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Abstract

Background: Despite recommendations from the German Standing Committee on Vaccination (STIKO), pneumo-
coccal vaccination coverage remains low in vulnerable populations. This study estimated the pneumococcal vaccina-
tion coverage rate (VCR) and timing among individuals aged 16-59 years in Germany who were recommended to
receive pneumococcal vaccination, according to STIKO.

Methods: A retrospective cohort analysis was conducted using the German InGef database. Individuals aged 16 to
59 years diagnosed with at least one “at-risk” (chronic disease) or “high-risk” (e.g., immunocompromising) condition
considered to be at-risk of pneumococcal infection were identified at the time of first diagnosis, between January 1,
2016 and December 31, 2018, and followed up until December 31, 2019. The percentage of cumulative pneumococ-
cal VCR with 95% confidence interval (Cl) was reported for each calendar year of follow-up.

Results: There were 334,292 individuals followed for a median of 2.38 (interquartile range (IQR) 1.63-3.13) per-

son years. For individuals aged 16-59 years diagnosed with an incident risk condition in 2016, pneumococcal VCR
increased from 0.44% (95% C1 0.41-0.48) in 2016 to 1.24% (95% Cl 1.18-1.30) in 2019. In 2019, VCRs were higher in
individuals with high-risk conditions compared with at-risk conditions (2.24% (95% Cl 2.09-2.40) vs. 0.90% (95% Cl
0.85-0.96)). In 2019, VCRs were higher in individuals aged 50 to 59 years compared with individuals aged 16 to 49
years (2.25% (95% Cl 2.10-2.41) vs. 0.90% (95% Cl 0.84-0.96)). Similar trends were observed in individuals with newly
diagnosed risk conditions identified in 2017 and in 2018. Older age, influenza vaccination and increasing number of
risk conditions increased the likelihood of pneumococcal vaccination. Median time to vaccination from diagnosis of
the risk condition was shorter for high-risk conditions (369.5 days (IQR 155.8-702.0)) compared to at-risk conditions
(435.5 days (IQR 196.3-758.8)).

Conclusion: Despite recommendations from STIKO, pneumococcal vaccination coverage remains very low and
with long delays in vulnerable individuals aged 16-59 in Germany. Further efforts are required to increase immuniza-
tion levels and shorten time to vaccination among individuals 16-59 years of age developing conditions with higher
susceptibility to pneumococcal infection.

Keywords: Pneumococcal disease, Pneumococcal vaccination, Pneumococcal conjugate vaccine, PCV13, PPSV23,
Vaccine coverage rate, Claims data, Germany
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systems [3]. PD in the adult population affects mostly
adults aged over 50 and individuals with underlying
chronic conditions. The presence of chronic conditions
such as chronic respiratory and cardiovascular dis-
eases, diabetes, human immunodeficiency virus (HIV)
infection or chronic renal disease has been reported
to increase the risk of PD four-fold [1, 2, 4]. With the
increase in chronic diseases worldwide, the morbid-
ity and mortality caused by PD is expected to rise [4,
5]. Reports show that the global rise in associated risk
conditions including diabetes, chronic respiratory and
cardiovascular diseases is highest in individuals aged
45-54 years [6]. This global rise along with a growing
elderly population further increases the need for vac-
cination against PD.

The German Standing Committee on Vaccination
(“Stéandige Impfkommission’, STIKO) considers indi-
viduals with underlying chronic conditions such as res-
piratory, cardiovascular, or metabolic disease as being
“at-risk” of PD. Individuals with immunocompromising
conditions or anatomical/foreign-material-associated
conditions with a greater risk of meningitis are iden-
tified as “high-risk” [7]. A previous study conducted
in Germany using the Institute for Applied Health
Research (InGef) database (previously Health Risk
Institute database) found that between 2008 and 2012,
the rate of all-cause pneumonia in children and adults
with at-risk conditions was 1.7 to 2.5-fold higher than
for healthy controls. The rate of all-cause pneumonia in
adults and children with high-risk conditions was 1.8 to
4.1-fold higher compared to healthy controls [1].

Pneumococcal vaccination recommendations vary
significantly between countries, regarding eligibility
and type of vaccine [8]. In Germany, national immu-
nization schedules are reviewed yearly by STIKO, but
have remained unchanged since August 2016 [7, 9].
Since 1998, STIKO has recommended pneumococcal
standard vaccination in adults aged 60 and over [7].
The 23-valent pneumococcal polysaccharide vaccine
(PPSV23) is currently recommended for this age group.
Pneumococcal vaccination is also recommended for
children, adolescents and adults with underlying medi-
cal conditions at increased risk of PD. Since 2016, for
“high-risk” adults with congenital or acquired immu-
nodeficiencies or immunosuppression, sequential vac-
cination with PCV13 followed by PPSV23 after 6-12
months is recommended. For “at-risk” adults, PPSV23
is recommended for those aged 16 and older. Sequen-
tial vaccination with PCV13 followed by PPSV23 after
6—12 months is recommended for “at-risk”/“high-risk”
children aged 2-15 years.

Earlier studies (pre-2010) in Germany have shown
the pneumococcal vaccination coverage rate (VCR)
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to be low in individuals aged 18-59 “at-risk” or “high-
risk” for PD [10]. More recent studies (study periods of
2013-2016 [11]; 2013-2019 [12]) have demonstrated
that the pneumococcal VCR remains low among indi-
viduals aged 16-59 with newly diagnosed “high-risk”
immunocompromising conditions. However, the pneu-
mococcal VCR has not been estimated in the “at-risk”
adult population since before 2010.

The present study therefore aimed to provide esti-
mates of the pneumococcal VCR between 2016 and
2019, among individuals aged 16—59 in Germany with
newly diagnosed at-risk or high-risk conditions, who
are not eligible for standard vaccination based on age.
Time to pneumococcal vaccination and factors influ-
encing time to pneumococcal vaccination were also
explored.

Methods

Data source

This was a retrospective cohort study of individuals
in Germany aged 16-59 years using data from a large
German claims database. The InGef research database
comprises de-identified longitudinal claims data from
more than 9 million individuals from more than 70
statutory health insurance providers (SHIs) in Germany
[13]. A sample dataset of approximately 4 million indi-
viduals who are representative of the German popula-
tion for age and sex was extracted from the database
and used for the present study [14]. The InGef data-
base includes demographic information (gender, age,
and region of residence), diagnostic data, mortality and
morbidity data, claims data for ambulatory services and
procedures, hospitalizations and drug prescription and
dispensing data. Use of ambulatory services is recorded
in alignment with the German uniform evaluation
standard (EBM, “Einheitlicher Bewertungsmafistab”).
Procedures conducted in hospital are recorded in
line with the German Procedure Classification (OPS,
“Operationen und Prozedurenschlissel”)) [14]. All
diagnoses are recorded using the 10th revision of the
International Classification of Diseases German Modi-
fication (ICD-10-GM).

Study population

The source population included individuals aged 16-59
years in Germany diagnosed with an incident “at-risk” or
“high-risk” condition during the study inclusion period,
between January 1, 2016 and December 31, 2018. To be
eligible for inclusion in the study population, all individu-
als had to be aged between 16 and 59 years at index date
(first diagnosis of an underlying risk condition during
the study inclusion period) and have at least 24 months
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of data available prior to study entry (study “pre-period”)
to assess the presence of at-risk and high-risk conditions
and pneumococcal vaccination. This was to ensure diag-
noses of at-risk/high-risk conditions were incident diag-
noses and to exclude individuals with prior vaccination,
since repetition of pneumococcal vaccination is only rec-
ommended at intervals of at least 6 years [7]. Individu-
als were therefore excluded if diagnosed with an at-risk/
high-risk condition before study entry; with the excep-
tion of “high-risk” patients diagnosed during the study
inclusion period with an “at-risk” condition before study
entry.

Risk conditions

At-risk/high-risk conditions were defined according to
the 2016/17 and 2017/18 STIKO vaccination recommen-
dations for at-risk/high-risk individuals and availability of
codes in the InGef database (Table 1) [7, 9]. The under-
lying medical conditions were identified by ICD-10-GM
codes in the outpatient and inpatient data (all diagnosis
fields) as well as OPS codes, EBM procedure codes and
Anatomical Therapeutic Chemical (ATC) codes for pre-
scriptions (see Additional file 1). The index date was
defined as the first documented code for an at-risk/high-
risk condition during the study inclusion period. For
inpatient diagnoses, the admission date of the respective
hospitalization was used to define the index date. In the
outpatient data, diagnoses are recorded quarterly with
no exact date. Therefore, the date of the first documented
OPS- or EBM-code (e.g. dialysis to indicate chronic renal
failure; organ transplant), by the diagnosing physician
was used to estimate the index date.

Study design

Study outcomes were assessed during the study observa-
tion period, between January 1, 2016 and December 31,
2019 (Fig. 1). A further 24 months of data (pre-period)
from January 1, 2014 were assessed to ensure each adult
had a minimum of 24 months preceding each individual’s
study entry to identify the presence of at-risk/high-risk
conditions and pneumococcal vaccination. Therefore, the
first possible study entry for each adult could occur no
earlier than January 1, 2016-start of the study inclusion

Table 1 Risk condition classifications
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period. The index date was defined as the date of the first
diagnosis of any of the risk conditions of interest during
the study inclusion period. Each individual was followed-
up from the index date until the first of the following cen-
soring criteria: end of observation in the InGef research
database (based on: end of insurance with SHI contrib-
uting data to the InGef research database, end of study
period (December 31, 2019), death from any cause), date
of 60th birthday, or date of first pneumococcal vaccina-
tion received during the observation period.

Multiple yearly cohorts were created to assess the
VCR within each calendar year of the study observa-
tion period (January 1, 2016 to December 31, 2019). The
study cohorts were identified at January 1st of each cal-
endar year from 2016 to 2018 and were followed up until
December 31, 2019 (2—4 years of follow-up per cohort).
For example, the 2018 cohort included all individuals
newly diagnosed with an at-risk or high-risk condition
during 2018; whereby 2018 comprised the first year of
follow-up, 2019 the second year of follow-up. Therefore,
the index date for the 2018 cohort (date of first diagnosis
of an at-risk/high-risk condition within the cohort) was
January 1, 2018.

Outcomes

Pneumococcal vaccination was identified by EBM codes
(89120, 89120R) in the InGef research database; cap-
turing all reimbursed vaccinations administered in the
outpatient setting by general practitioners or other spe-
cialists [11].

Statistical methods

The cumulative pneumococcal VCR (%) with 95% confi-
dence interval (CI) was reported for each calendar year of
follow-up with newly diagnosed risk conditions of inter-
est (high-risk or at-risk) (Fig. 2). Results were presented
by age-group at index date (16-49, 50-59), sex (male,
female), geographic region (East, West, Berlin), first risk
condition diagnosed (at-risk, high-risk), and number of
risk conditions diagnosed during follow-up year. Histori-
cally, West and East Germany were classified as different
federal states, with different attitudes towards vaccina-
tion; vaccination historically higher in the Eastern states

Risk classification Risk conditions

At-risk
High-risk

Diabetes mellitus, chronic lung disease (including asthma), chronic heart disease and neurological disorders
Cancer, chronic renal disease, functional or anatomic asplenia, sickle cell disease/other hemoglobinopathy,

congenital or acquired asplenia, splenic dysfunction, splenectomy, HIV infection, immuno-compromising
diseases, organ transplants, chronic liver disease and autoimmune disease
Cerebrospinal fluid leak, cochlear implant
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[11, 15]. Hence, the decision to display regional results
by East Germany, West Germany, and Berlin (East Berlin
formerly part of East Germany, West Berlin formerly part
of West Germany).

Time to vaccination from diagnosis was calculated with
median and interquartile range (IQR). A Cox-propor-
tional hazards model was developed to assess the factors
related to time to pneumococcal vaccination: age, sex,
geographic region, risk group (high-risk or at-risk), num-
ber of high-risk and at-risk conditions, month of index
date (month of first diagnosis of the risk condition in the
inclusion period) and influenza vaccination status. Age,
number of high-risk and at-risk conditions and influenza
vaccination status were time-dependent covariates in the
Cox model. The factors were included in the model based
on a manual backward approach; variables with evidence
at the 20% level of being associated with time to pneumo-
coccal vaccination were included in the model. The pro-
portionality assumption was assessed with Schoenfeld
residuals. Adjusted hazard ratios (HRs) and 95% Wald
CIs of the final model are reported. Small numbers (< 5)
were suppressed in accordance with the data source data
protection policies.

Results

The study population included 334,292 individuals aged
16-59 years, newly diagnosed with one or more risk
condition(s) during the study inclusion period (Fig. 3;
Table 2). Individuals were followed for a median of 2.38
(IQR 1.63-3.13) person years. The mean age at study
entry was 39 years (standard deviation (SD) 12.36). 83.6%
of the study population were newly diagnosed with an at-
risk medical condition at index date. 23.5% were newly
diagnosed with a high-risk medical condition at index
date. The most common newly diagnosed risk conditions
were the at-risk conditions chronic heart disease (38.8%)
and chronic lung disease (37.3%).

Vaccination coverage rates

The pneumococcal VCR among individuals aged 16-59
years who were diagnosed with an incident risk condi-
tion in 2016 (2016 cohort) increased from 0.44% (95% CI
0.41-0.48) in 2016 to 1.24% (95% CI 1.18-1.30) in 2019
(Table 3). Individuals aged 50 to 59 years were more likely
to be vaccinated than those aged 16-49 years (2.25%
(95% CI 2.10-2.41) vs. 0.90% (95% CI 0.84-0.96) in
2019). The VCR was highest in the Berlin region (2.04%

Number of individuals with a medical condition of interest

Cumulative VCR =

who received pneumococcal vaccine in calendar year

X 100

Number of individuals with a medical condition of interest

Fig. 2 Cumulative VCR

in calendar year
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Had an underlying chronic medical condition of interest
diagnosed between January 1, 2016 and December
31,2018
N=2,618,230

Aged <16 or >59 at index date* and continually
insured for <24 months prior to study entry

Aged between 16 and 59 years at index date* and
were continuously insured for 24 months prior to study
entry
N= 1,243,222

v

N= 1,375,008

Had an underlying chronic medical condition of

N= 335,319

> interest diagnosed before study entry
N= 907,903

Received pneumococcal vaccination in the pre-period

\4
Final study
population
N= 334,292

N=1,027

Fig. 3 Study selection process. (Asterisk) First diagnosis of an underlying medical condition during the study inclusion period

(95% CI 1.78-2.35)) compared to both East (1.57% (95%
CI 1.37-1.80)) and West (1.14% (95% CI 1.08—1.20)) Ger-
many (2019 values presented).

Throughout the study period, the VCR was greater in
individuals diagnosed with high-risk conditions than
individuals diagnosed with at-risk conditions. Of the
patients newly diagnosed with a risk condition in 2016,
the VCR increased in both risk groups from 2016 to
2019: the group first diagnosed with an at-risk condi-
tion from 0.29% (95% CI 0.26-0.32) to 0.90% (95% CI
0.85-0.96), and group first diagnosed with a high-risk
condition from 0.89% (95% CI 0.80-0.99) to 2.24% (95%
CI 2.09-2.40). The VCR increased with increasing num-
ber of risk conditions diagnosed during the follow-up
year. For example, in 2019, the VCR was 0.77% (95% CI
0.71-0.83) in individuals with only one at-risk condition,
versus 3.76% (95% CI 3.02-4.66) in individuals with three
or more at-risk conditions. For high-risk conditions, the
VCR was 1.61% (95% CI 1.46-1.77) in individuals diag-
nosed with only one high-risk condition, versus 12.46%
(95% CI 10.01-15.40) in individuals diagnosed with three
or more high-risk conditions.

Similar trends were observed in the 2017 and 2018
cohorts (see Additional file 2).

Time to vaccination and associated factors

Of 334,292 individuals, 3,306 (0.99%) were vaccinated
during the observation period (Table 4). Median time
to vaccination from the first diagnosis of a high-risk

condition was 369.5 (IQR 155.8-702.0) days. Median
time to vaccination from the first diagnosis of an at-risk
condition was 435.5 (IQR 196.3-758.8) days.

Individuals aged 50-59 years were more likely to have
received a pneumococcal vaccination than individuals
aged 16—49 years in the study period (Table 5). Females
were less likely to be vaccinated compared to males.
Individuals from the Berlin region were 42% more likely
to be vaccinated compared to West and East German
regions. Seasonality periods were associated with vac-
cination, with the lowest likelihood of being vaccinated
in February, May, August and November (HR 0.64 (95%
CI 0.52-0.79), 0.62 (95% CI 0.50-0.78), 0.68 (95% CI
0.54-0.84) and 0.67 (95% CI 0.53-0.83), respectively
compared to January). Individuals who received influ-
enza vaccination were 4.96 (95% CI 4.59-5.36) times
more likely to receive pneumococcal vaccination than
those who were not vaccinated for influenza. A higher
number of risk conditions also increased the likelihood
of vaccination. The likelihood of vaccination was 3.82
(2.79-5.22) times higher in individuals with three or
more at-risk conditions vs. one at-risk condition. The
likelihood of vaccination increased further in individu-
als with multiple high-risk conditions; HR of 9.77 (95%
CI 8.29-11.50) and 22.62 (95% 18.27-28.00) for indi-
viduals with two high-risk conditions or three or more
high-risk conditions, respectively vs. one at-risk condi-
tion with no high-risk conditions.
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Table 2 Baseline characteristics of the study population
Total number of individuals included in the study 334,292
Number of individuals included in each study cohort (n, %)
2016 138,266 41.46
2017 105,600 3147
2018 90,426 27.07
Age (years) at study entry®
Mean (SD) 39 12.36
Median (lower quartile, upper quartile) 39 29,50
Age group (years) at study entry? (n, %)
16-49 249,575 74.66
50-59 84,717 2534
Sex (n, %)
Male 161,957 4845
Female 172,335 51.55
Presence of at-risk condition at index date (n, %)
Chronic diseases
Diabetes mellitus 17,583 526
Chronic lung disease (incl. asthma) 124,870 37.35
Chronic heart disease 129,667 38.79
Neurological disorders 7313 2.19
Presence of high-risk condition at index date (n, %)
Cancer 17,700 529
Cerebrospinal fluid leak 144 0.04
Chronic renal disease 6898 2.06
Cochlear implant 453 0.14
Functional or anatomic asplenia, sickle cell disease/other hemoglobinopathy, congenital or acquired asplenia, splenic 1688 0.50
dysfunction, splenectomy
HIV infection 369 0.1
Immuno-compromising diseases 19,119 572
Organ transplant 4857 145
Chronic liver disease 18,851 5.64
Autoimmune disease 8494 254
Number of medical conditions of interest at end of follow-up® in individuals with at least one at-risk medical condition
1 261,444 78.21
2 8426 2.52
3 or more 377 0.11
Number of medical conditions of interest at end of follow-up® in individuals with at least one high-risk medical condition
1 75,804 2268
2 1296 039
3 or more 58 0.02

2 Study entry date is the latest of the following dates: January 1, 2016, the insurance start date plus 24 months, the day the individual turned 16

b End of follow-up = earliest of: end of observation in the InGef research database (end of insurance, end of available data and death from any cause); end of study
period (December 31st, 2019); 60th birthday; first pneumococcal vaccination received during the observation period

Discussion

Our results indicate a very low pneumococcal VCR in
individuals aged 16—59 years with a newly diagnosed risk
condition in Germany. These findings are in alignment

with other studies in Germany [10-12].

Theidel et al. estimated the pneumococcal VCR for
the one-year period July 1, 2008 to June 30, 2009 in indi-
viduals aged 18-59 in Germany, using data from the
Deutsche BKK health insurance database [10]. The VCR
was estimated as 1.32% in individuals at medium risk for



Page 7 of 11

(2022) 22:753

Deb et al. BMC Infectious Diseases

19k dn-mo||oy 9A1129dsai Yoea Bulinp SUONIPUOD S YlM pasoubelp sjenpiAlpul JO Jaquinu uo paseq ‘dn-moj|oj Jo Jeak ydes 1oy parepdn uoie|ndjed YA 104 J01euIlouUd(, ‘SIUNIed Jo JIaquinu =N

99v-C0'e
S0 ¢-0s'1
€80-1£0

0r'sL—100L
L6'S-0VY
LL1-9V'L

96'0-580
0r'¢=60¢
GEC8LL
0C'1-80°L

08'1-L€L

rEL=LLL
LEL=SlL

Ly'¢=0l'¢
96'0-¥80

0e'L-8L'L

9L'¢
ASHE
LL0

ol
eLs
191

060
v

Y0'C
4N
LSL

STl
€l

SCe
060

vl

6/
e
99

L
9s1
Ly

0¢6
§8L

€61
leg't
L0¢

668
918

L6/
76

SlLL

YeEYr—59¢C
8L -Vl
L£0-090

76'€1-CS8
€56-56'¢
9S'L=LC'L

08'0-0£0
L0641
0¢c-6v'1
0’1060

PSl-vLL

€1'1-8610
Cl'l=£60

L0C-6/L'L
08'0-0£0

0L'1-660

or'e
091
590

601
891
Lyl

S0
€6l

7
960
€e’l

SO'L
0L

6l
S0

SOl

19
9te
LLS

9s
6¢l
9s¢

0/
9/9

12 TA
69

9/9
0/

oyl

90v—+0'C
6¢1-50'L
¢S0-v¥0

S9€EL-95,
08v-rl'e
€C'1-960

95°0-8%0
os'L-LeL
LY 1-€0'L
7/0-¥90
€L'1-6£0

180-890
€8'0-0£°0

S'l=LCL
85'0-6¥0

080-1£0

88'¢C
Ll
8¥'0

Lol
68'€
601

¢s0
erl
el
690

60

¥/.0
9,0

6€'l
€50

S0

le  8£C-990
L6l 60'1-€£0
Ly LE0-¥C0

6¢  ¥/6-0L¢
8  6€0CC
85C  6/0-850

Yes  C€0-9C0
€05 660-080
9Ll 060-950
008 S¥0-8¢0

lcl S90-0v0

les  8¥0-8¢0
905 LS0-L¥O0

88y  §60-9/0
6vS  ¥£0-LC0

LE0L 8Y0-L¥0

9¢’L / 1S 2I0W IO €
680 6 €€5°01 4
LC0 €9¢ 16896 L

#1834 dn-moj[o} Bulnp pasoubelp SUONIPUOD XSH-1e JO JISqWINN

509 Gl 87C 2I0W IO ¢

¥6'C 44 86vL 4

890 6v1 686'LC L
Jeak dn-mo||04 Bulinp pasoubelp suoIPUOD %S1-ybIy JO JSquInN

6C0 16C ¥91'€01 ASU-1Y

680 cle 2oL'se Asu-ybiH
91ep Xapul 1B PasOUbHeIP UOIPUOD ¥SH 15114

120 /9 8EV6 uljleg

10 LLY L26'SLL 1S9M

1S0 59 £08'C1 1583
uolbhal dlydelboan

(340 L0€ voL L. Slewed

S¥0 c0e 20599 Sle
X3S

S80 66¢ ozl'se 65-05

0€0 oLe orL'eol 6v—91
91ep xapul 1e dnoib by
440 609 997'8¢L [[BI9AO

1D %S6 (%) YDA Pp3jeundeA N

1D %S6 (%) YDA Pp3jeudeAN

1D %S6 (%) YDA Pp3ieudeAN

1D %S6 (%) YDA Pp3jeundeAN

910 ul uonipuod

610¢C

1eak dn-mojjo) Y1y

8Loc
1eak dn-mojjoj pig

£10¢C

1eak dn-mojjo} pug

910C Ysu pasoubelp Aimau
1eaf dn-mojjoj1s| yum syuaned N [je19A0

(1J0Y02 9107) 9107 Ul PAUNUSPI UONIPUOD YSI PISOUBEIP A|MaU B 1M S1Npe Buowe YA [BID000WNaUd € ajqeL



Deb et al. BMC Infectious Diseases (2022) 22:753 Page 8 of 11

Table 4 Time to vaccination in individuals with one or more newly diagnosed risk condition(s) (days)

N N (%) Median Lower quartile Upper quartile
vaccinated
Any risk medical condition 334,292 3306 (0.99) 4075 178.0 736.0
First risk condition
High-risk 77,158 1436 (1.86) 369.5 155.8 702.0
At-risk 257,134 1870 (0.73) 435.5 196.3 7588

Table 5 Factors associated with time to pneumococcal vaccination

Hazard ratio 95% CI P value

Age (continuous - per year) 1.03 1.03-1.04 <0.001
Age group at study entry

16-49 (ref)

50-59 1.19 1.07-1.32 <0.001
Sex

Male (ref)

Female 091 0.85-0.98 0.009
Geographic region

West (ref)

East 1.05 0.95-1.17 0.345

Berlin 142 1.27-1.59 <0.001
Month of vaccination

January (ref)

February 0.64 0.52-0.79 <0.001

March 0.82 0.55-1.22 0329

April 093 0.66-1.30 0.675

May 0.62 0.50-0.78 <0.001

June 0.97 0.65-1.44 0.873

July 1.03 0.74-143 0.869

August 0.68 0.54-0.84 0.001

September 1.12 0.75-1.67 0.590

October 1.23 0.88-1.72 0216

November 0.67 0.53-0.83 <0.001

December 0.81 047-137 0424

Influenza vaccination status

Unvaccinated (ref)

Vaccinated 4.96 4.59-5.36 <0.001
First risk condition diagnosed

At-risk (ref)

High-risk 0.69 0.61-0.79 <0.001
At-risk status

1 at-risk condition, no high-risk condition (ref)

2 at-risk conditions, no high-risk condition 240 2.14-2.69 <0.001
3 or more at-risk conditions, no high-risk condition 3.82 2.79-5.22 <0.001
1 high-risk condition 363 3.19-4.13 <0.001
2 high-risk conditions 9.77 8.29-11.50 <0.001

3 or more high-risk conditions 2262 18.27-28.00 <0.001
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PD (diagnosed with a chronic cardiovascular, respiratory,
metabolic, renal or neurological disorder) and 0.90% in
individuals at high-risk for PD (diagnosed with an immu-
nocompromising condition). The VCR was reported as
0.23% in individuals aged 18-59 not-at-risk of PD (i.e.
not recommended for pneumococcal vaccination accord-
ing to STIKO). These percentages differ from the results
seen in the present study. However, the studies are dif-
ficult to compare due to differences in methodology,
including the criteria for selection of the study popula-
tion and risk group definitions. In contrast to the study
by Theidel et al. the present study found higher VCRs in
individuals with high-risk vs. at-risk conditions, as would
be expected — likely explained by the different risk defi-
nitions (coding) and study inclusion criteria applied by
Theidel et al., in addition to their very short study period
of 1 year. Interestingly, Theidel et al. reported a higher
(but still relatively low) VCR of 4.45% in adults aged 60
and over, a population who are eligible for vaccination
based on older age.

Schmedt et al. investigated pneumococcal VCRs from
2014 to 2016 in adults aged 16-59 years with a newly
diagnosed high-risk (immunocompromising) condition
in Germany using the InGef database [11]. The authors
reported a VCR of 1.6% in women, and 2.3% in men;
broadly in alignment with results from the present study.
Median time to vaccination was estimated at 332.5 (IQR
142-528) days (within the first two years of diagnosis)
[11]—in agreement with the median time to vaccina-
tion of 369.5 (IQR 196.3-758.8) days in the present study
(high-risk group). In a follow-up study to Schmedt et al.,
Sprenger et al. reported pneumococcal VCR within two
years of a diagnosis of an incident high-risk condition,
for individuals diagnosed in 2012/2013 (cohort A) versus
those diagnosed in 2015-2017 (cohort B) [12]. In agree-
ment with results reported in the present study, VCRs
remained very low across both 2-year follow-up periods:
estimated at 2.0% and 2.5% for cohort A and cohort B,
respectively.

Increasing the VCR in individuals aged 16-59 years
with newly diagnosed risk condition(s) is crucial, as there
is an anticipated rise in chronic conditions diagnosed
worldwide in this age group, associated with an increased
risk of PD and hospitalization due to PD [5, 6, 16, 17]. A
possible explanation for the low VCR and delayed time
to vaccination observed in Germany could be due to the
uncertainty among general practitioners and other medi-
cal professionals as to who is responsible for adminis-
tering vaccinations. Schmedt et al. [11], reported that
93.2% of all vaccinations were administered by gen-
eral practitioners, with similar results reported more
recently by Sprenger et al. [12]. However, patients with a
newly diagnosed risk condition are likely to be treated by
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specialists such as pneumologists, oncologists or endo-
crinologists and not only by general practitioners. These
specialists are not all reimbursed for PD vaccinations or
receive training on the STIKO vaccination guidelines
and may therefore refrain from recommending vaccina-
tion. Therefore, there may be a need for raised awareness
of PD-vaccination recommendations across the medical
specialties who diagnose and treat patients with PD-asso-
ciated risk conditions.

Furthermore, although STIKO issues general recom-
mendations for all German federal states, there is no
national immunization plan in place for pneumococcal
vaccination in Germany. Some federal states even have
their own vaccine committees, which can issue differ-
ent recommendations to STIKO. The UK, which has a
clear national immunization schedule and guidance for
healthcare professionals [18] and centralized vaccine
procurement, has reported much higher VCRs in at-risk
populations not otherwise eligible for pneumococcal vac-
cination based on age. A recent UK study using data from
the Clinical Practice Research Datalink reported VCRs of
13.6% in the first year of follow-up, rising to 32.0% after 4
years of follow-up between 2011 and 2015, for individu-
als at-risk or high-risk for PD due to underlying medical
conditions [19].

Neufiend et al. recently highlighted decentralized vac-
cine procurement as a key contextual barrier to vac-
cine provision in Germany, as it makes distribution and
reimbursement more challenging [20]. Interestingly, the
authors reported that encouraging or incentivizing phy-
sicians to get vaccinated themselves may be an alterna-
tive avenue to improve the low adult vaccination rates in
Germany. In addition to increasing institutional trust in
STIKO. A survey conducted in approximately 5,000 prac-
tices in Germany has highlighted the need for automated
recall/reminder-systems, implementation of routine, reg-
ular vaccination counselling and education of physician
assistants to help reduce the risk of neglecting to advise
patients on vaccinations [21, 20]

Our study reports a higher likelihood of pneumococcal
vaccination in those who have received the influenza vac-
cination. Indeed, many individuals aged 16—59 for whom
pneumococcal vaccination is indicated are also likely to
be eligible for influenza vaccination. These two vaccines
can be administered in the same session [22], and may
provide a solution to increasing the pneumococcal VCR.
The impact of the new coronavirus vaccination program
in 2021 [23] is unknown, but may present another oppor-
tunity to increase the pneumococcal VCR.

There is currently no recommended minimum VCR for
pneumococcal vaccination in Germany or internationally.
Yet it is evident that there is a strong need for health policy
makers to implement further clinical practice guidelines at
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a national level. Training of physicians and prompting at
the time of diagnosis of a risk condition may also improve
the VCR considerably in these vulnerable patient groups.

The main limitation of this study is the potential selec-
tion bias of the study population. The InGef database is
comprised only of individuals with state health insurance
and may not include all sociodemographic strata of the
German population, which may have led to a biased esti-
mation of VCR. Furthermore, due to the structure of the
SHIs that provide data for the InGef research database,
the proportion of insurees in the regions of East/ West
Germany differs slightly from the German population;
a smaller proportion of insurees residing in the eastern
part of Germany for the InGef database (16.5%, versus
19.5% in the general population) [24]. Nevertheless, pre-
vious studies have demonstrated that the InGef database
is representative of the German general population for
age and sex, and when studying health outcomes, mor-
bidity, and drug usage (14).

Another limitation was the inability to distinguish the
different types of pneumococcal vaccines administered
(e.g., PCV13 vs. PPSV23). Information on manufacturer
brand is not available in the German research databases
[25]. We therefore could not assess whether those indi-
viduals with an indication for sequential vaccination
(based on STIKO recommendations) received PCV13
or PPSV23 or both. Further studies would benefit from
using different data sources, in order to allow for the dis-
tinction between different types of vaccines (PCV13 vs.
PPSV23) and to investigate delivery of sequential booster
vaccinations, where indicated by STIKO. In addition, it
would be useful to also assess the proportion of vaccines
delivered by general practitioners versus other healthcare
professionals/specialists to further understand where
the pneumococcal VCR could be improved. However,
Sprenger and colleagues reported that >90% of pneu-
mococcal vaccinations administered to immunocom-
promised (high-risk) patients were done so by a general
practitioner, and rarely by other specialists [12].

Finally, there may be misclassification bias due to cod-
ing inaccuracies since medical conditions were identified
based on administrative records. For example, individu-
als with history of risk conditions before the pre-period
may have been classified as newly diagnosed. With only
a two year look back before the index date it is possible
that individuals with previous pneumococcal vaccina-
tion were misclassified as unvaccinated. The effect of this
misclassification would be to underestimate pneumo-
coccal VCRs in this population. It is possible that indi-
viduals with previously stable chronic conditions, such as
asthma or diet-controlled diabetes, were misclassified as
not at-risk. The effect of this misclassification would be
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to underestimate the eligible population for pneumococ-
cal vaccination. However, it would be unlikely to bias the
VCR in the selected population.

Conclusion

Despite recommendations from STIKO, pneumococcal
vaccination coverage remains very low and is delayed for
long periods in vulnerable populations aged 16-59 years
with newly diagnosed risk condition(s) in Germany. Our
findings highlight that further effort is needed to improve
the rate and timeliness of pneumococcal vaccination
among individuals aged 16-59 years with newly diag-
nosed risk conditions in Germany.
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