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Abstract: Vaccination is an important strategy to prevent influenza and its related pneumo-
coccal pneumonia. Combined influenza and pneumococcal vaccination should be recom-
mended because of the synergic effects of the two vaccines, compared with either influenza
vaccine or pneumococcal vaccine alone.
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Introduction
The pneumococcal vaccination rate in Japan remains below 20%, lagging far
behind the 70% rate in the USA; however, this rate has increased in recent years,
reaching about 30% in 2019, and is expected to increase further in the future.'

Pneumococcal pneumonia following influenza is an important issue; however,
influenza vaccine and pneumococcal vaccine are both effective in preventing severe
pneumonia due to influenza and Streptococcus pneumoniae coinfection, and may
modulate the innate and acquired immunity to S. pneumoniae and influenza virus.*>
Chemokine storms, such as higher MCP-1 levels and lower levels of CXCL1, IFN-
v, IL-17A, and IL-10, were detected in pneumococcal conjugate vaccination (PCV)-
treated influenza-related pneumococcal mice, and improved the survival of these
mice.> The protective effect of influenza immunization against bacterial infections
has also been suggested.” Therefore, synergic effects of simultaneous vaccination
could be expected clinically.

With growing evidence for the benefits of combined vaccination with the
influenza and pneumococcal vaccines, particularly in the elderly, the time for
simultaneous influenza and pneumococcal vaccination has arrived in Japan.

Evidence on Combined Use of Both Vaccines

Secondary pneumococcal pneumonia is known to be a common and serious com-
plication of influenza, and we have conclusively demonstrated this using both
clinical data from humans and animal experiments.*> Pneumococcal pneumonia
patients with influenza virus infection showed higher severity and inflammation
than patients with either pneumococcal pneumonia alone or influenza infection
alone.” Extreme severe pneumonia with lung hemorrhage was found frequently in
mice coinfected with influenza virus and S. pneumoniae, whereas only mild to
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moderate pneumonia was found when they were infected
with influenza virus alone or S. pneumoniae alone.*

Furthermore, in a similar influenza-related secondary
bacterial pneumonia mouse model, McCullers showed that
treatment with anti-influenza agents alone significantly
reduced the mortality compared with treatment with the
antibiotics without anti-influenza agents.® These data sug-
gested that anti-influenza drugs are more effective than
antibiotics, and demonstrate the benefit of more advanced
and earlier care for the virus, including vaccines and
infection-control strategies, compared with treatment with
antimicrobial agents.*” Therefore, vaccination may be a
far more important strategy than antimicrobial treatment.

One of the earliest studies of combination vaccination was
by Swedish researchers Christenson et al, who investigated the
effects of vaccination with both pneumococcal and influenza
vaccines.” About 260,000 Stockholm residents >65 years old
were invited by mail to receive both vaccinations, ie, trivalent,
split-virion, influenza vaccines and the 23-valent, pneumococ-
cal polysaccharide vaccines, and at the end of the vaccination
campaign, 76% of the 100,000 residents had been vaccinated
with both. When the researchers compared the effect of vacci-
nation between these groups and the unvaccinated group
(about 160,000 residents), they found that the group given
both vaccines showed significantly lower rates of hospitaliza-
tion for pneumonia (29% decrease) and pneumococcal pneu-
monia (36% decrease). This may be due to lower rates of both
influenza with and without pneumonia patients were decreased
(46% decrease). In addition, a significantly lower total mor-
tality (57% decrease) was found in this study, according to the
decrease in hospitalization for invasive pneumococcal disease
(52% decrease).

In Japan, a randomized, double-blinded, placebo-con-
trolled study of 23-valent pneumococcal vaccine was con-
ducted in 2010 among elderly care-home residents.®
Among the 1006 residents (mean age 84.7 years) at several
elderly care facilities, a group vaccinated with 23-valent
pneumococcal vaccine (502 participants) and a placebo
group given an intramuscular injection of physiological
saline (504 participants) were followed up for around 3
years. The primary endpoints were onset of pneumonia
and onset of pneumococcal pneumonia, while secondary
endpoints were death due to pneumonia and death due to
pneumococcal pneumonia. Although detailed information
on the influenza vaccine in these patients was lacking, the
3-year follow-up found that pneumonia occurred in the
vaccinated group at a rate of 55 cases per 1000 person-
years, with 12 cases of pneumococcal pneumonia per 1000

person-years. In the placebo group, pneumonia occurred at
a rate of 91 cases per 1000 person-years, with 32 cases of
pneumococcal pneumonia per 1000 person-years.
Consistent with the Swedish study, this Japanese study
demonstrated that vaccination, including pneumococcal
vaccine alone, curtailed significantly the onset of pneumo-
coccal pneumonia, by 63.8%, and the onset of all pneu-
monia, by 44.8%, in the elderly. More significant reduction
of the total pneumonia rate, including influenza-related
pneumonia, may be shown when simultaneous vaccination
against both influenza virus and S. pneumoniae is
performed.

Furthermore, looking at death as the secondary end-
point, mortality rates from all pneumonia were 25.0% (26/
104) in the placebo group and 20.6% (13/63) in the vacci-
nated group, showing no significant difference. However,
in patients who contracted pneumococcal pneumonia, this
disease was the cause of death in 13 of 37 participants
(35.1%) in the placebo group, but no participants in the
vaccinated group. This finding demonstrates that vaccina-
tion can significantly suppress death due to pneumococcal
pneumonia according to the decreased onset of pneumonia
as the primary endpoint of this study, although this favor-
able result may be due to the reduction of invasive pneu-
mococcal disease resulting from pneumonia.

Another study demonstrated that overall medical costs
due to geriatric pneumonia in Japan were reduced by admin-
istering the pneumococcal vaccine together with the influ-
enza vaccine.” About 800 elderly participants (>65 years old)
were divided into a group receiving both the trivalent, split-
virion, influenza vaccine and the 23-valent, pneumococcal
polysaccharide pneumococcal vaccine (combined vaccine
group, 394 participants) and a group receiving only the
trivalent, split-virion, influenza vaccine (single vaccine
group, 392 participants). Comparison of pneumonia inci-
dence, number of pneumonia episodes, number of hospitali-
zations, and total medical costs during the 2 years after
vaccination revealed that among those >75 years old, rates
of hospitalization for pneumonia were 41.5% lower in the
combined vaccine group (P=0.039). Among elderly partici-
pants with difficulty walking, frequency of hospitalization
for pneumonia in the 2 years after vaccination was signifi-
cantly decreased, by 62.7%, in the combined vaccine group
(P=0.005). In detail, total pneumonia and respiratory infec-
tion-related medical costs, such as outpatient and/or inpatient
medication fees in the combined vaccine group at 1 year after
vaccination, were around ¥57,000, representing a saving of
around ¥80,000 compared to the total medical costs of
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around ¥140,000 in the single vaccine group (P=0.027).
These results suggest that both influenza and pneumococcal
vaccines may have more benefit not only clinically, but also
cost-effectively, than the pneumococcal vaccination alone.
Expanding the provision of pneumococcal vaccination
would appear crucial to cutting medical costs. In fact, the
23-valent vaccine, in particular, has been calculated to be one
of the most highly cost-effective vaccines.

Publicly assisted vaccinations against influenza and
pneumococcal diseases for elderly people are available in
a number of countries, including the USA and various
European nations. In Japan, among the series of pneumo-
nia guidelines issued by the Japanese Respiratory Society,
the 2011 Nursing- and Healthcare-Associated Pneumonia
(NHCAP) guideline was the first to emphasize the impor-
tance of vaccination against influenza and S. pneumoniae
for elderly patients to prevent influenza-related pneumo-
coccal pneumonia, one of the representative high-age
pneumonia types in Japan.'® Thus, since 2014, Japan has
provided public assistance for pneumococcal vaccination
for elderly people across the country.'

A 2018 study demonstrated the safety and immuno-
genicity of revaccination with 23-valent pneumococcal
polysaccharide vaccine at intervals of more than 5 years
in elderly Japanese people.'' Moreover, the combination
of a new quadrivalent influenza vaccine and 23-valent
pneumococcal polysaccharide vaccine was suggested to
have an acceptable immunogenicity that is comparable to
sequential administration without an increase in adverse
reactions for elderly Japanese people.'>

We have two types of pneumococcal vaccine, ie, 13-
valent conjugate vaccine and 23-valent polysaccharide
vaccine. The conjugate vaccine can induce strong immu-
nogenicity as a booster, and the polysaccharide vaccine
covers the wide range of serotypes of S. pneumoniae;
therefore, it may be better for both types of pneumococcal
vaccine to be received in sequence for elderly people.'* '

Vaccination rates for pneumococcus will be increased
in due course with the combination of influenza vaccine in
Japan.

Conclusion
The growing understanding of the importance of pneumo-
coccal vaccination for the elderly should lead to more
widespread uptake, and combined use with the influenza
vaccine is expected to increase the effectiveness of these
vaccines in Japan.
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