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Abstract 

Background  Since 2014, Belgium’s Superior Health Council has recommended pneumococcal vaccination for adults 
aged 19–85 years at increased risk for pneumococcal diseases with a specific vaccine administration sequence and 
timing. Currently, Belgium has no publicly funded adult pneumococcal vaccination program. This study investi-
gated the seasonal pneumococcal vaccination trends, evolution of vaccination coverage and adherence to the 2014 
recommendations.

Methods  INTEGO is a general practice morbidity registry in Flanders (Belgium) that represents 102 general prac-
tice centres and comprised over 300.000 patients in 2021. A repeated cross-sectional study was performed for the 
period between 2017 and 2021. Using adjusted odds ratios computed via multiple logistic regression, the association 
between an individual’s characteristics (gender, age, comorbidities, influenza vaccination status and socioeconomic 
status) and schedule-adherent pneumococcal vaccination status was assessed.

Results  Pneumococcal vaccination coincided with seasonal flu vaccination. The vaccination coverage in the popula-
tion at risk decreased from 21% in 2017 to 18.2% in 2018 and then started to increase to 23.6% in 2021. Coverage in 
2021 was highest for high-risk adults (33.8%) followed by 50- to 85-year-olds with comorbidities (25.5%) and healthy 
65- to 85-year-olds (18.7%). In 2021, 56.3% of the high-risk adults, 74.6% of the 50+ with comorbidities persons, and 
74% of the 65+ healthy persons had an adherent vaccination schedule. Persons with a lower socioeconomic status 
had an adjusted odds ratio of 0.92 (95% Confidence Interval (CI) 0.87–0.97) for primary vaccination, 0.67 (95% CI 
0.60–0.75) for adherence to the recommended second vaccination if the 13-valent pneumococcal conjugate vaccine 
was administered first and 0.86 (95% CI 0.76–0.97) if the 23-valent pneumococcal polysaccharide vaccine was admin-
istered first.

Conclusion  Pneumococcal vaccine coverage is slowly increasing in Flanders, displaying seasonal peaks in sync with 
influenza vaccination campaigns. However, with less than one-fourth of the target population vaccinated, less than 
60% high-risk and approximately 74% of 50 + with comorbidities and 65+ healthy persons with an adherent schedule, 
there is still much room for improvement. Furthermore, adults with poor socioeconomic status had lower odds of 
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primary vaccination and schedule adherence, demonstrating the need for a publicly funded program in Belgium to 
ensure equitable access.

Keywords  Adult pneumococcal vaccination, Vaccination recommendations, Vaccination schedule adherence, 
General practice, Equity, Generalized linear model, Logistic regression

Background
In Europe, Streptococcus pneumoniae(SP) is the most 
prevalent bacterial agent in lower respiratory tract infec-
tions (LRTIs) and the most common cause of commu-
nity-acquired pneumonia [1, 2]. SP is responsible for 
approximately 20% of all fatal LRTI cases, accounting for 
more than one million deaths annually; therefore, SP can 
be qualified as one of the most lethal pathogens [2].

Until recently, two pneumococcal vaccines were avail-
able for adults in Europe: the 23-valent pneumococ-
cal polysaccharide vaccine (PPSV23) and the 13-valent 
pneumococcal conjugate vaccine (PCV13), which protect 
against 23 and 13 different serotypes of the bacterium 
Streptococcus pneumoniae, respectively. Two new vac-
cines, the 15-valent and 20-valent pneumococcal conju-
gate vaccines, were recently approved by the European 
Medicines Agency [3, 4]. Typically, adult pneumococcal 
vaccination is recommended for older and immunocom-
promised adults by means of specific recommendations 
of vaccine sequence and timing. However, national 
guidelines for pneumococcal vaccination differ between 
countries, depend on public reimbursements of these 
vaccines, and include age-based and/or risk-based strate-
gies [5, 6]. Most European countries have implemented 
age-based vaccination programs. The Vaccine Scheduler 
developed by The European Centre for Disease Preven-
tion and Control provides an age-based overview of 
recommended vaccination schedules in 30 European 
countries [7].

Between 1993 and 2014, the Belgian Superior Health 
Council, an advisory body that forms a bridge between 
Belgian authorities and the scientific world in all public 
health-related issues, recommended vaccination with 
PPSV23 for all adults aged 60 years or older [8]. Since 
2014, the Superior Health Council recommends pneu-
mococcal vaccination for three target groups consisting 
of adults with an increased risk of pneumococcal dis-
ease: immunocompromised adults (19–85  years old at 
high risk, referred to here as high-risk persons), adults 
aged 50–85  years with comorbidity (50+ with comor-
bidity) and healthy adults aged 65 to 85 (65+ healthy) 
[9]. The recommendations include a primary vaccina-
tion that consists of a sequential scheme of PCV13 fol-
lowed by PPSV23 at least eight weeks later or a primary 

one-time PCV13 vaccine a year after the last PPSV23 
and a revaccination with PPSV23 every five years for 
high-risk adults. The Belgian pneumococcal vaccina-
tion recommendations were updated in 2020 to include 
an alternative scheme of PPSV23 alone in healthy adults 
aged 65 to 85, two new risk groups (adults with diabetes 
and adults with chronic neurological or neuromuscular 
disorders with aspiration risk), and a revaccination with 
PPSV23 after 5 years for adults aged 50–85 years with 
comorbidities [10]. Very recent, in September 2022, the 
Belgian recommendations were revised and include the 
newly approved PCV20 and PCV15 vaccines [11].

Pneumococcal vaccination recommendations are 
introduced to ensure an optimal protection of risk 
groups against pneumococcal diseases. Vaccination 
with PCV13 and PPSV23 showed protective effects for 
at-risk adults against severe LRTIs [12]. However, only 
a few studies have addressed the adherence of adult 
pneumococcal vaccination to these recommendations. 
One study conducted in the United States showed that 
even after six years of follow-up, only 14.2% of high-
risk adults received any pneumococcal vaccination, and 
only 2.2% completed the pneumococcal vaccination 
sequence [13]. In Belgium, pharmacists reported that 
during the period between 2014 and 2017, approxi-
mately 41% of adults receiving a PCV13 vaccine were 
compliant with the vaccination scheme [14].

Pneumococcal vaccination coverage in the at-risk 
adult population in Belgium in 2015, one year after the 
updates in the 2014 recommendations, was only 19%, 
and was higher in older adults and those at risk [15]. 
It is known that implementation and adoption of new 
guidelines takes time [16]. This is especially the case if 
an implementation strategy addressing the barriers to 
guideline adoption is lacking [16]. One of the main bar-
riers to adult pneumococcal vaccination in Belgium – 
in contrast to most other countries in Europe – is the 
lack of a publicly funded vaccination program.

Therefore, we aimed to investigate the evolution 
of pneumococcal vaccination coverage and schedule 
adherence in Flanders after the introduction of the 
2014 recommendations and to identify individual char-
acteristics affecting pneumococcal vaccination and 
adherence to recommended vaccination schedules.
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Methods
Study population and design
The INTEGO network is a morbidity registry contain-
ing coded contents of electronic health records from 
over 100 general practice centres all over Flanders (Bel-
gium). In 2021, INTEGO comprised approximately 
340.000 patients, covering 5.7% of the Flemish popula-
tion. The information is automatically collected during 
daily practice and contains diagnoses, sociodemographic 
information (i.e., year of birth, gender, and an indicator 
denoting increased reimbursement as proxy for socioec-
onomic status), prescriptions, vaccination status, labora-
tory results and various biomedical parameters, such as 
blood pressure, height, weight, etc. The INTEGO proce-
dures have been validated by the Belgian Privacy Com-
mission [17, 18]. The registry is hosted on the Healthdata 
platform (www.healthdata.be) [18]. In 2017, INTEGO 
practices migrated from the medical software Medidoc® 
to CareConnect® (Corilus, Gent, Belgium) [18]. Conse-
quently, there are two databases: the old database (before 
2018) and the new database (from 2018 onwards).

The study cohort comprised all persons between 19 
and 85 years old with an electronic medical record in one 
of the general practices from the INTEGO network dur-
ing the period of 2017–2021. Only good registering prac-
tices were selected for the current study. A practice that 
coded at least 80% of their registered diagnoses (Interna-
tional Classification of Primary Care version 2 (ICPC-2)) 
was considered a good registrant. This condition was sat-
isfied by 86 INTEGO practices.

For each year in the period 2017–2021, the yearly con-
tact group (YCG), which consists of individuals with at 
least one general practitioner appointment in a certain 
year, was constructed. Due to the transition of INTEGO 
in 2017–2018, records from new practices only contrib-
ute to the YCGs from 2018 onwards, and records from 
old practices contribute to all YCGs.

Outcome definition
Pneumococcal vaccination coverage and primary 
vaccination
We computed monthly vaccination rate, yearly vaccina-
tion coverage and yearly rate of primary vaccination for 
each of the three target groups and the total population at 
risk, as defined by the vaccination recommendations. The 
monthly vaccination rate was computed as the propor-
tion of persons receiving a vaccine (PCV13 or PPSV23) 
in a certain month with respect to the number of persons 
in the corresponding YCG. The yearly vaccination cover-
age was defined as the proportion of persons in the corre-
sponding YCG who received a pneumococcal vaccination 
(PCV23 or PPSV23) before or in the given year. Primary 

vaccination was the first adult pneumococcal vaccina-
tion, i.e., the first vaccination with PCV13 or PPSV23 at 
an age of 19 or older. The yearly rate of primary vaccina-
tion for a given target group and a given year was then 
defined as the fraction of persons in the target group 
of the YCG who were never vaccinated before and who 
received their first dose by the end of the given year. 
These three measures were used for summary statistics. 
The latter also provided an identification of individuals 
who received their first pneumococcal vaccine in a given 
year. The resulting dataset contained multiple records 
for the same person describing different years as long as 
this person was not vaccinated, i.e., the person did not 
receive a pneumococcal vaccination after the age of 19. 
After vaccination, persons were excluded from the study 
population for future years. Then, we used this dataset 
to investigate the potential association between primary 
vaccination and different person-related factors by mod-
elling the probability of primary vaccination as a function 
of these factors.

Overall schedule adherence and adherence to the second 
vaccine
To explore overall vaccination schedule adherence, we 
computed the proportion of persons in the considered 
target group of the YCG of each year with a vaccina-
tion profile according to the recommendations. To this 
end, we implemented the algorithm given in Table  1. 
This algorithm approximates the recommendations and 
determines for a given target group and a given year if 
an individual had a vaccination profile, i.e., all registered 
pneumococcal vaccines until the end of the given year, in 
adherence to the recommended schedule.

To investigate the effect of an individual’s characteris-
tics on schedule adherence, we modelled the probability 
of receiving a second vaccine in line with the recom-
mendations. At the moment of the first vaccination, it 
was unknown whether a person would complete the 
remainder of the recommended vaccination schedule. 
With a PCV13 as the first vaccine, it was recommended 
to receive the subsequent PPSV23 dose after at least eight 
weeks and with a PPSV23 as the first vaccine, it was rec-
ommended to receive a subsequent PCV13 vaccine after 
at least one year or a revaccination with a PPSV23 dose 
after approximately five years. For modelling purposes 
and based on expert knowledge, we introduced a time 
interval within which the person should receive their sec-
ond vaccine to adhere to the recommendations. We con-
sidered two groups:

Group 1 included persons who received PCV13 as 
the first vaccine and should receive a PPSV23 dose 
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between 8 weeks and one year later, to adhere to the 
recommendations.
Group 2 included persons who received PPSV23 as 
the first vaccine and should receive the PCV13 dose 
after at least one year and a maximum of six years or 
a second PPSV23 dose after at least four years and a 
maximum of six years to adhere to the recommenda-
tions.

Covariates
To investigate the association between an individual’s 
characteristics and the two vaccination outcomes, i.e., 
primary vaccination and adherence to second vaccine, we 
constructed the following covariates: (i) gender (female, 
male), (ii) age groups (19–49, 50–64, and 65–85  years 
of age), (iii) risk groups (low, medium, and high) based 
on comorbidities determined by diagnoses, prescrip-
tions and lab data as given in Additional file 1, (iv) target 
group that combines age and risk covariates according to 
the recommendations (high risk, 50+ with comorbidity, 
65+ healthy, and nontarget), (v) influenza vaccination sta-
tus (yes, no), (vi) receiving increased reimbursement of 
healthcare (yes, no, and unknown) as a proxy for socioec-
onomic status, (vii) smoking status (smoker, ex-smoker, 
and never smoker) that was longitudinally imputed (see 
Additional file  2 for a brief explanation), and (viii) the 
year of measurement for the primary vaccination out-
come and the year of first vaccination for the schedule 
adherence outcome. All covariates were determined in 
the year of measurement for primary vaccination and 
the year of first vaccination for schedule adherence. The 
values of socioeconomic status and smoking, which were 
only available from 2016 onwards, were approximated 
based on its closest-in-time value with respect to the year 
of measurement.

Statistical analysis
General
To investigate the effect of the person characteristics on 
the outcomes, adjusted odds ratios (aORs) and their 95% 
confidence intervals (CIs) were computed using multi-
ple logistic regression. The reported aOR estimates were 
pooled estimates, applying Rubin’s rules (see Additional 
file  2), over the 20 imputed datasets. Trends of vac-
cination coverage over the period of 2017–2021 were 
explored with the Cochran-Armitage test using year as 
an ordinal variable and vaccination status (i.e., did the 
individual ever receive a vaccination) as the binary out-
come variable. All analyses were performed using R [19] 
Software V4.0.3 (DescTool, stats and mice packages).

Model outcome 1: Primary vaccination
For a person i in a certain year, the outcome Y vaccinated

i  , which 
was 1 if the person was vaccinated in that given year and 0 
otherwise, was assumed to follow a Bernoulli distribution:

The logit of the probability of primary vaccination 
pvaccinatedi  was modelled as follows:

where xi represents the vector of covariates and β the 
vector of corresponding regression coefficients. The year 
refers to the year that the outcome was measured.

Y vaccinated
i ∼ Bernouilli pvaccinatedi

logit
(

pvaccinated
i

)

= log
(

pvaccinated
i

/

1−pvaccinated
i

)

= �0 + � ∗ xi

= �0 + �1 ∗ genderfemalei
+ �2 ∗ influenza_vaccinationyesi+

+�3 ∗ increased_reimbursementyesi+

+�4 ∗ increased_reimbursementunknowni+

+�5 ∗ smokingex_smokeri
+ �6 ∗ smokingsmokeri

+

+�7 ∗ targethigh_riski + �8 ∗ target50+_with_comorbidityi
+

+�9 ∗ target65+_healthyi
+

+�10 ∗ 2018i +⋯ + �13 ∗ 2021i

Table 1  The algorithm to determine overall schedule adherence in a given year

TIpsv23 represents the median time interval between subsequent ppsv23 vaccines

Vaccination profile of an individual

Target group who received only one type of vaccine who received both types of vaccines

PCV13 PPSV23 First vaccine: PCV13 First vaccine: PPSV23

High-risk last pcv13 less than 1 year 
ago

last ppsv23 less than 5 years 
ago and if multiple ppsv23 
doses, a TIppsv23 between 4 and 
6 years

followed by a ppsv23 after 
at least 8 weeks and the last 
ppsv23 less than 5 years ago 
and if multiple ppsv23 doses, a 
TIppsv23 between 4 and 6 years

followed by a pcv13 after at 
least 1 year and the last ppsv23 
less than 5 years ago and if 
multiple ppsv23 doses, a TIppsv23 
between 4 and 6 years

50+ with comorbidity last pcv13 less than 1 year 
ago

last ppsv23 less than 5 years 
ago

followed by a ppsv23 after at 
least 8 weeks

followed by a pcv13 after at 
least 1 year

65+ healthy last pcv13 less than 1 year 
ago

last ppvs23 less than 5 years 
ago

followed by a ppsv23 after at 
least 8 weeks

followed by a pcv13 after at 
least 1 year
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Model outcome 2: Adherence to recommended second vaccination
Two scenarios were considered. There was a group 
of persons with PCV13 as the first vaccine and a 
group with PPSV23 as the first vaccine. The outcomes 
(and corresponding probabilities) are Y adherence_pcv13

i  
( padherence_pcv13i  ) and Y adherence_ppsv23

i  ( padherence_ppsv23i  ), 
respectively. Both were modelled in a similar fashion:

With the logit of the probability of receiving a second 
vaccine in adherence to the recommendations padherencei  
modelled as:

where xi represents the vector of covariates and β the 
vector of corresponding regression coefficients. The year 
was the year of first vaccination.

Results
Study population
Yearly contact group structure
Table 2 shows the YCG population in terms of risk groups 
as defined by the 2014 recommendations. The number of 
persons with a certain characteristic and their proportion 
with respect to the top-level total are given as n (%). For 
the imputed smoking characteristic, the median, quartile 
1 (Q1) and quartile 3 (Q3) of the number and propor-
tion of persons is given. In the period of 2017–2021, on 
average, 29.5% of the adult population in the YCG was 
at risk of pneumococcal disease and belonged to the tar-
get group of vaccination (2.7% high risk, 15.2% 50+ with 
comorbidity, 11.6% 65+ without comorbidity). The num-
ber of persons doubled between 2017 and 2018 due to 
the expansion of the INTEGO network.

Greater than half of the persons in the high-risk and 
65+ healthy groups were women, and this distribution 
was similar for each YCG. Approximately one-fifth of the 
persons in each target group received increased compen-
sation, i.e., higher reimbursement for medical costs. Fur-
thermore, in each year, one-quarter of the persons at high 
risk had one medium-risk comorbidity in addition to at 
least one high-risk comorbidity. Table  2 also captures 
the influenza and pneumococcal vaccination coverage 

Y adherence
i ∼ Bernoulli

(

padherencei

)

logit
(

padherence
i

)

= log
(

padherence
i

/

1−padherence
i

)

= �0 + � ∗ xi

= �0 + �1 ∗ genderfemalei
+ �2 ∗ influenza_vaccinationyesi+

+�3 ∗ increased_reimbursementyesi+

+�4 ∗ increased_reimbursementunknowni+

+�5 ∗ smokingex_smokeri
+ �6 ∗ smokingsmokeri

+

+�7 ∗ targethigh_riski + �8 ∗ target50+_with_comorbidityi
+

+�9 ∗ target65+_healthyi
+

+�10 ∗ 1997i +⋯ + �28 ∗ 2015i

in each year. Additional file 3 shows the 2019 population 
distribution according to age and risk (i.e., comorbidities) 
groups.

Study population for primary vaccination and adherence 
to second vaccine
The flow chart in Fig.  1 shows the inclusion criteria to 
construct the study populations for investigation of the 
effect of an individual’s characteristics on primary vacci-
nation and on schedule adherence. The population struc-
ture in terms of counts and proportions per target group 
and person characteristic for the outcomes of primary 
vaccination and of second vaccination adherence are 
given in Additional file 4.

Pneumococcal vaccination coverage and schedule 
adherence
Seasonal trend in parallel with influenza vaccination
Adult pneumococcal vaccination displayed a seasonal 
trend that coincided with the seasonal influenza vacci-
nation campaign, both of which reached their maximum 
rates around November (Fig.  2). At the peak, approxi-
mately one-tenth of the persons in the YCG received an 
influenza vaccination. Figure 2 indicates the start of the 
Belgian COVID-19 epidemic in March 2020 and the 
introduction of the new 2020 pneumococcal vaccina-
tion recommendations in July 2020. A slight but steady 
increase in the pneumococcal vaccination rate was noted 
during the first seven months after the start of the pan-
demic. Additionally, the monthly pneumococcal vaccina-
tion rate in the period of October-December 2021 was 
remarkably lower than that in previous years. Compared 
to November 2020, the pneumococcal vaccination rate 
in In November 2021 decreased from 0.54% to 0.19% 
(from 0.40% to 0.12% for PCV13 and 0.14% to 0.07% for 
PPSV23).

Vaccination coverage in Flanders
Yearly pneumococcal vaccination coverage and the cor-
responding proportion of persons with a vaccination 
profile (based on the entire vaccination history) in adher-
ence to the 2014 recommendations are displayed in Fig. 3 
with the corresponding numbers presented in Additional 
file 5. Additionally, Fig. 4 shows the yearly rate of primary 
vaccination and the corresponding denominator, i.e., the 
total number of persons in the given target group of the 
YCG who were never vaccinated before.

The vaccination coverage exhibited a slight reduction 
from 2017 to 2018. However, from 2018 onwards, an 
increase in the proportion of immunized persons was 
observed. Vaccination coverage in the total population 
at risk increased from 18.2% in 2018 to 23.6% in 2021. 
Overall, a statistically significant increasing trend in 
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Table 2  Yearly contact group structure in terms of individual characteristics

Yearly contact group population characteristics (n (%) and median [Q1-Q3])

Year 2017 2018 2019 2020 2021
Total population 79,645 185,815 194,355 201,995 214,147

High-risk group 2253 (2.8) 4791 (2.6) 5315 (2.7) 5638 (2.8) 5635 (2.6)

  Immunized 612 (27.2) 1239 (25.9) 1539 (29) 1845 (32.7) 1902 (33.8)

  Adherence 326 (53.3) 698 (56.3) 888 (57.7) 1130 (61.2) 1070 (56.3)

  Female 1200 (53.3) 2548 (53.2) 2819 (53) 2998 (53.2) 2958 (52.5)

  Influenza vaccination 846 (37.5) 1856 (38.7) 2093 (39.4) 2415 (42.8) 1966 (34.9)

  Increased reimburse-
ment

463 (20.6) 1088 (22.7) 1188 (22.4) 1181 (20.9) 1204 (21.4)

Smoking

  Ex-smoker 650 [638–666] (29 
[28-30])

1574 [1552–1605] (33 
[32-34])

1882 [1858–1914] (35 
[35-36])

2084 [2069–2102] (37 
[37-37])

2180 [2166–2217] (39 
[38-39])

  Never smoker 1064 [1057–1086] (47 
[47-48])

2185 [2161–2192] (46 
[45-46])

2313 [2288–2326] (44 
[43-44])

2355 [2339–2378] (42 
[41-42])

2318 [2291–2332] (41 
[41-41])

  Smoker 528 [520–539] (23 
[23-24])

1029 [1017–1043] (22 
[21-22])

1114 [1102–1144] (21 
[21-22])

1204 [1176–1214] (21 
[21-22])

1138 [1124–1164] (20 
[20-21])

Number of high-risk comorbidities

  1 2107 (93.5) 4473 (93.4) 4983 (93.8) 5294 (93.9) 5287 (93.8)

   ≥ 2 146 (6.5) 318 (6.6) 332 (6.2) 344 (6.1) 348 (6.2)

Number of medium-risk comorbidities

  1 561 (24.9) 1186 (24.8) 1424 (26.8) 1476 (26.2) 1468 (26.1)

  2 258 (11.5) 503 (10.5) 572 (10.8) 657 (11.7) 631 (11.2)

   ≥ 3 217 (9.6) 411 (8.6) 465 (8.7) 528 (9.4) 542 (9.6)

50+ with comorbidity 
group

13,101 (16.4) 26,534 (14.3) 28,888 (14.9) 31,123 (15.4) 32,406 (15.1)

  Immunized 3003 (22.9) 5361 (20.2) 6353 (22) 7804 (25.1) 8252 (25.5)

  Adherence 2138 (71.2) 3798 (70.8) 4663 (73.4) 5984 (76.7) 6158 (74.6)

  Female 6435 (49.1) 12,915 (48.7) 14,168 (49) 15,307 (49.2) 16,026 (49.5)

  Influenza vaccination 5915 (45.1) 11,462 (43.2) 12,543 (43.4) 15,171 (48.7) 12,654 (39)

  Increased reimburse-
ment

2908 (22.2) 5990 (22.6) 6273 (21.7) 6500 (20.9) 6617 (20.4)

Smoking

  Ex-smoker 4741 [4707–4766] (36 
[36-36])

10,429 [10354–10462] 
(39 [39-39])

12,012 [11942–12066] 
(42 [41-42])

13,406 [13360–13512] 
(43 [43-43])

14,396 [14317–14454] 
(44 [44-45])

  Never smoker 5610 [5566–5640] (43 
[42-43])

10,720 [10633–10765] 
(40 [40-41])

11,214 [11181–11304] 
(39 [39-39])

11,762 [11700–11817] 
(38 [38-38])

11,888 [11852–11964] 
(37 [37-37])

  Smoker 2760 [2734–2811] (21 
[21-21])

5423 [5358–5457] (20 
[20-21])

5660 [5609–5710] (20 
[19-20])

5956 [5888–5990] (19 
[19-19])

6133 [6042–6184] (19 
[19-19])

Number of medium-risk comorbidities

  1 8152 (62.2) 17,411 (65.6) 18,630 (64.5) 19,794 (63.6) 20,500 (63.3)

  2 2938 (22.4) 5701 (21.5) 6321 (21.9) 6897 (22.2) 7207 (22.2)

   ≥ 3 2011 (15.3) 3422 (12.9) 3937 (13.6) 4432 (14.2) 4699 (14.5)

65+ healthy group 9302 (11.7) 22,181 (11.9) 22,734 (11.7) 23,601 (11.7) 23,971 (11.2)

  Immunized 1570 (16.9) 3122 (14.1) 3540 (15.6) 4417 (18.7) 4482 (18.7)

  Adherence 1122 (71.5) 2201 (70.5) 2610 (73.7) 3445 (78) 3315 (74)

  Female 5347 (57.5) 12,736 (57.4) 12,999 (57.2) 13,398 (56.8) 13,524 (56.4)

  Influenza vaccination 3816 (41) 9297 (41.9) 9538 (42) 11,497 (48.7) 9105 (38)

  Increased reimburse-
ment

1909 (20.5) 4392 (19.8) 4295 (18.9) 4410 (18.7) 4247 (17.7)

Smoking

  Ex-smoker 3332 [3301–3364] (36 
[36-36])

8508 [8464–8534] (38 
[38-38])

9234 [9199–9264] (41 
[40-41])

10,018 [9965–10042] 
(42 [42-43])

10,396 [10358–10464] 
(43 [43-44])
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The number of persons with a certain characteristic and the proportion with respect to the upper-level population is given as n (%)

Smoking: Over 20 imputed datasets, the median [Q1-Q3] of the number and proportion of persons

Table 2  (continued)

Yearly contact group population characteristics (n (%) and median [Q1-Q3])

  Never smoker 4290 [4275–4342] (46 
[46-47])

10,134 [10106–10173] 
(46 [46-46])

10,088 [10030–10142] 
(44 [44-45])

10,095 [10063–10150] 
(43 [43-43])

10,024 [9995–10073] 
(42 [42-42])

  Smoker 1668 [1656–1694] (18 
[18-18])

3520 [3493–3602] (16 
[16-16])

3401 [3351–3458] (15 
[15-15])

3476 [3440–3512] (15 
[15-15])

3520 [3484–3564] (15 
[14-15])

Nontarget group 54,989 (69) 132,309 (71.2) 137,418 (70.7) 141,633 (70.1) 152,135 (71)

  Immunized 535 (1) 1305 (1) 1507 (1.1) 1864 (1.3) 1893 (1.2)

Adherence

  Female 29,564 (53.8) 71,838 (54.3) 74,260 (54) 76,261 (53.8) 80,296 (52.8)

  Influenza vaccination 3439 (6.3) 9030 (6.8) 9243 (6.7) 11,630 (8.2) 13,487 (8.9)

  Increased reimburse-
ment

6764 (12.3) 15,741 (11.9) 16,364 (11.9) 16,466 (11.6) 17,328 (11.4)

Smoking

  Ex-smoker 9886 [9820–9936] (18 
[18-18])

28,960 [28776–29016] 
(22 [22-22])

33,654 [33604–33758] 
(24 [24-25])

37,889 [37595–38031] 
(27 [26-27])

43,288 [43027–43480] 
(28 [28-29])

  Never smoker 29,624 [29513–29708] 
(54 [54–54])

68,640 [68527–68830] 
(52 [52–52])

68,904 [68780–68981] 
(50 [50–50])

68,567 [68396–68771] 
(48 [48-49])

71,310 [71093–71482] 
(47 [47-47])

  Smoker 15,516 [15396–15632] 
(28 [28-28])

34,683 [34606–34784] 
(26 [26-26])

34,872 [34728–35014] 
(25 [25-26])

35,131 [35050–35256] 
(25 [25-25])

37,530 [37386–37770] 
(25 [25-25])

Number of medium-risk comorbidities

  1 4816 (8.8) 9603 (7.3) 10,571 (7.7) 11,329 (8) 12,327 (8.1)

  2 443 (0.8) 802 (0.6) 883 (0.6) 1026 (0.7) 1156 (0.8)

   ≥ 3 106 (0.2) 160 (0.1) 168 (0.1) 178 (0.1) 192 (0.1)

Fig. 1  Flow chart of study population construction for modelling purposes
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the proportion of immunized persons in the population 
at risk was noted over the period of 2017–2021 (one-
sided p value < 0.001). For each year in the period of 
2017–2021, pneumococcal vaccination coverage (mini-
mum %—maximum %) was highest in the high-risk 
group (25.9%-33.8%) followed by the 50+ with comor-
bidities (20.2%-25.5%) and 65+ healthy (14.1%-18.7%) 
groups.

The lowest proportion of persons with an adher-
ent schedule was noted in the high-risk group, where 
only 55%-61% of the immunized persons had a sched-
ule in adherence to the 2014 recommendations. How-
ever, in the other groups, this value was greater than 
70%. The proportion of correctly vaccinated persons 
showed a statistically significant increasing trend over 

the period of 2017–2021 (one-sided Cochran-Armitage p 
value = 0.0001 <  < 0.05).

Determinants of primary vaccination (outcome 1)
Figure 5 shows the aORs and associated 95% CIs of per-
son characteristics on the probability of receiving a pri-
mary vaccination against pneumococcal disease. Primary 
vaccination is more likely for persons being vaccinated 
against influenza virus in the same year (6.87; 6.56–7.20), 
ex-smokers (1.13; 1.05–1.21), and belonging to any of the 
target groups where high-risk persons are most likely 
to receive primary pneumococcal vaccination (9.07; 
8.31–9.90). Being in the yearly contact group of 2019 
(1.18; 1.09–1.28) and 2020 (1.65; 1.53–1.78) increased the 

Fig. 2  Evolution of influenza and pneumococcal monthly vaccination rates over time. Although pneumococcal vaccination is not a yearly or 
seasonal vaccine, it is administered in parallel with influenza vaccination
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odds of primary vaccination. Persons with a lower soci-
oeconomic status, i.e., receiving increased reimburse-
ment, are less likely to receive primary vaccination (0.92; 
0.87–0.97).

Determinants of adherence to second vaccine (outcome 2)
Figure  6 and Fig.  7 show the estimated aORs and their 
95% CI for each individual characteristic and year of first 
vaccination with, respectively, PCV13 and PPSV23 as the 
first vaccine. Independent of the first vaccine, influenza 
vaccination in the year of first vaccination increased the 
odds of having a second vaccine in line with the recom-
mendations (1.56 (1.42–1.72) for PCV13 and 1.22 (1.09–
1.37) for PPSV23 as the first vaccine), whereas lower 
socioeconomic status decreased the odds of adherence 

(0.67 (0.60–0.75) for PCV13 and 0.86 (0.76–0.97) for 
PPSV23 as the first vaccine). Additionally, for the group 
receiving PCV13 as the first vaccine with 2013 as the 
reference year, persons being more recently vaccinated 
for the first time had a higher odds of adherence to the 
second vaccine. Persons in the 65+ healthy or 50+ with 
comorbidities target groups were more likely to have an 
adherent second vaccine if PPSV23 was the first vaccine.

Discussion
Main findings
Pneumococcal vaccination in Flanders occurs in paral-
lel with seasonal influenza vaccination with a peak in 
November. The coverage in the population at risk only 

Fig. 3  Vaccination coverage and adherence according to 2014 recommendations
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slightly increased from 2018 to 2021 to approximately 
25%. The vaccination schedule adherence was lower 
in the high-risk adults with just over half of the popu-
lation having a vaccination history according to the 
recommendations. In contrast, more than 70% of the 
lower-risk groups had an adherent schedule.

Adults receiving an influenza vaccination were more 
likely to receive a primary pneumococcal vaccine and to 
receive a second vaccine according to the recommenda-
tions compared to those without. Being an ex-smoker 
and belonging to the yearly contact group of 2019 and 
2020 significantly increased the odds of primary vaccina-
tion. Having a lower socioeconomic background, approx-
imated by increased reimbursement of healthcare, was 

detrimental for both the odds of primary vaccination and 
schedule adherence.

Strengths and limitations
The main strength of this study is the inclusion of a 
large study population that is representative of the gen-
eral Flemish population [17], currently approximating 
5–6% of the population in Flanders. Furthermore, in 
addition to the availability of information about a proxy 
for socioeconomic status, influenza vaccination sta-
tus and comorbidities, we could include smoking status 
using a longitudinal imputation method. To our knowl-
edge, this study is one of the very few investigating the 
adherence to the recommended adult pneumococcal 

Fig. 4  Yearly rate of primary pneumococcal vaccination per target group together with the denominator
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vaccination schedules and the association with an indi-
vidual’s characteristics. Hence, our results provide useful 
insights into the association between certain population 

characteristics and pneumococcal vaccination status, 
including adherence to the rather complex recommended 
vaccination schedules.

Fig. 5  Forest plot showing the aOR (95% CI) for each person characteristic for primary vaccination

Fig. 6  Forest plot of the aORs (95% CI) of adherence to second vaccine for each characteristic if the first vaccine was PCV13
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Important limitations include the fact that only regis-
tered vaccines were included in this study. Most likely, 
all administered vaccines are not being registered (e.g., 
vaccines administered outside the family practice), 
which might result in an underestimation of the true 
vaccination coverage. Furthermore, due to the transi-
tion of the INTEGO network, discontinuity was noted 
in 2018 (i.e., the year of network expansion), which 
resulted in a doubling of the number of participants 
and the corresponding sudden reduction in vaccination 
coverage.

Comparison to the literature
Seasonal trend in parallel with influenza vaccination
The monthly vaccination rate showed that the pneumo-
coccal vaccination coincided with the seasonal influenza 
vaccination. The elevated pneumococcal vaccination 
rates in the second half of 2020, especially during the fall, 
might be a response to the COVID-19 pandemic in Bel-
gium given that its Superior Health Council recommended 
pneumococcal vaccination to reduce the burden on hospi-
tals due to these severe bacterial infections [10]. Further-
more, the seasonal peak rate of pneumococcal vaccines 
at the end of the year was much lower in 2021 compared 
to previous years. In November 2021, the pneumococcal 

vaccination rates decreased from approximately 0.54% to 
0.19% compared to November 2020. Sales figures of pneu-
mococcal vaccines of MSD (Merck Sharp & Dohme LLC, a 
subsidiary of Merck & Co., Inc., Rahway, NJ, USA) showed 
a total market decrease of 39% for 2021 compared to 2020 
[20, 21], which might be associated with the start of the 
COVID-19 booster vaccination campaign in Belgium [22].

Pneumococcal vaccination coverage and schedule adherence
With a pneumococcal vaccination coverage of approxi-
mately 23% in 2021, Belgium performs worse than many 
European countries. Data from several countries showed 
that the implementation of a government-funded pro-
gram leads to increased pneumococcal vaccination 
coverage rates; recent examples include the Nether-
lands (73% coverage of adults aged 73–79 in 2020) [23] 
and Denmark (59% coverage of 65 + adults as of Octo-
ber 2020) [24-26]. Comparable vaccination coverage is 
observed in Germany, where they report a pneumococ-
cal vaccination coverage of 19% in the population older 
than 60 years in the first quarter of 2020 [27]. However, a 
call from Federal Minister of Health on March 9th, 2020 
to promote vaccination of adults over 60 years old led to 
a four-fold increase in the number of pneumococcal vac-
cine prescriptions [28].

Fig. 7  Forest plot of the aORs (95% CI) of adherence to second vaccine for each characteristic if the first vaccine was PPSV23
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The pneumococcal vaccination guidelines differ 
between European countries in terms of age and/or risk 
recommendations as well as vaccine sequence and tim-
ing [5-7]. Our results showed a prevalence of schedule 
adherence of approximately 70% in the population at risk, 
with approximately 55% of the high-risk population and 
greater than 70% of the 65 + healthy and 50 + with comor-
bidity groups having an vaccination schedule in adher-
ence to the recommendations. These numbers are higher 
than the 41% (N = 2,160) of persons with an adherent 
schedule in the period 2014–2017 reported by Belgian 
pharmacists [14]. The few studies investigating adherence 
to pneumococcal vaccination guidelines reported lower 
adherence proportions compared to our results. In Ger-
many, only 4% of the primary vaccinated immunocom-
promised individuals received an adherent sequential 
vaccination, and a study from the United States showed 
that only 2.2% of high-risk adults completed the recom-
mended pneumococcal vaccination sequence after six 
years of follow-up [13, 29].

Primary pneumococcal vaccination and an adher-
ent second vaccination were more likely for individuals 
receiving influenza vaccination and less likely for persons 
with a lower socioeconomic status. Furthermore, higher 
risk groups and ex-smokers were more likely to receive 
primary pneumococcal vaccination. Consistent with 
these results, several studies across multiple countries 
found a strong correlation between influenza and pneu-
mococcal vaccination coverage [30-32]. Although our 
data did not provide evidence for a significant association 
between current smokers and pneumococcal vaccination, 
other papers reported lower pneumococcal vaccination 
rates and stronger negative attitudes towards vaccination 
of current smokers [33, 34]. Similar to that observed, vac-
cination rates were higher in adults with comorbidities 
(or higher risk groups) [35, 36]. Lower socioeconomic 
status is often linked to lower awareness of vaccination 
and reduced vaccination coverage, which supports our 
finding of a lowered odds of primary vaccination and 
schedule adherence [37, 38]. Low socioeconomic status 
based on household income [38], education and absence 
of insurance coverage [39] was associated with lower 
uptake of pneumococcal vaccines. Persons with a house-
hold income in the lowest decile were 40% less likely to 
be vaccinated against pneumococcal disease than those 
with an income in the highest decile [38].

A study from 2011 reported higher pneumococcal 
vaccination coverage in European countries with pub-
lic reimbursement and age-based recommendations 
[40]. Recent numbers show a similar impact of pub-
licly reimbursed pneumococcal vaccines. In Catalonia, 
where PPSV23 is, similar to the rest of Spain, publicly 
funded for older people (≥ 65  years) and 19–65  years 

old with certain at-risk conditions and where PCV13 is 
only funded for mainly immunocompromised persons, 
pneumococcal vaccination coverage of the correspond-
ing target populations in 2017 was 52.8% for PPSV23 but 
only 3.3% for PCV13 [41]. The highest reported pneumo-
coccal vaccination coverage was found in England with 
70.6% of adults aged 65 years and older ever being vac-
cinated since the start of the program in 2003 up to and 
including March 2021 [42]. Other countries that reim-
burse pneumococcal vaccination include France, where 
both PCV13 and PPSV23 vaccines are reimbursed up 
to 65% for certain risk groups such as immunocompro-
mised persons and persons with comorbidities [43, 44]. 
Sweden will introduce a new national vaccination pro-
gram in the autumn of 2022 that will offer pneumococcal 
vaccination to persons at risk for pneumococcal infection 
and persons aged 75  years or older [45, 46]. Belgium is 
one of few countries in Europe where pneumococcal vac-
cination is not publicly reimbursed, leading to inequity 
issues [5, 8].

The recommended pneumococcal vaccination sched-
ules were introduced to ensure an optimal protection of 
risk groups against pneumococcal diseases. This notion 
is supported by several studies that found pneumococcal 
vaccination to be protective against invasive pneumococ-
cal disease [47, 48]. Another study performed using the 
INTEGO database showed a protective effect of pneu-
mococcal vaccination for severe LRTIs [12]. Our conclu-
sions emphasize the importance of introducing a publicly 
funded program for adult pneumococcal vaccination in 
Belgium to ensure equity in access, to increase vaccina-
tion coverage and to achieve protection against pneumo-
coccal diseases for the targeted population.

Conclusions
General practice data from Flanders showed that pneu-
mococcal vaccination coverage of target groups is slowly 
increasing. Pneumococcal vaccination rates exhibit sea-
sonal peaks in parallel with seasonal influenza vaccina-
tion campaigns. Adults with poor socioeconomic status 
are less likely to receive primary pneumococcal vaccina-
tion and a second vaccination in adherence to the recom-
mendations. These findings demonstrate the need for a 
publicly funded program in Belgium to ensure equitable 
access and to optimize the benefits of current recom-
mendations for the target population.
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