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The 23-valent pneumococcal vaccine is recommended for people aged 65 years and over, to prevent pneumonia,
a leading cause of infectious morbidity in older people. This study assessed pneumococcal vaccination in people
aged 65-74 years living in northern Israel who were eligible for the pneumococcal vaccine since introduction
free of charge. This retrospective study used the database of Clalit Health Services, the largest health mainte-
nance organization in Israel.

We fitted a Cox regression model to assess associations of vaccine uptake with sociodemographic and clinical
characteristics, and a Wilcoxon rank-sum test and Chi-square test to assess associations of vaccine uptake with
the performance of other health-related activities.

The analysis included 20,591 people. People aged 65-70 were more likely to take the vaccine than people aged
71-74 [HR = 1.8; CL: 1.6-1.9]. Jews were more likely to take it than Arabs [HR = 1.1; CI: 1.0-1.2], and men
were more likely to take it than women [HR = 1.1; CI: 1.0-1.2]. In women who took the vaccine, the rate of
performance of mammography was higher (61.9 % + 45.3 vs 50.3% + 44.5, p < 0.0001). A similar trend was

found for men and women with respect to occult blood tests (36.3% =+ 31.5 vs 31.7% =+ 30, p < 0.0001).
Frequency of visits to family medicine clinics was negatively associated with vaccination.
Uptake of the pneumococcal vaccine was associated with some parameters indicative of self-care but not with
the level of exposure to the primary health care staff.
After-hours health promotion activities by trained personnel may be an effective way to cope with the gap in

performance.

1. Introduction

Streptococcus (Strep) pneumoniae is the leading cause of community
acquired bacterial pneumonia (Postma et al., 2012). The most prevalent
reason for visits of people over age 65 to the emergency department is
infectious diseases, of which lower respiratory tract infections are the
most common (Campos-Outcalt, 2014). The incidence of pneumonia
and invasive infections related to Strep pneumonia tend to increase in
this age group (Blasi et al., 2012; Hinman et al., 2011) and thus comprise
a predominant cause for mortality (Goto et al., 2016). This poses an
increasing health care concern, due to the ever-aging population (Hin-
man et al., 2011).

Previous studies have reported on the effectiveness of pneumococcal
vaccination in reducing the incidence of pneumonia and bacteremia
(Porchia et al., 2017; Dagan, 2009; Falkenhorst et al., 2017; Aliberti
et al., 2014). The 23-valent vaccine is recommended for use as a single
dose for people aged 65 years and over (Tomczyk et al., 2014).

A significant contribution to the literature comes from studies that
accompanied an intervention program in Japan to raise the rate of
vaccination in older people, with initiating subsidy for the vaccine.
Factors reported to be associated with higher uptake of the pneumo-
coccal vaccine included: having chronic diseases (Shono et al., 2018),
and advice from health care staff — both physicians and nurses (Higuchi
et al., 2018; Sakamoto et al., 2018; Sabapathy et al., 2014). An previous
study in Israel reported lower rates of influenza vaccination among older
persons of Arab origin living in the northern periphery (Sheetrit et al.,
XXXX).

The pneumococcal vaccination was included in 1995 in the services
provided by the four health maintenance organizations in Israel, with
copay; since 2008 it has been defined as a quality measure (National
program, xxxx). In the winter of 2009-2010, the vaccine was introduced
for all people aged 65 years and over, without copay (Immunizations for
senior citizens, xxxx). The Israeli health system provides for all residents
according to the national health law. Clalit Health Services (CHS) is the
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largest of the four health maintenance organizations in Israel. Family
medicine clinics are located in all residential areas in the north of Israel
and are accessible within a 30-minute drive. Visits to family physicians
and nurses are free of charge.

We examined the uptake of pneumococcal vaccination among people
aged 65-74 years in northern Israel, during the 5 years since the vaccine
was introduced without copay for people of these ages and was a
component of the quality measures program. We focused on two areas:
contact with the primary health care team; and indicators of self-care in
health promotion, namely, uptake of the influenza vaccine and perfor-
mance of examinations for early detection of cancer. We also evaluated
associations of vaccination with sociodemographic parameters and with
parameters described previously as being associated with vaccination,
such as chronic diseases.

2. Methods

This retrospective study included people aged 65-74 years in the
northern district of CHS. Clalit Health Services is a health care provider
under the Israeli National Insurance Scheme (Cohen and Rabin, 2016)
for 75% of the inhabitants in this area. The CHS central register contains
information on chronic conditions of all its insurees, updated regularly
(Rennert and Peterburg, 2001). Visits to physicians and nurses are
recorded together with such activities as prescriptions, lab tests, and
vaccinations. The salaries of physicians and nurses in CHS are not
related to their patients’ visits and staff members are not reimbursed for
health promotion activities. The data are linked to the Israel Ministry of
Internal Affairs, using a unique national personal identification number.

Our study protocol followed the scheme of vaccination of people
aged 65-74 years, beginning in 2010, the year that the vaccine was first
offered free of charge. Continuously updated lists of persons eligible for
vaccination were processed and delivered to family physicians and
nurses in the community.

The study began on January 1, 2010. The study sample included all
persons aged 65-74 who were eligible for vaccination on the start point
of the study. They were monitored until December 31, 2015, or earlier,
for those who were either vaccinated, reached the age of 75, or died
during the study period. We followed the protocol used in the CHS, of
identifying people in the target population for pneumococcal vaccina-
tion in the lists of insurees.

The demographic data retrieved for this study were gender, age and
ethnic origin (Jews or Arabs). Data accessed in relation to contact with
primary health care teams were visits to the clinic, including family
physicians and nurses, during the study period. The date of vaccination
was also recorded. Information was collected on factors that could
indicate a positive attitude towards prevention of diseases and vacci-
nations: performance of screening mammography and occult blood in
stool, and receiving the influenza vaccine. Other factors indicating
health behavior were smoking and obesity. Obesity was represented by
the Body Mass Index (BMI) (obese: BMI > 30). As an indication for
chronic disease, we selected hypertension, which is the most prevalent
chronic disease in Israel (National health interview survey, 2013-2015).
Data was collected at the entry point and throughout the study period.

The performance targets for screening examinations were defined
according to the recommended intervals and the study period. For
mammography, which is recommended to be performed once in two
years, the defined performance target was twice during the study period.
For occult blood in stool and the influenza vaccine, which are recom-
mended to be performed annually, the defined performance target was 4
times during the study period. For people who did not complete the
study period, performance of these examinations was calculated ac-
cording to their time in the study. The rate of performance was deter-
mined as the mean value of performance of all the participants. Visits to
family physicians and practice nurses were recorded for the study period
and presented as mean visits per year. Values higher than the median
value represented more frequent visits.
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2.1. Statistical analysis

The data were analyzed by SAS version 9.4. P-values of less than 0.05
were considered significant. Categorical data were reported as numbers
(%) and association with vaccination was performed using the Chi-
square test. Rate of performance of screening mammography and
occult blood in stool, and rate of performance of the influenza vaccine
were reported as mean + SD and median. Between-group comparisons
were performed using the Wilcoxon rank-sum test for independent
samples. A Cox regression model was designed to examine the predic-
tion of uptake of the pneumococcal vaccine, taking into account vari-
ables of demographics, hypertension and smoking.

The research was approved by the Helsinki Committee of CHS,
number 0142-16-com2. A waiver of informed consent was obtained due
to the use of data anonymization.

3. Results

The cohort numbered 20,591 people aged 65-74 who were eligible
for pneumococcal vaccination.. The mean age at baseline was 69.5 +
2.5 years median 69.7). People were monitored for an average of 3.9 +
1.9 years (median —4.2).

Vaccination was documented for 3315 (15.2%) persons until the end
of the monitoring period. Among those who were vaccinated compared
to those who were not vaccinated, there was a higher proportion of men,
Jews, smokers, and people below the age of 70 (Table 1). Hypertension
was negatively associated with vaccination. There was no difference in
the rate of obesity between the groups.

A Cox regression model was designed to examine the parameters
associated with uptake of the pneumococcal vaccine. The parameters
were gender, ethnic origin, smoking, hypertension and age group. Due
to missing data we were not able to include data on obesity. In the
regression model (Table 2), younger age at entry into the study (65-70
years) predicted vaccination more than did older age (71-74 years) [HR
= 1.8; 95% CI: 1.6-1.9). Being Jewish predicted vaccination more than
did being Arab [HR = 1.1; 95% CI: 1.0-1.2]. Men were also more likely
to be vaccinated than women [HR = 1.1; 95% CI: 1.0-1.2]. Smoking did
not predict vaccination. People with hypertension were less likely to
take the vaccine than those without hypertension [HR = 0.9; 95% CI:
0.8-0.9] (Table 2).

During the study period, the mean annual number of visits to the
practice was 7.7 + 5.2 per person. More visits were made to family
doctors than to nurses (10.7 £+ 7.5 vs 4.8 £+ 4.4 respectively). More
frequent visits were defined as higher than median in each category.
More frequent visits of all kinds were negatively associated with vacci-
nation (Table 1). The comparison between age groups regarding time to
vaccination is presented as the cumulative probability of pneumococcal
vaccination over time by age group (Fig. 1). This comparison shows that
at any point during the study period younger people were vaccinated
more than older people.

Among people who were vaccinated, the rate of performance of ex-
amination for early detection of cancer was higher than among those
who were not vaccinated. This was reflected both in mammography
among women, and in occult blood examinations among both genders
(61.9 % + 45.3; median: 66.7 vs 50.3% =+ 44.5; and 36.3% + 31.5;
median: 33.3 vs 31.7% =+ 30, respectively; p < 0.0001 for both). The rate
of performance of the influenza vaccination was lower among those who
were vaccinated for pneumonia, than among those were not (59.7% +
35.4; median: 66.7 vs 63.5% =+ 38.9; median: 83.3, p < 0.0001).

4. Discussion

Our study followed the uptake of 23-valent pneumococcal vaccina-
tion from the time of introduction free of charge. Uptake of the pneu-
mococcal vaccine varied among people by age, being higher among
relatively younger (aged 65-70) than older (aged 71-74) people.



S. Eilat-Tsanani and A. Vashitz-Giwnewer

Table 1
Characteristics of people aged 65-74 by vaccination status.
Variables Vaccination status Significance
All the People who  People
people in were not who were
the study vaccinated vaccinated
N= N=17,456 N=3,135
20,591 Number Number
Number (%) (%)
(%)
Gender Women 10,863 9,296 1,567 0.0007
(52.8) (85.6) (14.4)
Men 9,728 8,160 1,568
(47.2) (83.9) (16.1)
Ethnic origin Arab 6,264 5,358 906 (14.5) 0.0443
(30.4) (85.5)
Jewish 14,327 12,098 2,229
(69.6) (84.4) (15.6)
Obesity (BMI No 1,364 1,195 169 (12.4)  0.5278
> 30) (52.7) (87.6)
Yes 1,226 1,084 142 (11.6)
(47.3) (88.4)
Smoking No 14,549 12,414 2,135 0.0006
(70.7) (85.3) (14.7)
Yes 6,042 5,042 1,000
(29.3) (83.5) (16.5)
Hypertension No 6,550 5,400 1,150 <0.0001
(31.8) (82.4) (17.6)
Yes 14,041 12,056 1,985
(68.2) (85.9) (14.1)
Age at start of 65-70 13,855 11,145 2,710 <0.0001
the study (67.3) (80.4) (19.6)
71-74 6,736 6,311 425 (6.3)
(32.7) (93.7)
Annual visitto <=9 14,324 12,023 2,301 <0.0001
the clinic (69.6) (83.9) (16.1)
(Mean/
person)
>9 6,267 5,433 834 (13.3)
(30.4) (86.7)
Annual visit to <=12 13,615 11,435 2,180 <0.0001
the family (66.1) (84.0) (16.0)
doctor
(Mean/
person)
>12 6,976 6,021 955 (13.7)
(33.9) (86.3)
Annual visit to <=6 15,903 13,400 2,503 0.0002
the family (77.2) (84.3) (15.7)
nurse
(Mean/
person)
>6 4,688 4,056 632 (13.5)
(22.8) (86.5)
Table 2

Cox regression analysis of factors associated with uptake of pneumococcal
vaccine by people aged 65-74.

Variables HR 95% CI p-value
Gender (Men vs. Women) 1.12 1.04-1.21 0.002
Ethnic origin (Jewish vs. Arab) 1.14 1.05-1.23 0.001
Smoking 0.991 0.915-1.07 0.834
Hypertension 0.885 0.823-0.952 0.001
Age (65-70 vs. 71-74) 1.79 1.61-1.99 <0.0001

Our approach of exploring associations between uptake of the vac-
cine and other activities of self-care yielded diverse outcomes. On one
hand, actions for early detection of cancer, such as screening
mammography and occult blood tests, were associated with higher rates
of pneumococcal vaccination. These associations may indicate a popu-
lation that adheres more closely to health-related behaviors connected
to early detection of cancer. On the other hand, we found a negative
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association with the rate of performance of influenza vaccination. Two
studies from Japan assessed the introduction of subsidized pneumo-
coccal vaccination by web-based questionnaires (Shono et al., 2018;
Sakamoto et al., 2018). One of these studies reported an association
between the two vaccines, referring to people being “ever vaccinated”
during the previous three years (Sakamoto et al., 2018). The other study
reported a non-significant relationship between them, referring both to
annual and “sometime vaccination” (Shono et al., 2018). Another study
found an association between vaccinating for both diseases, but not
limited to an older age (Dower et al., 2011). Our study referred to annual
vaccination for influenza, and our data were based on a performance
report.

Eligibility for subsidy was indicated as an important factor contrib-
uting to uptake of the vaccine (Shono et al., 2018; Higuchi et al., 2018).
Our study followed people from the time that the vaccine was provided
free of charge, thus closing financial gaps.

Exposure to the primary health care team is expected to contribute to
performance of activities for health promotion. Surprisingly, in our
study, “more visits to the practice” was associated with a lower rate of
vaccination. This outcome could be interpreted by the fact that the
pneumococcal vaccine was introduced into the routine work of CHS
without specific training of the team members. A higher proportion of
the younger group in the study (aged 65-70) was vaccinated, and the
progression of performance was higher in this group. It seems that
longer and more frequent exposure to the primary health care staff did
not result in better vaccination outcomes. This could be due to not using
appointments as an opportunity for promoting vaccination or not fitting
the promotion individually, according to age, state of health and other
health needs.

A study on Alberta Healthcare Services in Calgary, Canada, evalu-
ated the association between pneumococcal vaccination and acute visits
to the doctor. It reported a higher rate of vaccination in the visiting older
people, with outcomes for both primary and long stay settings (Saba-
pathy et al., 2014). Our study is community-based, collecting data from
various clinics of different sizes spread around the district.

Hypertension, as the most prevalent chronic disease, also represents
an opportunity for higher exposure to the primary health care staff.
Hypertension was found to be negatively associated with the rate of
vaccination. Associations with chronic diseases have been reported in
previous studies: the role of chronic conditions was reported from a web-
based survey that evaluated the benefit of subsidizing the vaccine for
people over the age of 65. The survey showed an association between
uptake of vaccination and having “any disease under treatment”, which
correlated to chronic diseases (Shono et al., 2018). In contrast to that
study, based on self-reporting, our study used the updated valid data-
base of CHS (Cohen and Rabin, 2016).

As with other health-related activities, a patient’s decision to be
vaccinated is influenced by various factors. Better performance of
pneumococcal vaccination is associated with perceptions of its effec-
tiveness in preventing pneumonia (Higuchi et al., 2018) and of the
severity of pneumonia (Sakamoto et al., 2018). Information provided by
reading materials in the practice resulted in an increased rate of vacci-
nation in Singapore (Ho et al., 2019). In Japan, recommendation for
vaccination, provided by medical personnel, not necessarily physicians
(Sakamoto et al., 2018), or family physicians (Shono et al., 2018;
Higuchi et al., 2018), was a contributing factor. Intervention by training
family physicians in preventive health care has also led to a high rate of
vaccination (Higuchi et al., 2018).

4.1. Strengths of the study

The strengths of our study include its considerable sample size and
the comprehensiveness and validity of the available data, based on
performance. Our data, sourced from the quality measures program of
CHS, are continuously updated (Cohen and Rabin, 2016; Cohen et al.,
2010). Members of CHS are insured nationally and listed for personal
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Fig. 1. Rate of pneumococcal vaccination by age group. The comparison between age groups regarding time to pneumococcal vaccination was significant according

to the Log-Rank test (p < 0.0001).

identified primary care physicians. This enables complete follow-up of
the cohort and of their visits to family care clinics. The structure of the
Israeli health system, providing primary health care services free of
charge, including vaccination, enabled us to analyze vaccination
regardless of financial considerations.

4.2. Limitations of the study

While we had information on the number of clinical visits, we did not
have information on their content. Thus, we did not have information on
whether the primary health care team approached people regarding
vaccination. Likewise, we could not identify “persistent refusers” of the
pneumococcal vaccine, for whom any effort for persuasion would be
predicted to fail. “Frequency of visits” was retrieved for the time frame
of the study, but not specifically in relation to the date of vaccination.
The same was also true for the performance of occult blood testing and
mammography. We assume that performance of the examinations and
visits to the practice represent general self-care behavior and do not
change with time. The information related to smoking was retrieved at
entry and during the study period. From our experience it is reasonable
that in that age group documentation on smoking is a new documen-
tation, rather than new information. Obesity data were also collected at
any point during the study. Obesity might be not accurate if people lost
weight during the study period, thus weakening its value in the analysis.
Data on hypertension were not analyzed in relation to the date of
vaccination, which could limit the power of the analysis. However,
hypertension is the most common chronic disease (Rennert and Peter-
burg, 2001), and chronic diseases are often accompanied by other
chronic diseases, so we believe that this is still an indicator for chronic
morbidity.

5. Conclusions

Uptake of pneumococcal vaccination was higher in the younger age
group (age 65-70) and correlated with performance of some activities
for health promotion. The rate of vaccination was not associated with
exposure to the practice, according to frequency of visits or having a
chronic disease. This raises concerns that the forum for promoting
pneumococcal vaccination has not been sufficiently used in the primary
care setting. The findings suggest an opportunity for implementing a
structured intervention program by trained personnel to initiate visits
dedicated to the promotion of vaccination against pneumonia in older
people.
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