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In Germany, one dose of varicella vaccination has been recommended for children aged <24 months since 2004,
and 2 doses have been recommended since 2009. Vaccination coverage (VC) is above 80% for one dose and 60% for 2
doses. In this study, data on varicella- and shingles-associated hospitalizations before and after vaccine introduction
were assessed. Based on ICD-coded data of the main diagnosis of hospitalized cases from 1995–2012 in Germany,
annual age-adjusted and age-specific hospitalization incidences (cases/100,000; HI) were calculated. HI means
1995–2003 (pre-vaccination-period) versus 2005–2012 (post-vaccination-period) were compared. Age-specific trends
and annual percentage change rates (APC) were assessed by joinpoint regression. Overall age-adjusted varicella-HI
decreased from 3.3/100,000 pre-vaccination to 1.9/100,000 post vaccination. The decline was greatest in regions with
the highest VC. The post-vaccination decline was greatest in children aged <1, 1–4, and 5–9 y, who had APCs of –18.2,
–27.2 and –15.2, respectively, and significant joinpoints. In all other age groups no post-vaccination joinpoints were
detected or they did not lead to a consistent trend. Age-adjusted shingles-HI increased from 8.8/100,000 (1995) to 16.8/
100,000 (2012). Shingles-HI increased in all age groups with no significant post-vaccination joinpoints, except in
children <1 and 1–4 y, where APCs of –5.6 and –3.6 were detected.

Varicella vaccination significantly reduced varicella-HI in children below 10 y, but was not definitely related to
varicella-HI in older age groups. A consistent increase of shingles-HI began before varicella vaccination was introduced
and was not affected by vaccination.

Introduction

In Germany, one dose of varicella vaccination has been rec-
ommended for all children aged <24 months since 2004 and
any licensed varicella vaccine may be used.1 In 2006 the recom-
mendation was extended to 2 doses for children aged <24
months who were vaccinated with combined measles-mumps-
rubella-varicella (MMRV) vaccine, and in 2009 2 doses were rec-
ommended for any varicella vaccine.2 Moreover, individual
catch-up vaccinations have been recommended before children’s
18th birthdays.

Vaccination coverage for children at age 24 months increased
from 43% (1%) for one (two) vaccine doses for children born in
2004 to 87% (64%) for children born in 2009.3

A considerable amount of vaccine was also used for older chil-
dren and adolescents: according to billing data regarding statutory
health-insured persons, in 2011 about 9% of all 1st doses and
18% of all 2nd doses were administered to those aged 7–17 y.4

The aim of varicella vaccination is to reduce varicella-related
disease burden. Despite being a generally mild disease, the esti-
mated annual number of 735,000 varicella cases pre-vaccination
in Germany is supposedly associated with a substantial amount of
complications.5,6 Surveillance data were needed to evaluate the
effect of varicella vaccination on a population level. However, vari-
cella was not a notifiable disease in Germany until March 2013.
Prior to this, sentinel surveillance in a convenience sample of
physicians started in 2005 and focused on outpatient cases of vari-
cella and herpes zoster (shingles), including varicella-related com-
plications. Between 2005 and 2009 the total number of varicella
cases per reporting practice dropped by 55%.7 At the same time,
varicella-related complications were reduced by 81%, with the
greatest decrease in age groups 0–4 and 5–9 y.8 When the number
of complicated cases in the sentinel surveillance became very low,
this part of the sentinel surveillance was no longer sensitive enough
to generate valid data and was stopped in March 2011. Moreover,
sentinel reporting was prone to underreporting of severe varicella
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cases that presented directly in the hospital and that were not ret-
rospectively reported by sentinel physicians.

Varicella and shingles are caused by the same virus. After
exogenous infection leading to varicella, the varicella-zoster-
virus (VZV) retires into the nerve-ganglions, from where it
may endogenously reactivate months or years later.9,10 Model-
ing studies on the transmission of VZV suggested an increase
of shingles cases that would start 10 to 20 y following intro-
duction of varicella vaccination because of a lack of opportuni-
ties for an external booster of immunity.11-13 One model
found that the impact of varicella vaccination on shingles
might depend on the country-specific amount of exogenous
boosting.14 However, in contrast to varicella, sentinel surveil-
lance of shingles showed no particular trend related to the
introduction of varicella vaccination in Germany.15

Hospital diagnosis of varicella and herpes zoster may be regarded
as an indicator of severe cases; therefore, it may serve as a further base-
line for assumptions on the burden of disease. Data on themain diag-
noses of hospital admissions coded according to the International
Statistical Classification of Diseases and Related Health Problems
(ICD) are available at the German Federal Statistical Office.16

We assessed data on varicella- and shingles-associated hospi-
talization before and after introduction of varicella vaccination to
quantify the impact of vaccination on the incidence of severe
cases at the country level, and calculated hospitalization inciden-
ces per 100,000 (HI) for varicella and shingles.

Results

Varicella hospitalizations
A total of 29,223 varicella cases were recorded at all hospitals

in Germany from 1995–2012. Overall, age-adjusted varicella-HI
showed no particular trend until 2003, peaked in 2004 and
decreased thereafter (Fig. 1a). In each year of the observation
period, varicella-HI was higher in males than females (Fig. 1a).
Mean age-adjusted varicella-HI was significantly lower in the
post-vaccination period compared with the pre-vaccination
period (Table 1).

Varicella-HI decreased with increasing age: it was up to 59.4
and 27.6/100,000 in children <1 y and 1–4 y, respectively, was
between 2 and 7.5/100,000 in children 5–9 y, between 1 and 2/
100,000 in persons aged 10–49 y, and was <1/100,000 in adults
50 y and older (Fig. 1b).

Mean age-specific varicella-HI was significantly lower post-
vaccination compared with pre-vaccination for age groups <1,
1–4 and 5–9 y, but it was significantly higher post-vaccination
for the age groups with the lowest incidence (50 y and older). No
significant difference in mean varicella-HI was seen between the
2 periods in those aged 10–49 y (Table 1).

Trend analysis of age-specific varicella-HI identified trend
changes (joinpoints) in the pre-vaccination time; specifically, in
children aged 1–4 y in 2001, when the small but significant
decrease since 1995 changed into a non-significant increase until
2004, and in age 50 y and older in 2002, when the continuous
significant HI-increase since 1995 slowed down (Table 2).

In 2004, joinpoints were identified in 3 age groups (<1 y, 1–4 y,
20–49 y), when either the existing decreasing trend was amplified
(<1 y) or an increasing trend changed into a decrease (Table 2).

Post-vaccination joinpoints were found for those aged 5–9 y
in 2005, when the varicella-HI that was stable since 1995 started
to decrease, and for those aged 20–49 y in 2008, when the previ-
ous decrease came to a halt.

Varicella vaccination coverage (VC) at school entry (age 4–6 y)
in 2012 was 78.2% (67.6%) for one (2) doses in Germany. VC
varied by Federal State and ranged from 55.2% to 94.0% for one
and from 42.6% to 90.1% for 2 vaccine doses.17 The 2 Federal
States with the highest VC showed the highest decrease in vari-
cella-HI from pre- to post-vaccination time, whereas in the 2 Fed-
eral States with the lowest VC, reduction of varicella-HI was the
lowest (Table 3).

Shingles hospitalizations
A total of 249,905 shingles cases was recorded in German-

wide hospital statistics from 1995–2012. Overall, age-adjusted
shingles-HI increased continuously from 8.8 (1995) to 16.8

Figure 1. (a) Age-adjusted hospitalization incidence (HI) of varicella (hospitalized cases per 100,000 standard population) in total and by gender from
1995–2012 in Germany (b) Age-specific hospitalization incidence (HI) of varicella (hospitalized cases per 100,000) from 1995–2012 in Germany (y-axis:
logarithmic scale).
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(2012). In each year it was higher in females than in males
(Fig. 2a). The mean age-adjusted shingles-HI was significantly
higher in the post-vaccination period compared with the pre-
vaccination period (Table 4).

The mean age-specific shingles-HI was lower in the post-
compared with the pre-vaccination period in children aged <1 y
(significant) and 1–4 y (non-significant), but it was significantly
higher in the post-vaccination period in all other age groups
(Table 4).

Age-specific shingles-HI increased with increasing age; it was
<5/100,000 in children <10 y of age, was <10/100,000 in per-
sons aged 10–49 y, and was between 20 and 50 per 100,000 in
persons aged 50 y and older (Fig. 2b).

From 1995 to 2012, no joinpoints were detected for age-spe-
cific shingles-HI below 20 y of age, for ages 50–59, or for those
aged 70 y and older. In children below 5 y of age shingles-HI
decreased from 1995–2012, with significant APCs of –5.6 (<1
y) and –3.6 (1–4 y), but in the other age groups an upward trend
of shingles-HI was observed (Table 5). Pre-vaccination join-
points were identified in those aged 20–49 y (in 1999) and 60–
69 y (in 1997), each with a change from a stable situation to a

significant upward trend. The only post-vaccination joinpoint
was the cessation of this increasing trend in the 60–69-year-old
age group in 2007, which is also reflected with a joinpoint in
2007 in the summarized age group of 50 y and older (Table 5).

Discussion

After the introduction of varicella vaccination into the child-
hood immunization program, an overall reduction in varicella-
related hospitalizations was observed from an annual mean of
about 1950 to 1170 varicella cases, while the pre-vaccination
increasing trend in shingles-related hospitalization was sustained.
However, there were age-specific distinctions within these overall
results.

Regarding hospitalization as an indicator for severe disease,
our analysis confirmed the reduction of complications and severe
cases due to varicella vaccination in Germany that had been
described previously.7,8,15 Our analysis showed that the burden
of varicella-related disease has been reduced by about 40% over-
all, with an even greater decrease of about 60% in children below
5 y of age.

Table 1. Mean number and range of hospitalized varicella cases per year, mean age-specific incidence, and mean age-adjusted incidence of varicella hospi-
talizations per 100,000 (HI) before varicella vaccination (pre-vaccination, 1995–2003) and after the introduction of varicella vaccination (post-vaccination,
2005–2012) in Germany (*** P < 0.05 was regarded as significant)

Age in years

pre-vaccination (1995–2003) post-vaccination (2005–2012)

Mean number of cases per
year (range: min; max)

Mean HI
(cases per 100,000)

Mean number of cases per
year (range: min; max)

Mean HI
(cases per 100,000)

p-value for mean HI
*** P < 0.05

<1 327.8 (232; 479) 42.56 112.3 (44; 220) 16.47 ***
1–4 691.9 (612; 747) 21.76 231.1 (71; 569) 8.15 ***
5–9 264.0 (206; 320) 6.08 143.8 (66; 237) 3.79 ***
10—14 64.2 (46; 84) 1.40 47.3 (38; 56) 1.18 p D 0.06
15—19 58.0 (34; 69) 1.27 50.8 (39; 65) 1.13 p D 0.15
20—49 450.4 (395; 520) 1.26 392.4 (348; 469) 1.15 p D 0.09
50 and older 88.7 (45; 143) 0.30 193.4 (146; 265) 0.60 ***
total (age adjusted) 1948.8 (1810; 2084) 3.30 1171.0 (865; 1751) 1.86 ***

Table 2. Trends in age-specific hospitalization incidence of varicella (hospitalized cases per 100,000) with joinpoints (point with significant change in the
slope of a trend) and annual percentage change rate (APC) from 1995–2012 in Germany

Age in years No. of joinpoints Years range APC 95% CI Significance

<1 1 1995–2004 ¡3.9 (¡6.5; ¡1.2) ***
2004–2012 ¡18.2 (¡22.8; ¡13.2) ***

1–4 2 1995–2001 ¡2.6 (¡4.9; ¡0.4) ***
2001–2004 9.7 (¡4.9; 26.5) —
2004–2012 ¡27.2 (¡29.3; ¡24.9) ***

5–9 1 1995–2005 0.2 (¡2.0; 2.5) —
2005–2012 ¡15.2 (¡20.0; ¡10.1) ***

10–14 0 1995–2012 ¡1.9 (¡3.4; ¡0.3) ***
15–19 0 1995–2012 ¡1.4 (¡3.1; 0.4) —
20–49 2 1995–2004 4 (2.4; 5.6) ***

2004–2008 ¡9.7 (¡17.3; ¡1.4) ***
2008–2012 3.1 (¡2.3; 9.5) —

50 and older 1 1995–2002
2002–2012

16.1
4.4

(9.0, 23.7)
(2.1; 6.9)

***
***

*** significant, – not significant.
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The reduction of varicella-HI was mainly attributed to the
reduction in children below 10 y of age and was greatest in chil-
dren below 5 y, including the age group in which vaccination is
generally recommended. This effect seems plausible, because vac-
cination coverage in 2- and 3-year-old children has more than
doubled since vaccination was recommended, and vaccine cover-
age data at school entry for 4–6 y olds has indicated overall accep-
tance of varicella vaccination in Germany.3,17

In support of causality between varicella vaccination and a
reduction of varicella-HI, the reduction of mean varicella-HI in
the post-vaccination period was strongly related to varicella-VC
by Federal State.

Similar effects regarding varicella hospitalization following
varicella vaccination have been described in countries with gen-
eral childhood varicella vaccination programs like the US, Can-
ada and Australia.18-21 However, the reduction of varicella-HI in
our data is lower than in these countries and mainly restricted to
children. Whereas in Germany mean varicella-HI in adults aged
20–49 y did not differ in the post- and pre-vaccination era, and
in patients 50 y and older the hospitalization rates were even
higher post-vaccination, in the US a decrease in varicella-related
hospitalizations was observed post-vaccination also in adults aged
20 y and older after only one childhood vaccine dose.18 In Can-
ada hospitalization rates across 10 provinces also indicated a
strong effect of childhood varicella vaccination on the adult pop-
ulation, but this effect was not significant in all provinces for all
adult age groups.21 However, it was suggested that the reduction

of varicella-HI in adult groups not scheduled for varicella vacci-
nation reflected herd protection.21 So far, our hospital data do
not support herd protection for adults in Germany.

Further insight regarding the adult age groups was given by
our joinpoint-analysis: i.e., the pre-vaccination increasing trend
in varicella-HI in adults 20–49 y of age ceased in 2004 and
turned into a decrease. This could be interpreted as an impact of
varicella vaccination on varicella-HI in adults. Moreover, our
analysis detected other secular trends and variations of varicella
HI in the pre-vaccination period like the slight decreases in chil-
dren <1 y (1995–2004) and 1–4 y (1995–2001), the latter fol-
lowed by a stable situation until 2004. These pre-vaccination
variations, together with the slight upward trend in varicella-HI
in adults aged 50 y and older that started before vaccination, may
explain the diminished effect of vaccination on varicella-HI in
Germany in comparison to the US and Canada. Trends and var-
iations from pre-vaccination time have also to be taken into
account when evaluating an age-shift toward older ages, which
has been postulated to happen, particularly when children are
vaccinated against varicella with insufficient coverage rates.12

Hospital data are the only available population-based source
on varicella and shingles cases in Germany that date back to the
pre-vaccine era and that have been recorded systematically and
continuously over time. At the time of analysis, data were avail-
able over a time-period of 18 y that was almost evenly divided
into pre- and post-vaccination period. This makes it possible to
compare data for both periods, as well as to distinguish between

Table 3. Varicella vaccination coverage (VC) at school entry (children aged 4–6 y) in Germany 2012 overall and by Federal States with highest and lowest VC,
post-vaccination reduction rate (RR) of mean varicella hospitalization incidence in 1–4-year-old children, and rank of Federal State sorted by VC and RR

Federal State 1 dose VC (%) 2 doses VC (%) RR (%) VC-rank (1–16) RR-rank (1–16)

Germany (16 Federal States) 78.2 67.6 62.5
Mecklenburg-Western Pomerania 94.0 90.1 81.1 1 2
Saxony-Anhalt 93.3 85.8 85.8 2 1
. . . . . . . . . . . . . . . . . .
Bavaria 62.0 48.6 42.1 15 15
Bremen 55.2 42.6 29.1 16 16

Figure 2. (a) Age-adjusted hospitalization incidence (HI) of shingles (hospitalized cases per 100,000 standard population) in total and by gender from
1995–2012 in Germany (b) Age-specific hospitalization incidence (HI) of shingles (hospitalized cases per 100,000) from 1995–2012 in Germany (y-axis:
logarithmic scale).
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effects due to vaccination and secular variations or trends that
have already started before and have probably not been affected
by vaccination. Moreover, the long period allowed us to use join-
points and APCs as robust markers for trends.

An example trend is the marked increase of shingles-HI in
adults, which began before childhood varicella vaccination was
introduced. The same trend has been reported in the US and
Canada.18,19 From the available data it can be concluded that
childhood varicella vaccination has not yet affected shingles in
adults in countries where general varicella vaccination is in place.

Another trend in the pre-vaccination period is the decrease in
shingles-HI in children of vaccination eligible age. Although no
joinpoint was detected, the decrease seemed to have amplified
post-vaccination; however, this was not significant. In analysis
of outpatient data from German sentinel surveillance from
2005–2010, as well as in billing data from physicians for

statutory health-insured patients from 2006–2008, the same
post-vaccination trend was observed and was statistically signifi-
cant.22 Interestingly, according to these outpatient data the
downward trend of shingles was seen even in 5–9-year-old chil-
dren. For children aged 5–9 y, shingles-HI in our analysis ceased
increasing in 2010 and decreased in the following 2 years, but
whether a new trend is developing can only be proven in a few
years. However, a decrease of shingles in vaccinated children
seems plausible if natural infection is prevented by varicella vacci-
nation and if virus strains of vaccine-type are less likely to reacti-
vate than wild-type strains. 23,24

In our analysis we did not rely only on the comparison of
mean incidences between pre- and post-vaccination time, but
described trends and changes over the entire observation period
more precisely. We found joinpoint regression as an adequate
tool for the analysis of time trends and possible changes. Its
advantage was shown for segmented trends in pre- and post-vac-
cination periods that went in opposite directions and that were
missed by the comparison of means from both periods (i.e., vari-
cella-HI in those aged 20–49 y). Another example was the small
but steady and significant decline of varicella-HI in children aged
10–14 y over the entire period from 1995–2012 by about 2%
per annum, that was identified by joinpoint regression but not
reflected by the comparison of mean pre- and post-vaccination
varicella-HI, where the difference was not significant. The sensi-
tivity of the joinpoint regression was also shown for shingles-HI
in the 1–4-year age group, with a significant time trend from
1995–2012 but no significant difference in the mean values.

Unfortunately, the available hospitalization data did not allow
for analysis of diagnosis in more detail and they are restricted to
main diagnoses. Further cases of varicella and shingles might
have been treated in hospital but escaped this analysis, if they had
a varicella or shingles-associated complication as a main diagnosis
(such as complication of the skin), leading to an underestimation
of varicella- and shingles-related HI. In a prospective nationwide
German study in 2003–2004 using 3 independent surveillance
sources to capture varicella-related hospitalizations in children in
Germany, an annual pre-vaccination varicella-related HI was

Table 4. Mean number and range of hospitalized shingles cases per year, mean age-specific incidence, and mean age-adjusted incidence of shingles hospi-
talizations per 100,000 (HI) before varicella vaccination (pre-vaccination, 1995–2003) and after the introduction of varicella vaccination (post-vaccination,
2005–2012) in Germany (*** p< 0.05 was regarded as significant)

Age in years

pre-vaccination (1995–2003) post-vaccination (2005–2012)

p-value for mean HI
Mean number of cases per
year (range: min; max)

Mean HI
(cases per 100,000)

Mean number of cases per
year (range: min; max)

Mean HI
(cases per 100,000)

<1 10.7 (7; 17) 1.98 6.8 (3; 10) 0.99 ***
1–4 81.9 (47; 154) 2.57 56.5 (39; 83) 2.02 p D 0.145
5–9 97.0 (76; 120) 2.25 130.5 (108; 152) 3.50 ***
10–14 123.7 (103; 152) 2.68 179.4 (147; 234) 4.50 ***
15–19 126.2 (90; 151) 2.76 195.9 (171; 239) 4.43 ***
20–49 1352.0 (1197; 1558) 3.78 2272.0 (1841; 2839) 6.69 ***
50–59 1226.9 (1158; 1313) 11.97 1873.4 (1466; 2240) 16.60 ***
60–69 2212.7 (1693; 3028) 23.29 3456.5 (3297; 3677) 36.65 ***
70 and older 5359.0 (4251; 6475) 57.68 9319.5 (7317; 11509) 79.74 ***
total (age adjusted) 10627.7 (8816; 12833) 10.01 17531.0 (14529; 20613) 14.86 ***

Table 5. Trends in age-specific hospitalization incidence of shingles (hospi-
talized cases per 100,000) with joinpoints (point with significant change
in the slope of a trend), and annual percentage change rate (APC) from
1995–2012 in Germany

Age group
No. of

joinpoints Years range APC 95% CI Significance

<1 0 1995–2012 ¡5.6 (¡8.6; ¡2.5) ***
1–4 0 1995–2012 ¡3.6 (¡6.2; ¡0.9) ***
5–9 0 1995–2012 4.2 (2.8; 5.5) ***
10–14 0 1995–2012 5.6 (4.7; 6.5) ***
15–19 0 1995–2012 5.3 (4.5; 6.2) ***
20–49 1 1995–1999 1.2 (¡2.7; 5.2) —

1999–2012 6.8 (6.3; 7.4) ***
50 and older 1 1995–2007 4.8 (4.3; 5.3) ***

2007–2012 2.8 (1.3; 4.3)
50–59 0 1995–2012 3.5 (3.2; 3.7) ***
60–69 2 1995–1997 ¡0.5 (¡8.3; 8.1) —

1997–2007 6.4 (5.8; 7.1) ***
2007–2012 0.7 (¡0.6; 2.0) —

70 and older 0 1995–2012 3.5 (3.1; 3.8) ***

***significant, – not significant.
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estimated at 14.1/100,000 children �16 y.5 The pre-vaccination
varicella-HI of 11.4/100,000 in children below 15 y in our data
is only slightly lower, and the 2 German results are between the
range of other European countries, which include a low of 6.8/
100,000 in the Netherlands and high of 26/100,000 in France in
children <16 y. 25 Our pre-vaccination age-adjusted varicella-HI
of 3.3/100,000 is also within the range of 1.9 to 5.8/100,000 for
the standardized annual varicella-HI from European countries
without varicella vaccination programs.25

Limitations of an ecological analysis like ours include changes
in coding, billing approaches, diagnostics, or other aspects that
may have an influence on the case finding. Although within the
study period the ICD codes have changed, we can assume that
the ICD10-codes for varicella and for shingles represent the same
diagnoses as the respective ICD9-codes. A modification of the
legal base led to an extension of the survey field since 2003, when
facilities with more than 100 beds had to give information on the
diagnoses of patients. However, a respective joinpoint was not
found in our analysis. General changes in the billing approach of
hospitals were introduced in 2003 with the diagnosis-related
groups (DRG) that were mandatorily used starting in 2004. This
change might have led to the higher number of hospitalized vari-
cella cases in 2004, observed in all ages and all German regions.
Further clinical diagnostics may have been introduced over time
(i.e., to confirm unspecific clinical pictures), but their effect on
the hospitalization rates for varicella and shingles cannot be
determined. The possible underestimation in our analysis by
constraining the analysis to main diagnoses would affect both
periods – pre- and post-vaccination – in the same way.

Despite these limitations, our analysis reflects the impact of
childhood varicella vaccination on age-adjusted and age-specific
trends of varicella- and shingles-HI. Using a robust statistical
approach, we confirmed the impact of varicella vaccination in
children, and also investigated detailed trends in age groups and
time segments. Age-specific surveillance data on varicella and
shingles from the pre-vaccine era are indispensable to compare
with post-vaccination data to assess possible effects of
vaccination.

Methods

Hospital statistics – diagnostic data
We used comprehensive national hospital discharge data avail-

able from the German Federal Statistical Office (Destatis).16

Data were annually reported from all German hospitals and
include all patients that received full inpatient treatment in the
year of reporting. The reports were mandatory for all hospitals
and submitted to the Federal States Statistical Offices. Reports
included the patient’s gender, month and year of birth, residen-
tial postal code, date of hospital entry and exit, and main diagno-
sis during the hospital stay according to the International
Statistical Classification of Diseases and Related Health Problems

(ICD). The Federal States Offices submitted aggregated data to
Destatis, where countrywide statistics were compiled and
published.

Data were available according to ICD9-codes from 1995–
1999 and ICD10-codes from 2000–2012. Analysis included all
hospitalized cases with a main diagnosis of varicella according to
the 3-digit codes ICD9-052 or ICD10-B01. Additionally, all
hospitalized cases were identified as those with a main diagnosis
of shingles (ICD9-053 or ICD10-B02).16 The main diagnosis
refers to the disease or condition that mainly contributed to the
hospital stay.

Statistical methods
To calculate hospitalization incidence per 100,000 population

(HI), we obtained annual mid-year population estimates for Ger-
many from 1995–2012 from Destatis.26

Annual age-adjusted HI was calculated per 100,000 of total
European Standard population and by gender. Age-specific HI
were estimated for each year and by age groups (<1 y, 1–4 y,
5–9 y, 10–14 y, 15–19 y, 20–49 y, 50 y and older; shingles-HI
also for 50–59 y, 60–69 y, � 70 y). We also calculated the
mean values (arithmetic mean) for age-adjusted and age-specific
HI during the pre- (1995–2003) and post-vaccination period
(2005–2012). The year 2004 was excluded because nationwide
immunization with varicella vaccine was implemented in mid-
2004.

Welch’s t-test was used to compare the mean values for age-
specific HI between pre- and post-vaccination period. P-values <
0.05 were considered statistically significant.

Time trends for age-specific HI were estimated by joinpoint
regression. A joinpoint was described as a statistically significant
change in the slope of a trend that interrupts the continuous
phase of a trend.27 Joinpoint regression is the non-linear model
for such segmented trends.27 We identified segmented trends
and joinpoints in the age-specific HI for varicella and shingles.
Within each trend segment the annual percentage change rate
(APC) was estimated to identify and quantify the direction and
amplitude of the respective trend. Permutation tests were used to
test whether the selected number of joinpoints and the change in
trend were statistically significant.27

Joinpoint Regression Software (Version 4.0.4) was used to
analyze time trends.28

All other statistical analysis was performed using R software
(R version 3.0.2).

Vaccination coverage (VC) data by Federal State were avail-
able from school entry for children 4–6 y of age in 2012 and
were compared with the mean pre- and post-vaccination vari-
cella-HI in children 1–4 y of age by Federal State.17
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