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Abstract 

Background  In Germany, general childhood varicella vaccination has been recommended since 2004. A feared 
effect of low vaccination coverage is a possible shift in incidence from children to teenagers and young adults who 
are at higher risk of severe outcomes. If true, this shift would possibly necessitate changes to the national immuniza-
tion strategy.

We aimed to evaluate the effects of the general vaccination recommendation on age-specific varicella inci-
dences in Germany in general and examine specifically whether a shift from children to teenagers (15 to 19 years) 
has occurred.

Methods  Trends in age-specific incidences were evaluated using triangulation with the following datasets: national 
mandatory notification data (N) (2014–2022), billing data of the statutory health insurance associations (I) (2009–2017) 
and data from a doctor’s sentinel system (S) (2006–2017). Similar clinical case definitions were used in N and S, while I 
used ICD-10-codes. Age groups were stratified as available in all three systems. Incidences per year were calculated 
based on the total population (N), the number of statutory health insured (I), and extrapolated from S to the total 
population.

Results  During all years of observation, age-specific incidences have dropped significantly across all age-groups 
for S und I. The age groups (under 10 years) with initially highest incidences were the ones with the strongest reduc-
tions (under 1 year: -90%, 1–4 years: -95.5%, 5–9 years: -89.2% for S; -67.7%, -78%, -79.3% for I). A single 53.1% increase 
in the low incidence in S among 15–19-year olds observed in 2017 compared to 2016 could not be confirmed in N 
or I. Increases in incidences during the first two years of N are probably due to improved notification behaviour 
over these years. In 2019, all age-specific incidences increased (N), with 15 to 19-year olds showing the highest relative 
increase (28.2%).

Conclusions  Since the introduction of the general vaccine recommendation against varicella, incidences across all 
age-groups have declined significantly. Available data indicate no evidence for a shift in disease incidence to older 
age groups. Every incidence increase beyond childhood age should however be followed up closely. So far, children 
and adolescents have both benefitted from the current vaccination strategy.
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Background
The clinical disease of varicella is the consequence of a 
primary infection with the varicella-zoster virus (VZV). 
In susceptible populations, it can cause significant mor-
bidity and thus puts a considerable burden on countries´ 
health and economic systems. In countries of the west-
ern hemisphere young children under 10 years are mainly 
affected. However, an effective vaccination is available to 
limit this burden.

In Germany, the Standing Committee on Vaccination 
(STIKO) made a general recommendation for the vac-
cination of children in 2004, thus responding to several 
hundred thousand cases of varicella that occurred every 
year [1]. Five years later, the recommendation was fur-
ther expanded and then envisaged two vaccinations, the 
first during the age of 11–14 months, the second during 
15–23 months, nowadays at 11 and 15 months. Germany 
is one of the few countries worldwide that have added a 
general recommendation for VZV immunization to their 
national immunization schedule. Vaccination is volun-
tary and usually offered by the treating pediatrician or 
general practitioner. Costs for both vaccination and treat-
ment are covered by the individual`s health insurance.” 
Vaccination coverage has reached 88.9% (85.1%) for the 
first (second) dose for 4 to 7-year-old children at school 
entry examination in 2020 [2].

One of the feared negative effects of VZV immuniza-
tion in childhood—which might discourage other coun-
tries from adopting it—is the possible risk of a shift of 
disease burden from younger children towards teenagers 
and young adults [1]. This would be concerning as older 
individuals have a higher risk of a complicated disease 
course. This fear is based on the following reasoning: If 
coverage is not high enough to successfully limit virus 
circulation and grant herd immunity, the proportion of 
susceptible persons is growing and their first virus expo-
sure may happen later in life. According to modelling 
results the threshold for herd immunity was calculated 
as >  = 80% population immunity for Germany [3].

Hitherto, no evaluation of the long-term effects of the 
general recommendation for VZV immunization on age-
specific varicella incidences in Germany has been per-
formed. We therefore aimed to:

1.	 describe trends in age-specific varicella incidences in 
Germany in general and

2.	 examine specifically whether a shift in absolute vari-
cella incidence from younger ages towards teenagers 
(aged 15 to 19 years) has occurred,

following the introduction of the general recommenda-
tion for varicella immunization.

The results of this study are relevant as the afore-
mentioned, possible rise in incidence and morbidity in 
teenagers and young adults might require either a modi-
fication of the current varicella vaccination schedule or 
increased efforts to improve the vaccine uptake accord-
ing to the existing schedule.

Methods
Study design
This was a retrospective, observational study on the age-
specific incidences of varicella in Germany from 2006 to 
2022, with a specific focus on the age group of teenagers 
(15–19 years old).

Data sources
The analysis was done using a triangulation approach 
with the following three datasets:

1.	 A sentinel system for varicella, with data from 2006 
to 2017 (S)

2.	 Physicians’ claims data on statutory health insured 
persons, with data 2009 to 2017 (I)

3.	 The countrywide statutory notification system, with 
data from 2014 to 2022 (N)

All three datasets comprise data on varicella incidence 
on a nationwide scale. The characteristics of each data 
source will be described in the following.

Varicella sentinel data (S)
After the addition of the varicella vaccine to the routine 
immunization scheme in Germany in 2004, there was a 
need to monitor the impact of the vaccination. As vari-
cella was not a generally notifiable disease at that time, 
RKI decided to use a sentinel surveillance system to 
monitor varicella cases. The system consisted of 200–350 
General practices (GP) (consisting of “Praktische Ärzte, 
Allgemeinärzte and hausärztlich tätige Internisten”) and 
between 350–500 pediatric practices (mean monthly 
numbers), depending on the year. Consistent data was 
collected from the beginning of 2005 to the end of 2017. 
Participation was voluntary and no financial incentives 
were provided. By design, the distribution of the sentinel 
practices resembled the distribution of all GP and pedi-
atric practices throughout the country. Every month, 
all practices were asked to fill in a paper form with the 
cumulative number of varicella cases (including zero 
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cases) that met the clinical case definition during the last 
month, with additional information on patient age (strat-
ified into < 1, 1–4, 5–9, 10–14, 15–19 and >  = 20  years) 
along with the practice ID. This ID—which served as 
unique identifier—was linked to a separate database at 
the RKI which among others gave information on the 
type of practice (GP vs. pediatric) and the federal state 
where the practice was based at. Cases were counted as 
per practice. All practices were outpatient facilities. More 
detailed information on the Sentinel can be found in the 
literature [4, 5].

Statutory health insurance claims data (I)
In Germany, around 85% of the population are members 
of the statutory health insurance system, the other 15% 
having private health insurance. The statutory health 
insurance claims data are generated by all outpatient 
physicians (irrespective of specialization) that are regis-
tered with one of the 17 associations of statutory health 
insurance physicians (ASHIP) in Germany. There is one 
ASHIP per federal state, North Rhine-Westphalia being 
the exception with 2 ASHIP. In order to being reimbursed 
by the ASHIP, physicians electronically collect informa-
tion on, among others, patient name, age, date of birth, 
gender, main diagnosis and diagnostic category for every 
consultation. This information is then sent electroni-
cally to the responsible ASHIP every quarter. The date 
of the consultation is not provided. This means that in 
terms of time, consultations can only be allocated to the 
respective quarter. In general, there are 4 different diag-
nostic categories that can be linked to a diagnosis, usu-
ally reflecting the diagnostic certainty. Those categories 
are “confirmed”, “suspicion of”, “recovered” and “ruled 
out” (“Gesichert”, “Verdacht auf”, “Zustand nach”, “Aus-
schluss”). Every ASHIP sent quarterly relevant patient 
related data in an anonymized form to a central database 
at the Robert Koch Institute which forms the National 
vaccination monitoring project. The project has been 
described in more detail by Rieck et al. in 2014 [6].

Countrywide notification system data (N)
Any person with suspected varicella as diagnosed by a 
physician or any person in whom a laboratory test has 
confirmed an acute varicella infection should be reported 
to the local health authorities. Reporting is mandatory 
according to Sects. 6 and 7 of the German Infection Pro-
tection Act. The presence of clinical symptoms that are 
typical for varicella (usually assessed by a doctor) with 
or without laboratory or epidemiological confirmation 
is needed in order to fulfill the reference definition for a 
varicella case. Thus, the reporting by physicians and lab-
oratories is essential for the detection of varicella cases. 
All physicians involved with patient care (inpatient and 

outpatient) are obligated to report within 24  h starting 
from the initial clinical suspicion.

The countrywide notification system data was retrieved 
through the national notification database and case infor-
mation on age (by full years), gender, reporting date (by 
month/year), reporting federal state and hospitaliza-
tion were collected. As the countrywide notification of 
varicella was introduced in March 2013 and data for that 
year are incomplete, we only include cases from 2014 
onwards.

More information on the German countrywide notifi-
cation system can be found online (in German language) 
[7].

Estimation of age‑specific varicella incidences
Extrapolation of varicella incidence from sentinel data (S)
The sentinel data provide the number of cases per month 
per participating practice. In order to estimate inci-
dences for the whole population, we first calculated a 
monthly patient/practice index for every federal state. 
This index displays the number of varicella patients that 
have been diagnosed on average per sentinel practice in 
that given month and federal state. The method of using 
practice indices in order to estimate incidences has been 
described by Zoch-Lesniak et  al. in 2018 [4]. Assuming 
that the sentinel practices are (in number of patients) 
representative of all practices in that federal state, we 
multiplied the patient/practice index with the total num-
ber of practices in that federal state. This was done for 
each practice category (GP vs. pediatric) separately. The 
information on the number of practices in each federal 
state per year was provided upon request by the German 
registry of physicians (“Deutsches Arztregister”). Thus, 
the total number of cases for each age stratum per month 
per federal state could be estimated. Subsequently, the 
estimated number of cases of all federal states were 
summed up per month, resulting in the estimated total 
monthly number of cases for the whole country. To cal-
culate incidences, population data from the information 
system of the Federal Statistical Office were used [8].

As incidence calculation for the Sentinel data was 
based on the sample of participating physicians over the 
years, these incidences should rather be considered esti-
mates that are accompanied by a certain degree of uncer-
tainty, in contrast to the incidences derived from total 
population samples for the notification and insurance 
claims data.

Calculation of varicella incidence from statutory health 
insurance claims data (I)
Varicella diagnosis in this dataset was identified with the 
respective ICD-10 codes. As many patients with a diag-
nosis of varicella see several doctors or the same doctor 
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more than once, several observations for each patient 
were anticipated. For this analysis, we only kept the first 
observation where a patient´s varicella diagnosis was 
classified as either confirmed (“gesichert”) or recovered 
(“Zustand nach”). To calculate incidences, we used data 
on all members of the statutory health insurance sys-
tem, stratified by the mentioned age groups. For the age 
group from 0–14  years, membership numbers are col-
lected for the whole group. No data on more detailed 
age strata within that group were available. As our cal-
culations depend on the specific number of members for 
our age strata, we calculated the fraction of the insured 
aged 0–14 years in relation to the total population aged 
0–14 years. Once that fraction was obtained, it was mul-
tiplied with the total population in our prespecified age 
strata (i.e. < 1, 1–4, 5–9, 10–14 years) in order to receive 
stratum specific number of members.

Calculation of varicella incidence using countrywide 
notification system data (N)
Here, no calculation needed to be performed as age-spe-
cific incidences are readily available and can be extracted 
from the national surveillance database [9].

Data management
For data management and calculation of incidences for 
Sentinel and notification data, Microsoft Excel Version 
2010 and MS Access were used. Incidence calculation of 
insurance data, creation of tables, graphs and statistical 
tests were performed in R using RStudio (R Foundation 
for Statistical Computing and RStudio, Inc). For more 
adequate comparison with the statutory health insurance 
claims data, months within each year were stratified into 
quarters for the countrywide notification system data 
as well as the sentinel data. For better comparison with 
the sentinel data, both other datasets were age-stratified 
equivalent to the sentinel stratification (< 1, 1–4, 5–9, 
10–14, 15–19 and >  = 20 years).

Data protection and ethical clearance
No new information on patients was gathered. All data 
analyzed had already been collected at the time the 
study had started. All data used had either already been 
anonymized before being sent to the RKI (Countrywide 
notification system data and statutory health insurance 
claims data) or were collected as anonymized, aggre-
gated data (number of cases per month per practice, by 
age group) in case of the Sentinel data. The group size of 
each aggregated data unit was so big that it did not allow 
for inferences concerning any individual case included. 
Data for Sentinel and statutory health insurance claims 
data are not publicly available. Countrywide notification 
system data are readily available (Link: https://​www.​rki.​

de/​EN/​Conte​nt/​infec​tions/​epide​miolo​gy/​SurvS​tat/​survs​
tat_​node.​html). Informed consent and ethical committee 
clearance had already been attained for the Sentinel and 
statutory health insurance claims data before those data 
were collected. The procedure of the sentinel study and 
the submission of anonymized sentinel data was proved 
and permitted by the Federal Data Protection Commis-
sioner and proved by the Ethics Committee of Charité 
Berlin. For the statutory health insurance claims data, 
the transmission of data for the purpose of analysis over 
longer periods of time from the health insurance com-
panies to federal and state health reporting institutions 
like the RKI is legitimized by the Social Security Code V 
(SGB V), which came into force in 2003.

Results
As can be seen in Fig.  1, both Sentinel and insurance 
claims data show a clear reduction of overall varicella 
incidence since the beginning of data collection in 2006 
and 2009, respectively. This decrease in case numbers 
could be observed for all pediatric age groups as well as 
adults above 20 years, throughout almost all years under 
observation. All incidences in N were constantly below 
the incidences in S an I in the years 2014 to 2017.

The age groups up to 9 years which showed the high-
est incidence at the beginning were the ones with the 
strongest subsequent absolute and relative reductions, 
with decreases in case numbers ranging from fourfold to 
more than 20-fold (Tables  1 and 2). A decrease in inci-
dence could be described in the first years following the 
introduction of the vaccination recommendation, also 
in those age groups that were not included in the above 
recommendation.

A rise in total varicella incidence in 2015 and 2016 for 
N could not be observed in S and I. While incidences for 
N undulated during 2017 and 2018, a rise in incidence 
in all age groups occurred in 2019 (Table  3). It should 
be noted that all age specific incidences calculated by N 
started and remained below the values that were calcu-
lated by sentinel or billing data in the first years of the 
study period.

For teenagers from 15 to 19  years of age, incidence 
decreased initially followed by a stable trend undulating 
between incidences of 35 to 50/100.000 since 2012 (S) 
and between 97 to 103 since 2011 (I), respectively. An 
increase from 39.2 in 2016 to 60.0 in 2017 in the Senti-
nel data could not be observed in the other two datasets. 
While the notification data showed a general increase in 
case numbers in 2019 for all ages, incidence for the age 
group from 15 to 19 had the biggest relative increase of 
28.2% (From 20.7 in 2018 to 26.4 in 2019) (Tables 1, 2 and 
3).

https://www.rki.de/EN/Content/infections/epidemiology/SurvStat/survstat_node.html
https://www.rki.de/EN/Content/infections/epidemiology/SurvStat/survstat_node.html
https://www.rki.de/EN/Content/infections/epidemiology/SurvStat/survstat_node.html
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In 2020 and 2021, all age-specific incidences decreased 
significantly, most likely as a consequence of the intro-
duction of non-pharmaceutical interventions during the 
COVID-19 pandemic.

Discussion
As our results show, age-specific varicella incidences in 
Germany have dropped significantly since the introduc-
tion of the general recommendations for a varicella child-
hood vaccination in 2004 and 2009.

This incidence reduction has been most pronounced in 
the age groups younger than 10 years that comprised the 
highest proportion of susceptible individuals and thus 
disease burden. In this respect, the general recommenda-
tions for vaccination have reached the envisaged goal of 
reducing the then high varicella morbidity in Germany.

Moreover, the drop in incidence was not limited to vac-
cinated age groups only but also included infants, older 
children, adolescents and adults, possibly due to less cir-
culation of the virus and thus lower infection pressure in 
the community. This observation illustrates an additional 
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positive effect of an improving, vaccine-induced herd-
immunity, namely a reduced risk of infection for vul-
nerable population groups that might not be eligible 
for (catch-up) vaccination themselves (e.g. premature 
infants, immunocompromised, pregnant women).

The fact that the decline in incidences was most pro-
nounced during the first years after introduction of the 
general recommendation might be explained by its rap-
idly improving implementation during that time period: 
while less than 50% of school-aged children had received 
the 1st vaccine dose in 2009, this number had risen to 
over 80% by 2014. Since then, vaccination coverage 
increased only moderately [2].

The initial rise in overall incidence in N during the first 
two years after varicella had become a notifiable disease 
might be due to an improving notification behavior by 
physicians over the years. However, it should be noted 
that these rises were not proportionally distributed 
across all age groups and that a rise across all age groups 
was also observed in 2019, even though incidences had 
been relatively stable for the two years prior. The devel-
opment in 2019 thus warrants further close observation.

The rise in incidence in the sentinel data for 15–19-
year olds in 2017 could not be observed in the same year 
or the year thereafter in the other two datasets.

Although we found rising incidences for nearly all 
age groups in 2019, the age group of the 15 to 19-year 
olds showed the highest relative rise of more than 28%. 
Whether this signal represents a true, beginning trend 
could not be determined as varicella incidences for all 
age groups dropped significantly in 2020 and 2021, most 
likely due to nonpharmaceutical interventions in con-
junction with the COVID-19 pandemic However, we 
would like to emphasize that the discussed incidences in 
this age-group in 2017 (S) and 2019 (N) were still signifi-
cantly below those observed in the initial years following 
the introduction of the vaccine recommendation.

As a consequence, we did not find convincing evidence 
that a shift of age-specific incidences from younger age 
groups to teenagers has taken place in Germany or that 
incidences in older age groups had started to rise.

Our findings match well with the published litera-
ture where none of the countries that have introduced 
a general recommendation for a varicella vaccine has 
observed subsequent significant rises of age-specific 
incidences in teenagers and (young) adults. In the US, 
where a general vaccination recommendation has existed 
since 1995, a decrease of age-specific disease incidences 
could be repeatedly shown for all age groups [10, 11]. 
Similar results were reported by Canada, Italy and Aus-
tralia where reduced hospitalization rates due to vari-
cella among adults were observed [12–14] following the 
introduction of varicella vaccination. In Turkey, where 

a single-dose regimen was introduced in 2013, inci-
dences decreased in children between 6 and 17  years 
and remained largely unchanged in the population 
aged > 17  years [15]. A recently published systematic 
review could neither find any evidence in favor of a shift 
of disease burden towards older age groups [16].

Limitations
Calculation of incidences for the insurance claims data 
only included those 85% of the German population that 
are members of the statutory health insurance system. 
We are not aware that age-specific varicella incidences in 
the 15% of privately insured subjects are significantly dif-
ferent from the rest of the population and even if this was 
the case, this should not significantly distort trends over 
time.

Concerning the sentinel data, a central assumption pre-
ceding the calculation of total incidence rates from the 
dataset was that the sentinel practices are representative 
in terms of patient size and geographic distribution of all 
practices in the federal states. Both aspects were consid-
ered during the sentinel design, but a previous internal 
evaluation suggested that average practice size of senti-
nel participants was slightly higher than the countrywide 
average, possibly leading to an overestimation of case 
numbers. However, we do not believe that this overly 
affected trends for age-specific incidences over the years.

A limitation that is common to all datasets is possible 
misclassification of zoster cases as varicella during the 
notification or reporting process. Given that age-specific 
incidences in our datasets constantly drop from younger 
to older adults, we do not believe that this issue had rel-
evant effects on our results.

As our data show, incidences for N consistently 
were below those for S and I during those years where 
data was available for all datasets, suggesting a level of 
underreporting for N. Although such underreporting 
is known for mandatory reporting systems, we believe 
that age-specific trends in disease incidence would still 
be detected by the varicella notification system if they 
occurred in the future.

Conclusion
Varicella incidence considerably decreased in all age 
groups in the first years following the general recommen-
dation of varicella childhood vaccination until a plateau 
was reached. We did not find a relevant rise in age-spe-
cific varicella incidence thereafter, especially not among 
teenagers. The relative rise in this age group in 2019 
illustrates the need for continuous disease monitoring 
through a well-equipped national surveillance system.
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