
it should be highlighted, that the factors of age, demen-
tia, and level of care dependency may be interconnected 
through complex causal pathways, which to test where 
beyond the scope of the present study (see Fig. 1).

Implications for research, policy, and practice
Across multiple levels, we demonstrated that the risk of 
COVID-19 infections was differentially associated with 
a variety of individual-, facility- and district-level factors. 
Future measures to tackle infectious diseases in endemic 
or pandemic situations should take an evidence-informed 
orchestrated multilevel approach.

As expected, dementia was associated with COVID-19 
infections. As this characteristic is also associated with 
poorer infection outcomes, our findings underline the 
need to protect these particularly vulnerable populations. 
However, we also find some evidence that infections 
might be associated with the mobility pattern and risk-
taking behavior of LTCF residents, suggesting that mea-
sures to prevent infection should be tailored to take these 
factors into account. Further, we found that the regional 
incidence did predict COVID-19 infections among resi-
dents from LTCFs. This finding underscores the fact 
that the protection of LTCF residents cannot established 
solely in the facilities. The reduction of regional inci-
dences will be useful to protect LTCF residents.

Lastly, while our analysis uncovered several facility-
level factors of infection risks, the latter were mostly 
aggregated variables based on resident characteristics. 
Due to data limitations, we were not able to study the 
role of facility-level factors that would be more amenable 
to direct modification. Our facility-level factors, in addi-
tion to in literature established facility-level factors such 
as staffing, crowding, facility- and room design could 
have direct implications for public health policies includ-
ing visitation policies, screening strategies. Yet, more 
fine-grained data are needed to draw these conclusions. 
A database on the characteristics of German LTCFs 
should be set up to enable further research into facility 
characteristics and how they relate with infection rates. 
This database, ideally, should be linkable to both national 
statistics on infectious diseases and routine health insur-
ance data to provide a future framework for evaluating 
protective measures.
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Conclusion
We presented a multilevel approach to examining 
COVID-19 infections among LTCF residents. We found 
that male sex, dementia, and medium (as opposed to low) 
care dependency were important individual-level fac-
tors for an elevated infection risk. On the facility level, a 
higher mean age among residents and a higher number 
of residents stood out as important contextual risk fac-
tors. Finally, on the district level, a higher proportion of 
public LTCFs was associated with a lower, while a higher 
general population incidence rate was associated with a 
higher risk of infections. These findings not only contrib-
ute to a better understanding of infection dynamics in 
LTCF during the COVID-19 pandemic; they also suggest 
important lessons for preventive measures during future 
pandemics as well as seasonal outbreaks of infectious 
diseases.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​6​-​2​6​5​1​0​-​5.

Supplementary Material 1

Authors’ contributions
AK, PG, and EST acquired funding for the project. RK, AS, and PG formulated 
the research question for this study. KJ, AS and RK compiled and processed 
the dataset. RK analyzed the data and prepared the first draft of the 
manuscript. RK, PG, AS, JH, AK, EST, CH and AG interpreted the data. All authors 
critically revised the manuscript. All authors approved the submission of the 
manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. The project 
“COVID-Heim” is funded by GKV Spitzenverband (The National Association of 
statutory Health Insurance Funds). The funding source has no implications 
for the conduct, and the result reported in this study. Open access funding 
provided by Charité – Universitätsmedizin Berlin, corporate member of Freie 
Universität Berlin and Humboldt-Universität zu Berlin.

Data availability
While access to the data statutory health insurance funds for research 
purposes is possible under German Social Law (SGB V § 287) the data can only 
be made available when certain data-protecting measurements are met. For 
assistance regarding data access please contact the first author or wido@wido.
bv.aok.de.

Declarations

Ethics approval and consent to participate
The local ethics committee of the Charité – Universitätsmedizin Berlin 
(EA1/299/20) granted ethical approval. In this analysis, only fully anonymized 
data was utilized. Consequently, no prior written informed consent had to be 
obtained.

Competing interests
The authors declare no competing interests.

Received: 25 September 2024 / Accepted: 28 January 2026

References
1.	 World Health Organization. Infection Prevention and Control guidance for 

Long-Term Care Facilities in the context of COVID-19. 2020; Available from: ​h​t​
t​p​​s​:​/​​/​i​r​i​​s​.​​w​h​o​​.​i​n​​t​/​h​a​​n​d​​l​e​/​1​0​6​6​5​/​3​3​1​5​0​8

2.	 Statistisches Bundesamt. Pflegestatistik 2021 – Pflege im Rahmen der Pflege-
versicherung – Deutschlandergebnisse. Wiesbaden: Statistisches Bundesamt. 
2022. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​d​​e​s​t​​a​t​i​​s​.​d​e​​/​D​​E​/​T​​h​e​m​​e​n​/​G​​e​s​​e​l​l​​s​c​h​​a​f​t​-​​U​m​​w​
e​l​​t​/​G​​e​s​u​n​​d​h​​e​i​t​​/​P​f​​l​e​g​e​​/​P​​u​b​l​​i​k​a​​t​i​o​n​​e​n​​/​D​o​​w​n​l​​o​a​d​s​​-​P​​f​l​e​​g​e​/​​p​f​l​e​​g​e​​-​d​e​​u​t​s​​c​h​l​a​​n​d​​
e​r​g​e​b​n​i​s​s​e​-​5​2​2​4​0​0​1​2​1​9​0​0​5​.​h​t​m​l

3.	 Robert Koch Institut. Täglicher Lagebericht des RKI zur Coronavirus-
Krankheit-2019 (COVID-19). 31.03.2021 – Aktualisierter Stand für Deutschland. 
Robert Koch Institut. 2021 Mar. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​r​​k​i​.​​d​e​/​​D​E​/​C​​o​n​​t​e​
n​​t​/​I​​n​f​A​Z​​/​N​​/​N​e​​u​a​r​​t​i​g​e​​s​_​​C​o​r​​o​n​a​​v​i​r​u​​s​/​​S​i​t​​u​a​t​​i​o​n​s​​b​e​​r​i​c​​h​t​e​​/​M​a​e​​r​z​​_​2​0​​2​1​/​​A​r​c​h​​i​v​​_​
M​r​z​_​2​0​2​1​.​h​t​m​l​?​n​n​=​1​3​4​9​0​8​8​8

4.	 Schweickert B, Klingeberg A, Haller S, Richter D, Schmidt N, Abu Sin M, et al. 
COVID-19-Ausbrüche in Deutschen Alten- und Pflegeheimen. Epidemiol Bull. 
2021;18:3–29.

5.	 Preuß B, Fischer L, Schmidt A, Seibert K, Hoel V, Domhoff D, et al. COVID-19 in 
German nursing homes: the impact of facilities’ structures on the morbidity 
and mortality of Residents—An analysis of two Cross-Sectional surveys. Int J 
Environ Res Public Health. 2022;20(1):610.

6.	 Karimi-Dehkordi M, Hanson HM, Silvius J, Wagg A. Drivers of COVID-19 
outcomes in Long-Term care facilities using Multi-Level analysis: a systematic 
review. Healthcare. 2024;12(7):807.

7.	 Bundesministerium für Gesundheit (BMG). Gesetzliche Krankenversicherung: 
Mitglieder, mitversicherte Angehörige und Krankenstand. Jahresdurchschnitt 
2020. 2020; Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​b​​u​n​d​​e​s​g​​e​s​u​n​​d​h​​e​i​t​​s​m​i​​n​i​s​t​​e​r​​i​u​m​​.​d​e​​/​
f​i​l​​e​a​​d​m​i​​n​/​D​​a​t​e​i​​e​n​​/​3​_​​D​o​w​​n​l​o​a​​d​s​​/​S​t​​a​t​i​​s​t​i​k​​e​n​​/​G​K​​V​/​M​​i​t​g​l​​i​e​​d​e​r​​_​V​e​​r​s​i​c​​h​e​​r​t​e​/​K​M​
1​_​J​D​_​2​0​2​0​_​C​P​S​_​b​f​.​p​d​fCited 17 Dec 2025.

8.	 AOK-Bundesverband. Presse und Politik. 2025. Zahlen und Fakten in der 
gesetzlichen Krankenversicherung. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​a​​o​k​.​​d​e​/​​p​p​/​z​​
a​h​​l​e​n​​-​u​n​​d​-​f​a​​k​t​​e​n​/​​p​f​l​​e​g​e​v​​e​r​​s​i​c​h​e​r​u​n​g​/Cited 3 Nov 2025.

9.	 Tolksdorf K, Buda S, Schilling J. Aktualisierung Zur retrospektiven phase-
neinteilung der COVID-19-Pandemie in Deutschland. Epidemiol Bull. 
2021;37(37):3–4.

10.	 Robert Koch Institut. SARS-CoV-2 Infektionen in Deutschland. 2023 May 12; 
Available from: ​h​t​t​p​​s​:​/​​/​z​e​n​​o​d​​o​.​o​​r​g​/​​r​e​c​o​​r​d​​/​7​9​2​7​4​0​2Cited 12 May 2023.

11.	 Bundesintitut für Bau-, Stadt-, und Raumforschung. Laufende Raumbeobach-
tung des BBSR: Geometrische Grundlage: Kreise (generalisiert). 2018. Avail-
able from: www.bbsr.bund.de

12.	 Enders CK, Tofighi D. Centering predictor variables in cross-sectional multi-
level models: a new look at an old issue. Psychol Methods. 2007;12(2):121–38.

13.	 Brincks AM, Enders CK, Llabre MM, Bulotsky-Shearer RJ, Prado G, Feaster DJ. 
Centering predictor variables in three-level contextual models. Multivar 
Behav Res. 2017;52(2):149–63.

14.	 Austin PC, Merlo J. Intermediate and advanced topics in multilevel 
logistic regression analysis: multilevel logistic regression. Stat Med. 
2017;10(20):3257–77.

15.	 Heisig JP, Schaeffer M. Why you should Always include a random slope for 
the Lower-Level variable involved in a Cross-Level interaction. Eur Sociol Rev. 
2019;35(2):258–79.

16.	 Arienti C, Brambilla L, Campagnini S, Fanciullacci C, Giunco F, Mannini A, 
et al. Mortality and characteristics of older people dying with COVID-19 in 
Lombardy nursing homes, italy: an observational cohort study. J Res Med Sci. 
2021;26:40.

17.	 Lewis A, Duch R. Gender differences in perceived risk of COVID-19. Soc Sci Q. 
2021;102(5):2124–33.

18.	 Lüdecke D, Von Dem Knesebeck O. Protective behavior in course of the 
COVID-19 outbreak—survey results from Germany. Front Public Health. 
2020;24(8):572561.

19.	 Brown EE, Kumar S, Rajji TK, Pollock BG, Mulsant BH. Anticipating and mitigat-
ing the impact of the COVID-19 pandemic on Alzheimer’s disease and related 
dementias. Am J Geriatr Psychiatry. 2020;28(7):712–21.

20.	 Mok VCT, Pendlebury S, Wong A, Alladi S, Au L, Bath PM, et al. Tackling 
challenges in care of Alzheimer’s disease and other dementias amid the 
COVID-19 pandemic, now and in the future. Alzheimer’s & Dementia. 
2020;16(11):1571–81.

21.	 Shi SM, Bakaev I, Chen H, Travison TG, Berry SD. Risk factors, presentation, and 
course of Coronavirus disease 2019 in a large, academic long-term care facil-
ity. J Am Med Dir Assoc. 2020;21(10):1378-1383.e1.

https://doi.org/10.1186/s12889-026-26510-5
https://doi.org/10.1186/s12889-026-26510-5
https://iris.who.int/handle/10665/331508
https://iris.who.int/handle/10665/331508
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Pflege/Publikationen/Downloads-Pflege/pflege-deutschlandergebnisse-5224001219005.html
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Pflege/Publikationen/Downloads-Pflege/pflege-deutschlandergebnisse-5224001219005.html
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Pflege/Publikationen/Downloads-Pflege/pflege-deutschlandergebnisse-5224001219005.html
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Situationsberichte/Maerz_2021/Archiv_Mrz_2021.html?nn=13490888
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Situationsberichte/Maerz_2021/Archiv_Mrz_2021.html?nn=13490888
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Situationsberichte/Maerz_2021/Archiv_Mrz_2021.html?nn=13490888
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/3_Downloads/Statistiken/GKV/Mitglieder_Versicherte/KM1_JD_2020_CPS_bf.pdf
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/3_Downloads/Statistiken/GKV/Mitglieder_Versicherte/KM1_JD_2020_CPS_bf.pdf
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/3_Downloads/Statistiken/GKV/Mitglieder_Versicherte/KM1_JD_2020_CPS_bf.pdf
https://www.aok.de/pp/zahlen-und-fakten/pflegeversicherung/
https://www.aok.de/pp/zahlen-und-fakten/pflegeversicherung/
https://zenodo.org/record/7927402
http://www.bbsr.bund.de


Page 11 of 11Kohl et al. BMC Public Health          (2026) 26:717 

22.	 Lord J, Davlyatov G, Ghiasi A, Weech-Maldonado R. Nursing homes located 
in socially deprived communities have been disproportionately affected by 
COVID-19. J Health Care Financ. 2021;48:1–12.

23.	 Arnedo-Pena A, Romeu-Garcia MA, Gascó-Laborda JC, Meseguer-Ferrer N, 
Safont-Adsuara L, Prades-Vila L, et al. Incidence, Mortality, and risk factors of 
COVID-19 in nursing homes. Epidemiologia. 2022;3(2):179–90.

24.	 Orlando S, Mazhari T, Abbondanzieri A, Cerone G, Ciccacci F, Liotta G, et al. 
Characteristics of nursing homes and early preventive measures associated 
with risk of infection from COVID-19 in Lazio region, Italy: a retrospective 
case–control study. BMJ Open. 2022;12(6):e061784.

25.	 Soldevila L, Prat N, Mas MÀ, Massot M, Miralles R, Bonet-Simó JM, et al. The 
interplay between infection risk factors of SARS-CoV-2 and mortality: a cross-
sectional study from a cohort of long-term care nursing home residents. BMC 
Geriatr. 2022;22(1):123.

26.	 Zunzunegui MV, Rico M, Béland F, García-López FJ. The Impact of Long-Term 
Care Home Ownership and Administration Type on All-Cause Mortal-
ity from March to April 2020 in Madrid, Spain. Epidemiologia. 2022 June 
23;3(3):323–36.

27.	 Stall NM, Jones A, Brown KA, Rochon PA, Costa AP. For-profit long-term 
care homes and the risk of COVID-19 outbreaks and resident deaths. CMAJ. 
2020;192(33):E946-55.

28.	 Cox MB, McGregor MJ, Poss J, Harrington C. The association of facility owner-
ship with COVID-19 outbreaks in long-term care homes in British Columbia, 
Canada: a retrospective cohort study. CMAJ Open. 2023;11(2):E267-73.

29.	 Rabilloud M, Elsensohn MH, Riche B, Voirin N, Bénet T, Porcu C, et al. Stronger 
impact of COVID-19 in nursing homes of a French region during the second 
pandemic wave. J Am Med Dir Assoc. 2023 June;24(6):885–e8913.

30.	 Hege A, Lane S, Spaulding T, Sugg M, Iyer LS. County-level social determi-
nants of health and COVID-19 in nursing homes, United States, June 1, 2020–
January 31, 2021. Public Health Rep. 2022;137(1):137–48.

31.	 Vygen-Bonnet S, Koch J, Bogdan C, Harder T, Heininger U, Kling K et al. 
Beschluss und Wissenschaftliche Begründung der Ständigen Impfkommis-
sion (STIKO) für die COVID-19-Impfempfehlung. 2020 Dec 22 [cited 2023 Jan 
4]; Available from: ​h​t​t​p​s​:​​​/​​/​e​d​o​​c​​.​r​k​​​i​.​​d​​e​/​h​​a​n​​d​​l​e​/​1​7​6​​9​0​4​/​7​​5​7​9​.​2

32.	 Bradley DT, Murphy S, McWilliams P, Arnold S, Lavery S, Murphy J, et al. 
Investigating the association between COVID-19 vaccination and care home 
outbreak frequency and duration. Public Health. 2022;203:110–5.

33.	 Goldin S, Adler L, Azuri J, Mendel L, Haviv S, Maimon N. BNT162b2 
mRNA COVID-19 (Comirnaty) vaccine effectiveness in elderly patients 
who live in long-term care facilities: a nationwide cohort. Gerontology. 
2022;68(12):1350–7.

34.	 Pierobon S, Braggion M, Fedeli U, Nordio M, Basso C, Zorzi M. Impact of 
vaccination on the spread of SARS-CoV-2 infection in north-east Italy nursing 
homes. A propensity score and risk analysis. Age Ageing. 2022;51(1):afab224.

35.	 Yang H, Rigsby M, Zhu X, Lee C, Ory M. COVID-19 in long-term care facili-
ties: a rapid review of infection correlates and impacts on mental health 
and behaviors. HERD: Health Environments Research & Design Journal. 
2022;15(3):277–94.

36.	 Brown KA, Jones A, Daneman N, Chan AK, Schwartz KL, Garber GE, et al. 
Association between nursing home crowding and COVID-19 infection and 
mortality in Ontario, Canada. JAMA Intern Med. 2021;181(2):229–36.

37.	 Dutey-Magni PF, Williams H, Jhass A, Rait G, Lorencatto F, Hemingway H, et 
al. COVID-19 infection and attributable mortality in UK care homes: cohort 
study using active surveillance and electronic records (March–June 2020). 
Age Ageing. 2021 June;28(4):1019–28.

38.	 Harrington C, Ross L, Chapman S, Halifax E, Spurlock B, Bakerjian D. Nurse 
staffing and coronavirus infections in California nursing homes. Policy Polit 
Nurs Pract. 2020;21(3):174–86.

39.	 Liljas AEM, Morath LP, Burström B, Schön P, Agerholm J. The impact of organ-
isational characteristics of staff and facility on infectious disease outbreaks in 
care homes: a systematic review. BMC Health Serv Res. 2022;22(1):339.

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

https://edoc.rki.de/handle/176904/7579.2

	﻿COVID-19 infections in German long-term care facilities: a descriptive three-level analysis using claims and infection statistics data from October 2020 to March 2021
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and population
	﻿Measures
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Strengths and limitations
	﻿Implications for research, policy, and practice

	﻿Conclusion
	﻿References


