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Abstract 

Background:  During the five waves of the SARS-CoV-2 pandemic so far, German early childhood education and care 
(ECEC) centres implemented various protective measures, such as wearing a face mask, fixed children-staff groups or 
regular ventilation. In addition, parents and ECEC staff were increasingly vaccinated throughout 2021. During the 4th 
wave, variant of concern (VOC) Delta-driven transmission indicators reached record values at the end of 2021. Those 
values were even exceeded in the 5th wave at the beginning of 2022 when Omicron dominated. We examine which 
factors facilitated or prevented infection with SARS-CoV-2 in ECEC centres, and if these differed between different 
phases within wave 4 (Delta) and 5 (Omicron).

Methods:  Since August 2020, a weekly online survey among approximately 8000 ECEC managers has been con‑
ducted, monitoring both incident SARS-CoV-2 infections and protective measures taken. We included data from 
calendar week 26/2021 to 05/2022. We estimate the probability of any infections and the number of SARS-CoV-2 
infections in children, parents and staff using random-effect-within-between (REWB) panel models for binomial and 
count data.

Results:  While children, parents and staff of ECEC centres with a high proportion of children from families with low 
socioeconomic status (SES) have a higher risk of infections in the beginning of wave 4 (OR up to 1.99 [1.56; 2.56]), this 
effect diminishes for children and parents with rising incidences. Protective measures, such as wearing face masks, 
tend to have more extensive effects with rising incidences in wave 5 (IRR up to 0.87 [0.8; 0.93]). Further, the protective 
effect of vaccination against infection among staff is decreasing from wave 4 to wave 5 (OR 0.3 [0.16; 0.55] to OR 0.95, 
[0.84; 1.07, n.s.]). The degree of transmission from staff to child and from staff to parent is decreasing from wave 4 to 
wave 5, while transmission from child to staff seems to increase.

Conclusion:  While Omicron seems to affect children and parents from ECEC centres with families with all SES levels 
more equally than Delta, the protective effect of vaccination against infection is decreasing and the effect of protec‑
tive measures like face masks becomes increasingly important. In order to prevent massive closures of ECEC centres 
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Background
Germany has been hit by five waves of the SARS-CoV-2 
pandemic so far. The first wave started in spring 2020, 
the second started in calendar week CW40/2020 and 
lasted until the beginning of 2021 and was immediately 
followed by the third in spring 2021. While the first 
three waves, dominated by wild-type (first and second 
wave) and Alpha variant (third wave) were still rela-
tively moderate, the Delta variant causing the 4th wave 
at the end of 2021 led to heretofore unparalleled spread 
and transmission [1]. The Delta wave in Germany was 
split in two parts, a lighter one after the end of the sum-
mer school vacation and a heavy one in November/
December 2021, in this paper called waves 4a and 4b. 
The dramatic increase documented during the Delta 
wave was even surpassed by the spread of the Omicron 
variant at the start of 2022.

In the course of the SARS-CoV-2 pandemic, Ger-
man early childhood education and care (ECEC) cen-
tres implemented various protective measures, such 
as wearing a face mask, fixed children-staff groups 
or regular ventilation, the regular performance of 
Covid-19 rapid tests and a prioritised vaccination of 
staff. Vaccination in Germany began shortly before 
the beginning of the third wave. Until the beginning 
of the fifth wave it was not possible to vaccinate 0-5 
year old children against COVID-19. While children 
in that age group were relatively spared in the first 
and second wave, their incidence rose in the third and 
fourth wave [1].

In 2020, the German Youth Institute (“Deutsches 
Jugendinstitut”; DJI) and the Robert Koch Institute 
(the national public health institute; RKI) joined forces 
to monitor the situation of preschool children during 
the pandemic. A nationwide register drawing weekly 
information directly from approximately 8000 ECEC 
centres (“ECEC centre registry”) was established by the 
DJI. Aim of the ECEC centre registry was to monitor 
incident infections with SARS-CoV-2 and the applica-
tion of protective measures in ECEC centres during the 
pandemic. Using data collected from August 2020 until 
the beginning of June 2021 (CW36/2020-CW22/2021), 
[2] showed that ECEC centres with more children from 
families with lower socio-economic status (SES) faced 
increased infections and that strict adherence to fixed 
staff-children groups decreased infections. Both effects 

were stronger during wave 3 (Alpha-dominated) com-
pared to wild-type dominated wave 2.

Research question
Using unique data from the ECEC centre registry, we 
investigate the occurrence of SARS-CoV-2 infections 
among children, parents and staff in ECEC centres in 
the 4th and 5th wave with reference to social deter-
minants (i.e. the socio-economic status of families of 
children attending ECEC centres), recommended struc-
tural and SARS-CoV-2-protective measures as well as 
vaccination of pedagogical staff. We analyse which fac-
tors contributed or prevented infection with SARS-
CoV-2 in ECEC centres, and if these differed between 
different phases within wave 4 or wave 5, respectively, 
where on the one hand different conditions (summer 
and fall vs. winter) and on the other hand different 
Covid variants (Delta vs. Omicron) prevailed. In addi-
tion, possible chains of infection within the centre are 
taken into account.

Protective measures and the transmission of SARS‑CoV‑2 
in ECEC centres
In the 4th and 5th wave of the pandemic, ECEC centres 
in Germany remained open all the time for all groups of 
children. After three phases of ECEC closures with lim-
ited service (for certain groups of children) in the first, 
second and third wave of the pandemic, further clo-
sures were waived due to suspected negative long-term 
consequences for child development, as studies [3] have 
shown that ECEC attendance during the pandemic 
boost growth of cognitive executive functions in 8 to 
36 month old children. To ensure the opening, political 
decisions held on to protective measures in ECEC cen-
tres, like group separation, wearing face masks by staff 
and parents, regular testing and vaccination of staff [2]. 
In the 4th and 5th wave, regular testing of children on 
Covid-19 has been introduced, too. In autumn 2021, 
political initiatives started to promote so-called booster 
vaccinations (3rd shot) for adults in Germany, which 
also affected pedagogical staff in ECEC centres.

Overall, transmission of COVID-19 infections in 
ECEC centres showed a low proportion of young chil-
dren in their samples with SARS-CoV-2 infection 
according to serological test results, hence, intrafamily 
transmission seemed more plausible than transmission 

due to infection of staff, protective measures should be strictly adhered to, especially to protect staff in centres with a 
high proportion of children from families with low socioeconomic status.
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within ECEC centres [4]. The German COALA study 
confirmed a higher secondary attack rate (SAR) in 
households (53.3%) than in ECEC centres (15.9% with 
evidence of the Alpha variant and 5.1% with evidence of 
wild type). Adults had a higher probability of becoming 
infected than children [5]. For schools, studies reported 
a low transmission in schools, even during a surge of 
community infections [6]. Despite this lower likeli-
hood of infection by children, ECEC centres remain 
epidemiologically and socially relevant as a place where 
large numbers of adults and children congregate daily. 
Several studies pointed out health disparities concern-
ing SES of persons [7] and certain ethnic groups [8]. 
Furthermore a strong relation between the number of 
infections in children and staff of ECEC centres and 
SES composition of the attending children was found 
before in German ECEC centres [2].

Regarding the effects of protective measures, a high 
COVID-19 policy adherence in general relates to low 
transmission in community hubs [9]. Certain protective 
measures in ECEC centres could been shown to pre-
vent infections, such as implementatio of group separa-
tion and fixed staff reduces infections in children and 
staff during the second and third wave of the pandemic 
in Germany [2]. However, the effects of new protective 
measures such as the wearing of face masks as well a the 
effect of vaccination/booster vaccination of staff or regu-
lar testing could not yet be tested in this study, as these 
were not yet included in the version of the questionnaire 
used at that time. While the overall protective effect of 
facemasks is without question [10], there are good rea-
sons to believe that the obligation to wear face masks also 
has protective effects in educational settings. A recent 
study [11], combining data from ECEC and school set-
tings, found that mask obligations with staff/teachers 
have effects on the size of outbreaks, i.e. on the number 
of secondary cases. However, studies focusing on ECEC 
settings only are rather rare and found no protective 
effects [12] for staff wearing face masks. However, both 
studies showed significant protective effects if children 
were also required to wear masks. This question does 
not arise in the context of ECEC centres in Germany and 
was not asked in our study, as, contrary to the US [13], 
no recommendations were made on mask wearing in the 
0-6 age group and children were never obligated to wear 
masks [11] in Germany.

Methods
Study Design
Managers of all 55000 ECEC centres in Germany were 
contacted by letter and eligible to participate. During 
2020 and 2021 a weekly mean of 5200 (9.5%) ECEC 
centres contributed data. Starting in CW36/2020, 

managers of all ECEC centres in Germany were asked 
to fill out a weekly questionnaire. The survey comprises 
a baseline questionnaire handed out to the ECEC cen-
tres at the time point of registration. The baseline ques-
tionnaire collects basic time-constant information such 
as the type of provider, the centre’s proportion of chil-
dren from households with low socioeconomic status 
(SES) and the pedagogical group concept prior to the 
pandemic. The subsequent weekly questionnaire col-
lects information about the current week and contains 
time-varying variables such as the number and age of 
children currently attending the ECEC centre, the cur-
rent application of certain protective measures as well 
as the number of children, staff and parents who were 
tested positive for COVID-19 (laboratory confirmed 
infections). Recent studies show that data on infections 
from the ECEC centre registry better reflects infection 
pressure than official data from the local public health 
departments [14].

In CW22/2021 the questionnaire was extended to 
include questions on the use of protective measures not 
covered before, such as wearing face masks by staff and 
regularly using Covid-19 rapid tests for staff and children, 
as well as vaccination of staff. The analysis presented here 
includes data from CW26/2021 to CW14/2022, thus 
covering two phases (a,b) of the 4th (Delta) wave (4a: 
CW26/2021-CW38/2021, 4b: CW39/2021-CW51/2021) 
and the upslope of the 5th (Omicron) wave (CW01/2022-
12/2022). This classification is oriented on the pro-
posed RKI retrospective classification [15], but covers 
more preceding months, as some lead time is essential 
for the functioning of the applied panel data models. 
CW52/2021 is excluded from the data, as most ECEC 
centres had only a limited offer.

Dependent Variables
We use the occurrence of and the numbers of reported 
laboratory confirmed infections in children, in parents 
and in pedagogical staff per week as dependent vari-
ables. ECEC centre managers were asked to document 
any new laboratory confirmed cases of COVID-19. Infec-
tions were reported separately for staff members, parents 
and children. Due to data protection regulations, detailed 
information on infections in staff was only asked in ECEC 
centres with at least seven staff members (which applies 
to 97% of our sample). We assume a mean serial inter-
val between two Delta and Omicron infections of 4 days, 
and 5.2 to 6.5 days when incubation period is added [16]. 
The average time lag from the onset of illness in an infec-
tious case to the onset of illness of a case infected by that 
case takes 5-6 days, and a further 1-3 days are assumed 
after the result of a laboratory diagnosis is available at the 
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district health department [17]. To reflect this time delay, 
the dependent variable is estimated with a one week lead. 
Hence, our models estimate the occurrence/rate of infec-
tions in CW X+1 with data from CW X.

Independent Variables
Time‑constant variables
Socioeconomic status (SES): COVID-19 infections are 
well known to follow a social gradient [18–20]. To con-
trol for social composition, ECEC managers were asked 
to estimate the proportion of children from families with 
low SES on a 4-point Likert scale (i.e. below 10% children 
with low SES background, 11% to 30%, 31% to 60%, or 
above 60%, respectively).

Time‑varying variables
Protective measures: In every week, managers specified 
which protective measures were actually implemented. 
We include information about pharmaceutical as well 
as on non-pharmaceutical measures. Considering phar-
maceutical measures, we include the vaccination cover-
age among staff members, expressed as the percentage 
of employees who have received at least one vaccination. 
For wave 5, we could further utilise information on the 
so-called booster coverage among staff, hence the per-
centage of employees who have received at least 3 shots. 
Considering non-pharmaceutical measures, we include 
regular wearing of a face mask by staff outside the ped-
agogical setting, e.g. in contact with parents and col-
leagues, regular wearing a face mask by staff within his 
own group, i.e. when children were present. Further the 
regular ventilation of the rooms, if groups were separated 
indoors and if staff and children were tested regularly for 
SARS-CoV-2 infection with rapid tests is included in the 
model.

Infections in children, parents and staff: As we are also 
interested in the direction of transmission between chil-
dren, parents and staff, we further include the number 
of other infections in the model, e.g. when our model 
estimates the number of infections in children in CW 
X+1 as dependent variable, we include the number of 
infections in parents and staff in week X as within and 
between effect. Since we have no data on direct contacts, 
infection routes and processes, conclusions can only be 
drawn from the chronological sequence of infections.

Controls
Local Covid-19 incidence at district level: To control for 
the level of the local pandemic we include the weekly 
incidence of COVID-19 by district as reported by 
the mandatory surveillance system (number of newly 
reported cases within seven days in a population of 
100,000 as provided by the RKI). To further control for 

local trends we further include in the model the change 
of the 7-day incidence on district level within one week. 
Thus, we do not only control for the local level of the 
pandemic, but for local trends, too.

Number of children: Information on how many children 
aged 0-2, 3-6, and 7 years and older attended the ECEC 
centre was provided by ECEC managers. These numbers 
changed weekly due to (regional) holidays, regional out-
breaks and measures taken on federal state or district 
level.

We use both variables, local infection rate and number 
of children to quantify exposure to the virus. We do not 
control the number of employees, as this is proportional 
to the number of children in care.

Statistical analysis
We use time-constant variables related to the centre 
(known from the baseline questionnaire, e.g. SES), aver-
age differences in the time-varying variables between 
ECEC centres and further changes within a centre from 
one week to another. Since infections are still a rather 
rare occurrence in the centres, our dependent variable 
contains too many zeros to correspond to a common 
count data distribution. Therefore, we utilise a two-step 
design oriented at a hurdle approach [21] to handle the 
problem of excess zeros/zero inflation in our data. This 
approach allows us to distinguish between processes that 
(1) lead to an infection in a centre in the first place, hence 
the occurrence of any infections and processes that (2) 
concern the spread within a centre, hence the number 
of infections in those ECEC centres where any infections 
occur in the observation period. Doing so, we estimate 
the overall likelihood of the occurrence of an infection 
within the period of observation with a logit-model with 
a dichotomous dependent variable (any infection vs. no 
infection) in all centres. Subsequently, we estimate the 
number of infections in all centres in which any infec-
tions occur at all.1 Both steps are applied in all the cor-
responding periods, hence in wave 4a, 4b or 5. Doing 
so, we use models with a (1) binomial and (2) a negative 
binomial distribution with quadratic parameterization 
[22]. For both processes, we apply a random-effect panel 
model with demeaned data. This allows us to estimate the 
effects of time-constant variables, between-unit differ-
ences and within-unit changes at the same time [23, 24].

(1)
P(Yi,t+1|Xi,t ) =

exp(𝛼 + 𝛽1within(xit − x̄i) + 𝛽2betweenx̄i + 𝛽3zi + 𝜐i1 + 𝜐1t )

1 + exp(𝛼 + 𝛽1within(xit − x̄i) + 𝛽2betweenx̄i + 𝛽3zi + 𝜐i1 + 𝜐1t )

1  See Fig. A1 in the Appendix for details on the distribution. Figure A1 shows 
the distribution of the dependent variables in the individual waves with and 
without the selection by the two-step approach.
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We specify both our models with a leading y variable 
(t+1). β1 estimates within-units effects, hence what hap-
pens in the next weeks after an ECEC centre decides for 
example to require staff to wear face masks when in con-
tact with children of their group. β2 estimates between-
units effects, hence the average effect of e.g. wearing face 
masks when in contact with children or the average staff 
vaccination rate. Since the chronological order of events 
is not taken into account here, these effects are prone 
to endogeneity and can only be interpreted with great 
caution, as all time unit-time-points where the preven-
tive rule is applied are compared to all unit-time-points 
where the rule is not applied. β3 estimates effects of time-
constant variables, such as SES. υi1 and υ1t are unit- and 
time-fixed effects. Exponential coefficients of both mod-
els could be interpreted as odds ratios (OR) or incidence 
rate ratios (IRR), i.e. how much the expected probability 
(formula 1) or the expected count (formula 2) changes 
multiplicatively when x increases by one. We include a 
district’s weekly 7-day incidence and the weekly number 
of children currently attending the centre as a control 
variable. Lastly, we added the weekly change rate of the 
district COVID-19 incidence as an additional variable to 
control for local trends. All control variables are included 
as within and between effects.

We excluded several variables from the multivariate 
regression analysis because they show strong correlations 
with others or were rather rarely applied at all. First, we 
excluded surface disinfection, as preceding analyses [2] 
did not show any substantial results. Second, our data 
includes a number of questions aimed at contact restric-
tions, namely group separation indoors as well as out-
doors and a fixed assignment of staff to certain groups 
(See Fig.  3). Although it would be plausible to at least 
consider the separation of the children groups and the 
fixed assignment of staff to groups separately, further 
analysis showed that those measures are highly corre-
lated.2 To reduce multicollinearity, we include only the 
variable for group separation indoors as a proxy for gen-
eral contact restrictions in our models. Third, we exclude 
the information on regular temperature measurement for 
children and staff, as both protective measures are used 
very rarely and never have been recommended in the 
German context and the variables are highly correlated 
( .58∗∗∗ ) as well. We provide further details on variable 

(2)log(E(yi,t+1)) = 𝛼 + 𝛽1within(xit − x̄i) + 𝛽2betweenx̄i + 𝛽3zi + 𝜐i1 + 𝜐1t
selection and a brief discussion of the excluded variables 
in the Appendix.

Results
Infections in ECEC Centres over time and the dissemination 
of variants of concern of the COVID‑19 Virus
Figure  1 shows the development of COVID-19 infec-
tions in children, parents and staff between CW36/2020 
and CW12/2022 per calendar week. The different waves 
of the pandemic are highlighted with colored/shaded 
boxes. The grey area on the left side marks wave 2, the 
white area marks wave 3. The 4th wave is separated into 
2 areas, 4a, 4b, and the 5th wave. Wave 4a marks the 
beginning of the 4th wave in late summer and autumn 
2021. The overall course here is very similar to the pre-
ceding waves 2 and 3. Wave 4b, i.e. the development in 
late fall and before Christmas 2021 is characterised by a 
significant increase in COVID-19 incidence compared 
to the previous waves. Finally, wave 5 is characterised by 
a further significant increase in COVID-19 incidence of 
all types compared to the previous waves exceeding any-
thing seen before in the pandemic.

Figure 2 describes the latest dissemination of COVID-
19 variants of concern in the 2 phases of the 4th wave. 
While the so-called delta variant was the most wide-
spread form in both periods, wave 4a and 4b, 5 is domi-
nated by the so-called Omicron variant.

Protective measures over time
Figure 3 shows the development of the application of cer-
tain protective measures over time. Measures which were 
conceptually similar are shown in the same line type, e.g. 
regular temperature measurement for children and staff 
are both shown in long dashed lines. Overall, we can 
observe a dip in most variables in the summer months 
2021, and an increase since the middle of wave 4b. Regu-
lar ventilation was applied by almost all centres at a very 
high level with almost no variation over time; the same 
holds true for surface disinfection, although the level 
was lower. Almost no variation could also be observed in 
regular temperature measurement of children and staff 
- both were only used by a very small number of ECEC 
centres. Since the vaccination of the staff started well 
before the survey was conducted, staff vaccination rate 
starts on a high level in CW26/2021 and increases con-
stantly thereafter. In CW01/2022, we can observe a drop 
to a lower level. This is due to the fact that the question-
naire, in particular the vaccination question, was revised 
again at the turn of the year 2021/22, including an addi-
tional question for the rate of staff who had received 
the 3rd shot (booster vaccination). The latter rises from 
70% in CW01/2022 to 84% in CW12/2022. Substantially 
high levels were also observed in the use of COVID-19 

2  See Figs. A2 and A3 for correlation plots for all waves. Correlation is .62∗∗∗ 
between fixed staff assignment and indoor group separation, .45∗∗∗ between 
staff assignment and outdoor group separation, .56∗∗∗ between group separa-
tion indoors and outdoors.



Page 6 of 14Neuberger et al. BMC Public Health         (2022) 22:2106 

rapid tests of staff and in the use of face masks of staff 
outside the own group setting. Less than 50% of cen-
tres used COVID-19 rapid tests of children regularly in 
CW26/2021. As the summer 2021 progressed, the avail-
ability of tests continued to increase and these were car-
ried out increasingly frequently. Nevertheless, a decline 
in the usage of face masks can be observed from the mid-
dle of the 5th wave onwards.

With respect to the variables related to keeping dis-
tance, we found indoor group separation and fixed staff 
assignment to follow a very similar path while outdoor 
group separation remained less frequent. The high cor-
relation of the individual items can already be seen here 
in the Fig. 3. Distance measures tended to be suspended 
in the summer of 2021, but increased sharply again in the 
fall. Here, too, however, there was a clear decline from 
the middle of the 5th wave onward. Due to the high cor-
relation and/or the low frequency of certain measures, 
not all were included in the multivariate models (See 
Chapter  2.4). Further, we did not include the regular 
temperature measurement indicators at all, as the rate 
of implementation was very low. With group separation 

indoors, we only include one distance variable to avoid 
bias from correlated explanatory variables (See Fig. A2 
and A3). Overall, the correlations of the protective meas-
ures seemed very stable between waves and weeks. We 
further do not include surface disinfection, as it has not 
shown any convincing results in other studies [2].

Factors associated with COVID‑19 infections in ECEC 
centres
Figure  4 shows selected coefficients from our 6 mul-
tivariate models as forest plot and odds ratios (OR)/
incidence rate ratios (ICC) with 95% confidence inter-
vals (CI). The first two columns show the coefficients 
from a model with infections in children as dependent 
variable, hence, the first column shows coefficients 
from the logit model with a dichotomized dependent 
variable (any infections in children vs. no infections 
in children (formula 1), the second column shows the 
coefficients from the count model (formula 2). Coef-
ficients are shown as OR (column 1, 3, 5, logit mod-
els) and IRR (column 2, 4, 6, count models). Hence, 
the coefficients in the first column could be read as 
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multiplicative effects on the odds to observe any infec-
tion (occurrence), and the coefficients of the second 
column as multiplicative effects on the rate, hence the 
number of infections expected (number). Every col-
umn contains coefficients for all waves. The wave is 
indicated by colour and shape of the point estimate, 
a cyan square refers to wave 4a, a red triangle refers 
to wave 4b and a green dot refers to wave 5. Signifi-
cant coefficients ( p < 0.05 ) are printed in opaque with 
OR/IRR and 95% CI, non significant coefficients are 
printed in transparent colours. Effects for the depend-
ent variable “infections in parents” and “infections in 
staff ” could be found in the columns 3 and 4 as well as 
in 5 and 6, respectively.

The vertical stratification of Fig. 4 is by type in four 
categories, as indicated by the grey boxes on the right. 
The first 3 rows contain between effect estimates for 
(1) SES, the following two rows contain between and 
within effects for pharmaceutical measures, hence for 
vaccination (2), and the next 6 rows contain the within 
effect estimates for non-pharmaceutical protective 
measures like wearing face masks or ventilation (3). 

The last 3 rows contain the within effects of infec-
tions (4). The models underlying Fig.  4 including all 
(within and between) effect estimates can be found in 
the Appendix in Table A1 for the wave 4a, Table A2 for 
wave 4b and Table A3 for wave 5.

Results from multivariate regression analysis
Effects of SES
We find significant effects of the SES on the occurrence 
and number of all types of infections. Considering the 
occurrence and number of infections in children (col-
umn 1 and 2 in Fig. 4), the strongest effects are found in 
the model for occurrence (column 1 in Fig. 4) in wave 4a 
(blue square, OR 1.95 [1.5; 2.54], 95 % confidence inter-
vals in parenthesis). When compared to ECEC centres 
with a share of 0 to 10 % of children from low SES house-
holds (reference group), ECEC centres with 60 % or more 
children from low SES households were nearly twice as 
likely to report an infection with children in wave 4a. 
We found this effect decreasing in size with the increas-
ing frequency of infections in wave 4b (red triangle, OR 
1.23 [1.04; 1.44]) and disappearing in wave 5 (green dot, 
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n.s., printed in transparent colours). The same decreas-
ing pattern is also found for the other SES levels in col-
umn 1 in Fig. 4. For the number of infections in children 
(column 2 in Fig. 4), SES does not play a role in wave 4a, 
but in 4b, and wave 5, but the effects are rather small and 
do not follow a clear pattern, e.g. the IRR is 1.16 [1.06; 
1.26] for centres with a share of 10 to 30 % of children 
from low SES households in wave 4b, meaning that in 
those centres, the expected number of infections is 1.16 
times greater than in centres with a share of 0 to 10 %. 
For ECEC centres with above 60 % of children from low 
SES households, we do find a small negative effect (IRR 
0.88 [0.81; 0.96]) in wave 5, hence the expected number 
of infections is 0.88 times lower compared to the refer-
ence group.

For the occurrence of infections in parents (column 
3 in Fig.  4), SES plays a large role in wave 4a, a small 
one in wave 4b, and even a significantly negative role 
in wave 5. For the number of infections in parents, 
we found SES to play a role, but only in centres with 
above 60% of children from low SES households, and 

the role is decreasing with the ongoing of the pan-
demic. We found a significant, but small negative effect 
in wave 5, too, for ECEC centres with above 31 to 60 
% of children from low SES households. For the occur-
rence of infections in staff, we find a rather strong SES 
effect in wave 4a and decreasing effects in wave 4b and 
wave 5. Regarding the number of infections in staff, we 
observe an increasing SES effect over time. While there 
was no significant SES effect on the number of infec-
tions in staff in wave 4a and only a significant in centres 
with above 60% of children from low SES households 
in wave 4b, the number of infections in staff in wave 
5, hence, with omicron, follows a clear SES pattern. 
Overall, we find that the main effects of SES concern 
the occurrence, and not so much the number of infec-
tions. Note that these are comparisons between centres 
and do not take into account the chronological order 
of events and are therefore susceptible to endogeneity. 
However, since there is no temporal change in SES as it 
is a one-time assessment prior to the pandemic, this is 
not problematic in this case.
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Effects of pharmaceutical protective measures
The staff’s vaccination quote is a pharmaceutical interven-
tion and differs from SES in that there is no dichotomous 
coding here, but rather the percentage (coded 0 to 1, where 
1 equals 100%) of vaccinated pedagogical staff in the centre 
is asked for on a weekly basis. The vaccination rate there-
fore differs between centres as well as within centres over 
time. However, and in contrast to the following dichoto-
mously coded variables, only a gradual increase (and no 
absolute change) is possible here. Considering the between 
effects of vaccination against infection, we find it to be posi-
tively associated with COVID-19-infections among children 
and parents in wave 5, but clearly negative when it comes 
to occurrence of infections in staff. The former apparently 
stems from endogeneity, hence, it is reasonable that infec-
tions among children or parents do not stem from a higher 
vaccination rate among staff, but rather that, e.g., increased 
(reports of) infections among children or parents make staff 
more likely to become vaccinated. Otherwise, it is also pos-
sible that higher vaccination rates in the overall population 
(or among staff) might lead to a false sense of security.

Conversely, there is a clear negative relationship between 
a high staff vaccination rate and the occurrence of infec-
tions among staff in wave 4a (OR 0.3 [0.16; 0.55]),3 and less 
so, in wave 4b (OR 0.53 [0.37; 0.76]). We found this relation 
to disappear (OR 0.95, [0.84; 1.07, n.s.]) in wave 5 with the 
emergence of the Omicron variant.

We further rerun the models for wave 5 exchanging the 
vaccination rate with the booster vaccination rate (See 
Table A4, and using both, i.e. vaccination rate and booster 
rate in one model, see Table A5). Doing so, we find signifi-
cant positive between-effects between the occurrence and 
number of infections in children and parents and a higher 
booster rate. When comparing the effect sizes between the 
first shot vaccination rate and the booster vaccination rate 

Fig. 4  SARS-CoV-2 infections in children, parents and staff. Effects from a hurdle approach for wave 4a, 4b and 5. Source: ECEC centre registry, 
estimates from logit and count models for SARS-CoV-2 infections children, parents and staff. Odds ratios (OR, logit Models) and incidence rate ratios 
(IRR, count models), significant coefficients ( p < 0.05 ) are printed in opaque with OR/IRR and 95% CI, non significant coefficients are printed in 
transparent colours. Full models in Tables A1, A2 and A3, own calculations

3  Note that this OR refers to a comparison between a 0 and a 100 % rate. E.g., 
in wave 4a, a 10% increase in the vaccination rate would lead to an OR of .89. 
As the vaccination rate is coded 0 to 1, where 1 equals 100%, we can calcu-
late the OR for a 10% difference by multiplying the log odds of the between 
effect, which is -1.22 (See column 5 in Table A1) by 0.1, leading to a OR of 
exp(−1.22 ∗ 0.1) = 0.89 , hence an increase by 10% would lead to a 0.89 times 
lower chance to report an infection in staff.
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(See Table A5), the effect sizes in the booster rate tend to 
be larger in all models, but still, considering infections in 
staff, they fail to reach statistical significance.

We do not find any significant within effects in any 
model for the vaccination rate, the only exception here 
is a significant negative within effect of an increasing 
booster vaccination rate on the number of infections in 
parents in wave 5, see Tables A4 and A5.

Effects of non‑pharmaceutical protective measures
Overall, we expect the introduction of a protective meas-
ure within an ECEC centre to reduce the number of 
infections. An exception here is the introduction of regu-
lar testing, which might have a positive effect, as testing 
is not a direct protective measure, but rather a detection 
procedure. We find that the introduction of staff wearing 
face masks when in contact with other staff or parents, 
hence outside the group setting, reduces the number of 
infections in children in wave 4a (IRR 0.64 [0.48; 0.85]). 
The introduction of staff wearing face masks within the 
group setting, hence, in contact with children, signifi-
cantly reduces the occurrence (OR 0.79 [0.66; 0.93]) and 
number (IRR 0.83 [0.7; 0.97]) of infections in staff in wave 
4b. Further we found it to reduce the number of infec-
tions in all count models, hence in the number of infec-
tions in children, parents and staff in wave 5. We found 
no significant effect of regular ventilation in any model. 
Further, we found the introduction of indoor group sepa-
ration to significantly reduce the number of infections in 
staff in wave 4b (IRR 0.85 [0.73; 0.97]), but not to have any 
effects in the other models. We found the introduction of 
regular testing of staff to increase the number of reported 
infections in staff in wave 5 (IRR 1.14 [1.01; 1.28]). Hence, 
regular testing of pedagogical staff results in fewer unde-
tected infections here. Considering the introduction of 
tests for children, we found them to significantly reduce 
the occurrence and number of infections in parents in 
wave 4a and 4b, but not in wave 5.

Within effects of infections
Regarding the question who infects whom, i.e. chains of 
infection, we found significant effects on the occurrence 
and number of infections in children with both, previous 
infections in staff and in parents. The strongest effects on 
infections in children are found due to previous infec-
tions in staff in both models, hence for occurence (OR 
1.47 [1.18; 1.83]) and number (IRR 1.56 [1.24; 1.95]), in 
wave 4a, while these effects are decreasing with increas-
ing frequency of infections in wave 4b and 5. Infections 
in parents play a smaller, but still significant role here. 
Considering the occurrence and number of infections 
in parents, we found that previous infections in staff 
are followed by an increased occurrence and number of 

infections in parents in wave 4a. Further, previous infec-
tions in staff have a small positive effect on the number 
of infections in parents in wave 5. Previous infections in 
children only have small effects on the occurrence and 
number of infections in parents in wave 4b, and we found 
a small but significant effect of infections in children on 
the number of infections in parents in wave 5. The occur-
rence and number of infections in staff seems rather 
unaffected by previous infections in parents and children. 
We found a small effect of previous infections in parents 
on both, occurrence and number of infections in staff in 
wave 5, and further small effects of previous infections in 
children on the occurrence and number of infections in 
staff in wave 4b and 5. Overall, the effect size of previ-
ous infections seems significantly reduced with the emer-
gence of omicron in wave 5.

Discussion
Over the course of the Delta and Omicron waves, we 
found the effects of socio-economic status and vaccina-
tion on the risk of infection has decreased, at least when 
it comes to infections in children and parents, while the 
preventive effect of masks worn by pedagogical staff has 
increased. Social status of the families where the children 
were coming from was a strong indicator in ECEC for 
an increasing risk of infection both in staff and children 
during wild-type and Alpha waves [2]. Hypotheses for 
this association included different living conditions, such 
as crowded living, and/or different working conditions 
among socially deprived population groups [25]. The two-
step design in this paper sheds some light on the mecha-
nism between SES and infections. Children usually attend 
an ECEC institution in their neighbourhood, hence SES of 
the children is a sound indicator of the social composition 
in the centre’s environment. By far the stronger effects of 
SES in our analysis are seen in the probability to observe 
infections in a centre at all, and less in the number. This 
indicates that infections are more frequently brought in 
from the environment if the centre is located in a socially 
deprived area, but social status of the children itself has a 
rather small effect on the spread of infections through the 
centre, at least to other children and parents.

Why the effect of SES on infections among staff 
increases in Omicron waves is open to speculation. One 
possibility could be that staff in socially deprived areas 
are vaccinated to a lower degree, as vaccination is known 
to follow a social gradient [26], and at the same time the 
vaccine protection against infection with omicron is 
known to be weaker [27].

The decrease in vaccine effectiveness demonstrates 
and confirms the good protection of the vaccine against 
an infection with the Delta variant within the first two 
months [28, 29]. The lower estimated effectiveness of 
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the vaccine against SARS-CoV-2 infections in the (Delta) 
wave 4b, in December 2021, again is supported by find-
ings from other studies [28–30] who showed a decline 
of effectiveness after 6 months between 10 and 30% per-
centage points. In wave 5, we found that the protective 
effect against infections has almost disappeared which 
agrees again with findings from several other authors 
who found consistently lower efficacy of the vaccine 
against Omicron infections compared with Delta infec-
tions when the same number of vaccinations, the same 
vaccine types and the same time period after vaccination 
was analysed [27, 28, 31].

Possible explanations for the increased risk to observe 
an infection in parents and children in ECEC centers 
with higher vaccination rates among staff in the (Omi-
cron) wave 5 could be related to endogeneity, i.e. when 
reports of high local infection rates encourage staff to 
get vaccinated. They also might be explained by a sense 
of false security [32, 33], e.g. when perceived protection 
through increasingly widespread (booster) vaccination 
leads to a lower perception of risk of infection and cor-
responding behavioural changes in the general popula-
tion. If the latter assumption holds true, then the lack of 
between effects between vaccination rates and infections 
among staff suggests that while preventive behavior may 
be declining in the general population, protection of staff 
from infections in day care centers remains a high prior-
ity despite increasingly available (booster) vaccinations.

Considering the significant negative within effect of an 
increasing booster rate on the number of infections in 
parents found in Tables A4 and A5, we can only assume 
that there is either a temporal concurrence between a 
decrease in general local infections and an increasing 
availability of booster vaccines for staff or a marginal pro-
tective effect from the vaccination itself, preventing the 
transmission of infections from staff to parents. As we 
find all within effects of the (booster) vaccination rates to 
be at least negatively associated (effects are negative, but 
not sigificant) with the number and occurence of infec-
tions in staff, a protective effect is quite likely, but our 
models, however, fail to provide significant evidence.

Our analysis of non-pharmaceutical protective meas-
ures identified the most conclusive protective effect for 
the use of face masks by the staff. In wave 4a, the intro-
duction of face masks worn by staff when in contact with 
other staff or parents lowers the number of infections in 
children only, staff starting to wear face masks in contact 
with children lowers the occurence and number of infec-
tions in staff in wave 4b. Further, staff starting to wear 
face masks in contact with children lowers the number 
of infections in children, parents and staff in wave 5. 
Thus, in the presence of Omicron, wearing a mask effec-
tively reduces the number of infections in all models, 

successfully preventing secondary infections in the ECEC 
centre. Here, the two-step estimation designs demon-
strates: the introduction of face masks does not help to 
prevent the occurrence of infections in ECEC centres, 
but they have a clear effect on the number of infections, 
thus limiting transmission.

Overall, our results confirm previous research on the 
effectiveness of face masks [11], but not all studies on the 
topic find significant effects for infections in staff [12]. 
Our study provides clear longitudinal evidence for the 
protective effect on staff. However, recent studies suggest 
that staff wearing face masks impair emotion reading [34] 
and can even negatively affect the quality of interaction 
between staff and children [35]. Thus, their use in contact 
with children must be carefully weighed against the edu-
cational adverse effects.

We do not find an effect for ventilation, but this is 
probably due to the very high adherence rate (See Fig. 3). 
We only find a small effect for the introduction of indoor 
group separation on the number of infections in staff 
in wave 4b. While in our first study we saw that contact 
reduction between groups has been effective [2], it seems 
to play a minor role in the face of increasing vaccination 
rates and the widespread use of face masks.

Due to the strong correlation between the contact 
reduction variables mentioned above in Chapter  2.4, 
further analysis (See Appendix Figs. A7 and A8) showed 
mixed results. Since the vast majority of significant 
effects for contact restrictions are clearly negative in all 
model variants tested, we consider group separation to 
be beneficial to some extent, but without being able to 
specify the exact range of effects.

Considering detection methods, serial testing of peda-
gogical staff increased the number of (detected) infec-
tions in staff, hence regular testing results in fewer 
undetected infections in wave 5. On the other hand, serial 
testing of children seems to offer some protection against 
infections in parents, but only in wave 4a and 4b. Here 
it could be hypothesised that serial tests - which were 
carried out by the parents - might have increased the 
general sensitivity of the parents with regard to hygiene. 
Considering the other detection method in our data, 
temperature measurement on children, in-depth addi-
tional analyses (See Appendix Fig. A8) provides some 
hints that the introduction of temperature measurement 
in children might reduce the occurrence and number of 
infections in children, but the underlying estimates are 
based on comparatively very few observations and biased 
by correlation with the other temperature measurement 
variable and should be interpreted with great caution, if 
at all. Here, additional research is needed, presumably 
from areas where these measures have been applied more 
frequently.
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Our results on possible chains of infections indicate 
that infections of staff had been the main drivers for 
infections in children and, less so, for infections in par-
ents (only in wave 4a), but this effect is decreasing from 
(Delta) waves 4a and 4b to (Omicron) wave 5, perhaps 
due to increasing vaccination rates and the increased use 
of masks. In addition, the force of infection in the whole 
society which has increased in the same sequence may 
have led to coincidental infections that had nothing to 
do with exposure in the ECEC centre. Previous infec-
tions in parents clearly can be attributed to be followed 
by infections in children in all waves, but the effect size 
is rather small. Further, we found significant effects of 
preceding infections in parents on infections in staff in 
wave 5. Previous infections in children seem to play a 
significant, but smaller role for both, infections in par-
ents and staff.

The significance of this effect, particularly in relation 
to preceding infections among staff, increases over time 
and is particularly pronounced in wave 5. Thus, previous 
infections of children in particular become more threat-
ening to staff. Although the role of children as true pri-
mary cases may be substantially underestimated [5] in 
our “ecological” analysis, we can conclude that staff infec-
tions from children are playing an increasingly important 
role. This, in turn, could be related to increasing conta-
giousness in society at large, or it could be that children 
actually become more contagious when infected with 
Omicron compared to Delta.

Limitations
As a general limitation, we acknowledge that a man-
agement’s decision to implement certain protective 
measures in their ECEC centre (and the corresponding 
notification in our questionnaires) is not always followed 
and put into daily practice by all employees. There were 
no precise instructions on our side given to the partici-
pating managers when exactly a protective measure is 
considered implemented (e.g., information on the fre-
quency of a particular measure, for example, we do not 
know whether tests for SARS-CoV-2 were applied once a 
day or only once a week or what kind of rapid tests where 
used). However, detailed hygiene plans with descriptions 
of the procedures were handed out by the health offices. 
Data on staff vaccination status were also voluntary and 
represent only the level of knowledge of the management 
of the ECEC and may not reflect the precise vaccination 
rate. In addition, the question about SES was asked ret-
rospectively and is therefore susceptible to recall bias, 
which is particularly common in COVID-19 studies [36]. 
Due to the special circumstances of the pandemic, many 
of our survey instruments are also new designs that went 

into the field immediately and for which extensive pre-
testing was hardly possible. The regular weekly survey 
also made it necessary to keep the scope and thus the 
depth of focus of the survey rather low, so as not to place 
an undue burden on the ECEC managers. However, all 
these aspects apply to many COVID-19 studies [37].

Conclusions
Our analyses show that as infections increase and the 
omicron variant becomes more widespread, the pro-
tective effect of vaccination against infection decreases 
significantly. Protective measures, especially the use of 
face masks are becoming increasingly important, as the 
omicron variant is proving to be particularly sensitive to 
protective measures. At the same time, the well-known 
SES effect loses its importance for infections in children 
and parents, but remains important for infections in staff. 
Our results further show that overall the risk of infec-
tion from staff tends to decrease, but the risk of infection 
from parents and children increases. Vaccination against 
SARS-CoV-2 has shown good effectiveness against severe 
course of disease, however, it is not very effective against 
transmission of the Omicron variant. It is therefore pru-
dent to strengthen usage of non-pharmaceutical protec-
tive measures like face masks to reduce introduction of 
the virus. In particular, staff in ECEC centres with a high 
proportion of children from low SES backgrounds should 
act with particular caution and wear masks sooner than 
others, with the goal to keep ECEC centres open as long 
as possible to avoid reactive closure.
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