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Purpose: In Japan, both a 23-valent pneumococcal polysaccharide vaccine (PPSV23) and a 13-valent pneumococcal conjugate
vaccine (PCV13) are available. Although randomized controlled trials have examined the effects of pneumococcal vaccines, few
epidemiological studies have investigated the onset of pneumococcal pneumonia in general practice. In Izumo, Shimane Prefecture,
Japan, a public subsidy for PPSV23 inoculation began in November 2012.

Patients and Methods: The subjects were pneumonia patients aged 65 and over who were admitted to a hospital in Izumo. This
retrospective study analyzed the following data extracted from medical records: pneumococcal pneumonia prevalence, pneumonia
severity, mortality rate, PPSV23 vaccination rate, and length of hospital stay. The 2 years before the start of the public subsidy were
defined as the early phase, and the 2 years after the subsidy initiation were defined as the late phase. We compared the two phases in
terms of PPSV23 vaccination rate, prevalence and severity of pneumococcal pneumonia, and mortality rate.

Results: We investigated data from a total of 1188 and 1086 patients in the early and late phases, respectively. The prevalence of
pneumococcal pneumonia was 21.0% and 21.3% in the early and late phases, respectively. The mortality rate from pneumococcal
pneumonia was 10.4% and 5.4% in the early and late phases, respectively (p = 0.080), indicating a 50% reduction. The PPSV23
vaccination rate (p < 0.001) and the comorbidity rates of chronic respiratory disease (p = 0.022) and chronic renal disease (p < 0.001)
were significantly different between the early and late phases.

Conclusion: This study showed that the rate of in-hospital deaths due to pneumococcal pneumonia was halved after the PPSV23
vaccine was subsidized. The causal relationship between the pneumococcal vaccination rate and the mortality rate of pneumococcal
disease was unclear. Further investigation is deemed necessary.
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Introduction

Streptococcus pneumoniae causes otitis media, sinusitis, and pneumonia in children and adults. This organism is the most
common cause of community-acquired pneumonia (CAP) and nursing and healthcare-associated pneumonia (NHCAP) in
Japan,' and it is responsible for a high pneumonia-related mortality rate of 16-55%>* in older people, defined here as aged 65
and over. Furthermore, Streptococcus pneumoniae causes invasive pneumococcal diseases (IPDs), such as meningitis and
pneumonia with bloodstream infection, that have a mortality rate of over 20% in older people.’ Preventing the worsening of
pneumococcal infections in older adults is an important issue. In Japan, two types of pneumococcal vaccines are available for
older individuals: the 23-valent pneumococcal excipient vaccine (PPSV23) and the 13-valent pneumococcal conjugate
vaccine (PCV13). PPSV23 is a polysaccharide vaccine, which means it contains portions of the outer polysaccharide capsule
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of 23 different strains of the pneumococcus bacteria. When a person receives PPSV23, their immune system produces
antibodies against these polysaccharides, which can help fight off infection if they are later exposed to the actual bacteria.
PCV13, on the other hand, is a conjugate vaccine, which means it contains components of the pneumococcus bacteria that are
chemically conjugated to a carrier protein. This conjugation enhances the immune response. A meta-analysis performed under
the 2013 Cochrane Joint Plan showed that PPSV23 reduced the incidence of IPDs caused by all serotypes by 74%, and the
incidence of those caused by vaccine serotypes by 82%.° PPSV23 was also shown to lower medical expenses.’ Based on these
results, a public subsidy for PPSV23 vaccination was started in October 2014 in Japan. This subsidy is designed to provide
financial assistance to eligible individuals who receive the PPSV23 vaccine. People are eligible if they are 65 years of age or
older or if they have certain medical conditions that put them at higher risk of developing pneumococcal infections. The
subsidy is intended to cover most of the cost of the vaccine. It is also important to suppress the onset and prevent the worsening
of pneumococcal pneumonia without associated IPD. Morimoto et al reported that from September 2011 to January 2013, only
2.9% of pneumococcal pneumonia cases were associated with bloodstream infection,® and most cases of pneumonia in Japan
are pneumococcal without bacteremia.® A randomized control trial (RCT) by Maruyama et al’ reported the effects of PPSV23
on the onset of both pneumococcal and non-pneumococcal pneumonia. They reported that the incidence of pneumococcal
pneumonia during follow-up was significantly higher in the placebo group than in the vaccine group: 9.8% vs 13.3%,
respectively. Also, significantly more participants with pneumococcal pneumonia died in the placebo group than in the vaccine
group: 35.1% vs 0%, respectively. The limitation of this research is that it was conducted on patients in a limited situation,

1'° investigated the effectiveness of the 23-valent pneumococcal

namely elderly care facilities. Recently, Suzuki et a
polysaccharide vaccine (PPV23) against pneumococcal pneumonia in adults aged 65 years or older. They found no significant
effect of PPSV23 vaccination on pneumococcus-associated mortality.

In Izumo, Shimane Prefecture, Japan, a public subsidy for PPSV23 vaccination began in November 2012, approximately 2
years prior to the public subsidy in Japan that was initiated in October 2014. Naito et al'' previously reported on the effect of
improving vaccination rates through public subsidies. It was expected that PPSV23 vaccination rates and awareness of the
vaccines were improved in Shimane Prefecture since the start of public subsidies in 2012. In this study, we targeted older
inpatients aged 65 and over who had mainly moderate to severe pneumonia in Izumo, and analyzed pneumococcal pneumonia
prevalence, pneumonia severity, mortality rate, PPSV23 inoculation rate, and length of hospital stay. We examined the
changes in pneumonia severity, prevalence of pneumococcal pneumonia, and mortality among hospitalized pneumonia
patients before and after the public subsidy. A RCT® investigated the effect of PPSV23 inoculation on pneumococcal
pneumonia without associated bloodstream infection, but only one report'? has assessed the PPSV23 vaccination rate or

the prevalence and mortality of pneumococcal pneumonia in daily practice over several years.

Materials and Methods

Patients

We conducted a retrospective survey before and after the start of the public subsidy for PPSV23 inoculation in Izumo,
Japan. We defined the 2 years before the start of the subsidy (October 2010 to September 2012) as the early phase, and
the 2 years after the start of the subsidy (November 2012 to October 2014) as the late phase. Patients aged 65 and over
who were admitted to any of the five acute care hospitals in Izumo (Shimane University Hospital, Shimane Prefectural
Central Hospital, [zumo Tokushukai Hospital, Izumo Municipal Hospital, and Izumo Municipal General Medical Center)
were enrolled if they were clinically diagnosed with bacterial pneumonia by an emergency doctor or internal medicine
doctor and required hospitalization for more than 1 day. The doctors clinically diagnosed bacterial pneumonia based on
a comprehensive assessment that included the following: physical findings such as fever, cough, sputum, chest pain,
shortness of breath, and fatigue; examination findings such as abnormal chest sounds, elevated inflammatory markers in
blood tests, and decreased oxygenation or increased respiratory rate; and the presence of infiltration shadows or ground-
glass opacities on chest X-ray or CT. Patients without these findings were excluded from the analysis.
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Data Collection
We collected data from the medical records of each hospital. First, we checked whether the findings in patients who were
clinically diagnosed with bacterial pneumonia were consistent with those typical of this condition. Then, we collected
data on patient age, gender, comorbidities, pneumonia type (see below), causative organism, vaccination status, length of
hospital stay, and in-hospital mortality. Vaccination status was not routinely recorded, and physicians only inquired about
it if necessary. Vaccination status was self-reported.

We classified pneumonia types into community-acquired pneumonia (CAP), hospital-acquired pneumonia, and nursing

and health care—associated pneumonia (NHCAP) based on the guidelines”f15

of the Japanese Respiratory Society.
According to Japanese guidelines,'> CAP is defined as pneumonia acquired in the community by patients who have not
been hospitalized. Specifically, it refers to pneumonia acquired within the patient’s daily living environment, excluding
outbreaks and cases in nursing homes or other elderly care facilities. The definition of NHCAP in the Japanese guidelines'”
is as follows: (1) pneumonia that occurs within 48 hours of hospital admission in patients with a history of hospitalization or
outpatient visits to healthcare facilities, or (2) pneumonia that develops within 2 weeks after surgery, hemodialysis,
chemotherapy, radiation therapy, immunosuppressant use, or in patients who have resided in healthcare facilities for an
extended period, even if they have no history of hospitalization or outpatient visits. We scored pneumonia severity
according to the CAP severity classification (A-DROP),'® with each of the following assigned one point: 1) Age: male >
70, female > 75; 2) Dehydration: blood urea nitrogen > 21, or dehydration findings; 3) Respiration: SpO, < 90%, PaO, <
60%, or RR > 30; 4) Orientation: disturbance of consciousness; and 5) Blood pressure: sBP < 90 mmHg. We then
categorized severity as follows: 0 points, mild; 1-2 points, moderate; 3 points, severe; and 4-5 points, extremely severe.
As for comorbidities, we investigated chronic respiratory disease, chronic heart disease, chronic renal disease, chronic liver
disease, diabetes, and splenic dysfunction. For bacteriological diagnosis, we determined whether sputum cultures, blood
cultures, and the pneumococcal urinary antigen test were performed. If any of these were positive for a single bacterium, or
if the urinary pneumococcal antigen was positive, we judged the relevant bacterium to be causative.

Statistical Analysis

Statistical analysis was outsourced to APO PLUS STATION (former Qol RD). We used the chi-square test to assess
mortality during hospitalization and that caused by pneumococcal pneumonia, and to compare proportions of patients
with PPSV23 vaccination, pneumococcal pneumonia, comorbid diseases, and different pneumonia severities. We used
Wilcoxson’s rank sum test to evaluate length of hospital stay. We considered a p-value of <0.05 to be statistically
significant.

Ethical Considerations

This study was approved by the Medical Research Ethics Committee, Shimane University Faculty of Medicine, Japan, in
accordance with the Declaration of Helsinki (study number: 1531). The study involved only the collection and use of existing
information (including personal information requiring special care) from our institution and other institutions. The subjects of
this study were patients who were hospitalized at our institution and other institutions in the past, and it was difficult to obtain
informed consent from these patients. Therefore, we provided an opportunity for research subjects and their representatives to
refuse the implementation or continuation of the research by accessing each hospital’s website. The content posted on the
websites included the following: 1) the purpose and method of the use of information; 2) items of information to be used; 3) the
name of the period for which information is provided and the name of the head of that period; 4) the method of obtaining
information; 5) the name of the principal investigator and the name of the affiliated research institution; 6) notification that at
the request of the research subject or his/her agent, the suspension of use of information that will be destroyed by the research
subject, and the method of accepting such a request. Informed consent was waived by the Ethical Guidelines for Medical and
Biological Research Involving Human Subjects, and this exemption was approved by the Medical Research Ethics
Committee, Shimane University Faculty of Medicine.
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Results
Patient Background

Table 1 shows patient background information. A total of 2274 patients were investigated during the 4-year study period,
and the number of patients was almost the same in the early and late phases. In both phases, the median age was 84 years
and the proportion of males was high. Available medical records data showed that the PPSV23 vaccination rate was
0.76% in the early phase and 3.80% in the late phase, indicating a significant difference between the two phases.

Regarding comorbid diseases (Table 2), the numbers of patients with chronic respiratory disease (p = 0.022) and
chronic kidney disease (p < 0.001) were significantly lower in the late group compared to the early group. Splenic
dysfunction (splenectomy) was identified in only 0.4% of patients in the early phase and 0.7% in the late phase. The total
number of patients with no comorbidities was 192 (8.4%): 110 in the early phase and 82 in the late phase.

Pneumonia Characteristics

In terms of pneumonia type, NHCAP was the most common, accounting for 58.0% of cases in the early phase and 72.7%
in the late phase (Figure 1). Regarding pneumonia severity, moderate was most common in both early and late phases,
with moderate and severe cases accounting for nearly 90% of the total (early phase, 86.8%; late phase, 88.3%). Patients
with extremely severe pneumonia comprised 9.8% of cases in the early phase and 9.3% in the late phase (Figure 2).
There was no significant change (p = 0.427) in the proportion of any severity grade between the early and late phases.

Causative Bacteria
Figure 3 shows the percentages of bacteria suspected of causing pneumonia in the early and late phases. Streptococcus
pneumoniae was the most common cause in both phases, accounting for 12.2% of cases in the early phase and 9.7% in

Table | Patient Background

Early Phase Late Phase P value
Number of patients, n 1188 1086
Median age, years (range) 84 (65-106) 84 (65-104)
Male/Female, n 736/451 642/438
Rate of PPSV23 vaccination, n (%) 9 (0.76) 45 (3.80) <0.001

Note: P value obtained from chi-square test.
Abbreviation: PPSV23, 23-valent pneumococcal polysaccharide vaccine.

Table 2 Patients Comorbidities

Early Phase Late Phase P value
(n=1188) (n=1086)
Chronic respiratory disease, n (%) 393 (33.1) 311 (28.6) 0.022
Chronic cardiac disease, n (%) 443 (37.3) 369 (34.0) 0.099
Chronic renal disease, n (%) 131 (11.0) 94 (8.7) 0.059
Chronic liver disease, n (%) 92 (6.8) 40 (4.7) <0.001
Diabetes mellitus, n (%) 220 (18.5) 191 (17.6) 0.564
Splenectomy, n (%) 5(0.4) 8 (0.7) 0318

Notes: Chronic respiratory disease: chronic obstructive pulmonary disease (COPD), bronchial asthma. Chronic
cardiac disease: myocardial infarction, angina pectoris, heart failure. Chronic renal disease: chronic renal failure,
dialysis. Chronic liver disease: chronic hepatitis, liver cirrhosis. P values obtained from chi-square test.
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Early term Late term

= CAP
= HAP
= NHCAP

2.6%

Figure | Types of pneumonia.
Notes: There was no significant difference in pneumonia severity grades (p = 0.427, chi-square test) between the early and late phases.
Abbreviations: CAP, community-acquired pneumonia; HAP, hospital-acquired pneumonia; NHCAP, nursing and healthcare-associated pneumonia.
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Figure 2 Pneumonia severity.
Notes: Pneumonia of moderate severity was most common in both early and late phases, with moderate and severe cases accounting for nearly 90% of the total (early
phase, 86.8%; late phase, 88.3%). Patients with extremely severe pneumonia comprised 9.8% of cases in the early phase and 9.3% in the late phase.

Early term Late term

= Streptococcus
prneumoniae

» Klebsiella pneumoniae

= Staphylococcus aureus

* Pseudomonas aeruginosa

= Haemophillus influenzae

= Moraxella catarrhalis

= others

= Legionella spp.

10.2% = Unkown

Figure 3 Causative bacteria.
Notes: Streptococcus pneumoniae was the most common cause in both phases, accounting for 12.2% of cases in the early phase and 9.7% in the late phase.
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Table 3 Characteristics of Hospitalized Pneumonia Patients

Early Phase Late Phase P value

(n=1188) (n=1086)
Rate of pneumococcal pneumonia, % (n) 12.2 (145) 9.7 (105) 0.943*
Average length of hospital stay, day 29.3 248 0.193%*
In-hospital mortality rate, % (n) 20.3 (241) 18.7 (203) 0.341*
Mortality of pneumococcal pneumonia, % (n) 10.4 (25) 54 (1) 0.080*

Notes: *P value obtained from chi-square test. **P value obtained from Wilcoxson’s rank sum test.

the late phase. The percentages of cases due to Klebsiella pneumoniae and Staphylococcus aureus were also high. No
culture tests were performed in 16.8% (381) of cases.

Characteristics of Hospitalized Pneumonia Patients

The prevalence of pneumococcal pneumonia in hospitalized patients was 21.0% in the early phase and 21.3% in the late
phase (p = 0.943). In patients with pneumonia, the average length of the hospital stay was 29.3 days in the early phase
and 24.8 days in the late phase (p = 0.193), while in patients with pneumococcal pneumonia it was 29.6 days in the early
phase and 26.2 days in the late phase (p = 0.101). The in-hospital mortality rate due to pneumonia was 20.3% in the early
phase and 18.7% in the late phase (p = 0.341), and the mortality rate due to pneumococcal pneumonia was 10.4% in the
early phase and 5.4% in the late phase (p = 0.079) (Table 3).

Discussion

We investigated differences in pneumonia prevalence and mortality before and after the PPSV23 public subsidy in
Izumo, Japan. The most notable finding was that the mortality rate due to pneumococcal pneumonia was halved after the
start of the public subsidy.

There are five acute care hospitals in Izumo, and if a patient in Izumo develops pneumonia that requires hospitaliza-
tion, they will be admitted to one of these hospitals. Therefore, the survey we conducted provides a comprehensive
overview of pneumococcal pneumonia in the entire community of Izumo. Although previous RCTs’ reported the effects
of PPSV23 on the onset of pneumococcal and non-pneumococcal pneumonia, no reports have investigated changes in the
prevalence and mortality of pneumococcal pneumonia in a group of patients in daily clinical practice.

Shimane Prefecture has one of the oldest populations in Japan, and the median age in our study was 84 years in both the
1617 that examined the effectiveness of PPSV23,
and about 10 years older than in the report by Kawakami et al.” The age is similar to that in the report by Maruyama et al’

early and late phases. This is about 20 years older than in past overseas reports

involving facility residents. However, the proportion of patients with comorbidities was higher in our study than in two of the
aforementioned studies,”” and we consider that our study enrolled patients who were generally at high risk of experiencing
worsening of pneumococcal pneumonia. In fact, nearly 90% of patients in our study had moderate or severe pneumonia, both
in the early and late phases. In addition, the patients with extremely severe pneumonia accounted for almost 10% in both
phases. In-hospital mortality from pneumonia of all etiologies and mortality from pneumococcal pneumonia were also higher
in our study than previously reported,”'” reflecting the high severity.

The early and late phases were similar in terms of median age, pneumonia severity, and the proportion of pneumococcal
patients. The mortality rate of pneumococcal pneumonia was halved in the late phase compared with the early phase, but the
difference was not statistically significant. The PPSV23 vaccination rate and the comorbidity rates of chronic respiratory
disease and chronic renal disease were significantly different between the early phase and the late phase. It is considered that
these differences may have an impact on the mortality rate of pneumococcal pneumonia.

This study has several limitations. First, pneumococcal vaccination was not documented for many patients in this study,
and we were unable to establish a causal relationship between pneumococcal vaccination coverage and mortality from
pneumococcal pneumonia. Regarding the vaccination status, it is necessary to standardize the contents of pneumonia-related
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medical records in Izumo, such as by determining the vaccination status at the initial pneumonia diagnosis and recording it in
the medical records. Second, our determination of whether the pneumococcal vaccination rate in Izumo differed between the
early and late phases was based only on medical records. Regarding this issue, we plan to clarify the causal relationship
between the pneumococcal vaccination rate and pneumococcal mortality in cooperation with local governments. Finally,
various risk factors are involved in the mortality rate of older patients with pneumonia. We were unable to investigate several
important parameters, such as changes in patient demographics (smoking rate, nutritional status, activities of daily living, etc.),
that might be associated with pneumonia mortality.

This study did not take into account PCV13 vaccination. PCV13 was approved for use in adults in Japan in
June 2014, and can be administered as a voluntary vaccination to people aged 65 and over. Furthermore, beginning in
May 2020, the indication for PCV13 was expanded to high-risk persons aged 6—64 years. It is also worth noting that the
introduction of PCV13 for infants in 2013 may have an additional impact. It is expected that administering PPSV23 after
PCV13 will have a booster effect regarding specific antigens on the 12 serotypes common to both vaccines,'® and we
plan to examine this issue in the future.

Conclusion

This study showed that the mortality rate due to pneumococcal pneumonia was halved after the start of the public subsidy
for PPSV23 in Izumo, Japan. We are conducting additional research to determine the pneumococcal vaccine rate and the
mortality rate of pneumococcal pneumonia based on data collected since 2014, when PCV13 vaccination became
available for elderly people aged 65 and over. We aim to elucidate methods to reduce the mortality rate caused by
pneumococcal pneumonia in Japan’s super-aging society.
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