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Abstract

Streptococcus pneumoniae, or pPNneumococcus, isacommon, opportunistic pathogen which can cause
severe disease, particularly in adults 65+. In Switzerland, vaccination is recommended for children
under 5 and for adults with health predispositions; vaccination of healthy adults 65+ is not
recommended. In 2020 we conducted a nationwide, cross-sectional survey of vaccination recordsto
evaluate pneumococcal vaccination coverage and factors affecting uptake among adults 18-85. We
found that nationwide coverage was 4.5% without significant regional differences. Coverage was
comparable between men and women and between those aged 18-39 (3.0%) and 40-64 (3.2%).
Coverage was significantly higher among those 65-85 (9.6%). While 2.7% of individuals reporting
no hesalth predisposition were vaccinated, 14.8% with asthma or chronic pulmonary disease, 27.1%
with immunosuppression, 12.9% with diabetes, 11.6% with heart, liver, or kidney disease, and 25.9%
with >1 health risk were vaccinated. Adjusted odds of vaccination for all health predispositions
except heart, liver, or kidney disease were significantly increased. Among unvaccinated individuals
“not enough information about the topic” and *not suggested by a doctor/healthcare provider” were
the mgjor reasons for abstaining from vaccination. Respondents reporting a health predisposition
were significantly less likely to report “not at increased risk due to chronic health conditions or age’
as areason for not being vaccinated (3.7% versus 29.1%) and were more likely to report willingness
to be vaccinated in the future compared to those not-at-risk (54.2% versus 39.9%). Our results
indicate that pneumococcal vaccination coverage in Switzerland is low among both individuals 65-85
and among those with predisposing health risks. It appears that at-risk individuals are aware of their
increased risk, but feel they do not have enough information on the topic to seek vaccination, or have
not been recommended a vaccination by their physician.

1 Introduction

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.
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Streptococcus pneumoniae, or pneumaococcus, is acommon commensal bacterium and opportunistic
pathogen. While carriage is typically asymptomatic, pneumococcus can cause a variety of infections
including otitis media, snusitis, and pneumonia[1]. Invasive pneumococcal disease (IPD) occurs
when pneumococcus enters normally sterile tissue sites, such as the bloodstream or cerebrospinal
fluid, leading to septicemia or meningitis, and can result in significant illness and death [1; 2]. Rates
of IPD are highest in children under 5, adults over 65 and individuals with certain chronic health
conditions including chronic pulmonary disease, immunosuppression, heart, liver, or kidney disease,
or diabetes[3; 4; 5; 6]. In Switzerland, approximately 80% of fatal pneumococcal infections occur in
adults 65 and older [7; 8].

Over 90 pneumococcal serotypes have been described. Currently, two types of vaccine are available
which protect againgt a subset of those that most commonly cause disease; a 23-valent
polysaccharide vaccine (PPSV23) and the 7- and 13-valent protein-polysaccharide conjugate
vaccines (PCV7 and 13) [9]. In Switzerland, both vaccine types are available. Vaccination with

PCV 13 isrecommended for all children under 5 and officially, but “off label” for older children and
adults with certain health conditions which predispose for invasive disease including chronic
pulmonary disease, immunodeficiency, diabetes, and heart, liver or kidney disease [10; 11] (see
Supplementary Figure 1). While PPSV 23 was recommended in Switzerland for adults 65+ beginning
in 2000, this was rescinded in 2014 due to concerns over efficacy and PPSV 23 isno longer officially
recommended for any indication [12]. There is currently no recommendation in place for
pneumococcal vaccination of otherwise healthy adults, in contrast to the US, the UK and most other
EU/EEA countries [13; 14; 15]. These recommendations are, however, highly heterogeneous with
regard to both age and risk groups immunized and have further been subject to frequent
modifications over the last decade as conjugate vaccines have become available [16; 17].

With an annual incidence of approximately 10 cases per 100,000 individuals for IPD alone [18],
pneumococcus remains an important cause of vaccine-preventable infections in Switzerland. For
comparison, in arecent study of European surveillance data assembled from 29 countries, crude IPD
incidencein 2018 was 6.4 cases per 100,000 (range 0.2 to 16 cases per 100,000) [6]. According to
the Swiss National Vaccination Coverage Survey, which evaluates vaccination coverage in children
and adolescents, 84% of 2-year-olds and 75% of 8-year-olds had received at least one PCV dose
between 2017 and 2019 [19]. There is, however, no equivalent vaccination monitoring system in
Switzerland for adults and relatively little is known regarding adult pneumococcal vaccine coverage.
Whether at-risk individuals are appropriately vaccinated is not known and how health risk factors
predisposing for pneumococcal infection impact pneumococcal vaccine uptake is unclear. Here, we
conducted a nationwide, cross-sectional study to assess pneumococcal vaccination and factors
affecting uptake among adultsin Switzerland.

2 M ethods

2.1 Selection and Recruitment of Participants

We conducted a nationwide, cross-sectional study based on obtaining vaccination records by mail
[19; 20]. In brief, adults between 18 and 85 with a Swiss mailing address were divided into 3 age
groups (18-39, 40-64, 65-85) and selected from each of the 7 Swiss geographical “large regions’ (as
defined by the Swiss Federal Statistical Office [21], Supplementary Table 1) by disproportionate
stratified random sampling. From each age group/region, 1,280 individuals were invited to
participate (n=26,880). Potential participants were contacted by mail beginning in March 2020. To
participate, individuals were requested to submit a copy of their vaccination record and to complete a
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short questionnaire. Non-responders received a single reminder letter in August 2020. As Switzerland
isamultilingual country, the language (German, French, or Italian) of both the letter and
guestionnaire were matched to the official language of the community of each address
(Supplementary Table 2). Communities in which the official language was Romansch (0.3% of
population) were excluded. The total enrollment period was from March to December 2020.
Participants submitting a completed questionnaire, vaccination record, or both, were eligible for a
lottery to receive one of three 1,000 CHF ($1,065) prizes with individuals submitting both entered
twice.

2.2 Data Caoallection

2.2.1 Vaccination Records

Both paper-based forms and private digital vaccination records (i.e. from a healthcare provider) are
used in Switzerland. Vaccination records contain dates of vaccination, vaccine names and lot
numbers that are manually recorded by a health professional after a vaccination is administered. For
this study, participants could submit a copy of their vaccination record and completed questionnaire
by mail or online by email or viaour digital platform. Copies of paper-based forms or printouts of
digital vaccination records obtained from study participants were manually inspected and the number,
date(s), and formulation(s) of pneumococcal immunization were recorded.

2.2.2 Self-Report Questionnaire

Participants were asked to report 1) Whether they had experienced one of the following health risks:
asthma or a chronic respiratory condition; immunosuppression due to amedical condition or
treatment; heart, liver, or kidney disease; diabetes; 2) Whether they smoke >1 cigarette or vape >1mL
aday; 3) Whether they have one of the following occupational exposures: work in a healthcare
setting with frequent patient contact; or work with children under the age of 5; and 4) If they have not
been vaccinated for pneumococcus, what had prevented them and whether they would consider doing
so in the future. Completed questionnaires were manually inspected and responses recorded.

2.3 Ethical Consderations

With each mailing, a letter explaining the study's procedures and objectives was included. In this
letter, individuals were informed that study participation was voluntary and that they had the
possibility to withdraw submitted data at any time. They were informed that, by submitting
completed questionnaires and/or vaccination records, they were consenting to participation in the
study. All data were treated confidentially and anonymized prior to analysis. The study procedure
and method of consent were approved by the Department of Data Protection of the University of
Zurich and the Ethics Committee of the Canton of Zurich.

24 Statistical Analyses

Prior to analysis, data were adjusted for study design and non-response and post-stratified by age and
gender, such that they were representative of the population of Switzerland. 2019 population data for
age and gender by region used to calculate analysis and post-stratification weights were obtained
from the Swiss Federal Statistical Office [22]. Vaccination coverage among study participants was
calculated by dose counting. As pneumococcal vaccination for adultsis, in nearly all instances,
recommended as a single dose (both currently for PCVsin “at-risk” individuals[13] and previously
for PPSV 23 for adults 65+ [23]), we considered receipt of one or more pneumococcal vaccine doses
as “vaccinated”, Descriptive statistics with 95% confidence intervals were calculated for vaccination
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coverage for both demographic and self-reported risk variables from the questionnaire. Vaccination
coverage by linguistic or geographical region was evaluated by linear regression using the Adjusted
Wald test and Bonferroni’s adjustment. A multivariable logistic regression model was constructed to
evaluate the association between age, gender, the presence of self-reported health risks with the
probability of being vaccinated and crude and adjusted Odds Ratios (OR) with 95% confidence
intervals calculated. To evaluate the timing of vaccination and vaccine formulation usage,
vaccination date and formulation data from vaccinated individuals were used. For analysis of reasons
for not vaccinating and intention to vaccinate, questionnaire data were evaluated from non-vaccinated
individuals and dratified by the presence or absence of self-reported health risks. Frequencies of
expected versus observed values were compared by Pearson’s y? test using the Rao & Scott
adjustment. Vaccination coverage by geographic region was visualized using R v.4.0.5 (R
Foundation for Statistical Computing, Vienna, Austria). Statistical analyses were performed using
Statav.17.0 (StataCorp, LLC, College Station, TX, USA) and GraphPad Prism v.8.0 (GraphPad
Software, Inc., San Diego, CA, USA); p values <0.05 were considered statistically significant.

3 Results

3.1 Participation

Of 26,880 randomly selected individuals which were contacted, 7,761 (28.9%) responded. Of these,
3,503 submitted a questionnaire without a vaccination record and were excluded from further
analysis (Supplementary Figure 2). A total of 4,258 individuals (15.8%, Supplementary Figure 2,
Table 1) submitted both a completed questionnaire and vaccination record and were included for
analysis. For simplicity, we will refer to these individuals as “ participants’ or “respondents’. 17.5%
of invited women and 14.1% of invited men participated; 55.6% of participants were female (Table
1). Participation by age group was 12.9% for those 18-39, 16.3% for those 40-64 and 18.2% for those
65-85 (Table 1). Participants tended to be older in comparison to the adult population of Switzerland
(Table 1). Regionally, participation was highest in Zurich and lowest in Lake Geneva (22.9 and 8.7%
of invited individuals, respectively, Table 1).

3.2 Vaccination Coverage by Gender, Age Group, and Region

Among participants, nationwide adult pneumococcal vaccination coverage (at least one dose) was
4.5% (95%CI 3.8-5.2, n=4,258). Vaccination coverage was comparable between men and women
(4.8% vs 4.2%, p=0.36, Table 2). Coverage was also comparable between those aged 18-39 (3.0%)
and 40-64 (3.2%), but was higher among those 65-85 (9.6%, p<0.001, Table 2). Vaccination
coverage was similar by linguistic region; 4.5% in German-speaking areas and 4.2% in French and
Italian-speaking areas (p=0.83, Table 2). By geographic region, vaccination coverage ranged between
2.5% and 5.8% (Eastern and Midland Switzerland, respectively), though these differences were not
significant (p=0.11, Supplementary Figure 3).

3.3 Vaccination Coverage by Risk Factors

Using questionnaire data, we evaluated pneumococcal vaccination coverage among individuals self-
reporting one or more of health risk factors (n=813, Supplementary Table 3). We found that 14.8% of
individuals reporting asthma, 27.1% reporting immunosuppression, 12.9% reporting diabetes, and
11.6% reporting heart, liver, or kidney disease, were vaccinated. 25.9% of individuals reporting more
than one health risk were vaccinated compared to 2.7% of those not reporting any health risk (Table
2). Independently, asthma, immunosuppression, diabetes, or heart/liver/kidney disease were
associated with 4.7, 9.0, 3.4 and 3.1-fold increased odds of pneumococcal vaccination, respectively
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(Table 2). Having more than one health risk was associated with 8.2-fold increased adjusted odds of
vaccination (Table 2). Adjusted odds of pneumococcal vaccination for all health risks except
heart/liver/kidney disease were significantly increased (Table 2). Adjusted odds of pneumococcal
vaccination for those with more than one health risk were also significantly increased (Table 2). In
evaluating health risk by vaccine type, 9.8% of those vaccinated with PCV7 reported a health risk,
compared to 59.7% of those vaccinated with PCV 13 and 45.0% of those vaccinated with PPSV 23.

3.4 Timing of Pneumococcal Vaccination and Vaccine Type

Among vaccinated individuals (n=230) we assessed the year of first pneumococcal vaccination by
ageto identify possible temporal trendsin uptake. Pointsa and b in Figure 1A indicate the period
from 2000-2014 when vaccination was recommended in Switzerland for all individuals 65+. We
observed a peak in pneumococcal vaccination in 2009-2010 and atrend toward increased vaccination
beginning in 2014, with the highest level in 2020. As our study was conducted in 2020, however,
datafor this year are not complete.

We also evaluated the year and age of first pneumococcal vaccination by vaccine type (Figure 1B).
Among study participants PCV7, PCV 13, and PPSV 23 were used. Of all pneumococcal vaccine
doses received by study participants (n=297), 9.5% (95%CI 6.4-13.3) were with PCV7, 45.6%
(95%CI 39.7-51.3) were with PCV 13, and 44.9% (95%CI 38.4-50.0) were with PPSV23 (Figure 1C).
Use of PCV7 was generally low, accounting for a maximum of 2.4% of first dosesin 2001. 24.6%
(95%CI 5.6-47.5) of first vaccinations with PCV7 took place when individuals were aged 5 or
younger. Use of PCV 13 increased consistently since 2012, reaching 5.5% and 12.9% of total first
dosesin 2019 and 2020, respectively. All study participants receiving PCV 13 as afirst vaccination
were first vaccinated after age 5. PPSV 23 accounted for 4.5%, 10.2% and 4.9% of first dosesin
2006, 2009 and 2010, respectively. From 2011, usage ranged from 1.9% to 3.6%. In 2020 PPSV 23
represented 4.0% of total first doses. 4.2% (95%CI 0.1-6.4) of first vaccinations with PPSV23
occurred when individuals were aged 5 or younger.

3.5 Vaccine Perception and I ntention to Vaccinate

Among unvaccinated individuals (n=4,028) we evaluated reasons for abstaining from pneumococcal
vaccination, asking participants to indicate which reason(s) had prevented them from being
vaccinated and stratifying on the presence of one or more reported health risk factors (Figure 2A). In
general, results were comparable between unvaccinated individual s reporting a health risk and those
not reporting such arisk. We found that 70.1% (95%CI 65.8-74.1) of respondents with a health risk
and 64.7% (95%CI 62.7-66.6) without listed “not enough information about the topic” as a reason for
not receiving pneumococcal vaccination. 44.4% (95%CI 40.0-49.0) of those at-risk and 42.9%
(95%CIl 40.9-44.8) of those not-at-risk listed “not suggested by a doctor or healthcare provider”.
Similarly, approximately 10%, 0.5%, 4% and 6% of participants with and without health risks listed
that they were “skeptical of vaccines’, had “declined vaccination”, had “not enough time or interest”,
or “other”, asreasons for not vaccinating (Figure 2A). We did observe, however, that respondents
reporting a health risk were significantly lesslikely to report “not at increased risk due to chronic
health conditions or age” as areason for not being vaccinated compared to those not reporting a
health risk (3.7%, 95%CI 2.3-6.2, versus 29.1%, 95%Cl 27.3-31.0, p<0.001).

We further investigated the willingness of these unvaccinated individuals to be vaccinated against
pneumococcus, asking whether they “would consider receiving the vaccinein the future”. Again, we
stratified answers by respondents’ health risk status (Figure 2B). We found that significantly more at-
risk unvaccinated individuals reported that they were willing to be vaccinated compared to not-at-risk
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unvaccinated individuals (54.2%, 95%CI 49.6-58.7, versus 39.9%, 95%CI 38.0-41.9, respectively;
p<0.001). Consistent with this, we observed a corresponding decrease in at-risk individuals reporting
that they would not receive the vaccine in the future (7.5%, 95%CI 5.3-10.6, versus 14.9%, 95%CI
13.5-16.4 not-at-risk) and those reporting that they were “unsure”’ or having no response (38.3%,
95%CI 34.0-42.7, at-risk versus 45.2%, 95%Cl 43.2-47.2, not-at-risk).

4 Discussion

Pneumococcal infections remain aleading cause of morbidity and mortality among adults,
particularly in those 65+ or with predisposing health risks. To our knowledge, thisis thefirst study to
evaluate pneumococcal vaccination of adults, and factors affecting vaccination uptake, throughout
Switzerland.

4.1 Vaccination Coverage by Gender, Age Group, and Region

As aresult of recent modifications and heterogeneity among national adult pneumococcal
vaccination recommendations [16; 17], thereis aneed for reliable estimates of current coveragein
many countries. Here, we found that overall adult pneumococcal vaccination coverage in Switzerland
was 4.5% and did not differ significantly by gender or linguistic or geographical region.

Interestingly, in arecent study of pneumococcal vaccination in children, vaccination uptake was
dlightly higher in “west” (mostly German-speaking) compared to “east” (mostly French-speaking)
Switzerland. [24] While coverage was comparable in our study between individuals 18-39 and 40-64
(approximately 3%), it was significantly higher among those 65-85, nearing 10%.

Previous work has demonstrated a clear trend toward increased overall pneumococcal vaccination
coverage in countries recommending vaccination for both elderly and at-risk individuals compared to
countries recommending vaccination of only those at risk [25]. France, which neighbors Switzerland,
recommends pneumococcal vaccination only for at-risk adults. Coverage among healthy adults 18-64
and 65+ was estimated at just under 1%, and just over 3%, respectively [26], while studies among
those 65+ in care facilities and at high risk of disease found that coverage in this group was
approximately 20% [27; 28; 29]. In contrast, Germany and Italy, which also border Switzerland,
recommend pneumococcal vaccination for both at-risk and elderly individuals. In a study of German
health insurance claims data, coverage among those 18-59 was just under 4% compared to 51%
among those 60+ [30]. Similarly, in Italy, overall PPSV23 coverage was 680 doses per 10,000
individuals (which could be roughly interpreted as approximately 7%) [25], while a study of regional
health registry datafound that approximately 30% of those 65+ and 26% of those with health risks
had been vaccinated [31]. In the United States and United Kingdom, which also recommend
vaccination of elderly individuals, coverage among those 65+ has been estimated at 62% and 70%,
respectively [32; 33].

As pneumococcal vaccination was recommended in Switzerland for adults 65+ without additional
health risk factors from 2000-2014 [12], that we observe increased, but still low, coverage among
those 65-85 is, perhaps, unsurprising. Importantly, though, individuals 65+ are among those most at-
risk of severe pneumococcal disease [34; 35]. In a study of surveillance data compiled from 29
EU/EEA countries, but not including Switzerland, the overall IPD notification rate among those 65+
was 18.7 per 100,000 with a 21% fatality rate [6]. IPD notification rates among those 65+ in France,
Italy and the United Kingdom (Germany does not have a mandatory national reporting system) were
20.9, 6.7 and 28.8 cases per 100,000, respectively [6]. In comparison, IPD incidence in Switzerland
among those 65+ was approximately 50 per 100,000, ranging from 21 per 100,000 for those 65-69
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and 88 per 100,000 for those 95+ [18]. While it isimportant to note that reporting differs between
countries and these values are not necessarily directly comparable, these findings serve to highlight a
need for making effective decisions regarding pneumococcal vaccination in this age group a priority.

4.2 Vaccination Coverage by Risk Factors

In evaluating pneumococcal vaccination coverage among individual s reporting one or more health
risk(s) predisposing for IPD, we found that chronic respiratory disease, immunosuppression,

diabetes, or having more than one of these risks were all associated with increased likelihood of
pneumococcal vaccination. These conditions were all found to be independent risk factors for
pneumococcal pneumoniain Switzerland, supporting their use as grounds for vaccination [34]. In our
study, however, pneumococcal vaccination coverage in these groups was still low; only ~15% of
individuals reporting respiratory disease, ~27% with immunosuppression, ~12% with heart, liver, or
kidney disease, and ~13% with diabetes were vaccinated, despite their digibility. Just 26% of
individuals with multiple health risks were vaccinated.

A 2021 study of claimsin the main French national health insurance scheme found that
approximately 10% of all adults had arisk condition predisposing for pneumococcal disease [36].
However, an analysis published by the French High Council for Public Health estimated that only
20% of at-risk adults are vaccinated [37]. In a separate study of claims data ~12% of adult HIV
patients, ~7% of chronic obstructive pulmonary disease or congestive heart failure patients, and ~2%
of those with diabetes were vaccinated within 2 years of diagnosis, although vaccination was
indicated for these conditions[26]. A similar study in Germany found the overall vaccination rate
among newly-diagnosed, at-risk patients was ~4% within 2 years with the highest rates in patients
starting immunosuppressive therapy for rheumatoid arthritis (12%) and in those with HIV (10%)
[38]. Vaccination coverage among German adults 18-59 with at least one health risk factor was just
under 13% [30]. Among those 60+, however, thisincreased to nearly 55% [30]. Similarly, 13% of
US adults 18-64 with diabetes and 15% of those with lung disease were vaccinated for
pneumococcus [39]; coverage was estimated at 20% overall in high-risk patients younger than 65
[40]. Importantly, these findings indicate that vaccination is increased among those at highest risk in
Switzerland, but that at-risk individuals remain substantially under-vaccinated, both in Switzerland,
and elsewhere.

4.3 Timing of Vaccination and Vaccine Type Used

Among vaccinated individuals we observed peaks in receiving first pneumococcal vaccine doses in
2009-2010, which correlates with the 2009-2010 HIN1 influenza pandemic, and in 2020, which
correlates with the SARS-CoV -2 pandemic. As pneumococcus is an important cause of secondary
bacterial pneumoniafollowing viral respiratory infection [41; 42], a severe viral respiratory disease
season could be grounds for vaccination.

Of administered pneumococcal vaccine doses, ~10% were PCV7, 46% PCV 13, and 45% PPSV23.
Use of PCV7 was consistently low, ranging between 0 and 2.4% of first doses annually. Thisisto be
expected as, while PCV7 was recommended from 2001 for all children <5 with predisposing health
risksand for all children <2 between 2005 and 2010 [43], there was no PCV7 recommendation for
adults at any time. Therefore, PCV 7 vaccinations observed in our study would be expected to be
received in early childhood. Interestingly, while ~25% of first vaccinationswith PCV7 werein
individuals when they were aged 5 or younger, the mgjority of first vaccinations with PCV7 werein
older individuals, suggesting “ off-label” usage in older children and adults. In 2010 PCV7 was
officially replaced by PCV 13 and the recommendation for pneumococcal vaccination was extended
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to all children <5. Use of PCV 13 among study participants increased consistently from 2010,
exceeding PPSV 23 doses in 2017. The recommendation for PCV 13 vaccination was extended to
adults with predisposing health risksin 2014 [12]. Between 2000 and 2014, PPSV 23 was officially
recommended for routine vaccination of otherwise healthy adults aged 65+ [12]; its usage peaked in
2009-2010.

Importantly, PPSV 23 is based on polysaccharide antigens which elicit aso-called T cell-independent
antibody response. Such responses are generally short-lived (typically lasting a few years) and are not
“recalled” by booster immunizations. In contrast, polysaccharide-protein conjugate vaccines (PCV7
and 13) produce T cell-dependent antibody responses which tend to be more durable and can be
boosted by subsequent immunization. It is generally thought that older individuals and individuals
with health conditions compromising immune function tend to not respond robustly to
polysaccharide antigens (such as PPSV 23), thus limiting their effectiveness. Based in part on this, it
was recommended in Switzerland to discontinue general vaccination of those 65+ with PPSV 23 and
to vaccinate only those adults (aged 18+) with health risks with PCV13[12].

Whether a general PCV 13 vaccination recommendation in those 65+ as an alternative would be of
benefit in Switzerland, however, is not completely clear. In arecent study, between 2017 and 2019,
31% of IPD cases among those 65+ in Switzerland were caused by serotypes present in PCV13
(serotypes 8, 9N, and 22F, which are present in PPSV 23, accounted for much of the remaining
disease) [24]. Thisisin line with European data were 29% of 1PD cases in those 65+ were caused by
PCV 13 serotypes (73% were caused by serotypes present in PPSV 23) [6]. In alarge, randomized,
placebo-controlled Community-Acquired Pneumonia Immunization Trial in Adults (CAPITA),

PCV 13 efficacy against all-type IPD in adults 65+ was 52% (75% for vaccine serotypes) and 45%
against Community Acquired Pneumonia [44]. Considering, in a very ssmple way, the current
situation in Switzerland with an average of 530 IPD cases per year among those 65+ [18]; if 31% of
cases are caused by vaccine serotype strains and 75% could be prevented by PCV 13 vaccination, this
would mean that approximately 120 IPD cases per year could be prevented. There remains aneed to
better understand the effectiveness of PCV 13 in protection against pneumococcal disease in the
elderly, aswell as the cost effectiveness of vaccination, and to make appropriate, evidence-based
vaccination recommendations for this group.

4.4 Vaccine Perception and I ntention to Vaccinate

Among unvaccinated individuals we found that reasons for not receiving pneumococcal vaccination
were comparable between individuals reporting a health risk and those not reporting such arisk. The
most common reasons for abstaining were “not enough information about the topic” and “not
suggested by a doctor/healthcare provider”. At-risk respondents, however, were significantly less
likely to report “not at increased risk dueto chronic health conditions or age” as areason for not
being vaccinated compared to those not-at-risk (29% versus 4%), indicating that individuals with
chronic health conditions are aware of their increased risk status. Furthermore, when unvaccinated
individuals were asked about their intention to be vaccinated, significantly more at-risk individuals
reported willingness to be vaccinated compared to those not-at-risk. A study of adults in the United
States newly diagnosed with a chronic condition for which pneumococcal vaccination was indicated
estimated that only 8% of individuals were vaccinated in the first year of follow-up and that this
increased to only 20% after 5 years [45]. Similarly, a German study of adults with *high-risk”
conditions found only ~7-13% of patients were vaccinated for pneumococcus within 3 years of
diagnosis [38]. Together, these findings suggest that interventions by a healthcare provider [46; 47,
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48], specifically among at-risk individuals, may be an effective way to promote pneumococcal
vaccination.

45 Study Limitations

An important limitation of this study is that the use of a cross-sectional design allows only
correlations, but no causal effects to be determined. A nationwide vaccination registry would be ideal
for rapid and accurate assessment of vaccination uptake. Unfortunately, such arepresentative registry
isnot yet available in Switzerland. Consequently, personal vaccination records are currently used to
collect and evaluate vaccination data. While nearly 30% of contacted individuals submitted a
guestionnaire, only 16% submitted both a questionnaire and a vaccination record. Whilethisis
relatively low, it isnot unusual for a study design based on response by mail and is comparable to
similar studies which we have previously conducted [19; 20]. Importantly, however, the overall
sample size was large enough to estimate pneumococcal vaccination coverage according to distinct
age and risk strata of interest, as per study design.

With such a study design also comes the risk that individualsinterested in atopic are more likely to
participate. It is possible that individuals who have been vaccinated for pneumococcus or those
having some previous experience with pneumococcal disease were more likely to participate. In this
case, vaccination coverage would be overestimated, as would the frequency of individuals reporting
some previous knowledge of pneumococcal disease. Furthermore, the study was conducted during
the Covid-19 pandemic, with the first mailing sent just as the first cases were detected in Switzerland
toward the end of February 2020 and the enrollment period beginning in March 2020, which was the
beginning of the first lockdown period. Individuals may have been more likely to participateif they
felt that they were at increased risk for severe respiratory disease.

Potential biases |eading to underestimation of vaccination coverage may have occurred if
vaccinations were not recorded after administration or if an individual was unable to provide a
complete vaccination record. While we observed the highest level of vaccinationsin 2020, our data
are not complete for this year as the enrollment period was from March through December, and, for
example, some early participants may have responded in March, but received a vaccination in July.
Thiswould lead to an underestimation of vaccination coverage in this year. Furthermore, self-
reporting of health risks may have resulted in underreporting of, or inaccurately reporting a
comorbidity. We additionally did not ask in our questionnaire about asplenia, sickle cell disease,
lymphoma, leukemia, or myeloma, or cerebrospinal fluid leak as additional risk factors, which are
indications for pneumococcal vaccination according to the Swiss FOPH.

46 Conclusons

Importantly, even considering potential limitations, our findings indicate that at-risk individualsin
Switzerland are substantially undervaccinated against pneumococcus. Furthermore, our questionnaire
data suggest that these individuals are aware of their increased risk, but that they do not have enough
information on the topic to seek vaccination or have not been recommended a vaccination from their
physician. Although coverage is increased by the presence of a health risk factor, in the best case less
than 30% of adults with a given risk factor (immunosuppression) had received pneumococcal
vaccination. Additionally, while age has been found to be an independent risk factor for
pneumococcal pneumonia and rates of IPD in this age group are more than 3 times those of younger
adults, vaccination rates among this group remain under 10%. These data support the need for
effective programs to promote pneumococcal vaccination among those persons under 65 with chronic
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illnesses, and further indicate that an evaluation of the effectiveness of PCV 13 vaccination in
protecting those 65+ from IPD may be warranted.
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11 Figure Captions

Figure 1. Timing of Pneumococcal V accination and Vaccine Type Usage. In Figure 1A and 1B,
point (a) denotes official recommendation of PPSV 23 for adults 65+ and those at risk of severe
disease in Switzerland; point (b) denotes an end to the official recommendation for vaccination of
adults 65+ and a switch to PCV 13 for those at risk of severe disease, (n=230, 2 values were excluded
because of missing date information in the vaccination record). Note that 2020 was a partial study
year. (A) Year of First Vaccination: The fraction of individuals receiving at least one pneumococcal
vaccine dose which received their first pneumococcal vaccination in a given year, by age group. (B)
Vaccine Type Usage by Year: The fraction of first pneumococcal vaccine dosesin agiven year, by
vaccine type. (C) Total Pneumococcal Vaccine Doses by Type: The percentage of total
pneumococcal vaccine doses received by individuals, by vaccine type (n=297 doses from 230
individuals, 11 values were excluded because of missing vaccine type information in the vaccination

record).

Figure 2. Reasons for Not Vaccinating and Intention to Vaccinate Among Unvaccinated. (A)

Reasons for not obtaining pneumococcal vaccination among unvaccinated: The fraction of

unvaccinated individuals reporting the indicated reasons for not obtaining pneumococcal vaccination,
stratified by individuals reporting one or more health risks, or individuals reporting no health risks
(n=4,028). (B) Willingness to Receive Pneumococcal Vaccination: The fraction of unvaccinated
individuals reporting willingness for obtaining pneumococcal vaccination in the future, stratified by
individuals reporting one or more health risks, and individuals reporting no health risks (n=4,028).

12 Tables

Table 1. Participant Demographics by Gender, Age and Linguistic and Geographical Region

Region Total Switz.* Sample Size | Participants R&sponse_
(Adults 18-85) (n) (n) (% Sample Size)
Overadl 6,870,644 26,880 4,258 158
Gender % Switz. % Participants
Male 3,412,195 49.7 13,380 1,890 14.1 44.4
Female 3,458,449 50.3 13,500 2,368 175 55.6
Age Group % Switz. % Participants
18-39 2,449,363 35.6 8,960 1,160 129 27.2
40-64 3,008,509 43.8 8,960 1,463 16.3 34.4
65-85 1,412,772 20.6 8,960 1,635 18.2 384
Linguistic Region** % Switz % Participants
German 4,864,416 70.8 18,494 3,356 18.1 78.8
French 1,697,049 247 4,534 421 9.3 9.9
[talian 288,567 4.2 3,852 4381 125 11.3
Geographic Region % Switz. % Participants
Lake Geneva 1,306,621 19.0 3,840 334 8.7 7.8
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Midland Switzerland 1,506,037 219 3,840 540 141 12.7
Northwest Switzerland 938,052 13.7 3,840 609 15.8 14.3
Zurich 1,231,204 17.9 3,840 881 229 20.7
Eastern Switzerland 948,401 13.8 3,840 624 16.3 14.6
Central Switzerland 655,449 9.5 3,840 791 20.6 18.6
Ticino 284,880 4.2 3,840 479 125 11.3

*2019 Population data from Swiss Federal Statistical Office [21; 22]

** Communities with Romansch as an official language (0.3% of the population) wer e excluded

Table 2. Logistic Regression of Sex, Age Group and Self-Reported Health Risk Factors on Adult
Pneumococcal Vaccination Coverage

aion &
i 7 v(%?/?ated C“‘O('S ES/?%; |)Qatio ovalue | Ad uszgg éf‘i'ﬁ? Ratio | /e
Confidence)
Male (3.7%—860.07) (0.814-117.61) 0.357 Ref. -
Female (3.3?-1;.09) (0.602.-81? 18) 0.357 (0.5%-718.11) 0.164
Age Group
18-39 (2.03;-(?.56) (0.3%—5389) 0.014 Ref. -
40-64 (2.3?;3'-2:44) (0.4%—508.85) 0.005 (0.501'?18.52) 0.649
65-85 (8.1%??.13) (2.3%—24?48) <0.001 (1.523?4?00) <0.001
Disease

No Risk Reported (2.029'?37. 2 o o " <0.001 Ref. -
Asthma (11201912) CA6T <0.001 @279 <0001
| mmunosLpression (182;%2.33) (5.2%2&13.53) <0.001 (8.210(?;10.60) <0001
Dlabetes (1752050 (18560 <0.001 (L45145) 0.004
Dt (7.9161-'156:33.43) (1.936‘;?4?.81) <0001 (0.615-226.44) 0500
>1 Health Risk (16.5.37.95) @ss1aen | <0001 (5.1918.09) <0.01
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