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Variable description and categorization 

The variables socio-economic status (SES), migration background and media use were categorized according to 
study-specific criteria and were part of the provided datasets. 
The categorization of SES was based on an index, which was calculated using information regarding education 

and occupational qualifications, occupational status and net equivalent income of the parents. The SES score, 

which can be 3-21 points, is formed by summing the three subscores of education, income and occupation. The 
scale level is metric, the scores are rounded to one decimal place. Based on the weighted distribution of SES in 
the population, the index is divided into five quintiles. The lower 20% of the scores ordered by size were assigned 
with “low SES” (1st quintile), the middle 60% as “medium SES” (2nd to 4th quintile) and the top 20% are referred 
to as “high SES” (5th quintile). In KIGGS Wave 2, the creation of the SES is based on the information on the social 
parents (the person with whom the parent interview is conducted and his/her partner, if this person lives in the 
household). This is different from the written questionnaire in the KiGGS Baseline survey, where it was left up to 
the mother, for example, whether to provide information on the father, even if he does not live in the joint 
household. For more details, please see the following reference  [1].  
Participants were assigned having a migration status if the participant has moved to Germany and at least one 
parent was born abroad, if both parents have moved to Germany or if neither parent has German citizenship. 
Migration background was defined as study participants with migrant status or without German citizenship [2].  
The variable “weekly media consumption” was created based on an index. Answers to questions on daily media 
consumption were converted from ordinal scale to hours using the values 0, 0.5, 1.5, 2.5, 3.5 and 5. The data on 
television/video/DVD, game consoles/computer games, computer/internet/smartphone were added up (DVD, 
computer games and smartphone were added in KiGGS2) and multiplied by 7. If data for one of the questions 
was missing, the number of hours was missing. This variable was created for participants from 3 years to 17 
years. In KiGGS Baseline, the answer category 2–3 hours is missing in the variables assessing daily media 
consumption, limiting comparability between the “weekly media consumption“ between KiGGS Baseline and 
KiGGS Wave 2. For participants 3–10 years, the parents' statements on television/video/DVD and 
computer/internet/smartphone were used. For participants 11–17 years, the respondents’ data on 
television/video/DVD, computer/internet/smartphone and, in addition, game consoles/computer games were 
used. The three categories low, middle and high were assigned based on age-specific terciles in KiGGS Baseline 
and were adopted in KiGGS Wave 2. 
 
 

Test systems used for serological testing  

The quantitative ELISA (Enzygnost Lyme link VlsE/IgG, Siemens Healthcare Diagnostics GmbH, Eschborn, 
Germany) test is based on a detergent extract from cultured B. afzelii (strain PKo) mixed with recombinant VlsE 
from Bb s.s. (strain B31), B. afzelii (strain PKo), and B. bavariensis (strain PBi). The test was automatically 
processed and interpreted as recommended by the manufacturer. For each run, a cut-off was automatically 
calculated by the alpha method, resulting in a so-called floating cut-off that enables to determine whether a 
sample is negative, borderline or positive [3, 4]. This is expressed in arbitrary units (ELISA units) calculated from 
optical density, used synonymously to antibody titers.  
 
The immunoblot test (Borrelia Europe plus TpN17 LINE, IgG, Virotech, Rüsselsheim, Germany) contains different 
antigens and tests the reactivity of sera with those. Antigens are bound to a nitrocellulose membrane. The test 
included the purified antigens OspC, DbpA, and p83 (all from B. afzelii strain PKo) and the recombinant antigens 
VlsE (from Bb s.s. strain B31 and B. garinii strain IP90), p58 (B. bavariensis strain PBi), p39 (BmpA; PKo), DbpA 
(from B. garinii strain PBr, B. bavariensis strain PBi, and B. spielmanii strain A14S). The test was performed and 
interpreted according to manufacturer’s recommendations. Combining included DbpA antigens, the test could 
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detect up to six Bb-specific antigen reactions. As per European standards, the result of the immunoblot was 
considered positive if serum was reactive to at least two bands. Results are read and interpreted visually, based 
on a comparison with a cut-off control by two persons. Cross-reactions or reactions to non-specific antibodies 
play a minor role in our study, as we used a two-tier approach to test for IgG. Also, IgG are more specific as 
compared to IgM antibodies. Additionally, sera were tested for immune reaction to the recombinant antigen 
TpN17, a reaction specific to Treponema (T.) pallidum. Reaction to TpN17 was tested in order to exclude false-
positive results through potential cross-reactivity to T. pallidum [5].  
 
 

Test results categorization  

Samples were defined seronegative when the ELISA result was negative, when a negative immunoblot followed 
a positive ELISA result or when a borderline or negative immunoblot result followed a borderline ELISA result. 
Samples were defined seropositive when a positive ELISA result was followed by a positive or borderline 
immunoblot result, or when a borderline ELISA result was followed by a positive immunoblot result. The final 
result was considered missing in case a confirmatory immunoblot test was not possible (e.g. due to the lack of 
serum) following a positive or borderline ELISA result (Sup Figure 1). 
 

 
no. mat = lack of serum for testing  

Figure S1: Categorization scheme to define the serostatus for Borrelia burgdorferi based on a two-step diagnostic 
approach  
 
 

Causal structures and model building 

Variable selection and model building was based on directed acyclic graphs (DAG) [6]. For all analyses, we used 
the statistical software R (version 3.6.1). Visualizations were realised using the R-package ggplot2 [7]. To 
account for the study design and apply study-specific weights, we used the R-package survey [8]. For the DAGs, 
we used an R-package dagitty based webpage tool [9]. 
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Figure S2: Directed acyclic graph (DAG) displaying hypothetical causal relationships between different variables 
and seropositivity for Borrelia burgdorferi-specific IgG antibodies (outcome of interest characterized through “I”; 
unmeasured variables are circled) 

 
Figure S3: Directed acyclic graph (DAG) displaying hypothetical causal relationships between different variables 
and change of serostatus in persons seropositive for Borrelia burgdorferi-specific IgG antibodies (outcome of 
interest characterized through “I”; unmeasured variables are circled)  
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Table S1: Hypothesized causal relationships between different variables and seropositivity for Borrelia 
burgdorferi-specific IgG antibodies based on scientific studies and assumptions 

№ Reference(s)/Assumption 

Based on scientific studies 

1 Exposure to ticks increases the risk of tick bites and thus, risk of Bb infection [10, 11].  
2 As living in more rural areas is often associated with increased contact to tick habitat (gardens, woodland 

etc.), exposure to ticks is higher [12-18]. 

3 Living in more rural areas is associated with certain leisure time activities, such as playing outdoors [19]. 

4 Migration status was found to be associated with lower SES [20]. 

5 Migration status was found to be associated with a lower level of health literacy [20-22], assuming that 

this also plays a role for specific knowledge regarding ticks and Lyme Borreliosis (LB) (potentially no 

contact to or knowledge of ticks/LB before migration; potential language barrier). 

6 Migration status can be associated with decreased life time exposure to ticks (potentially no presence of 
ticks and/or LB in country of origin and therefore no contact before migration), as abundance of 
competent vectors is limited to certain geographic areas [23]. Migration status was found to be 
associated with lower seroprevalence, indicative of that [3, 14]. 

7 The chance of having been exposed to ticks increases with age [4, 10, 24-26]. 

8 Age is associated with leisure time activities; e.g. younger children are more likely to be involved in 
outdoor playing [27]. 

9 Sex is associated with leisure time activities, e.g. boys are more likely to be involved in outdoor activities 
than girls [19, 27]. 

10 SES is associated with leisure time activities, e.g. children from families with lower SES spend more time 
using electronic media, whereas higher SES is associated with outdoor playing [10, 19, 27-29]. 

11 Leisure time activities are associated with tick exposure, e.g. activities involving being outdoors increase 
the chance of contact to ticks [10, 14, 30, 31]. 

12 Frequency of playing outdoors and outdoor environments provided in care and education settings 
decrease towards older age (kindergarten, primary school, secondary school).  
Certain settings with focus on outdoor activities, such as forest kindergartens, are associated with 
increased exposure to ticks [32]. 

13 Contact to animals/having a pet increases the exposure to ticks. Ticks may be attached to animals and 
pets, such as cats and dogs, can bring them into the home [10, 16, 33].  

14 Knowledge about ticks and LB is associated with the application of prevention and protection measures 
[34-36]. 

15 The application of protection measures can help reduce the exposure to ticks, tick bites and LB [10, 12, 
13, 30]. 

16 Abundance of ticks is heterogeneous and dependent on suitable tick habitat, increasing the risk of 
exposure to ticks in people living in areas within or close to suitable tick habitat [18, 37].  

17 Place of residence (here we used Nielsen Areas, grouping the 16 federal states into 7 areas) is associated 
with community sizes and likelihood of living in more rural or urban areas, as this is heterogeneous 
between federal states in Germany [38]. 

18 Borrelia infection rates are heterogeneous in relation to geographical area and associated with place of 
residence, especially on smaller local levels [10, 18, 37, 39-42] 

19 The more time has passed since infection, the more likely it is that antibodies have waned over time [43]. 

20 The higher the prevalence of Borrelia in ticks, the higher the chance of getting infected after a tick bite 
[44]. 

21 Infections, if not cleared quickly by the immune system after entering of the pathogen or due to early 
antibiotic treatment, lead to an immune response and result in seropositive test results, at least for some 
time [44]. 

Based on plausible assumptions 

22 Age is known to be associated with the immune response in individuals. Therefore, we may assume that 
immune reactions to an infection with Bb may also differ with regards to age.  

23 Lower levels of education, as part of SES, may be associated with lower levels of health literacy overall 
[22] and less knowledge regarding ticks and LB.  

24 SES may have an influence on the care or education setting, by means of choice, preferences or options.  

25 Having a pet, such as a dog, or owning a horse, likely has a large impact on leisure time activities, such as 
going for walks and spending time outdoors.  
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26 Living in more rural areas is probably associated with animal contact overall, but also with owning a pet. 

27 In rural areas, as compared to urban areas, day care settings are probably more likely to have a wider 
range of outdoor space, such as gardens/forest access, but may also have a larger focus on outdoor 
activities, such as forest kindergartens or Waldorf schools.  

28 Age is associated with change from e.g. kindergarten to primary to secondary school; in turn, change of 
setting is likely associated with providing less outdoor space and secondly, children/adolescents often 
commute from rural areas to towns and cities, further away from the place of residence. 

 
 
 
Table S2: Adjustment sets for seropositivity and seroconversion for Borrelia burgdorferi-specific IgG antibodies 

Exposure Minimal Sufficient Adjustment Set 

Sex No adjustment necessary to estimate total effect of sex on seropositivity 

Age No adjustment necessary to estimate total effect of age on seropositivity 

Place of residence 
No adjustment necessary to estimate total effect of place of residence on 
seropositivity 

Population/neighbourhood Place of residence 

Socio-economic status Migration status 

Migration status 
No adjustment necessary to estimate total effect of migration status on 
seropositivity 

Leisure time activities Age, animal contact, population/neighbourhood, socio-economic status 

Animal contact Population/neighbourhood 
Variables in italics were not available in KiGGS Wave 2 and thus, were not adjusted for in the multivariable models of the KiGGS Wave 2 
survey or considered for analysis regarding seroconversion 

 

 

Survey and study participants 
 

 
Figure S4: Overview of KiGGS Baseline and KiGGS Wave 2 surveys participants overall and number of participants 
included in our study 
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Supplementary results 
 

 
Figure S5: Categorization of Borrelia burgdorferi-specific IgG serostatus in participants of the first survey (KiGGS 
Baseline) (n1) and the second survey (KiGGS Wave 2) (n2) (A) and Borrelia burgdorferi-specific IgG serostatus in 
both KiGGS Baseline and KiGGS Wave 2, including seroconversions and seroreversion between the two study 
periods (B) 

 
 

  

A 
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Table S3: Weighted IgG seroprevalence of Borrelia burgdorferi by age group and sex among study participants of 
KiGGS Baseline and KiGGS Wave 2, respectively 

 
 Female Male   

 
 KiGGS Baseline (2003–2006) 

Age group 

positive / N 
(unweighted) 

IgG 
Seroprevalence 

(%) 
95%-CI 

positive / N 
(unweighted) 

IgG 
Seroprevalence 

(%) 
95%-CI p valuea 

 3–6 34/1,102 2.54 1.50–3.58 27/1,201 2.10 1.16–3.04 0.5151 

 7–10 49/1,427 3.49 2.41–4.57 70/1,487 4.61 3.38–5.84 0.1778 

 11–13 48/1,322 2.78 1.76–3.80 71/1,368 5.07 3.64–6.50 0.0120 

 14–17 81/1,595 4.59 3.56–5.63 131/1,613 7.65 6.27–9.02 <0.001 

         

  KiGGS Wave 2 (2014–2017) 

Age group           

 3–6 3/367 0.40 0–0.88 8/289 2.28 0–4.57 0.0151 

 7–10 10/332 3.24 1.13–5.35 15/354 3.75 1.41–6.10 0.7283 

 11–13 15/355 3.51 1.39–5.63 25/326 5.03 2.73–7.33 0.3468 

 14–17 21/469 3.84 1.95–5.72 34/368 9.58 5.52–13.64 0.0054 

CI=Confidence interval 
a For comparison of seroprevalence between boys and girls, we used Pearson’s chi-squared test 

 
 
 
 
 

 
Figure S6: Borrelia burgdorferi-specific IgG serostatus of participants in KiGGS Wave 2 with initial positive 
serostatus in KiGGS Baseline (n=131) by the number of reactive immunoblot bands (A) and categorized ELISA 
units (B) in KiGGS Baseline 
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