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ABSTRACT
At present, there are few reports that have clarified the effectiveness of 23-valent pneumococcal
polysaccharide vaccine (PPSV23) against all-cause pneumonia or pneumococcal pneumonia in commu-
nity-acquired pneumonia (CAP) in older individuals in Japan. We conducted a hospital-based matched
case-control study to investigate separately the preventive effects of PPSV23 and trivalent influenza
vaccine (TIV) on all-cause CAP and pneumococcal CAP in older individuals in Japan. Cases were
individuals aged 65 years or older who were newly diagnosed with CAP from October 2010 to
September 2014. Two control patients with a different disease (one respiratory medicine and one non-
respiratory medicine) matched for sex, age, date of outpatient visit, and medical institution were
selected for each case. Odds ratios (ORs) and 95% confidence intervals (CIs) of PPSV23 and TIV for the
occurrence of all-cause CAP and pneumococcal CAP were calculated using conditional and uncondi-
tional logistic regression models. The analysis included 161 cases and 308 controls from the 4-year
period. The adjusted OR for the occurrence of all-cause CAP was 0.76 (95%CI = 0.44–1.32) with PPSV23
vaccination and 0.79 (95%CI = 0.50–1.25) with TIV vaccination compared with unvaccinated individuals.
When the outcome index was restricted to pneumococcal CAP, the adjusted OR significantly decreased
to 0.23 (95%CI = 0.08–0.66) with PPSV23 vaccination, but not with TIV vaccination (adjusted OR = 0.65,
95%CI = 0.31–1.36). PPSV23 vaccination is likely effective in reducing incidence of pneumococcal CAP in
older individuals, although its preventive effect for all-cause CAP has not been achieved.
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Introduction

Pneumonia is the third leading cause of death in Japan, and
the mortality rate by age group for this condition is high in
older individuals, especially in the group aged 80 years or
older.1 In Japan, the population is aging at an unprecedented
rate compared to other countries and is rapidly becoming
a super-aged society. Thus, preventing pneumonia in older
individuals has become an urgent issue to address.

Previously, several overseas studies investigated the pre-
ventive effects of both pneumococcal and influenza vaccines
on pneumonia in older individuals. A cohort study from the
United States spanning three influenza seasons demonstrated
that pneumococcal vaccination alone, influenza vaccination
alone, and both vaccinations together significantly decreased
hospitalization and deaths caused by pneumonia or
influenza.2 A large-scale observational study from Sweden
showed a significant decrease in hospitalization and deaths

during hospitalization caused by pneumonia in individuals
who were vaccinated with one or both vaccines compared to
those who were unvaccinated.3 A report by Christenson et al.
found that hospitalization due to pneumonia or influenza and
deaths during hospitalization due to pneumonia significantly
decreased in the dual-vaccinated group compared to the
unvaccinated group.4 Vaccination with both vaccines in
older individuals with chronic diseases in Hong Kong resulted
in the prevention of not only pneumonia and deaths but also
cerebral and myocardial infarctions.5 Subsequent retrospec-
tive cohort studies showed that dual vaccination decreased
hospitalization, death, and hospitalization fees,6 or reduced
the duration of hospitalization.7

In Japan, there are very few studies that have investigated
separately the preventive effects of pneumococcal and influ-
enza vaccines on all-cause community-acquired pneumonia
(CAP) or pneumococcal CAP in older individuals. In a study
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that investigated the preventive effect of 23-valent pneumo-
coccal polysaccharide vaccine (PPSV23) against pneumococ-
cal pneumonia in older individuals, study subjects were
limited to nursing home residents.8 Another study showed
the effectiveness of PPSV23 against all-cause CAP in the
group aged 70 years or older.9 However, the authors could
not assess separately the preventive effects of PPSV23 and
trivalent influenza vaccine (TIV) on all-cause CAP in the
study, because study subjects were all vaccinated with TIV.
In the previous article, we mainly assessed and discussed the
selection of controls with regard to the effectiveness of
PPSV23 and TIV for all-cause pneumonia among the elderly
in our hospital-based matched case-control study from
October 2009 to September 2014.10 In the current study, we
focused on evaluation of the preventive effects of PPSV23 and
TIV on all-cause CAP and pneumococcal CAP in older indi-
viduals from October 2010 to September 2014, excluding the
first year of the same study period, because a pandemic of
influenza A (H1N1) occurred during the study period.

Currently, in Japan, vaccinations of both pneumococcal vac-
cines (PPSV23 or 13-valent pneumococcal conjugate vaccine
[PCV13]) and influenza vaccine for preventing pneumonia in
older individuals are recommended,11 similar to recommenda-
tions in the United States and most of the Western countries.
However, at the time of the study, no national immunization
program for use of PPSV23 or PCV13 in adults aged 65 years or
older has not been launched. After PPSV23 became available in
1988, a small portion of patients with chronic respiratory disease
or cardiac disease have been vaccinated at the advice of their
attending physicians. In addition, adults aged 65 years or older
and patients with chronic respiratory disease or cardiac disease
have been partially subsidized for PPSV23 vaccination by their
municipality since 2001.12 This was implemented for all adults
aged 65 years or older and individuals aged 60–64 years with
underlying disease under the national immunization program in
October 2014.13 PCV13 became available in adults aged 65 years
or older since June 2014, although it is still not designated as the
national immunization program at present. Therefore, pneumo-
coccal vaccine evaluated in this study was solely PPSV23 because
PCV13 has seldom been used in older individuals during the
study period. With regard to TIV, the adults aged 65 years or
older have been subsidized by their municipality since 2001 under
the national immunization program. The rates of PPSV23 and
TIV vaccination in adults aged 65 years or older were around 25%
and 50% at the time of the study in 2013, respectively.14,15

Results

A total of 469 individuals (161 cases and 308 controls) with-
out missing data for the examined variables were analyzed.
Among the 161 cases with pneumonia, two controls were
enrolled for 147 cases and one control was enrolled for 14
cases. The characteristics of cases and controls are shown in
Table 1. The proportion of PPSV23 vaccination was 28% in
cases and 30% in controls, and the proportion of TIV vacci-
nation was 47% in cases and 53% in controls. The percentage
of patients with body mass index (BMI) of <18.5 was signifi-
cantly greater in cases compared to controls (22% vs. 12%).

The frequencies of hypertension (43% vs. 56%, p = 0.009) and
diabetes mellitus (14% vs. 27%, p = 0.002) were significantly
greater in controls than in cases. Forty-one of 161 cases (25%)
had pneumococcal pneumonia. As for microbiological test
results concerning the diagnosis of pneumococcal pneumonia,
Streptococcus pneumoniae was isolated by sputum culture in
21% (24/112) of cases and by blood culture in 5% (2/39). In
addition, S. pneumoniae was detected by sputum Gram stain-
ing in 22% (22/93), and was detected by the urinary antigen
test in 23% (33/145).

The crude and adjusted odds ratios (ORs) for all-cause
CAP by each variable are shown in Table 2. The adjusted
OR with vaccination decreased for both PPSV23 (adjusted
OR = 0.76, 95% confidence interval [CI]) = 0.44–1.32) and
TIV (adjusted OR = 0.79, 95%CI = 0.50–1.25), but did not
reach statistical significance. Although the crude OR was
significantly increased in subjects with BMI of <18.5, the
significance was lost after adjustment. Significant associations
with CAP were not shown with other variables.

In winter months, in which 104 cases and 197 controls
were analyzed, the adjusted OR with PPSV23 vaccination for
all-cause CAP decreased, but did not reach statistical signifi-
cance (adjusted OR = 0.60, 95%CI = 0.29–1.23). TIV vaccina-
tion was not associated with all-cause CAP (adjusted
OR = 1.05, 95%CI = 0.59–1.86). In summer months, in
which 57 cases and 111 controls were collected, PPSV23
vaccination was not associated with all-cause CAP (adjusted
OR = 0.95, 95%CI = 0.35–2.62) and the adjusted OR with TIV

Table 1. Comparison of characteristics between cases and controls (N = 469).

Characteristics*
Cases

(n = 161)
Controls
(n = 308) P

Age (years)
Mean (range) 75.5

(65–92)
75.3

(65–98)
0.690†

Sex
Male 111 (69) 212 (69) 0.980‡
Female 50 (31) 96 (31)

Vaccination
Pneumococcal vaccine
Unvaccinated 116 (72) 215 (70) 0.613‡
Vaccinated 45 (28) 93 (30)

Influenza vaccine
Unvaccinated 85 (53) 145 (47) 0.240‡
Vaccinated 76 (47) 163 (53)

Body mass index (kg/m2)
<18.5 36 (22) 38 (12)
18.5–24.9 100 (62) 201 (65) 0.009‡
≥25.0 25 (16) 69 (22)

Underlying disease
Respiratory disease 76 (47) 131 (43) 0.333‡
Hypertension 69 (43) 171 (56) 0.009‡
Dyslipidemia 27 (17) 60 (19) 0.473‡
Heart disease 22 (14) 61 (20) 0.098‡
Cerebral hemorrhage, cerebral

infarction, stroke
13 (8) 21 (7) 0.618‡

Diabetes mellitus 23 (14) 84 (27) 0.002‡
Renal disease 3 (2) 11 (4) 0.399§

Activities of daily living
Self-supported 144 (89) 286 (93) 0.203‡
Non-self-supported 17 (11) 22 (7)

Living with children aged ≤6 years
No 149 (93) 295 (96) 0.139‡
Yes 12 (7) 13 (4)

Pneumococcal pneumonia 41 (25)

*All data except age are expressed as n (%), †Wilcoxon rank-sum test, ‡Chi-
square test, §Fisher’s exact test.
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vaccination for all-cause CAP decreased, but did not reach
statistical significance (adjusted OR = 0.49, 95%
CI = 0.21–1.16).

The comparative data on characteristics when cases were
limited to those with pneumococcal CAP are exhibited in
Table 3. PPSV23 (12% in cases vs. 30% in controls) and TIV
(39% vs. 53%, respectively) vaccination proportion were both
greater in controls. Additionally, hypertension was more com-
monly observed in controls.

The crude and adjusted ORs for pneumococcal CAP by each
variable are shown in Table 4. PPSV23 vaccination significantly
reduced the crude OR to 0.32 (95%CI = 0.12–0.84) and the OR
further decreased after adjustment, which was statistically sig-
nificant (adjusted OR = 0.23, 95%CI = 0.08–0.66). TIV vaccina-
tion seemed to result in a decrease of the crude OR at 0.57 (95%
CI = 0.29–1.11), but did not reach significance after adjustment
(adjusted OR = 0.65, 95%CI = 0.31–1.36).

Discussion

In this study of elderly individuals aged 65 years or older, we
found that PPSV23 was effective against pneumococcal CAP but
not against all-cause CAP. The results of our study are not so
different from those of similar studies conducted in other
countries.16 To our knowledge, this is considered the first
study to show separately the preventive effects of PPSV23 and
TIV on all-cause CAP and pneumococcal CAP in older indivi-
duals in Japan. Further, this is the first study to show the
significant preventive effect of PPSV23 on pneumococcal CAP,
although few studies had investigated the preventive effect of
PPSV23 on pneumococcal CAP in older individuals in Japan.17

There are few overseas studies that have elucidated the pre-
ventive effects of pneumococcal vaccine on pneumococcal pneu-
monia in older individuals.18–20 A large-scale cohort study

conducted in Spain showed that PPSV23 effectively prevented
overall pneumococcal CAP [hazard ratio (HR) = 0.55, 95%
CI = 0.34–0.88] and decreased the rate of overall CAP

Table 2. Odds ratio for all-cause community-acquired pneumonia (2010/11
season to 2013/14 season, N = 469).

Crude
OR 95% CI P

Adjusted
OR* 95% CI P

Vaccination
Pneumococcal vaccine
Unvaccinated 1 1
Vaccinated 0.87 0.54–1.43 0.590 0.76 0.44–1.32 0.335

Influenza vaccine
Unvaccinated 1 1
Vaccinated 0.76 0.50–1.16 0.197 0.79 0.50–1.25 0.314

Body mass index (BMI, kg/m2)
<18.5 1.95 1.12–3.37 0.017 1.55 0.85–2.82 0.152
18.5–24.9 1 1
≥25.0 0.71 0.42–1.19 0.191 0.86 0.49–1.50 0.594

Underlying respiratory
disease
No 1 1
Yes 1.16 0.80–1.69 0.426 1.05 0.70–1.58 0.804

Activities of daily living (ADL)
Self-supported 1 1
Non-self-supported 1.48 0.74–2.96 0.273 1.34 0.62–2.93 0.458

Living with children aged
≤6 years
No 1 1
Yes 1.90 0.85–4.26 0.118 1.74 0.73–4.14 0.215

*Variables included in the model: vaccination (pneumococcal vaccine, influenza
vaccine), BMI, underlying respiratory disease, hypertension, diabetes mellitus,
ADL, and living with children aged 6 years or younger.

Table 3. Comparison of characteristics between cases (limited to pneumococcal
pneumonia) and controls (N = 349).

Characteristics*
Cases (pneumococcal
pneumonia) (n = 41)

Controls
(n = 308) P

Age (years)
Mean (range) 75.5 (66–92) 75.3

(65–98)
0.976†

Sex
Male 29 (71) 212 (69) 0.805‡
Female 12 (29) 96 (31)

Vaccination
Pneumococcal vaccine
Unvaccinated 36 (88) 215 (70) 0.016‡
Vaccinated 5 (12) 93 (30)

Influenza vaccine
Unvaccinated 25 (61) 145 (47) 0.094‡
Vaccinated 16 (39) 163 (53)

Body mass index (kg/m2)
<18.5 5 (12) 38 (12)
18.5–24.9 29 (71) 201 (65) 0.727‡
≥25.0 7 (17) 69 (22)

Underlying disease
Respiratory disease 18 (44) 131 (43) 0.868‡
Hypertension 16 (39) 171 (56) 0.047‡
Dyslipidemia 4 (10) 60 (19) 0.131‡
Heart disease 4 (10) 61 (20) 0.121‡
Cerebral hemorrhage,

cerebral infarction, stroke
3 (7) 21 (7) 0.752‡

Diabetes mellitus 7 (17) 84 (27) 0.162‡
Renal disease 0 (0) 11 (4) 0.375§

Activities of daily living
Self-supported 38 (93) 286 (93) 1.000‡
Non-self-supported 3 (7) 22 (7)

Living with children aged
≤6 years
No 37 (90) 295 (96) 0.125‡
Yes 4 (10) 13 (4)

*All data except age are expressed as n (%), †Wilcoxon rank-sum test, ‡Chi-
square test, §Fisher’s exact test.

Table 4. Odds ratio for pneumococcal community-acquired pneumonia (2010/11
season to 2013/14 season, N = 349).

Unconditional model

Crude
OR* 95% CI P

Adjusted
OR* 95% CI P

Vaccination
Pneumococcal vaccine
Unvaccinated 1 1
Vaccinated 0.32 0.12–0.84 0.021 0.23 0.08–0.66 0.006

Influenza vaccine
Unvaccinated 1 1
Vaccinated 0.57 0.29–1.11 0.098 0.65 0.31–1.36 0.248

Body mass index (BMI, kg/m2)
<18.5 0.91 0.33–2.51 0.858 0.94 0.30–2.94 0.921
18.5–24.9 1 1
≥25.0 0.70 0.30–1.68 0.428 1.11 0.42–2.91 0.836

Underlying respiratory
disease
No 1 1
Yes 1.06 0.55–2.04 0.868 0.95 0.47–1.93 0.883

Activities of daily living (ADL)
Self-supported 1 1
Non-self-supported 1.03 0.29–3.59 0.967 1.02 0.22–4.72 0.984

Living with children aged
≤6 years
No 1 1
Yes 2.45 0.76–7.92 0.133 2.70 0.74–9.85 0.134

*Variables included in the model: vaccination (pneumococcal vaccine, influenza
vaccine), BMI, underlying respiratory disease, hypertension, diabetes mellitus, ADL,
living with children aged 6 years or younger, and matching variables (sex, age).
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(HR = 0.79, 95%CI = 0.64–0.98) in older individuals aged
65 years or older.18 PPSV23 vaccination against all pneumococ-
cal pneumonia was significantly effective for people aged
65 years or older in a matched case-control study (adjusted
OR:0.47, 95%CI = 0.32–0.67).19 A recent large-scale cohort
study conducted in Spain showed that PPSV23 exhibited pre-
ventive effects on overall pneumococcal CAP (HR = 0.49, 95%
CI = 0.29–0.84) and all-cause CAP (HR = 0.75, 95%
CI = 0.58–0.98) in older individuals aged 60 years or older within
5 years of vaccination.20 Additionally, a study that included
nursing home residents in Japan demonstrated that PPSV23
prevents pneumococcal pneumonia and consequently reduces
mortality rate due to the disease.8 Moreover, in all-cause CAP in
older individuals aged 65 years or older vaccinated with TIV, the
effectiveness of PPSV23 was observed within the first year of the
study period in the group aged 75 years or older.9 A multicenter
prospective study that used a test-negative design demonstrated
that effectiveness of PPSV23 was 33.5% (95%CI = 5.6–53.1)
against PPSV23-type pneumococcal pneumonia, and 27.4%
(95%CI = 3.2–45.6) against all pneumococcal pneumonia in
older individuals aged 65 years or older with community-onset
pneumonia (COP).17 Stratified analyses showed that effective-
ness of PPSV23 was 13.4% (95%CI = – 23.0–39.0) in individuals
with CAP while 42.9% (95%CI = 3.1–66.4) in those with health-
care-associated pneumonia, when analyzing those with all pneu-
mococcal pneumonia.

Pneumococcal infections in adults have declined as an
indirect effect of the widespread use of pneumococcal con-
jugate vaccines in children.21–23 Feikin et al. examined sero-
type replacement after receiving the 7-valent pneumococcal
conjugate vaccine (PCV7) and suggested that serotype repla-
cement would not be expected within 2 years after the intro-
duction of PCV13.24 In Japan, PCV7 was introduced as a part
of the national immunization program in children aged
5 years or younger in April 2013 and was subsequently
replaced with PCV13 in November 2013. One Japanese
study which was carried out during our study period demon-
strated that the serotype coverage rate of PPSV23 was 67% in
142 pneumococcal strains isolated from sputum samples of
adult patients with COP.25 The serotype coverage rate of
PPSV23 was 84.3% in pneumococcal strains isolated from
adult pneumonia patients with invasive pneumococcal disease
from April 2010 to March 2013 in Japan.21 During the current
study period, serotype replacement did not particularly
advance, indicating that PPSV23 was still effective against
pneumococcal pneumonia.

Aspiration pneumonia has been reported to represent
a considerable number of CAP or hospital-acquired pneumo-
nia infections among older patients.26 Recent data have sug-
gested that aspiration pneumonia caused by silent aspiration
is an important mechanism for the pathogenesis of pneumo-
nia in older people.26 We excluded aspiration pneumonia
caused by inhalation during eating or vomiting because this
type of aspiration pneumonia was considered to be due to
physical factors unrelated to the effectiveness of vaccines.

In subanalysis, the significant effect of TIV for the occur-
rence of CAP was not found in both winter months and
summer months. It is reported that CAP associated with
influenza virus infection was much more common in winter

months than in summer months in Japan.27,28 The effective-
ness of the influenza vaccine could be measured during
a period in which the vaccine provides protection when the
virus is prevalent.29–32 Further studies may be needed to
answer if influenza vaccine could prevent pneumonia asso-
ciated with influenza virus infection in winter months in older
individuals living in the community.

There are several limitations in our current study. First,
we were not able to collect data on study participants’
vaccination behavior, that is, whether vaccination had been
decided by the study participants themselves or at the advice
of their attending physicians. Since PPSV23 was not yet
included in the national immunization program during the
study period, it was possible that the vaccination behavior
had differed based on the individual clinical departments
responsible for participants, or on their underlying
diseases.10 Therefore, we included underlying diseases in
the multivariate analysis model in consideration of the back-
ground factors which affect physicians’ recommendation of
vaccination. Nevertheless, it is hard to exclude the possibility
that PPSV23 effectiveness in the present study might have
been overestimated by selection bias of controls. Second, the
enrollment date differed between cases and controls. In our
protocol, we enrolled controls as soon as possible after
enrolling each case. We believe that the bias due to the
enrollment date of the controls was minimal because they
were enrolled on average 10 days after the corresponding
case. Third, although we obtained information regarding
vaccination status from each patient’s questionnaire, we
were unable to confirm the validity of this information.
Fourth, our cases and controls were not free from selection
bias, because the present study was a hospital-based case-
control study. In this context, patients who died of pneumo-
nia outside hospitals were not included in cases of this study,
while healthy elderly individuals who did not need to visit
hospitals were not included as controls in our study. Fifth,
we could not investigate the effect of the timing of PPSV23
vaccination with regards to the time pneumonia developed,16

or the effect of vaccination on the severity of pneumonia,
which are considered to be important factors for evaluating
the effectiveness of PPSV23 against pneumonia in the
elderly. As it has been reported that the serum-specific anti-
body level decreases 3–5 years after PPSV23 vaccination,33,34

further studies with shorter time since vaccination (i.e.,
within 3 years) are needed to investigate PPSV23 effective-
ness in patients with pneumonia. Although the effectiveness
of PPSV23 against severe pneumonia such as bacteremic
pneumococcal pneumonia has been evaluated in other
countries,18–20 we evaluated the effectiveness of PPSV23 on
mild CAP in our study. Further studies are needed to inves-
tigate the preventive effect of PPSV23 with classification by
the severity of pneumonia in older individuals in Japan.35

Finally, the major limitation of this study is the small sample
size. Nonetheless, it should be noted that a significant asso-
ciation between PPSV23 vaccination and pneumococcal CAP
has been observed.

In conclusion, PPSV23 vaccination is likely effective in
reducing incidence of pneumococcal CAP in older indivi-
duals, although its preventive effect for all-cause CAP has
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not been achieved. Further studies are needed to investigate
PPSV23 effectiveness in patients with pneumococcal CAP
after the introduction of the national immunization program
in older individuals in Japan.

Materials and methods

Study design

Between October 1, 2010 and September 30, 2014, we con-
ducted a hospital-based matched case-control study at 24
hospitals in Chiba, Tokyo, Shizuoka, Aichi, Gifu, Kyoto, and
Fukuoka prefectures. The study outcome was focused on
CAP, and cases were therefore restricted to older persons
who lived at home when they developed pneumonia. All
study participants received an explanation of the study and
gave consent prior to participation. The study protocol was
approved by the Ethics Review Board of Osaka City
University Graduate School of Medicine and by each of the
participating institutions and was carried out in accordance
with the principles of the Declaration of Helsinki.

Definition of cases and controls

Cases were defined as individuals aged 65 years or older who
were newly diagnosed with CAP by a physician at
a participating institution. The diagnosis of pneumonia was
made based on clinical symptoms (fever, cough, sputum),
increased leukocyte count or C-reactive protein (CRP) level,
and appearance of an infiltrative shadow on either chest X-ray
or chest computed tomography. Pneumococcal pneumonia
was diagnosed through sputum culture (semi-quantitative
culture method), blood culture, sputum Gram staining (posi-
tive) or through pneumococcal urinary antigen test (positive).

Controls were non-pneumonia patients who were matched
for sex, age (5-year age groups), date of outpatient visit (i.e.,
within 2 months of confirming each case), and medical institu-
tion. When possible, two controls (one respiratory medicine and
one non-respiratory medicine) were selected for each case.

Exclusion criteria were as follows: nursing home residents,
patients with aspiration pneumonia (i.e., pneumonia caused
by inhalation during eating or vomiting), patients with malig-
nant tumors, patients currently undergoing treatment with
oral steroids or immunosuppressants, and patients with
a history of splenectomy.

Data collection

The attending physician of cases and controls recorded the
following clinical information on the questionnaire: a) Sex,
age, and presence/absence of underlying respiratory disease
(pulmonary emphysema, chronic bronchitis, diffuse pan-
bronchiolitis, pulmonary fibrosis, bronchial asthma, or pul-
monary tuberculosis sequelae); b) Pneumonia-related
information (for cases only) including date of diagnosis, clin-
ical symptoms (fever, cough, sputum) or laboratory data
related to pneumonia diagnosis (leukocyte count, or CRP
level), and results from diagnostic tests (rapid diagnostic

influenza test, pneumococcal urinary antigen test, sputum
Gram staining, or sputum/blood culture).

Study subjects were also asked to fill out a self-
administered questionnaire containing the following informa-
tion: age, height/body weight, living with children aged
6 years or younger, activities of daily living (ADL; bedridden,
semi-bedridden, semi-self-supported, or self-supported), pre-
sence/absence of underlying disease (hypertension, dyslipide-
mia, heart disease, cerebral hemorrhage, cerebral infarction,
stroke, diabetes mellitus, or renal disease), presence/absence
of respiratory disease (pulmonary emphysema, chronic bron-
chitis, diffuse panbronchiolitis, pulmonary fibrosis, bronchial
asthma, or pulmonary tuberculosis sequelae), and vaccination
status (PPSV23 in the past 5 years, and/or TIV in the past
6 months).

Statistical analysis

It has been reported that the serum specific antibody level
decreases 3–5 years after PPSV23 vaccination.33,34

Consequently, we defined patients who had received the vac-
cine within the past 5 years as “vaccinated”.36 All underlying
diseases were classified into “present vs. absent”, and ADL
was classified into “non-self-supported (bedridden, semi-
bedridden, or semi-self-supported) vs. self-supported” for
analyses. BMI was calculated as weight in kilograms (kg)
divided by the square of height in meters (m2), and BMI
was categorized into 3 levels (<18.5, 18.5–24.9, and ≥25.0).
The 6 months from November to April were defined as winter
months and the other 6 months from May to October were
defined as summer months.28

Comparison of characteristics between cases and controls
was performed using the Wilcoxon rank-sum test, Chi-square
test, or Fisher’s exact test, as appropriate.

The ORs and 95% CIs of PPSV23 and TIV vaccinations for
all-cause CAP were calculated using a conditional logistic
regression model. As variables that showed a P-value of less
than 0.05 or that seemed to be medically related to the disease
were considered potential confounders for adjustment,37

PPSV23 vaccination, TIV vaccination, BMI, underlying
respiratory disease, hypertension, diabetes mellitus, ADL,
and living with children aged 6 years or younger were
included in the multivariate analysis model. The ORs and
95% CIs of PPSV23 and TIV vaccinations for pneumococcal
CAP were calculated using an unconditional logistic regres-
sion model because of the small number of outcome indices.
Variables used here were the same as those used in the multi-
variate analysis model calculated for all-cause pneumonia, in
addition to matching variables (sex and age).

All statistical analyses were conducted using SAS Version
9.3 (SAS Institute, Inc., Cary, NC, USA). P < 0.05 was con-
sidered statistically significant.

ABBREVIATIONS

ADL activities of daily living
BMI body mass index
CAP community-acquired pneumonia
CI confidence interval
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COP community-onset pneumonia
CRP C-reactive protein
HR hazard ratio
OR odds ratio
PCV7 7-valent pneumococcal conjugate vaccine
PCV13 13-valent pneumococcal conjugate vaccine
PPSV23 23-valent pneumococcal polysaccharide vaccine
TIV trivalent influenza vaccine
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