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Abstract Elderly are at high risk for hospitalization for
community-acquired pneumonia (CAP), especially due to
Streptococcus pneumoniae, and seasonal influenza viruses.
Data suggest PPV23’s influence on various CAP-related out-
comes among the elderly may depend upon how many years
have elapsed since they received this vaccine. PPV23’s pro-
tection against invasive pneumococcal disease and CAP hos-
pitalizations are often limited to moderately ill elderly, who
are less than 75 years old, or female. PCV13 demonstrates
broad protection against a variety of CAPs, but ultimately,
its influence on their outcomes among the elderly may be
limited by herd immunity from PCV7 use. Influenza vaccine’s
indirect protective effect against all-cause and non-invasive
pneumococcal CAP in the elderly is difficult to ascertain.
The use of both PPV23 and influenza vaccine shortens length
of stay in hospitalized elderly with CAP, but whether that
benefit would be realized in the presence of herd immunity
is unknown.
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Introduction

In the USA, pneumonia and influenza are the leading infec-
tious causes of death among those 65 years or older (hereafter
Belderly^) [1]. Elderly are at high risk for pneumonia [2].
Although US hospitalizations for pneumonia in the elderly
have been reduced through Bherd^ protection from childhood
vaccination efforts since 2000; the pneumonia-related hospi-
talization rate in this population is still the highest among all
age groups [2–5]. Community-acquired pneumonia (CAP) is
the most common type of pneumonia, and the incidence of
CAP requiring hospitalization is highest among the elderly
[4]. Influenza-associated bacterial pneumonia (i.e., combined
bacterial–viral, or secondary bacterial) is more prevalent dur-
ing seasonal outbreaks and pandemics than primary viral
pneumonia [6, 7]. The elderly are vulnerable to influenza-
associated pneumonias and it is recognized that CAP may
result from viral coinfections like influenza [5, 7–9].

Pneumococcal pneumonias including CAP begin with
asymptomatic nasopharynx colonization [6, 8, 9]. Recently,
an eloquent series of studies in a murine model of co-
infection demonstrated how influenza promotes pneumococ-
cal proliferation during colonization [9]. Viral and pneumo-
coccal neuraminidase increase the local availability of sialic
acid from airway epithelium and mucin from influenza-
enhanced mucous secretion. This released sialic acid is catab-
olized by Streptococcus pneumoniae, which leads to its rapid
growth that facilitates high-density pneumococcal coloniza-
tion of the nasopharynx. The increased pneumococcal burden
in the nasopharynx stimulated by influenza increases the like-
lihood of aspiration of pneumococci into the lungs [9].
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Although the trends may be shifting, S. pneumoniae and
influenza A or B virus are among the most common pathogens
of CAP requiring hospitalization, particularly in elderly pa-
tients [4, 10]. The primary bacterial causes of influenza-
assoc ia t ed pneumonia s a re S . pneumoniae and
Staphylococcus aureus [6, 7]. The 30-day mortality among
elderly with CAP has substantially declined in the past several
decades, but estimates still suggest it is approximately 18 %
[11]. Influenza-associated bacterial pneumonia morbidity and
mortality are higher compared to influenza virus infection
alone [6].

CAP and influenza disproportionately affect the elderly
because physiologic changes associatedwith aging lower their
pulmonary reserves [12]. CAP and influenza also aggravate
underlying comorbidities (e.g., chronic heart disease, chronic
liver disease, COPD, diabetes), producing complications that
increase 30-day mortality rates [12–14]. Age-related declines
in the immune system limit host response to colonization and
infection [12–14].

In the USA, 13- and 23-valent pneumococcal vaccines are
used in the elderly. The 23-valent pneumococcal vaccine,
comprising capsular polysaccharide antigens from 23
(PPV23) of the more than 90 pneumococci serotypes, lacks
immunogenicity across all ages [15]. In the elderly, PPV23 is
effective in preventing invasive pneumococcal disease, but its
efficacy declines in those over the age of 75 [16]. Historically,
data on its effectiveness in preventing non-bacteremic CAP
due to any cause including S. pneumonia are conflicting, but
often suggest a lack of efficacy [15]. The 13-valent pneumo-
coccal vaccine, a second-generation conjugated vaccine, is
comprised of capsular polysaccharide antigens from 13 pneu-
mococci serotypes (PCV13) conjugated to a protein that is
immunogenic across all ages [14]. PCV13 is effective in
preventing pneumococcal pneumonia, invasive pneumococ-
cal disease, and otitis media in children [15]. Recently, the
Advisory Committee on Immunization Practices (ACIP)
added PCV13 to the vaccination schedule for the elderly be-
cause a high proportion of invasive pulmonary disease among
the elderly in 2013 was caused by serotypes unique to PPV23,
and it was believed that using both vaccines would provide
broader protection to this vulnerable population [17]. In the
USA, the live-attenuated influenza vaccine and the inactivated
influenza vaccine are approved for use. However, for many
reasons, it has been difficult to obtain quality evidence dem-
onstrating influenza vaccination’s efficacy or effectiveness in
preventing influenza-associated bacterial pneumonia, like
CAP, in the elderly.

The elderly are highly vulnerable to influenza and CAP and
may experience them either as coinfections or sequentially [5,
6]. In the elderly, until recently, evidence of a direct effect of
pneumococcal vaccines to prevent non-invasive CAP due to
any cause including S. pneumonia was uncertain for PPV23
and limited for PCV13. Furthermore, the indirect effect of the

influenza vaccine to prevent non-invasive pneumococcal
pneumonia or all-cause CAP has been difficult to ascertain.
This manuscript reviewed recent studies published since 2014
that have examined pneumococcal and/or influenza vaccines’
influence on CAP-related outcomes among elderly patients.

The Influence of Pneumococcal Vaccines on CAP
Outcomes in Elderly

Polysaccharide Pneumococcal Vaccines

There has been a longstanding debate regarding the effective-
ness of polysaccharide pneumococcal vaccines in preventing
non-invasive pneumococcal pneumonia or all-cause CAP
among the elderly [16, 18]. Studies conducted nearly 40 years
ago demonstrated the effectiveness of these vaccines in
preventing pneumococcal bacteremia (i.e., invasive pneumo-
coccal disease) and all-cause pneumonia in African gold
miners [18]. However, inconsistent results from underpow-
ered observational studies and conflicting meta-analyses,
coupled with a lack of controlled studies, have created lin-
gering uncertainty about the true effectiveness of PPV23
in preventing non-invasive pneumococcal pneumonia,
which is the most common form of pneumococcal disease
in the elderly [15–18].

The introduction of the pneumococcal conjugated vaccines
like PCV7 into childhood vaccination efforts in the USA in
2000, and its replacement by PCV13 in 2010, has somewhat
confounded the debate over the effectiveness of PPV23 in
preventing non-invasive pneumococcal pneumonia in the el-
derly. The introduction of PCV7 has lowered the burden of
PCV7-serotype pneumonia and has been associated with the
decline in hospitalizations for pneumonia in the USA across
all age groups including the elderly [2–4, 16–19]. Moreover,
data suggest the switch from PCV7 to PCV13 use among
children in 2010 is further reducing the burden of adult pneu-
mococcal disease caused by PCV13 types [16–21].
Nonetheless, with its demonstrated effectiveness in preventing
invasive pneumococcal disease, PPV23 has been the corner-
stone of efforts to prevent pneumococcal infections in the
elderly since 1983 [15, 17]. PPV23 elicits similar serological
responses in the elderly and younger adults, but as a T cell-
independent vaccine, it does not produce lasting immunologic
memory, and the antibody response can rapidly wane. Thus,
long-term clinical protection by PPV23 vaccination and re-
vaccination has not been observed [18].

We identified three studies published since 2014 that have
assessed the effectiveness of PPV23 on CAP in the elderly, all
of which are observational studies. The first, known as the
Community-Acquired Pneumonia, hospitalization for Acute
Myocardial Infarction and Stroke (CAPAMIS) Study was a
3-year closed population-based cohort observational study

49 Page 2 of 9 Curr Infect Dis Rep (2015) 17: 49



that assessed clinical effectiveness of PPV23 in preventing
CAP among 27,204 elderly in the general population in
Tarragona, Spain [22]. The second was a retrospective nested
case–control study of a population-based cohort from the larg-
est Israeli healthcare provider assessing the effectiveness of
PPV23 in preventing invasive pneumococcal disease and,
subsequently, its effectiveness in preventing hospital-treated
CAP in 23,952 participants [23]. The third known as the
Community-Acquired Pneumonia Organization (CAPO) co-
hort study was a multicenter, international-nested case–control
study of the CAPO database that assessed the effectiveness of
PPV23 in preventing hospitalizations due to pneumococcal
CAP among the elderly who were hospitalized for CAP and
whether it differs by gender [24].

The CAPAMIS Study

In the CAPAMIS study, a slightly different age threshold (de-
fined as ≥60 years of age) was used. CAP cases were radio-
graphically confirmed and validated by the clinical records
[22]. CAP was defined as an acute respiratory illness, with
evidence of a new infiltrate on a chest radiograph, excluding
aspirative pneumonias and nosocomial pneumonias [22].
Cases where S. pneumoniae was isolated from blood or other
sterile site specimens were considered bacteremic pneumo-
coccal CAP [22]. Non-bacteremic pneumococcal CAP was
defined as a case without bacteremia (blood culture negative
or not performed), with a sputum culture positive for pneumo-
cocci (and no other likely bacterial pathogens), and/or a pos-
itive S. pneumoniae urinary antigen test [22]. Subjects were
considered to be immunized against pneumococci if
they received PPV23 within 5 years before the study.
Throughout the study, pneumococcal vaccination status
was defined as a time-varying variable and subjects
were considered vaccinated 14 days after vaccine ad-
ministration [22]. At the start of the study, 8891 (33
%) received PPV23 in the past 5 years, 6179 (23 %)
received vaccination more than 5 years ago, and 12,044
(44 %) were never vaccinated. After the study began,
2390 (9 %) received vaccination, including 2355 with
Bprime^ vaccination, and 35 with revaccination. The
primary outcomes were hospitalization for CAP and
all-cause mortality.

Multivariate analysis of the whole study population dem-
onstrated no benefit for PPV23 in any outcome measure [22].
The study population was also stratified by immunological
status (i.e., immunocompetent vs. immunocompromised), in-
fluenza vaccine status (vaccinated vs. non-vaccinated), nurs-
ing home residence at time of enrolling into the study, and by
receipt of PPV23 after enrolling into the study. Of these anal-
yses, only the analysis of the 2390 subjects who were vacci-
nated after the study started demonstrated that PPV23 signif-
icantly reduced the risk of pneumococcal CAP compared to

unvaccinated individuals. However, none of the stratified
analyses found that PPV23 significantly reduced the risk
for all-cause CAP or death from CAP compared to the
unvaccinated (Table 1) [22].

PPV23 does not produce lasting immunologic memory,
and the duration of its protective effects are poorly character-
ized [20]. To examine any effects of its duration of protection,
the investigators performed two sensitivity analyses. In the
first one, all subjects who received PPV23 at any time before
the study started were classified as Bimmunized^ and com-
pared to those who were never vaccinated throughout the
study [22]. No protective effects for PPV23 vaccination in
any outcome measure analyzed were found [22]. The second
sensitivity analysis compared the 8891 subjects vaccinated
within 5 years before the study to the 12,044 who were never
vaccinated before the study [22]. PPV23 was found to signif-
icantly protect against non-bacteremic pneumococcal CAP,
pneumococcal CAP, and all-cause CAP [22].

Although the CAPAMIS Study demonstrated protective
benefits for PPV23 against several forms of CAP among el-
derly patients, its results should be interpreted cautiously.
First, the effects were detected only in subgroup analyses
and were modest (<50 %) in many instances [22]. Secondly,
the definitions of the Bnonvaccinated^ in the main analysis
and various subgroup analyses included patients who were
at some point vaccinated either well before the start of the
study (i.e., more than 5 years) or after the study started. This
made it hard to interpret the findings.

Thirdly, the estimates from the sensitivity analysis compar-
ing those vaccinated within 5 years before the study and those
never vaccinated before the study may have underestimated
the effect of prior vaccination in the previous 5 years. It is
likely in some of the 251 vaccinated subjects who experienced
CAP after the study began that more than 5 years had elapsed
since their prior vaccination. On the other hand, the group
classified as Bnonvaccinated^ prior to the study actually in-
cluded 2355 individuals who received vaccination after the
study started.

Fourthly, although propensity scores were used in the ad-
justment, they were estimated based only on the baseline char-
acteristics and did not take into account any changes in the
other risk factors occurring after the study started. In addition,
there was no report of whether balance in the baseline charac-
teristics was achieved after this adjustment [22]. Lastly, the
urinary antigen test used for diagnosis is not very sensitive,
thus some of the pneumonia hospitalizations in this study may
have actually been undiagnosed pneumococcal pneumonia
[19].

This study, illustrates the challenge inherent in determining
PPV23’s effectiveness in preventing non-invasive pneumo-
coccal pneumonia or all-cause CAP among the elderly. The
duration of immunity following PPV23 vaccination is hetero-
geneous and not long lasting [20]. Thus, a protective effect

Curr Infect Dis Rep (2015) 17: 49 Page 3 of 9 49



T
ab

le
1

Su
m
m
ar
y
of

in
fl
ue
nc
e
of

PP
V
23
,P

C
V
13
,a
nd

in
fl
ue
nz
a
va
cc
in
e
(I
FV

)
in
fl
ue
nc
e
on

C
A
P
ou
tc
om

es
am

on
g
el
de
rl
y
pa
tie
nt
s

C
ita
tio
n

St
ud
y
ty
pe

V
ac
ci
ne

O
ut
co
m
es

C
A
P
ho
sp
ita
liz
at
io
n

M
or
ta
lit
y

L
O
S

C
A
Ph

IP
D

Pn
eu
m
oc
oc
ca
lC

A
P

In
va
si
ve

N
on
-i
nv
as
iv
e

22
C
lo
se
d
po
pu
la
tio
n-
ba
se
d
pr
os
pe
ct
iv
e

co
ho
rt
st
ud
y

PP
V
23

V
E
=
43

%
(b
ac
te
re
m
ic
)a

↔
(n
on
-b
ac
te
re
m
ic
)a

↔
d
,e

V
E
=
44

%
f

–
V
E
=
5
%

V
E
=
47

%
f

V
E
=
25

%
i

–
V
E
=
91

%
j

V
E
=
48

%
k

V
E
=
51

%
l

23
R
et
ro
sp
ec
tiv

e
ca
se
–c
on
tr
ol

st
ud
y
ne
st
ed

in
a

po
pu
la
tio

n-
ba
se
d
co
ho
rt

PP
V
23

↔
b

–
–

–
V
E
=
42

%
–

–

24
N
es
te
d
ca
se
–c
on
tr
ol

st
ud
y
of

an
in
te
rn
at
io
na
l

co
ho
rt
st
ud
y
da
ta
ba
se

PP
V
23

V
E
=
37

%
a

–
–

–
–

–
–

V
E
=
34

%
a
(M

)

V
E
=
68

%
a
(F
)

15
Pa
ra
lle
lg

ro
up
,r
an
do
m
iz
ed
,p
la
ce
bo
-c
on
tr
ol
le
d,

do
ub
le
-b
lin

d
tr
ia
l

PC
V
13

–
–

–
–

V
E
=
75

%
V
E
=
45
.6

%
m

V
E
=
45
.0

%
n

28
M
ul
tic
en
te
r
pr
os
pe
ct
iv
e
co
ho
rt
st
ud
y

PP
V
23

↔
–

–
↔

–
–

–

IF
V

V
E
=
54
.9

%
c

–
–

V
E
=
59
.6

%
–

–
–

PP
V
23

+
IF
V

V
E
=
9.
0
%

c
–

–
V
E
=
20
.7

%
–

–
–

29
R
et
ro
sp
ec
tiv

e
co
ho
rt
st
ud
y
of

al
le
ld
er
ly

ve
te
ra
ns

ad
m
itt
ed

to
an
y
V
et
er
an
s
A
ff
ai
rs

(V
A
)
ho
sp
ita
ls
fo
r
C
A
P

PP
V
23

–
↔

g
↔

–
–

–
–

IF
V

–
↔

g
↔

–
–

–
–

PP
V
23

+
IF
V

–
↔

g
↓1
0
%

–
–

–
–

↓
=
de
cr
ea
se
d
ou
tc
om

e
of

in
te
re
st
,↔

=
no

si
gn
if
ic
an
te
ff
ec
t

on
ou
tc
om

e
of

in
te
re
st
;–

=
di
d
no
ta
ss
es
s;
V
E
=
va
cc
in
e
ef
fi
ca
cy

a
D
ue

to
pn
eu
m
oc
oc
cu
s

b
A
ll-
ca
us
e
ho
sp
ita
l-
tr
ea
te
d
C
A
P

c
D
ue

to
in
fl
ue
nz
a-
lik

e
ill
ne
ss

d
A
ll-
ca
us
e
m
or
ta
lit
y

e
M
or
ta
lit
y
du
e
to

C
A
P

f
F
ro
m

a
st
ra
tif
ie
d
an
al
ys
is
in

su
bj
ec
ts
re
ce
iv
in
g
PP

V
23

af
te
r
st
ud
y
st
ar
t(
i.e
.,
w
ith

in
5
ye
ar
s)
co
m
pa
re
d
to

un
va
cc
in
at
ed

g
In
pa
tie
nt

m
or
ta
lit
y

h
A
ll-
ca
us
e
C
A
P

i
F
ro
m

se
ns
iti
vi
ty

an
al
ys
is
co
m
pa
ri
ng

va
cc
in
at
io
n
w
ith

in
5
ye
ar
s
to

ne
ve
r
va
cc
in
at
ed

j
V
E
ag
ai
ns
tp

ne
um

oc
oc
ca
lC

A
P
(i
nv
as
iv
e
or

no
n-
in
va
si
ve
)
fr
om

a
st
ra
tif
ie
d
an
al
ys
is
of

in
su
bj
ec
ts
re
ce
iv
in
g
PP

V
23

af
te
r
st
ud
y
st
ar
t(
i.e
.,
w
ith

in
5
ye
ar
s)
co
m
pa
re
d
to

un
va
cc
in
at
ed

k
V
E
ag
ai
ns
tn

on
-b
ac
te
re
m
ic
pn
eu
m
oc
oc
ca
lC

A
P
fr
om

se
ns
iti
vi
ty

an
al
ys
is
co
m
pa
ri
ng

va
cc
in
at
io
n
w
ith

in
5
ye
ar
s
to

ne
ve
r
va
cc
in
at
ed

l
V
E
ag
ai
ns
tp

ne
um

oc
oc
ca
lC

A
P
(i
nv
as
iv
e
or

no
n-
in
va
si
ve
)
fr
om

se
ns
iti
vi
ty

an
al
ys
is
co
m
pa
ri
ng

va
cc
in
at
io
n
w
ith

in
5
ye
ar
s
to

ne
ve
r
va
cc
in
at
ed

m
Fi
rs
te
pi
so
de

of
co
nf
ir
m
ed

va
cc
in
e-
ty
pe

in
va
si
ve

C
A
P

n
Fi
rs
te
pi
so
de

of
co
nf
ir
m
ed

no
n-
ba
ct
er
em

ic
an
d
no
n-
in
va
si
ve

va
cc
in
e-
ty
pe

C
A
P

49 Page 4 of 9 Curr Infect Dis Rep (2015) 17: 49



may be obscured depending on how the immunization status
is defined for those who have not been vaccinated recently
[22].

The Israel Study

This study from Israel identified invasive pneumococcal dis-
ease cases using ICD-9 codes for pneumococcal meningitis or
sepsis diagnosis, or free text search terms of Bpneumococcal^
with Bsep-^ or Bbacter-^ from hospital discharge and outpa-
tient records within a month of discharge or pneumococcal
infection diagnosis from laboratory results [23]. CAP patients
identified only in outpatient records were excluded.
Participants who received PPV23 in an outpatient clinic be-
tween 14 days and 5 years prior to the first invasive pneumo-
coccal disease or hospital-treated pneumonia event were con-
sidered immunized [23]. Control subjects were randomly se-
lected according to birth year, sex, and risk score (low, mod-
erate, and high risk), which was based on criteria determined
by ACIP for PPV23 immunization among adults [23]. A pro-
pensity score for likelihood of vaccination was included as a
covariate in the base case models to further adjust for potential
confounding [23]. Separate analyses were conducted for inva-
sive pneumococcal disease and hospital-treated pneumonia
events. Vaccine effectiveness for PPV23 was assessed using
multivariable conditional logistic regression. Subgroup anal-
yses examined sicker subpopulations by age group (65–
74 years vs ≥75 years) and risk group (low vs moderate/high)
matched to controls via propensity score for vaccination [23].

In the primary unadjusted and adjusted analyses, PPV23
protected against the development of invasive pneumococcal
disease, but not against hospital-treated pneumonia (Table 1).
In subgroup analyses by age group, PPV23 protected against
invasive pneumococcal disease and development of hospital-
treated pneumonia in elderly patients aged 65–74 years, but
did not protect those 75 years of age or older [23]. In subgroup
analyses by risk groups, PPV23 protected against invasive
pneumococcal disease in elderly at moderate to high risk of
disease but did not significantly protect elderly at low risk
[23].

The CAPO Study

As part of the CAPO cohort study, a total of 2688 hospitalized
elderly patients with CAP were identified for the analyses, of
which 1724 were males and 964 were females. CAP was
defined as a new pulmonary infiltrate within 24 h of hospital-
ization in the presence of an existing sign or symptom of
pneumonia, with no history of hospitalization during the two
weeks prior to admission [24]. Pneumococcal CAP cases were
patients with CAP and S. pneumoniae identified from the
blood, bronchoalveolar lavage, sputum, or by urinary antigen
test [24]. Controls were patients with CAP without

S. pneumoniae identified in any clinical sample [24]. A patient
was considered vaccinated with PPV23 prior to CAP hospi-
talization if it was documented in their medical record [24].
This study found that prior PPV23, vaccination protected the
elderly from hospitalizations due to pneumococcal CAP [24].
This investigation also suggests the effect may be gender-
related as PPV23 protected elderly females, but not males
from hospitalization due to pneumococcal CAP [24]. While
this difference may be immunologically plausible, given the
focus of the study (i.e., effect on hospitalizations), any gender-
related difference should be viewed in terms preventing the
severity of infection, rather than the infection itself. Also, all
subjects in the study were hospitalized with CAP. If PPV23
also reduces hospitalizations due to non-pneumococcal CAP,
the findings may exaggerate the effect of PPV23 on pneumo-
coccal CAP hospitalizations.

Pneumococcal Conjugated Vaccines

Until recently, studies had only demonstrated that PCV7 and
PCV13 provided an indirect benefit to the elderly through
herd protection resulting from the incorporation of these vac-
cines into routine childhood vaccination efforts since 2000 [2,
4, 16–21]. However, the large parallel group, randomized,
placebo-controlled, double-blind trial known as The
Community-Acquired Pneumonia Immunization Trial in
Adults (CAPITA) has now been published [15]. This study
from the Netherlands sought to address the efficacy of PCV13
in preventing vaccine-type CAP (i.e., CAP with either a pos-
itive vaccine-type urinary antigen test or vaccine-type positive
blood or sterile site culture), non-bacteremic and non-invasive
vaccine-type CAP (i.e., CAP with a positive urinary antigen
test, but negative blood and site cultures), vaccine-type inva-
sive pneumococcal disease (i.e., CAP in which the sterile site
positive), all-cause CAP, and mortality in the elderly [15]. To
participate, subjects had to be immunocompetent and pneu-
mococcal vaccine naïve. Vaccine-type and all-cause CAP
were defined by a clinical definition of CAP, positive blood
or sterile site culture, or a positive urinary antigen, and an
independent verification of a chest radiograph consistent with
pneumonia [15]. Seasonal influenza vaccination was provided
to patients if indicated.

During the study, 84,496 persons were enrolled, of which
42,240 received PCV13 [15]. In this placebo-controlled study,
PCV13 was effective in preventing vaccine-type pneumococ-
cal CAP, bacteremic CAP, non-bacteremic pneumococcal
CAP, and vaccine-type invasive pneumococcal disease, but
not all-cause CAP, and its efficacy persisted for at least 4 years
(Table 1) [15]. Although the CAPITA produced encouraging
results, clinicians and policy makers must understand it was
performed in a single country, with a relatively homogeneous
population, among which the incidence of pneumococcal dis-
ease was low [15]. With the herd protective effects from

Curr Infect Dis Rep (2015) 17: 49 Page 5 of 9 49



childhood vaccination efforts that have already been realized
among the elderly, the success of a strategy to vaccinate the
elderly with PCV13 will partly depend on the percentage of
CAP caused by PCV13 serotypes in this population. If vac-
cine serotypes are responsible for a small proportion of CAP
or invasive pneumococcal disease in the elderly, such a strat-
egy may produce a smaller than anticipated benefit for this
population [15, 16, 18]. In recommending the use of PCV13
in the elderly, the ACIP took into consideration the indirect
effects of the pneumococcal conjugate vaccines seen among
the elderly to date and stipulated that the recommendation be
revisited in 2018 [17, 21].

The Influence of Influenza Vaccines on CAP
Outcomes in Elderly

Influenza-associated bacterial infections such as CAP are
well-recognized and much of the mortality attributed to sea-
sonal and pandemic influenza is actually from secondary bac-
terial pneumonia, particularly pneumococcal CAP [6].
Animal models suggest influenza vaccination may indirectly
prevent secondary pneumococcal infection by preventing the
primary viral infection and excess pneumococcal carriage
[25]. However, quality evidence demonstrating that seasonal
influenza vaccine is effective in preventing such bacterial co-
infection, hospitalization due to influenza, or CAP, and mor-
tality among the elderly is lacking. The influence of seasonal
influenza vaccine alone on CAP-related outcomes among the
elderly is difficult to ascertain. Most data regarding influenza
vaccine effectiveness are from observational studies and are
prone to biases, particularly selection bias due to many con-
founding variables for CAP, influenza, and hospitalization
found among elderly [6, 26, 27]. Selection bias in observa-
tional studies that assess seasonal influenza vaccine effective-
ness in the elderly can be difficult to mitigate, even if conven-
tional meta-analysis methods are used [26].

Our search found no studies since 2014 evaluating the in-
fluence of seasonal influenza vaccination on CAP outcomes
among the elderly. However, recently, an 8-year population-
based study of laboratory-confirmed influenza among adults
aged 20 years and older evaluated whether receipt of the
same-season influenza vaccine was associated with reduced
risk of hospital admission within 14 days after onset of influ-
enza illness [27]. Influenza vaccination status was determined
prospectively using a current internet-based registry that was
used by all vaccination providers serving the population and
captured 95 % of all influenza vaccinations [27]. Adults who
received influenza vaccine 14 or more days prior to the onset
of illness were classified as vaccinated [27]. Hospital admis-
sion dates, discharge diagnoses, and outpatient diagnosis were
identified for 2 weeks post onset of influenza using a com-
bined electronic medical record. Antiviral drug use was

captured and defined as a prescription for specific antivirals
within 2 weeks of symptom onset for those treated as outpa-
tients (i.e., not hospitalized) and between symptom onset and
hospital admission for persons who were hospitalized [27].
Acute care hospital admission occurring within 14 days of
influenza symptom onset was the primary outcome of interest
[27]. To mitigate potential confounding, investigators
assessed a variety of covariates (e.g., age, gender, antiviral
prescription, specific high-risk medical conditions, year, and
influenza type/subtype) and used ICD-9 codes to classify pa-
tients as Bhigh risk^ (certain medical conditions were present
(e.g., cancer, cardiovascular disease, diabetes, pulmonary,
etc.) with at least one visit during a recent 12-month period).
In addition, to minimize confounding by indication for vacci-
nation, a propensity score regression adjustment was used
[27]. In eight influenza seasons, nearly 5000 adults with acute
respiratory illness seeking medical care were enrolled [27].
Laboratory-confirmed influenza occurred in approximately
28 % of persons, and the majority (73 %) was due to type A
infection [27]. Influenza vaccination was more common
among the elderly, women, and those with comorbidities clas-
sified as Bhigh risk^ [27]. Among patients with laboratory-
confirmed influenza, influenza vaccination was not associated
with a decreased risk of hospitalization following onset of
influenza.

This study did not use 65 as an age threshold, but approx-
imately 24 % of patients with laboratory-confirmed influenza
were older than 60 years of age [27]. Hospitalization due to
influenza is not common in healthy young adult populations.
Among the 158 hospitalizations during the 8 years studied, 79
(50 %) were for laboratory-confirmed influenza, of which 48
(61 %) were in patients 60 years of age or older. In addition,
during the study, 236 vaccinated patients, 60 years of age or
older, developed laboratory-confirmed influenza, of which 35
(15 %) of these patients ultimately were hospitalized. This
study demonstrated that influenza vaccination provides only
moderate benefit against influenza hospitalization and that any
protection it provides is likely due to the primary prevention of
influenza illness [27]. However, age-based analyses were not
reported, and this study did not evaluate the influence of in-
fluenza vaccination on pneumonia or specifically CAP out-
comes among elderly patients [27].

The Influence of Pneumococcal and Influenza
Co-vaccination on CAP Outcomes in Elderly

Determining the sole influence of pneumococcal and influen-
za on CAP outcomes among elderly patients is difficult due to
varying study designs and outcome measures. However, vac-
cination is regarded as the most effective means to prevent
both influenza and pneumococcal pneumonia [28]. A search
of the published literature since 2014 identified two studies
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that examined the pneumococcal and influenza co-vaccination
on CAP outcomes in the elderly. One was a multicenter, pro-
spective cohort study from the Republic of Korea which ex-
amined the effectiveness of influenza and pneumococcal vac-
cination alone or in combination to prevent pneumonia and
hospitalization following an influenza-like illness [28].
Another was a retrospective cohort study from the USA that
examined the association of prior pneumococcal and/or influ-
enza vaccination with inpatient outcomes among elderly vet-
erans admitted for CAP.

The Korean Study

This study was conducted in 10 hospitals during the 2013–14
influenza season, using an emergency department-based sur-
veillance system to identify influenza-like illness criteria in
patients 19 years of age or older. A bedside rapid influenza
detection system was used and confirmatory tests were per-
formed on specimens via PCR testing [28]. Influenza-like ill-
ness was defined as sudden onset of fever (≥38 °C) with at
least one respiratory symptom (e.g., cough, sore throat, or
nasal symptoms) [28]. CAP was defined as chest radiograph
evidence of acute pulmonary infiltrate consistent with pneu-
monia within 48 h after admission confirmed with findings on
clinical examination and acquisition of the pulmonary infec-
tion outside the hospital setting [28]. At the start of the study
period, elderly in the Republic of Korea had been immunized
with the PPV23 as part of their national immunization pro-
gram for approximately 6 months, and overall vaccine cover-
age rates were estimated to reach about 40 % by the end of
2013 [28].

During the season studied, patients with influenza-like ill-
ness were enrolled in the surveillance system, and vaccination
records were available in 2217 (98 %). Patients with pneumo-
nia were much older and had more underlying medical dis-
eases than those without pneumonia; 72.9 % of patients with
pneumonia were 65 years or older [28]. Surprisingly, the
pneumococcal vaccination rate was higher in cases with pneu-
monia [28]. Overall, this study found that influenza vaccina-
tion reduced the risk of pneumonia development and hospi-
talization in patients with influenza-like illness who visited the
emergency department, but pneumococcal vaccination did not
demonstrate significant preventive effectiveness [28].
Although not defined, Bold age^ was an independent risk fac-
tor for pneumonia development and hospitalization [28]. An
age-stratified analysis of vaccine effectiveness showed that
influenza vaccine was effective in preventing pneumonia
(60 %) and hospitalization (55 %) in elderly individuals,
but pneumococcal vaccination was not effective. In el-
derly patients, receiving both vaccines was not synergis-
tic for preventing pneumonia or hospitalization among
those who visited the emergency department for
influenza-like illnesses [28].

This study suggests the influenza vaccine may reduce post-
influenza pneumonia and hospitalization by its primary pro-
tective effect against influenza itself and by preventing com-
plications and reducing disease severity in elderly adults and
those with comorbidities. However, it does not really address
the influence of pneumococcal vaccines, or both vaccines to-
gether on the CAP outcomes among the elderly, as the results
pertaining to influence of pneumococcal vaccine should be
interpreted very cautiously [28]. First, inclusion of PPV23 in
the national immunization program for elderly individuals had
only been in place approximately 6 months prior to the start of
the study period. Although the estimated PPV23 coverage rate
of this national program was approximately 40 % 1 month
after the beginning of the study period, the actual coverage
rate associated with the program during the study period
reached only about 10 % [28]. Thus, the extent of pneumo-
coccal vaccine coverage in the community was low. Second,
of the patients in this study who had been administered a
pneumococcal vaccine, 94.4 % received the PPV23, and al-
though the number of patients older than 75 years of age is not
reported, the efficacy of this vaccine declines after this age
threshold [16, 28]. Lastly, in this study, 70 patients with
influenza-like illness also had pneumonia, of which 26
(37 %) were infected by pneumococcus [28]. However, of
these 26, only 4 received pneumococcal vaccine [28].
Among these 70 patients, 69 (99 %) were ultimately hospital-
ized, of which 51 were elderly, and the lone case that was not
hospitalized was younger than 65 years old [28]. Although the
exact number of vaccinated elderly with an influenza-like ill-
ness who developed pneumococcal pneumonia was not re-
ported, it is likely that a vast majority were not vaccinated
with PPV23.

The US Study of Veterans

The study identified all elderly veterans admitted to any
Veterans Affairs hospitals for CAP from October 1, 2002 to
September 30, 2003 [29]. The primary outcomes were length
of stay and inpatient mortality, and the secondary outcomes
were respiratory complications and any bacteremia identified
via the diagnosis field of discharge records [29]. To separate
any possible independent or additive effects influenza vaccine
may contribute to improved CAP outcomes in hospital-
ized elderly patients, this study stratified patients into
four subgroups based on vaccine receipt: pneumococcal
vaccine alone, influenza vaccine alone, both vaccines, or
neither vaccines [29].

All patients were elderly on the day of the first admission
(i.e., index admission) and had at least one outpatient visit to a
Veterans Affairs facility each year during the 5 years prior to
the index admission [29]. Using ICD-9 codes, inpatient ad-
missions for pneumonia were defined based on the principal
diagnosis of non-viral pneumonia [29]. The principal
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diagnosis was defined as the reason for the admission [29].
Only those patients admitted directly or through a Veterans
Affairs outpatient clinic were included in the analysis, those
transferred from another hospital, skilled nursing facility, in-
termediate care facility, or another healthcare facility were
excluded [29]. The primary outcomes were length of stay
(LOS) and inpatient mortality [29].

This study examined a period prior to the advent of PCV13
and when the use of PCV7 had only been incorporated into
childhood vaccination efforts several years prior. Thus, pa-
tients in this study had received only PPV23, and the signifi-
cant impact of herd effects of PCV7 had yet to fully material-
ize in this population [30]. According to a multivariate analy-
sis, no significant effect of prior PPV23 alone, influenza vac-
cine alone, or both vaccines on the risk of inpatient mortality
was detected relative to those who had no record of receiving
either vaccine prior to hospitalization. However, receiving
both vaccines was associated with a shorter LOS relative to
receiving one of the vaccines alone or having no record of
receiving either vaccine [29]. When vaccinated and unvacci-
nated elderly veterans hospitalized for CAP were matched
using propensity scores, prior receipt of PPV23 alone was
found to significantly reduce the risk of developing bacter-
emia due to any cause, but it was not statistically significantly
associated with any other outcome of interest [29]. Whether
influenza vaccine was received during influenza season did
not affect the findings [29].

The primary limitation to this study was the use of a pop-
ulation that is nearly exclusively male. Recent data suggest
that PPV23 protects elderly females, but not males from hos-
pitalization due to pneumococcal CAP [24]. Thus, this study
is not generalizable to females because in males, PPV23 may
not attenuate the severity of infection as much as it may
among females [24]. The values for LOS and bacteremia in
this study were similar to what other investigators at the time
observed, and during the period captured by this study, the
significant herd effects of PCV7 among the elderly had yet
to materialize [30]. Thus, the results of this study provide
evidence, which is not confounded by herd immunity effects,
that giving pneumococcal and seasonal influenza vaccines can
have a beneficial effect on CAP outcomes among a group of
elderly patients. Nonetheless, the results of this study may not
apply in contemporary practice in the presence of the herd
immunity from PCV7 and PCV13 use in children and use of
both PPV23 and PCV10 in elderly.

Conclusion

Recent studies somewhat clarify the influence of influenza
and pneumococcal vaccines on CAP outcomes among elderly
patients. Data published since 2014 demonstrate the influence
of PPV23 on various types of CAP are consistent with its

variable and relatively short lasting immune response. The
influence of PPV23 on various types of CAP and its outcomes
may depend upon how many years have elapsed since the
patient received this vaccine. Moreover, these data demon-
strate the protection PPV23 provides against invasive pneu-
mococcal disease, and hospitalizations due to CAP are con-
fined to specific subsets of elderly patients particularly those
who are moderately ill or less than 75 years of age and elderly
women. In contrast, recent data on PCV13 demonstrates in-
creasingly broad protection among the elderly against a vari-
ety of forms of CAP in pneumococcal vaccine naïve patients.
The influence of this vaccine on CAP outcomes in this popu-
lation may only be limited by the successful establishment of
herd immunity among the elderly resulting from PCV7 and
then PCV13 use in childhood immunization efforts.

Recent data suggest influenza vaccination provides only
moderate protection against influenza hospitalization and does
so primarily by preventing influenza illness. Although, there
are animal data that suggest the prevention of influenza would
limit the amount of a key substrate pneumococcus needs in the
pathogenesis of CAP, prospective human studies replicating
these data are lacking. Lastly, although the combined use of
PPV23 and influenza vaccine may shorten length of stay in
hospitalized elderly with CAP, it is uncertain if that benefit
would be realized today in the presence of herd immunity.
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