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ABSTRACT: Invasive pneumococcal disease and pneumococcal pneumonia cause substantial morbidity and
mortality in the elderly. This review focuses on the immunogenicity, safety, efficacy and effectiveness data on the
use of the 13-valent conjugate pneumococcal vaccine (PCV13) in adults. A MEDLINE literature search was
performed from January 1946 to December 2017. Additional references were identified from a review of literature
citations. All English-language randomized trials, observational studies and meta-analyses assessing the
immunogenicity, efficacy, effectiveness and safety of PCV13 in adults were evaluated. Six randomized controlled
studies evaluated immunogenicity and safety of PCV13 in adults and showed that the conjugated vaccine elicited a
greater immune response to the majority of the 13 serotypes compared to the 23-valent polysaccharide
pneumococcal vaccine (PPV23). Administering PCV13 prior to PPV23 elicits greater immune responses and
multiple doses of PCV13 demonstrated modest advantage. PCV13 titers declined after a year but remained above
baseline. A randomized clinical trial (CAPITA) showed that PCV13 was effective in preventing community-
acquired pneumonia (CAP) and vaccine-type invasive pneumococcal disease, but not any cause pneumonia. Safety
data shows PCV13 elicits minor local reactions, such as pain at the injection site. Major side effects that were
commonly reported included muscle fatigue and headache. Both local and systemic adverse events were comparable
to PPV23. While PCV13 has a well-established immunogenicity and safety profile in adults, there is sparse data on
sequential or multiple dosing, efficacy and effectiveness in adults. As there are few countries who have adopted
PCV13 for routine adult immunization, there is a need to evaluate the effectiveness of PCV13 in a real-world setting.
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The World Health Organization (WHO) estimates
pneumococcal disease affects 14 million people and
causes approximately 1.6 million deaths annually
(www.who.int/ith/diseases/pneumococcal/en/). ~ These
infections are caused by Streptococcus pneumonia,
making it an important public health issue
(www.who.int/immunization/topics/pneumococcal_disea
sefen/). S.pneumoniae (aka pneumococcus) normally
reside in the nasopharynx and upper respiratory tract
(www.who.int/ith/diseases/pneumococcal/en/). It causes
invasive infections such as meningitis, bacteremia, or

bacteremic  pneumonia  (www.who.int/ith/diseases
/pneumococcal/en/). S.pneumoniae can also cause non-
invasive infections such as non-bacteremic pneumonia,
otitis media and sinusitis (www.who.int/immunization
[topics/pneumococcal_disease/en/). In North America the
incidence of invasive pneumococcal disease (IPD) is 15-
49 per 100,000 persons, slightly higher than the European
incidence of 11-27 per 100,000 persons [1-3]. There are
over 29,500 cases of IPD (75% cases are bacteremic
pneumonia) and 3,350 IPD-related deaths each year
(www.cdc.gov/abcs/reports-findings/survreports/speulb.
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html). In 2013, two meta-analyses estimated the
prevalence of S. pneumoniae in community-acquired
pneumonia (CAP) to be 19.3% in North America and
27.3% in Europe [4,5]. In North America, the 2015 data
from the Center for Disease Control and Prevention
(CDC) shows that S.pneumoniae was responsible for
900,000 cases of pneumonia and 400,000 pneumonia-
related hospitalizations  (www.cdc.gov/abcs/reports-
findings/survreports/spneul5.html).

Often S.pneumoniae causes infections in those less
than 2 years of age, and 65 years of age or above
(http:/lwww.who.int/ith/diseases/pneumococcal/en/) [6].
However, individuals 2 to 64 years of age with co-morbid
illnesses such as chronic lung disease, chronic liver
disease, cardiovascular disease, chronic renal function,
diabetes mellitus, and decreased immune function also
have an increased risk of developing pneumococcal
disease [7-9]. With an aging population and increasing
prevalence of chronic illnesses, the disease and economic
burden of pneumococcal-related CAP is of concern and
focus of prevention for public health.

In adults 65 years of age and over and individuals
between the ages of 19-64 with compromised immunity,
two vaccines are available for protection against
pneumococcal infections: the 23-valent pneumococcal
polysaccharide vaccine (PPV23) and the 13-valent
pneumococcal conjugate vaccine (PCV13) (www.cdc.gov
/pneumococcal/vaccination.html). The PPV23, contains
23 pneumococcal serotypes: 1, 2, 3, 4, 5, 6B, 7F, 8, 9N,
9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20,
22F, 23F, and 33F, and has been available since the late
1970s (www.fda.gov/downloads/BiologicsBlood
Vaccines/Vaccines/ApprovedProducts/UCM218554.pdf.

PPV23 induces antibodies by a T-cell independent
mechanism, resulting in a short lived and non- anamnestic
response [10]. There is considerable heterogeneity in data
reported by studies evaluating efficacy and effectiveness
of PPV23 depending on the outcome evaluated by the
clinical trials [11,12]. Pooled data from one large meta-
analysis has shown purified capsular polysaccharide
vaccines in immunocompetent adults with strong
evidence of effectiveness against IPD [11]. A second
meta-analysis showed that PPV23 was not effective
against non-invasive pneumonia in the elderly, and those
with chronic medical conditions [12].

By contrast, the 7-valent pneumococcal conjugate
vaccine (PCV7), bacterial polysaccharides are covalently
conjugated to an immunogenic carrier protein, which
induces a T-cell dependent immune response that in turn
induces B-cell memory [13]. PCV7 consists of 7
pneumococcal serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F
[14]. PCV7 was introduced in the early 2000, as part of
routine childhood immunization program [13, 14].
Shortly after, numerous studies showed that PCV7 was

not only effective for the prevention of invasive disease,
but also in preventing pneumococcal pneumonia, and
otitis media in children [13-16]. A decrease in
pneumococcal infections in adults has also been seen
through herd immunity [16-19]. Most immunization
programs have now replaced PCV7 with PCV13, which
has 6 additional serotypes - 1, 3, 5, 6A, 7F and 19A [20].

The Advisory Committee on Immunization Practices
(ACIP) in the United States[21], the National Advisory
Committee on Immunization (NACI) in Canada[22] and
the New Zealand Ministry of Health[23] recently
recommended PCV 13 for healthy adults > 65 years of age
with or without chronic illnesses. By contrast, the
Australian Technical Advisory Group on Immunization
(ATAGI) [24], the Joint Committee on Vaccination and
Immunization (JCVI) in the UK (www.gov.uk/
government/publications/jcvi-interim-statement-on-adult
-pneumococcal-vaccination) and the Standing Committee
on Vaccination (STIKO) in Germany [25] continue their
recommendation for the use of PPVV23 among adults aged
> 65 years (60 for Germany), with or without chronic
diseases due to limited PCV13 effectiveness evidence.
This narrative review will summarize the current evidence
regarding the immunogenicity, efficacy, safety and
effectiveness of PCV13 vaccine in the prevention of
pneumococcal infections in adults.

Data Sources and Selection: A MEDLINE literature
search from January 1946 to December 2017. Additional
references were identified from a review of citations. All
English-language randomized trials, observational studies
and meta-analyses assessing the immunogenicity,
efficacy, effectiveness and safety of PCV13 in adults were
evaluated. Clinical guidelines were obtained from their
respective government websites.

Data reporting and interpretation: Opsonophagocyctic
assay (OPA) geometric mean titer (GMT) ratio between
vaccines arms were reported as statistically higher when
the 95% confidence interval did not include 1.
Immunoglobulins geometric mean concentrations (GMC)
ratio between vaccines arms were reported as statistically
higher when the 95% confidence interval did not include
1. P values reported when available.

Immunogenicity and Safety
Immunocompetent adults

Immunogenicity and safety of PCVV13 among adults aged
18 to 103 years, with or without prior PPV23 vaccination,
has been established through 18 studies [26-44]. Six of
the 18 studies were randomized clinical trials comparing
PCV13 to either PPV23 [26,27,29-31] or placebo [32]
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with four also evaluating sequential dosing [27-30] in
6468 adults aged 50 and older (Table 1). Four of the six
studies [26,29,31,32] were conducted in pneumococcal
vaccination na'we subjects, while two studies [27,30] had
subjects with prior PPV23 vaccination experience. In
most studies, all immunocompetent subjects were
enrolled as long as chronic medical conditions (e.g.,
cardiovascular, pulmonary, liver diseases including
alcoholic liver disease and alcoholism, renal and urinary
disorders or diabetes mellitus) had been stable for at least

12 weeks prior to the study period [26-44]. While most
studies have reported serotype specific to the OPA GMTs,
some have reported anti-pneumococcal immunoglobulin
G (IgG) geometric mean concentrations (GMCs)
associated with protection efficacy amongst adults for
pneumococcal disease [45,46]. The OPA GMTs, and 1gG
GMCs were obtained at 1 month, 2 months, 1 year and/or
5 vyears following vaccination, which reflects the
functional immune response over time.

Table 1. Studies evaluating immunogenicity of 13-valent conjugate pneumococcal vaccine (PCV13) in adults.

Duration
ﬁlt:% Design EI;}:;? :r%z b S{) follow | PCV13 (N)* | PPV23 (N)! (P,\Il‘)B Immunogenicity?
. Baseline In 60-64 yrs: PCV13 arm had a statistically
Baseline for R, . oo
60-64 yrs: for 60-64 significantly higher OPA titers in 9/13
N=417 (411) yrs: N=414 serotypes (1,4,6A,6B,7F,9V,18C,19A,23F)
Jackson RDB | v 50-64 4 vears (407) ) compared to PPV23.
2013a [26] ' years Y ALl In 50-59 yrs: PCV13 arm had a statistically
year for e, . O
50-59 yrs: significantly higher OPA titers in 9/13
N=406 serotypes (1,4,5,6A,6B,7F,9V,14,19A)
compared to G2.
PCV13 arm had a statistically significantly

Jackson >70 higher OPA titers in 11/13 serotypes

2013b27] | R°PB | N years | Tvear |43l 448 - (1,4,5,6A,6B,7F,9V,18C, 19A 19F,23F)

compared to PPV23.
PCV13 arm had a statistically significantly

Greenberg 60-64 higher OPA titers in 11/13 serotypes

2014p29] | RPB Y years Lyear 482 238 . (1,4,5,6A,6B,7F,9V,18C,19A, 19F, 23F)

compared to PPV23.
Baseline for PCV13 (with AIPOy4) arm had a statistically
PCV13 with significantly higher OPA titers and IgG GMCs
AIPO,: Baseline: in 11/13 serotypes (1,3,4,5,6A,6B,9V,18C,
N=309 (307) . 19A,19F,23F) compared to PPV23.

Juergens 65 301 (300)

2014[30] | R N years | 2Y8'S | Baseline for PCV13 (without AIPO,): had a statistically
PCV13 significantly higher IgG GMCs in 1/13
without serotypes (7F) compared to PCV13 (with
AlPO,: ALPOy).

N=305 (302)
Shiramoto >65 PCV13 arm had a statistically significantly
2015 [31] RDB Y years 4 months | 382 382 ) higher OPA titers in 13/13 serotypes.
PCV13 arm had a statistically significantly
higher OPA titers in 13/13 serotypes. At 12
van njon_ths, PCV13 arm had a statistical_ly )

Deursen =65 significantly reached GMFR (OPA titers) in

2017 [32] R,DB | Y y_ears 2 years 1006 - 1005 | 9/13 serotypes (4,6A,6B, 7F, 14, 18C,

19A,19F, 23F). At 24 months, PCV13 arm
had a statistically significantly reached GMFR
(OPA titers) in 6/13 serotypes (4,6A,6B, 18C,
19A, 23F).

Abbreviations: PCV13 - 13 valent conjugate pneumococcal vaccine; PPV23 — 23 valent pneumococcal polysaccharide vaccine; PLB- Placebo
TN is for all randomized subjects and those included in the immunogenicity analyses are included in brackets if they differed from original.

2 All OPA GMT ratios are reported at 1 month after vaccination

In the six studies evaluating PCV13 against PPV23
[26,27,29-31] or placebo [32], subjects in the PCV13 arm
had significantly higher OPA GMTRs, for at least 9 of the
13 serotypes (range 9/13 to 13/13 serotypes), one month
after vaccination (Table 1). Two studies evaluated OPA
GMTs at least 1 year post-vaccination [26,32]. Jackson et
al. found OPA titers declined from 1 month to 1 year

following PCV13 and PPV23 vaccine administration,
although both remained above baseline, and were similar
at 1 year follow up [26]. van Deursen et al. reported
immunogenicity details up to 24-months and showed that
at 1 month, the PCV13 arm had significantly higher OPA
GMTRs across all 13 serotypes when compared to
placebo [32]. Although, the titers slowly declined with
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time, they remained above both baseline and placebo at
12 and 24 months post-vaccination, signaling a slow
waning of immunity [32].

Table 2. Studies evaluating immunogenicity of 13-valent conjugate pneumococcal vaccine (PCV13) in adults in sequential dosing.

Age Sequential | PCV13/ | PCV13/ | PCV13
Study group | Dosing PCV13 | PPV23 PPV23
Name Interval (N)* (N)* PCV13

PPV23/
PCV13
(N)!

Immunogenicity

(N)!
Jackson >70 1 year Atlyr | - -
2013b years N=391
[27] (372)

Atlyr:
N=404
(373)

1. PCV13/PCV13 had statistically significantly higher OPA titers
in 3/13 serotypes (6A, 6B, 23F) compared to PCV13 alone.

2. PCV13/PCV13 had statistically significantly higher OPA titers
in 10/13 serotypes (1,4,5,6A,6B,9V,18C,19A,19F,23F) compared
to PPV23 alone.

3. PCV13/PCV13 had statistically significantly higher OPA titers
in 12/13 serotypes (1,3,4,5,6A, 6B,7F,9V,19A, 19F, 23F)
compared to sequential dose of PPVV23/PCV13.

4. PPV23/PCV13 OPA titers did not differ statistically compared
to PCV13 alone.

Jackson 50-64 | 4 years For 60- For 60-
2013c years 64 yrs: 64 yrs:
[28] N=108 N=108

For 50-
59 yrs:
N=214
(211)

For 60-64-year age group:

1. PCV13/PPV23 had statistically significantly higher OPA titers
in 10/13 serotypes (1,3,5,6A,6B,7F,18C,19A,23F) compared to
PPV23 alone.

2. PCV13/PPV23 had statistically significantly higher OPA
titers in 8 serotypes (1,3,5,9V,18C,19A,19F) compared to PCV13
alone.

3.PCV13/PCV13 had statistically significantly higher OPA titers
in 7/13 serotypes (1,4,6A,6B,7F,9V,18C,19A,23F) compared to
PCV13 alone.

For 50-59-year-old age group:

1. PCV13/PCV13 had statistically significantly higher OPA titers
in 6/13 (1,4,6A,6B,7F,9V,18C,19A,23F) compared to PCV13
alone.

2. PCV13/PCV13 had statistically significantly higher OPA
titers in 5/13 serotypes (4,6A,7F,9V,19A) compared to
PCV13/PCV13 in 60-64-year age group.

Greenberg | 60-64 | 1 year 160 267 -
2014 [29] | years (133) (237)

223
(199)

1. PCV13/PPV23 had a statistically significantly higher OPA
titers in 7/13 serotypes (3,5,6A, 6B,7F,19F,23F) compared to
PPV23 alone.

2. PCV13/PPV23 had a statistically significantly higher OPA
titers in 11/13 serotypes (1,3,4,5,6B,7F,9V, 18C,19A,19F,23F)
compared to PPV23/PCV13.

3. PCV13/PCV13 had a statistically significantly higher OPA
titers in 6/13 serotypes (1,3,6A, 6B,7F,9V) compared to
PPV23/PCV13.

4. PCV13/PCV13 had a statistically significantly higher OPA
titers in 1/13 serotypes (23F) compared to PCV13 alone.

5. PCV13/PPV23 had a statistically significantly higher OPA
titers in 1/13 serotypes (3) compared to PCV13 alone.

6. PPVV23/PCV13 OPA titers did not differ statistically compared
to PCV13 alone.

Juergens >65 1 year Atlyr: | Atlyr: | At2
2014 [30] | years N=136 N=131 | yr:
N=104

1. PCV13/PPV23 had a statistically significantly higher OPA
titers in 8/13 serotypes (1,3,5,6A, 6B,9V,19F,23F) compared to
PPV23 alone.

2. PCV13/PPV23/PCV13 had a statistically significantly higher
OPA titers in 3/13 serotypes (6A, 6B,23F) compared to
PCV13/PPV23.

3. PCV13/PCV13 had a statistically significantly higher OPA
titers in 1/13 serotypes (23F) compared to PCV13 alone.

4. PCV13/PPV23/PCV13 OPA titers did not differ statistically
compared to PCV13 alone.

Abbreviations: PCV13 — 13 valent conjugate pneumococcal vaccine; PPV23 — 23 valent pneumococcal polysaccharide vaccine; PLB- Placebo
LN is for all randomized subjects and those included in the immunogenicity analyses are included in brackets if they differed from original.

2 All OPA GMT ratios are reported at 1 month after vaccination
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Jackson et al. conducted a randomized, double-blind
study in 1224 immunocompetent, healthy, pneumococcal
vaccination nawe adults [26]. They report both local
reactions (PCV13 82.2% vs PPV23 75.9%; p=0.052) and
systemic adverse events (PCV13 82.6% vs PPV23 82.1%;
p=0.907) were comparable between PCV13 and PPV23 in
pneumococcal vaccination nawe adults [26]. Individuals
aged 50-59 years who received a PCV13 dose
experienced higher frequency of both local, (89.6%) and
systemic reactions (84.4%) compared to those aged 60-64
years administered either PCV13 or PPV23 [26]. In
contrast, Jackson et al. evaluated safety in adults aged 70
years and older with previous PPV23 vaccination at least
5 years earlier, and reported more local reactions (PPV23
64.1% vs PCV13 56.5%; p=0.033) and systemic adverse
events (PPV23 68.2% vs PCV13 60.3%;p=0.020) in the
PPV23 arm than the PCV13 arm [27]. Prior
pneumococcal vaccination had an impact on the
frequency of the local and systemic reaction in the
subsequent dosing at 1 year interval, both local and
systemic reactions were significantly higher in
PCV13/PPV23 (86.8%, 78.8%) arm compared to
sequential dosing of PCV13/PCV13 (78.5%,70.9%) and
PPV23/PCV13 (71.3%, 62.7%) where p<0.001 [29].
Another Jackson et al. study corroborated this finding,
who report a sequential dose of PPV23 or PCV13 even
after a four-year interval causes higher local and systemic
reactions [28]. Frequency of local reactions were highest
in  PPV23/PPV23 arm (88.7%) followed by
PCV13/PPV23 (86.7%) and PCV13/ PCV13 (81.1%).
Frequency of systemic reactions were comparable in
PPV23/PCV13 (86.4%) and PCV13/PPV23 (87.5%)
arms, but lower in PCV13/PCV13 arm (79.1%). No
vaccine related, serious adverse events were reported with
any dose.

Vaccine sequence assessments of PCV13 and PPV23
were conducted by four studies. As shown in Table 2,
among three of those studies the repeat dose was at 1-
year[27,29,30], while one study used a dosing interval of
4-years [28]. Three studies demonstrated the initial
PCV13 dose enhanced responses to a subsequent PPV23
dose, compared with PPV23 alone [28-30]. Four studies
compared the sequential dose of PCV13/PCV13 dose to
the initial dose of PCV13/placebo [27-30]. Although the
second dose of PCV13 administered a year later did not
enhance the first dose response [27,29,30], but a
significantly higher response in 7 of 13 serotypes was
reported when re-vaccinating after 4 years [28].
Sequential dosing of PCV13/PPV23 elicits statistically
higher OPA titers compared to PPV23/PCV13[29] or
PPV23/PPV23 [28]. Lastly, another dose of PCV13 after
sequential dosing of PCV13/PPV23 was unlikely to
enhance the immune response in the study conducted by
Juergens et al. where the sequential dose of

PCV13/PPV23/PCV13 was comparable to PCV13 only
[30].

Impact of concomitant vaccination on Immuno-
genicity

Concomitant administration with influenza vaccines has
been evaluated in three studies [33-35]. In a phase 3
randomized and double-blind study, anti-trivalent
influenza vaccine (TIV) and anti-pneumococcal immune
responses to TIV and PCV13 were evaluated among
those 65 years and over received PCV13 concomitant
with TIV (Group 1, N=580) followed by placebo after 1
month, concomitant placebo and TIV (Group 2, N=580)
followed by PCV13 after 1 month [33]. Non-inferiority
was met for all three influenza vaccine antigens as the
proportion of participants that achieved >4-fold increase
in HAI assay for the three influenza viruses were similar
in both groups (A/H1N1, 80.3% and 78.6%, respectively;
A/H3N2, 58.0% and 62.6%, respectively; and B, 52.2%
and 54.0%, respectively). In both groups, 12/13 serotypes
(1,4,5,6A,6B,7F,9V,14,18C,19A,19F and 23F) met the
predefined IgG GMC ratio non-inferiority criterion of 2-
3-fold rise in GMCs. Of interest, IgG GMC ratio of group
1 was statistically significantly lower for 6 serotypes (4,
5, 6A, 14, 19A, and 19F) compared to group 2. Local
reactions associated with the concomitant administration
of PCV13 and TIV were comparable to those associated
with PCV13 alone, but more systemic adverse events
were seen with concomitant administration (60.1%) than
PCV13 (48.5%), or TIV alone (50.5%); no vaccine-
related serious adverse events occurred. The authors
concluded that concomitant administration of PCV13 and
TIV demonstrated acceptable immunogenicity and safety
compared to either vaccine administered alone.

In a second randomized, double-blind, parallel group,
phase 3 trial, Frenck et al. evaluated the anti-TIV immune
response in 50-59 year old who received TIV followed by
placebo (Group 1, N=554) compared to the concomitant
PCV13and TIV (Group 2, N=562) [34]. Additionally, the
study evaluated whether the immune responses to PCV13
in group 1 were non-inferior to those in group 2. The
proportions of participants that achieved >4-fold increase
in hemagglutination inhibition (HAI) assay for the three
influenza viruses were similar in both groups (A/H1N1,
84.0% and 81.2%, respectively; A/H3N2, 71.1% and
69.5%, respectively; and B, 60.6% and 60.3%,
respectively); non-inferiority criterion was met for all
three influenza vaccine antigens. In contrast, when
evaluating the effect of concurrent administration on
PCV13 serotypes, the investigators saw that in group 1,
although all serotypes met the predefined IgG GMC ratio
non-inferiority criterion relative to group 2, the GMCs
were lower in group 1 than group 2. When comparing
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group 1 with group 2, 5 serotypes did not meet the OPA
GMT ratio non-inferiority criterion, and OPA GMTs were
significantly lower for 10 serotypes. The authors
concluded that co-administration of PCV13 and TIV was
well tolerated but associated with lower PCV13 antibody
responses. However, given the positive immunologic
attributes of PCV13, concomitant administration with
TIV should not be contraindicated, but rather dictated by
clinical circumstances.

The third study was open-labeled and used adjuvant
influenza vaccine (MF59-adjuvant trivalent influenza
vaccine (Fluad, Novartis Vaccines and Diagnostics,
S.R.L., Siena, Italy) instead of TIV [35]. A total of 1149
subjects aged >60 years were randomized in a 1:1:1 ratio
in MF59-adjuvant influenza vaccine (MF59-aTIV) +
PCV13 (Group 1, N=373), PCV13 alone (Group 2,
N=394), or MF59-aTIV alone (Group 3, N=382) arm.
Serologic responses for influenza vaccination were
assessed using criteria set by the Committee for Medicinal
Products for Human Use (CHMP). At least one of the
following three criteria were required for each influenza
virus strain: (1) GMT-fold increase >2.0; (2)
seroprotection rate >60%; or (3) seroconversion rate
>30%. Both groups (Groups 1 and 3) met CHMP
immunogenicity criteria at one-month post-vaccination.
For the influenza A/H1N1 virus, the seroprotection (HI
titer >40) rate was 88.5% for Group 1 (MF59-aTIV +
PCV13) and 91.6% for Group 3 (MF59-aTIV alone)
(p=0.18). For the A/H3N2 virus, rates were 98.9% and
99.2% for Groups 1 and 3, respectively (p=0.72). For the
influenza B virus, seroprotection rates were 72.7% and
72.3% for Groups 1 and 3, respectively (p=0.92). Overall,
seroconversion rates were higher in Group 1 compared to
Group 3, and GMTs were more than two-fold higher at
one-month post-vaccination for all 3 subtypes irrespective
of concomitant administration. For the PCV13 serotypes,
the non-inferiority criterion of OPA GMT ratios was met
for all 13 pneumococcal serotypes after concomitant
administration versus PCV13 alone (Group 1 versus
Group 2), but it should be noted that serotypes 1, 3, 5, 19A
tended to be higher in Group 2 compared to Group 1. The
majority of local reactions were mild in severity and pain
at the injection site was more commonly reported by
participants who received both vaccines (55.2%) than by
those who received PCV13, (41.4%) or aTIV only
(29.8%) (p < 0.001). There was no statistically significant
difference in systemic adverse events among the three
groups except for muscle ache, which was more common
in the combination and PCV13 arms. The authors
concluded that adjuvant influenza vaccine could be safely
administered  together ~ with PCV13, although
immunogenicity of PCV13 for the four serotypes (1, 3, 5
and 19A, p<0.05) was slightly reduced in the concomitant

vaccination group compared to those with PCV13 alone.
Results did not show significant immune interference.

Immunocompromised adults

Use of PCV13 in immunocompromised individuals has
been assessed in subjects with Human Immunodeficiency
Virus (HIV) [36-38], chronic renal failure [39], and
recipients of Hematopoietic Stem Cell Transplant (HSCT)
[40]. Lombardi et al. evaluated immunogenicity in HIV-
infected pneumococcal vaccine-nawe subjects aged 18-
65 years with CD4 counts >200 cells/uL over time [36].
Subjects were recruited into two arms, the first receiving
two doses of PCV13 eight weeks apart (N=50) and the
second group receiving one dose of PPV23 (N=50). Both
vaccines elicited an immune response after the first dose,
leading to markedly higher 1IgG GMCs to each of the
antigens compared to baseline values at 48 weeks.
Overall, the proportion of subjects achieving
seroprotection and seroconversion was comparable
between groups and a four-fold rise in IgG GMCs was
observed for PCV13/PCV13 in 7/13 serotypes (6A, 6B,
14, 18C, 19A, 19F, 23F) and among PPV23/placebo
recipients in 5/13 serotypes (1, 14, 18C, 19A, 19F) at 8
weeks post vaccination. Both PCV13/PCV13 and
PPV23/placebo arms sustained a comparable immune
response at 24 and 48 weeks. The authors concluded that,
in their population of immunologically stable HIV
subjects,  both  vaccines  showed  comparable
immunogenicity and that two doses of PCV13 were as
safe and well-tolerated as the single dose of PPV23.

In another study evaluating PCV13 in HIV positive
individuals, Bhorat et al. evaluated the immunogenicity of
279 subjects with CD4 counts >200 cells/uL and viral
load less than 50,000 copies/mL [37]. Subjects were
administered three doses of PCV13, followed by a dose of
PPV23 with 1-month intervals between each dose.
Statistically significant increases in IgG GMCs and OPA
GMTs were observed for all 13 serotypes after one dose
of PCV13 compared to baseline, while the increase after
doses 2 and 3 were modest. Pain at the injection site was
the most common local reaction reported, while muscle
pain, fatigue and headache were commonly reported
systemic events. The percent of individuals experiencing
side effects was the highest after the first dose of PCV13,
and decreased with subsequent doses.

In a third study of PPV23-experienced HIV positve
individuals, aged >18 years with CD4 counts >200
cells/uL. and viral load less than 50,000 copies/mL,
Glesby et al. evaluated immunogenicity in 329 subjects
[38]. Subjects were administered three doses of PCV13 at
6-month intervals and statistically significant increases in
IgG GMCs and OPA GMTs were observed for all
serotypes one month after the first dose of PCV13, when
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compared to baseline. Like Bhorat et al., the GMTs at 1
month, after doses 2 and 3, were slightly higher than the
levels after dose 1. GMTs in subjects with 1 previous dose
of PPSV23 were similar to those with >2 previous doses.
Local reactions were common with 80% of subjects
reporting pain at the injection site after the first dose. The
percentage of subjects experiencing pain increased with
subsequent vaccine doses. Systemic side effects were also
common and seen in 88% of subjects after dose 1 of the
vaccine. The most frequent systemic events were fatigue,
headache and new generalized muscle pain. Both the
systemic and local adverse events were slightly higher in
subjects with >2 previous doses of PPV23 than in those
with 1 previous dose.

Those with renal failure are at increased risk of
pneumococcal infections and mortality due to disorders of
adaptive immune response [47,48]. Mitra et al. evaluated
immunogenicity in 25 End Stage Renal Disease patients
on dialysis aged > 50 years who had previously received
1 or more doses of PPV23 [39]. Patients were
administered one dose of PCV13, and their IgG GMCs
were recorded at 2 and 12 months after dosing. While
statistically significant increases in 1IgG GMCs were
observed for all serotypes at two months, significant
increases in 1IgG GMCs remained only for serotypes 5,
19F, 6B, and 18C at 12 months. The GMCs, at 12 months
post-vaccination, declined by 38% to 72% compared to
those measured at 2 months post-vaccination. The overall
rate of response to each individual vaccine serotype varied
between 23.5% and 94.1% at 2 months post-vaccination
and 23.5% and 65% at 12 months post-vaccination. Pain
at the injection site was the most common local reaction.
PCV13 induced antibody responses to vaccine serotypes
in subjects with ESRD and those on dialysis at 2 months
following vaccination. However immune response had
declined by 12 months following vaccination.

As S.pneumoniae infections are common in recipients
of hematopoietic stem cell transplant subjects and
vaccination is an important method of prevention,
Cordonnier et al. evaluated the immunogenicity of PCV13
in 155 adults and 54 children who had received a HSCT
[40]. Subjects were administered four doses of PCV13
(first three doses at one-month intervals and the fourth
dose at 6-month interval), followed by PPV23 after a
month. Among adult subjects, a four-fold rise increase in
IgG GMCs and OPA GMTs was reported for all three
doses compared to baseline in 11/13 serotypes (1, 3, 4,
6A,6B, 7F, 9V,14, 18C, 19F and 23F). After the fourth
dose of PCV13 and PPV23, a four-fold increase in 1gG
was noted in 13/13 serotypes compared to baseline. Local
pain at injection site and systemic side effects of fever,
fatigue and muscle aches were the most common
reactions, occurring more frequently after dose 3.

Efficacy and Safety

To date, there is only one randomized, double-blind,
placebo-controlled clinical trial looking at the outcomes
of prevention of vaccine-type invasive and noninvasive
community-acquired pneumonia in adults 65 years of age
or older [49]. The Community-Acquired Pneumonia
Immunization Trial in Adults (CAPITA) enrolled 84,496
persons (42,240 received PCV13 and 42,256 received
placebo) with a mean age of approximately 73 years (62
to 101) and a mean of 4 years of follow-up. In the per-
protocol analysis of first episodes of infections due to
vaccine-type strains, CAP occurred in 49 subjects in the
PCV13 group and 90 subjects in the placebo group
(vaccine efficacy 45.6%; 95%Cl 21.8-62.5). Non-
bacteremic and noninvasive CAP occurred in 33 subjects
in the PCV13 group and 60 subjects in the placebo group
(vaccine efficacy 45.0%; 95.2% CI, 14.2-65.3), and
invasive pneumococcal disease occurred in 7 persons in
the PCV13 group and 28 persons in the placebo group
(vaccine efficacy 75.0%; 95% Cl, 41.4 to 90.8). Although
vaccine efficacy was slightly lower in the modified
intention to treat analyses, VT-CAP, non-bacteremic and
noninvasive CAP, and invasive pneumococcal disease
were all statistically significant (p<0.05). Efficacy
persisted throughout the trial (mean follow-up, 3.97
years). The number of serious adverse events (PCV13
0.8% vs Placebo 0.7%; p=0.61) and deaths (PCV13 7.1%
vs Placebo 7.1%; p=0.98) were similar across groups, but
there were more local reactions in the PCV13 group
(PCV13 18.7% vs Placebo 14.3%; p=0.01). Post hoc
analyses showed that the vaccine effect began shortly
after vaccination and was sustained throughout the
duration of the trial (mean follow-up, approximately 4
years) without evidence of waning. In this trial, 30.4% of
the study population also received the influenza vaccine
at the same time. However, authors have not highlighted
any differences in IPD, pneumonia or mortality rates due
to concomitant influenza vaccination. The authors
identified two limitations of the trial. First, the study was
conducted in only the Netherlands, with a homogenous
population and a low incidence of IPD, which makes it
difficult to generalize to other populations with diverse
population and high incidence of IPD. Second, their use
of serotype specific urinary antigens with higher
sensitivity to detect pneumococcal infection could have
overestimated the proportion of vaccine type serotypes,
thus resulting in lower efficacy against pneumococcal
pneumonia.
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Table 3. Guidelines for use of the 13-valent conjugate pneumococcal vaccine (PCV13) in adults.

Comorbidities Type USA [21,50] Canada [22,79] United Germany [52] Australia [24] | New Zealand [23]
Kingdom
[51]
No underlying PCV13 givenat | PCV13 given at >65 - - - PCV13 given at
comorbidities® >65 years; years; PPV23 after at age >65 years;
PPV23 after at least 8 weeks PPV23 after at least
least 12 months 8 weeks
Immunocompromising | PCV13 givenat | PCV13 given at 19-64 | PCV13 PCV13 givenat | PCV13given PCV13 given at
condition? or 19-64 years; years; PPV23 after >8 | given at 19- 19-59 years; at 19-64 years; | >18 years; PPV23
anatomical/functional PPV23 after >8 | weeks; again after >5 64 years; PPV23 after 6- PPV23 after after >8 weeks;
asplenia® weeks; again years; then at age >65 | PPV23after | 12 months; >8 weeks; again after >5
after >5 years; years >8 weeks; again after >6 again after >5 years; then at age
then at age 65 then at age years; then at years >65 years
years >65 years age >60 years
Cerebrospinal fluid PCV13 givenat | - PCV13 PCV13givenat | - PCV13 given at
leak or cochlear 19-64 years; given at 19- 19-59 years; >18 years; PPV23
implant PPV23 after >8 64 years; PPV23 after 6- after >8 weeks;
weeks* PPV23 after | 12 months; again after >5
>8 weeks; again after >6 years; then at age
again after years >65 years
>5 years
Hematopoietic stem - 3 doses of PCV13 PCV13 - 3 doses of PCV13 given after
cell transplant (HSCT) starting 3-9 months given 9-12 PCV13 transplant; PPV23
after transplant (at months after starting 6 given after at least
least 4 weeks apart); transplant; months after 8 weeks from
PPV23 given 12-18 PPV23 transplant (at PCV13; then re-
months after given 12-18 least 8 weeks vaccination after 5
transplant (6-12 months after apart); PPV23 | years; last dose at
months after last transplant given 12 age >65 years
PCV13 dose); PPV23 | (6-12 months from
booster 1 year after months after last PCV13
last dose last PCV13 dose; No more
dose) than 3 PPV23
lifetime doses
Chronic illness or PCV13atage> | - - - - PCV13 given at
lifestyle risk factors® 65 years, then >18 years; PPV23
PPSV23 after at after >8 weeks;
least 12 months again after >5
years; then at age
>65 years

Abbreviations: PCV13 — 13 valent conjugate pneumococcal vaccine; PPV23 — 23 valent pneumococcal polysaccharide vaccine;

! This recommendation is for pneumococcal na'we persons

2 Defined as congenital or acquired immunodeficiency, HIV infection, chronic renal failure, nephrotic syndrome, leukaemia, lymphoma, Hodgkin
disease, generalized malignancy, multiple myeloma, solid organ transplant and iatrogenic immunosuppression
3 Defined as sickle cell disease and other haemoglobinopathies, congenital or acquired asplenia, splenic dysfunction and splenectomy

4 Revaccination with PPV23 not required at 5-year mark
5 Defined as chronic heart, lung disease, liver disease or diabetes

5 Defined as smoker, homeless or persons with alcoholism or illicit drug use

All participants who received the study vaccine were
included in the safety analysis. Participants used
electronic diaries to record any local reactions, systemic
events, or the receipt of medications for fever or pain for
7 days after vaccination. In addition, nurses and
physicians collected information on serious adverse
events, newly diagnosed chronic medical conditions (e.g.,
asthma, emphysema, hypertension, and cardiac failure)
and death to discern whether it was attributable to the
vaccine. There were significantly more local reactions
within 7 days of vaccination, such as redness, swelling,
pain and limited arm movement, in the PCV13 group than
placebo (38.4% vs 8.4%; p<0.001). However, there was

no difference between the groups with respect to any
systemic event within 7 days of vaccination, including
fever >38°C, fatigue, headache, chills, rash, vomiting,
decreased appetite, diarrhea, new or aggravated
generalized muscle pain, and new or aggravated joint
pain, (PCV13 39.5% vs Placebo 34.7%; p=0.04). There
were also no significant differences between the two
groups in the frequencies of newly diagnosed chronic
medical conditions (PCV13 1.7% vs Placebo 1.2%;
p=0.46), serious adverse events (PCV13 0.8% vs Placebo
0.7%; p=.61), or deaths (PCV13 7.1% vs Placebo 7.1%;
p=0.98) within one month of vaccination.
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Current Clinical Guidelines

Clinical guidelines on the use of PCV13 in adults are
expanding to incorporate new populations, as additional
scientific evidence is garnered on the vaccine’s efficacy
and safety profile. In addition to the PCV13 dosing
scheme, minimum intervals, re-vaccination, additional
use of PPV23 and other vaccines vary in different

countries (Table 3). By and large all guidelines
recommend that PCV13 should be administered before
PPV23. Concurrent administration is not recommended,
with PPV23 administered at least 8 weeks after PCV13
while some countries suggest a longer period apart (Fig.
1).

‘ Pneumococcal Vaccination ‘

| i l

}

No Comorbidities Hematopoietic stem

cell transplant
(HSCT)

Immunocompromising
condition? or
anatomical/functional

Cerebrospinal fluid leak or Chronic illness® or Lifestyle risk factors®

cochlear implant

asplenia®

3.8 months|
aftar transplant

(Australia)

transplant
(Canads)

6 months after

| PCV13 given at age 265 years®

PCV13 given at I PCV13 given at 19-64 years | I PCV13 given at 19-64 years | I PCV13 given at 19-64 years® |
age 265 years?!
2B weeks (US, | 26-12 months 24 weeks | 28 weeks 28 weeks (US| 26-12 months .
,C«S":r:.auﬁz\ (Germany) (Canada) | (australia) UK, NZ) (Germany) ifz‘;'““ year (US)
28weeks | |59 ear(us, l v
(canada,NZ)| | canads’)
' PPV23 PCVEI

25years (US,
Canada,
Australia, NZ)

26years 24 weeks | 28weeks
(German )

PPV23 atage
=65 years

PPV23

Figure 1. Current Pneumococcal Vaccination Guidelines.

26years

(German ) 25 years (NZ)

PPV23

PPV23 atage 265
years

Abbreviations: PCV13 — 13 valent conjugate pneumococcal vaccine; PPV23 — 23 valent pneumococcal

polysaccharide vaccine.
IThis recommendation is for pneumococcal na'we persons

2Defined as congenital or acquired immunodeficiency, HIV infection, chronic renal failure, nephrotic syndrome,
leukaemia, lymphoma, Hodgkin disease, generalized malignancy, multiple myeloma, solid organ transplant and

iatrogenic immunosuppression

3Defined as sickle cell disease and other haemoglobinopathies, congenital or acquired asplenia, splenic dysfunction

and splenectomy
4Revaccination with PPV23 not required at 5-year mark

5Defined as chronic heart, lung disease, liver disease or diabetes
®Defined as smoker, homeless or persons with alcoholism or illicit drug use
"ACIP (US) and NACI (Canada) recommends those with prior PPV23 vaccination are recommended to wait a year

before obtaining PCV13.
8Germany’s recommended age is 19-59 years

*NZ MoH recommends PCV13 at age >18 years and 19-64 respectively

As shown in Table 3, the US, Canada and New
Zealand (NZ) guidelines recommend routine use of
PCV13 for healthy adults aged >65 years followed by
PPV23 [21-23]. While Canada and NZ recommend
waiting at least 8 weeks between PCV13 and PPV23

among pneumococcal nawe adults [22,23]; US
recommends waiting at least one-year between PCV13
and PPV23 [50]. At present, no European country
recommends the routine use of PCV 13 in those >65 years.
Of note, most guidelines recommend PCV13 after a 12
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month wait period in those who have previously received
the PPV23 vaccine [22,50].

Australia, Germany, NZ and UK support the routine
use of PCV13 for adults aged >19 years with
immunocompromising conditions (e.g., chronic renal
failure, nephrotic syndrome, HIV and leukemia),
cerebrospinal fluid leak, functional/anatomic asplenia or
cochlear implants [21-24,50-52], followed by
administration of PPV23 after >8weeks and at >5 years,
then at the age of 65 years. Germany recommends an
interval of 6-12 months between PCV13 and PPV23 with
a re-vaccination gap of at least 6 years. For hematopoietic
stem cell transplant recipients, Canadian and Australian
guidelines suggest 3 doses of PCV13 after the transplant,
followed by PPV23 [22,24]. However the UK and New
Zealand guidelines recommend one dose of PCV13 given
9-12 months after transplant, followed by PPV23 [23,51].

For patients who have chronic medical conditions
(such as chronic heart disease, lung disease, liver disease
or diabetes), smoke or are alcoholic, ACIP recommends
PCV13 should only be administered after adults reach 65
years of age, followed by PPV23 after a year [50]. None
of the other countries recommend PCV13, except New
Zealand which recommends PCV13 for those aged >18
years followed by PPV23 after at least 8 weeks [23].

Discussion

Previously, much of the burden of disease associated with
S. pneumoniae was in children less than 5 years of age and
adults over the age of 65 years. After the introduction of
the conjugate pneumococcal vaccine as part of routine
childhood immunization programs, many studies reported
a significant reduction in  incidence of invasive
pneumococcal disease among children, particularly the
serotypes present in the vaccines, with reductions of 80%
for vaccine-type IPD and approximately 60% for overall
IPD rates [53]. Modest benefits have also been observed
in non-invasive infections such as acute otitis media, CAP
and subsequent hospitalizations [53-59]. As transmission
of S. pneumoniae occurs in large part from children to
adults, an important consequence of the decrease in
circulating vaccine serotypes has been the significant
degree of herd immunity protection provided to adults
[60,61]. With studies reporting >90% decline in
pneumococcal disease due to vaccine serotypes in older
children and adults [62], as well as a 56% reduction in the
incidence of vaccine-type community acquired
pneumonia [63,64].

Despite the significant protection confered to adults
by the childhood immunization program, it is evident that
herd immunity alone cannot significantly reduce the
burden of pneumococcal infections in the adult
population. One of the main problems is serotype

replacement, whereby the incidence of IPD and
pneumococcal pneumonia caused by non-vaccine
serotypes increases [65-68]. In a recent meta-analysis that
examined data from 38 studies (14 countries) where
PCV7 was administered, serotype 19A (which is not in the
7-valent vaccine) was the most predominant cause of
childhood IPD, accounting for 21.8% (95%CI 18.6425.6)
of cases. In countries that introduced higher valent PCVs
(19A is represented in these vaccines), the overall
contribution of 19A was lower at 14.2% (95% ClI
11.1#18.3) and non-PCV13 serotypes contributed to
42.2% of childhood IPD cases, with predominant non-
PCV13 serotypes being 22F, 12F, 33F, 24F, 15C, 15B,
23B, 10A, and 38 (descending order) [67].

Another reason for evaluating the direct use of
PCV13 in adults, instead of relying on herd immunity
from children, is an increase in the incidence of CAP,
hospitalizations, and mortality due to cardiovascular and
lung-related complications with increasing age [69-72].
This phenomenon is thought to be related to
immunosenescence, defined as changes in immune
function associated with natural ageing due to decreases
in the number and function of antigen-presenting cells as
well as B and T cells [73]. Jackson et al. reported a
dramatic surge in the estimated incidence of CAP with
age, from 18.2 per 1000 person-years in individuals aged
65-69 years to 52.3 per 1000 person-years among those
aged over 85 years [69]. Pneumonia-related
hospitalizations, complications and death is also more
common as individuals age, illustrated by Jain et al. who
enrolled 2488 patients in an active surveillance study
between 2010 and 2012 [74]. The annual incidence of
pneumonia was 24.8 cases (95% CI, 23.5 to 26.1) per
10,000 adults, with the highest rates among adults 65 to
79 years of age (63.0 cases per 10,000 adults) and those
80 years of age or older (164.3 cases per 10,000 adults).
In a large Spanish cohort study, the mortality rates for
those 65 years of age and over with CAP was 10.3%
compared to 2.2% in patients under 65 years [71]. Among
patients aged 75 and above, with severe CAP requiring
mechanical ventilation, mortality rates were as high as
53% [72].

For decades, the PPV23 vaccine has been
recommended in adults 65 years and older and in
individuals with chronic diseases and/or
immunosuppression, to protect adults against CAP.
However, considering IPD and pneumococcal-related
CAP rates continue to be high in the elderly, the
effectiveness of PPV23 is doubtful. The meta-analysis
conducted by Moberley et al. included 25 studies (18
RCTs involving 64,852 participants and seven non-RCTs
involving 62,294 participants). Their analysis of the RCTs
found strong evidence of PPV23 efficacy against IPD (OR
0.26, 95%C1 0.14 to 0.45) [11]. However, efficacy against
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all-cause pneumonia in high-income countries in either
the general population, (OR 0.71, 95% CI1 0.45 to 1.12) or
in adults with chronic illness (OR 0.93, 95% CI 0.73 to
1.19) was not significant, nor was it associated with
substantial reductions in all-cause mortality (OR 0.90,
95% CI 0.74 to 1.09) [11]. A second meta-analysis by
Huss et al. included 22 trials involving 101 507
participants [12]. Although the initial analysis showed
that PPV23 was effective for presumptive pneumococcal
pneumonia (N=11 trials, RR 0.64, 95% CI 0.43-0.96) and
all-cause pneumonia (N=19 trials, RR 0.73, 95% CI 0.56—
0.94), when the authors repeated their analysis after
excluding poor quality trials, the protective effect of
PPV23 was eliminated [12]. In addition, little benefit was
seen with the vaccine for the elderly and those with
chronic illness [12]. In large part, the contradictory results
are due to the different inclusion criteria of the two meta-
analyses that resulted in a number of different studies
being included [11,12]. For example, the Cochrane review
included two large studies that were excluded by Huss et
al. because the material examined to diagnose IPD
included lung aspirates [75]. For the second study, a
number of subjects volunteered to be vaccinated with
PPV23 rather than undergoing randomization [76]. While
meta-analyses results are contradictory, recent population
based studies have shown PPV23 to be effective against
pneumococcal pneumonia and vaccine serotype IPD
compared to those without pneumococcal vaccination
[77,78].

For these reasons, the focus has shifted to evaluating
the use of the conjugate pneumococcal vaccines in adults.
Immunogenicity data evaluating PCV13 suggest that it
has better immune response to the vaccine serotypes
compared to the polysaccharide vaccine [26,27,29-31]
and that the response is sustained over time [27]. These
studies demonstrate that PCV13 is well tolerated, safe
among adults, and causes minor side effects such as
injection site pain, redness and swelling, or mild systemic
reactions such as fever, body pains, vomiting or decreased
appetite. Individuals who are PPV23 nawe and receive
PCV13 as an adult experience more local as well as
systemic side effects [26,29,31,32], with older adults
having less adverse events compared to the younger adults
[26]. Studies involving sequential dosing show that adults
receiving PPV23 followed by another dose of PPV23
have the highest adverse event profile [28] and those
receiving concomitant influenza vaccine with PCV13
reported higher rates of local and systemic reactions
compared to PCV13 alone [35].

CAPITA, a large randomized clinical trial, suggests
excellent vaccine efficacy and safety data in
immunocompetent adults within the general population.
This trial excluded subjects with immunocompromised
conditions, and those living in nursing home and long-

term care facility, consequently PCV13 vaccine efficacy
is unknown in these populations. PCV13 showed
superiority to placebo in the prevention of vaccine-type
CAP, the primary endpoint; but also, against the two
secondary endpoints - reducing the number of episodes of
confirmed vaccine-type nonbacteraemic and noninvasive
CAP (vaccine efficacy 45%) and confirmed vaccine-type
IPD (vaccine efficacy 75%). The number of adverse
events were higher in the vaccine arm compared to
placebo, but only as it related to minor local events.

Despite the availability of the CAPIiTA trial for
PCV13, there is a plethora of unanswered questions in the
absence of head-to-head RCTs comparing clinical
efficacy and effectiveness of PCV13 to PPV23.
Nevertheless, the clinical guidelines now recommend
administration of PCV13 for those 65 years of age and
above and younger adults aged 18 years of age or over
with chronic medical conditions and/or immune-
compromised in few countries. The comparative arm for
CAPITA was placebo and not PPV23, which is the current
standard for adult vaccination in high-income countries,
so it does not address the question of whether PCV13 is
suitable replacement of PPV23. Additionally, when
CAPITA trial began, PCV13 was not recommended for
children in the country of study (the Netherlands), so
impact of PCV13 serotypes suppression by the herd effect
is unknown. In countries with a substantial decrease in
vaccine-specific serotypes, it is unclear if there are
additional benefits in an adult vaccination program,
alongside the with routine childhood immunization.
However, as stated in the clinical guidelines section, some
countries recommend PCV13 for all adults 65 years of age
and above, with ongoing surveillance to determine its
impact on IPD, nonbacteremic pneumonia and
hospitalization rates.

Conclusion

The burden of invasive pneumococcal disease among
adults has declined in countries where the conjugate
pneumococcal vaccine is part of the childhood
immunization program, due to the increasing herd
immunity. However, pneumococcal pneumonia in older
adults remains significant. It is unlikely that the use of the
polysaccharide vaccine alone is sufficient to reduce the
pneumococcal disease incidence, hospitalizations and/or
mortality ~ associated ~ with ~ community-acquired
pneumonia. While PCV13 has a well-established
immunogenicity and safety profile in adults, there is
sparse data on sequential or multiple dosing, efficacy and
effectiveness amongst adults. Therefore, only a few
countries, including US and Canada, have adopted
PCV13 along with PPV23 for routine adult immunization.
Other countries, like Germany and the UK, need
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additional effectiveness data before the adoption of
PCV13 in adult immunization programs.

Acknowledgments

None to declare

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

Kyaw MH, Christie P, Clarke SC, Mooney JD, Ahmed
S, Jones IG, et al (2003). Invasive pneumococcal disease
in Scotland, 1999-2001: use of record linkage to explore
associations between patients and disease in relation to
future vaccination policy. Clin Infect Dis,37(10):1283—
91.

Lynch JP, Zhanel GG (2009). Streptococcus
pneumoniae: epidemiology, risk factors, and strategies
for prevention. Semin Respir Crit Care Med, 30(2):189-
209.

Reinert RR, Haupts S, van der Linden M, Heeg C, Cil
MY, Al-Lahham A, et al (2005). Invasive pneumococcal
disease in adults in North-Rhine Westphalia, Germany,
2001-2003. Clin Microbiol Infect Off Publ Eur Soc Clin
Microbiol Infect Dis,11(12):985-91.

Said MA, Johnson HL, Nonyane BAS, Deloria-Knoll M,
O’Brien KL, AGEDD Adult Pneumococcal Burden
Study Team, et al (2013). Estimating the burden of
pneumococcal pneumonia among adults: a systematic
review and meta-analysis of diagnostic techniques. PloS
One,8(4):e60273.

Rozenbaum MH, Pechlivanoglou P, van der Werf TS,
Lo-Ten-Foe JR, Postma MJ, Hak E (2013). The role of
Streptococcus pneumoniae in  community-acquired
pneumonia among adults in Europe: a meta-analysis. Eur
J Clin Microbiol Infect Dis Off Publ Eur Soc Clin
Microbiol, 32(3):305-16.

Kim D, Bridges C, Harriman K (2015). Advisory
Committee on Immunization Practices recommended
immunization schedule for adults aged 19 years or older
— United States, 2015. Ann Intern Med, 162(3):214-23.
Lynch JP, Zhanel GG (2010). Streptococcus
pneumoniae: epidemiology and risk factors, evolution of
antimicrobial resistance, and impact of vaccines. Curr
Opin Pulm Med,16(3):217-25.

Muhammad RD, Oza-Frank R, Zell E, Link-Gelles R,
Narayan KMV, Schaffner W, et al (2013). Epidemiology
of invasive pneumococcal disease among high-risk
adults since the introduction of pneumococcal conjugate
vaccine for children. Clin Infect Dis Off Publ Infect Dis
Soc Am,56(5):e59-67.

van der Poll T, Opal SM (2009). Pathogenesis, treatment,
and prevention of pneumococcal pneumonia. Lancet
Lond Engl, 374(9700):1543-56.

Sings HL (2017). Pneumococcal conjugate vaccine use
in adults - Addressing an unmet medical need for non-
bacteremic pneumococcal pneumonia.
Vaccine,35(40):5406-17.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Moberley S, Holden J, Tatham DP, Andrews RM (2013).
Vaccines for preventing pneumococcal infection in
adults. Cochrane Database Syst Rev,1:CD000422.

Huss A, Scott P, Stuck AE, Trotter C, Egger M (2009).
Efficacy of pneumococcal vaccination in adults: a meta-
analysis. CMAJ Can Med Assoc J J Assoc Medicale
Can,180(1):48-58.

Kellner JD, Vanderkooi OG, MacDonald J, Church DL,
Tyrrell GJ, Scheifele DW (2009). Changing
epidemiology of invasive pneumococcal disease in
Canada, 1998-2007: update from the Calgary-area
Streptococcus pneumoniae research (CASPER) study.
Clin Infect Dis Off Publ Infect Dis Soc Am, 49(2):205—
12.

Reingold A, Hadler J, Farley MM, Lynfield R, Besser R,
Bennett NM, et al (2005). Direct and indirect effects of
routine vaccination of children with 7-valent
pneumococcal conjugate vaccine on incidence of
invasive pneumococcal disease --- United States, 1998--
2003. MMWR, 54(36):893-7.

Haber M, Barskey A, Baughman W, Barker L, Whitney
CG, Shaw KM, et al (2007). Herd immunity and
pneumococcal conjugate vaccine: a quantitative model.
Vaccine,25(29):5390-8.

Steens A, Bergsaker MAR, Aaberge IS, Renning K,
Vestrheim DF (2013). Prompt effect of replacing the 7-
valent pneumococcal conjugate vaccine with the 13-
valent vaccine on the epidemiology of invasive
pneumococcal  disease in  Norway. Vaccine,
31(52):6232-8.

Moore MR, Gertz RE, Woodbury RL, Barkocy-
Gallagher GA, Schaffner W, Lexau C, et al (2008).
Population snapshot of emergent Streptococcus
pneumoniae serotype 19A in the United States, 2005. J
Infect Dis, 197(7):1016-27.

Harboe ZB, Dalby T, Weinberger DM, Benfield T,
Mgdbak K, Slotved HC, et al (2014). Impact of 13-valent
pneumococcal conjugate vaccination in invasive
pneumococcal disease incidence and mortality. Clin
Infect Dis Off Publ Infect Dis Soc Am, 59(8):1066-73.
Miller E, Andrews NJ, Waight PA, Slack MP, George
RC (2011). Herd immunity and serotype replacement 4
years after seven-valent pneumococcal conjugate
vaccination in England and Wales: an observational
cohort study. Lancet Infect Dis,10:760-8.

National Advisory Committee on Immunization (2010).
Update on Pediatric Invasive Pneumococcal Disease and
Recommended Use of Conjugate Pneumococcal
Vaccines. Canada Communicable Disease Report, 36-
ACS3

Centers for Disease Control and Prevention (2014). Use
of 13-valent pneumococcal conjugate vaccine and 23-
valent pneumococcal polysaccharide vaccine among
adults aged >65 years: recommendations of the Advisory
Committee on Immunization Practices (ACIP). Morb
Mortal Wkly Rep MMWR. 2014;63(37):822-5.
National Advisory Committee on Immunization (2016).
Update on the use of 13-valent pneumococcal conjugate
vaccine (PNEU-C-13) in addition to 23-valent
pneumococcal polysaccharide vaccine (PNEU-P-23) in

Aging and Disease * Volume 10, Number 2, April 2019

415



Marra F., et al

PCV13 in Adult

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

immunocompetent adults 65 years of age and older —
Interim Recommendation. Public Health Agency of
Canada, Ottawa ON

New Zealand Ministry of Health (2017). Chapter 15:
Pneumococcal Disease. In: Immunisation Handbook
2017. Wellington: Ministry of Health; 405-38.
Australian Technical Advisory Group on Immunisation
(2017). 4.13 Pneumococcal disease. In: The Australian
Immunisation Handbook. 10th ed. Canberra: Australian
Government Department of Health; 327-347.
Robert Koch Institut (2017). RKI -
Recommendations. Epidemiologisches
34:333-76.

Jackson LA, Gurtman A, van Cleeff M, Jansen KU,
Jayawardene D, Devlin C, et al (2013). Immunogenicity
and safety of a 13-valent pneumococcal conjugate
vaccine compared to a 23-valent pneumococcal
polysaccharide vaccine in pneumococcal vaccine-naive
adults. Vaccine, 31(35):3577-84.

Jackson LA, Gurtman A, Rice K, Pauksens K, Greenberg
RN, Jones TR, et al (2013). Immunogenicity and safety
of a 13-valent pneumococcal conjugate vaccine in adults
70 years of age and older previously vaccinated with 23-
valent pneumococcal polysaccharide vaccine. Vaccine,
31(35):3585-93.

Jackson LA, Gurtman A, van Cleeff M, Frenck RW,
Treanor J, Jansen KU, et al (2013). Influence of initial
vaccination with 13-valent pneumococcal conjugate
vaccine or 23-valent pneumococcal polysaccharide
vaccine on anti-pneumococcal responses following
subsequent pneumococcal vaccination in adults 50 years
and older. Vaccine, 31(35):3594-602.

Greenberg RN, Gurtman A, Frenck RW, Strout C,
Jansen KU, Trammel J, et al (2014). Sequential
administration of 13-valent pneumococcal conjugate
vaccine and 23-valent pneumococcal polysaccharide
vaccine in pneumococcal vaccine-nawe adults 60-64
years of age. Vaccine, 32(20):2364-74.

Juergens C, de Villiers PJT, Moodley K, Jayawardene D,
Jansen KU, Scott DA, et al (2014). Safety and
immunogenicity of 13-valent pneumococcal conjugate
vaccine formulations with and without aluminum
phosphate and comparison of the formulation of choice
with 23-valent pneumococcal polysaccharide vaccine in
elderly adults: a randomized open-label trial. Hum
Vaccines Immunother,10(5):1343-53.

Shiramoto M, Hanada R, Juergens C, Shoji Y, Yoshida
M, Ballan B, et al (2015). Immunogenicity and safety of
the 13-valent pneumococcal conjugate vaccine
compared to the 23-valent pneumococcal polysaccharide
vaccine in elderly Japanese adults. Hum Vaccines
Immunother, 11(9):2198-206.

van Deursen AMM, van Houten MA, Webber C, Patton
M, Scott DA, Patterson S, et al (2017). Immunogenicity
of the 13-valent pneumococcal conjugate vaccine in
older adults with and without comorbidities in the
community-acquired pneumonia immunization trial in
adults (CAPITA). Clin Infect Dis Off Publ Infect Dis Soc
Am, 65(5):787-95.

STIKO
Bulletin,

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Schwarz TF, Flamaing J, RUmke HC, Penzes J, Juergens
C, Wenz A, et al (2011). A randomized, double-blind
trial to evaluate immunogenicity and safety of 13-valent
pneumococcal conjugate vaccine given concomitantly
with trivalent influenza vaccine in adults aged >65 years.
Vaccine,29(32):5195-202.

Frenck RW, Gurtman A, Rubino J, Smith W, van Cleeff
M, Jayawardene D, et al (2012). Randomized, controlled
trial of a 13-valent pneumococcal conjugate vaccine
administered concomitantly with an influenza vaccine in
healthy adults. Clin Vaccine Immunol CV1,19(8):1296—
303.

Song JY, Cheong HJ, Hyun HJ, Seo YB, Lee J, Wie S-
H, etal (2017). Immunogenicity and safety of a 13-valent
pneumococcal conjugate vaccine and an MF59-
adjuvanted influenza vaccine after concomitant
vaccination in >60-year-old adults. Vaccine, 35(2):313—
20.

Lombardi F, Belmonti S, Fabbiani M, Morandi M,
Rossetti B, Tordini G, et al (2016). Immunogenicity and
safety of the 13-valent pneumococcal conjugate vaccine
versus the 23-valent polysaccharide vaccine in
unvaccinated HIV-infected adults: a pilot, prospective
controlled study. PLOS ONE,11(6):e0156523.

Bhorat AE, Madhi SA, Laudat F, Sundaraiyer V,
Gurtman A, Jansen KU, et al (2015). Immunogenicity
and safety of the 13-valent pneumococcal conjugate
vaccine in  HIV-infected individuals naive to
pneumococcal  vaccination. AIDS Lond Engl,
29(11):1345-54.

Glesby MJ, Watson W, Brinson C, Greenberg RN,
Lalezari JP, Skiest D, et al (2015). Immunogenicity and
safety of 13-valent pneumococcal conjugate vaccine in
HIV-infected adults previously vaccinated with
pneumococcal polysaccharide vaccine. J Infect Dis,
212(1):18-27.

Mitra S, Stein GE, Bhupalam S, Havlichek DH (2016).
Immunogenicity of 13-valent conjugate pneumococcal
vaccine in patients 50 years and older with end-stage
renal disease and on dialysis. Clin Vaccine Immunol
CVI, 23(11):884-7.

Cordonnier C, Ljungman P, Juergens C, Maertens J,
Selleslag D, Sundaraiyer V, et al (2015).
Immunogenicity, safety, and tolerability of 13-valent
pneumococcal conjugate vaccine followed by 23-valent
pneumococcal polysaccharide vaccine in recipients of
allogeneic hematopoietic stem cell transplant aged >2
years: an open-label study. Clin Infect Dis Off Publ
Infect Dis Soc Am,61(3):313-23.

Tinoco JC, Juergens C, Ruiz Palacios GM, Vazquez-
Narvaez J, Enkerlin-Pauwells HL, Sundaraiyer V, et al
(2015). Open-label trial of immunogenicity and safety of
a 13-valent pneumococcal conjugate vaccine in adults >
50 years of age in Mexico. Clin Vaccine Immunol CVI,
22(2):185-92.

Shiramoto M, Irie S, Juergens C, Yamaji M, Tamai S,
Aizawa M, et al (2014). Immunogenicity and safety of
13-valent pneumococcal conjugate vaccine when
administered to healthy Japanese adults aged >50 years.
Hum Vaccines Immunother, 10(7):1850-8.

Aging and Disease * Volume 10, Number 2, April 2019

416



Marra F., et al

PCV13 in Adult

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[58]

[56]

Bryant KA, Frenck R, Gurtman A, Rubino J, Treanor J,
Thompson A, et al (2015). Immunogenicity and safety of
a 13-valent pneumococcal conjugate vaccine in adults
18-49 years of age, naive to 23-valent pneumococcal
polysaccharide vaccine. Vaccine,33(43):5854-60.
Solanki BB, Juergens C, Chopada MB, Supe P,
Sundaraiyer V, Le Dren-Narayanin N, et al (2017).
Safety and immunogenicity of a 13-valent pneumococcal
conjugate vaccine in adults 50 to 65 years of age in India:
An open-label trial. Hum Vaccines
Immunother,13(9):2065-71.

Romero-Steiner S, Frasch CE, Carlone G, Fleck RA,

Goldblatt D, Nahm MH (2006). Use of
opsonophagocytosis for serological evaluation of
pneumococcal vaccines. Clin  Vaccine Immunol

CV1,13(2):165-9.

Westerink MAJ, Schroeder HW, Nahm MH (2011).
Immune Responses to pneumococcal vaccines in
children and adults: Rationale for age-specific
vaccination. Aging Dis,3(1):51-67.

Khan IH, Catto GR (1993). Long-term complications of
dialysis: infection. Kidney Int Suppl,41:5S143-148.
Sharif MR, Chitsazian Z, Moosavian M, Raygan F,
Nikoueinejad H, Sharif AR, et al (2015). Immune
disorders in hemodialysis patients. lIran J Kidney
Dis,9(2):84-96.

Bonten MJM, Huijts SM, Bolkenbaas M, Webber C,
Patterson S, Gault S, et al (2015). Polysaccharide
conjugate vaccine against pneumococcal pneumonia in
adults. N Engl J Med, 372(12):1114-25.

Centers for Disease Control and Prevention (2015).
Intervals Between PCV13 and PPSV23 Vaccines:
Recommendations of the Advisory Committee on
Immunization Practices (ACIP). Morb Mortal Wkly
Rep,64(34):944-7.

Public Health England. Chapter 25: Pneumococcal. In:
The Green Book. 6th ed. 2017. p. 295-312.

Standing Committee on Vaccination (2017). Statement
of the German Standing Committee on Vaccination at
the RKI Recommendations of the Standing Committee
on Vaccination (STIKO) at the Robert Koch Institute —
2017/2018. Berlin, Germany: Robert Koch-Institut;
Report No.: 34, p. 333-76.

Lucero MG, Dulalia VE, Nillos LT, Williams G, Parrefd
RAN, Nohynek H, et al (2009). Pneumococcal conjugate
vaccines for preventing vaccine-type invasive
pneumococcal disease and X-ray defined pneumonia in
children less than two years of age. Cochrane Database
Syst Rev, (4):CD004977.

Fortanier AC, Venekamp RP, Boonacker CWB, Hak E,
Schilder AGM, Sanders EAM, et al (2014).
Pneumococcal conjugate vaccines for preventing otitis
media. Cochrane Database Syst Rev, (4):CD001480.
Grijalva CG, Nuorti JP, Zhu Y, Griffin MR (2010).
Increasing incidence of empyema complicating
childhood community-acquired pneumonia in the United
States. Clin Infect Dis Off Publ Infect Dis Soc
Am,50(6):805-13.

Fitzwater SP, Chandran A, Santosham M, Johnson HL
(2012). The worldwide impact of the seven-valent

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

pneumococcal conjugate vaccine. Pediatr Infect Dis J,
(5):501-8.

Griffin MR, Zhu Y, Moore MR, Whitney CG, Grijalva
CG (2013). U.S. hospitalizations for pneumonia after a
decade of pneumococcal vaccination. N Engl J
Med,369(2):155-63.

Elemraid MA, Rushton SP, Shirley MDF, Thomas MF,
Spencer DA, Eastham KM, et al (2013). Impact of the 7-
valent pneumococcal conjugate vaccine on the incidence
of childhood pneumonia. Epidemiol Infect,141(8):1697—
704.

Jardine A, Menzies RI, Mclintyre PB (2010). Reduction
in hospitalizations for pneumonia associated with the
introduction of a pneumococcal conjugate vaccination
schedule without a booster dose in Australia. Pediatr
Infect Dis J, 29(7):607-12.

Simonsen L, Taylor RJ, Schuck-Paim C, Lustig R, Haber
M, Klugman KP (2014). Effect of 13-valent
pneumococcal conjugate vaccine on admissions to
hospital 2 years after its introduction in the USA: a time
series analysis. Lancet Respir Med, 2(5):387-94.
Regev-Yochay G, Katzir M, Strahilevitz J, Rahav G,
Finn T, Miron D, et al (2017). The herd effects of infant
PCV7/PCV13 sequential implementation on adult
invasive pneumococcal disease, six years post
implementation; a nationwide study in Israel. Vaccine,
35(18):2449-56.

Pilishvili T, Lexau C, Farley MM, Hadler J, Harrison
LH, Bennett NM, et al (2010). Sustained reductions in
invasive pneumococcal disease in the era of conjugate
vaccine. J Infect Dis, 201(1):32-41.

Waight PA, Andrews NJ, Ladhani SN, Sheppard CL,
Slack MPE, Miller E (2015). Effect of the 13-valent
pneumococcal  conjugate  vaccine on invasive
pneumococcal disease in England and Wales 4 years
after its introduction: an observational cohort study.
Lancet Infect Dis, 15(5):535-43.

Rodrigo C, Bewick T, Sheppard C, Greenwood S,
Mckeever TM, Trotter CL, et al (2015). Impact of infant
13-valent pneumococcal conjugate vaccine on serotypes
in adult pneumonia. Eur Respir J, 45(6):1632-41.
Kawaguchiya M, Urushibara N, Aung MS, Morimoto S,
Ito M, Kudo K, et al (2016). Emerging non-PCV13
serotypes of noninvasive Streptococcus pneumoniae
with macrolide resistance genes in northern Japan. New
Microbes New Infect, 9:66—72.

Hor&io AN, Silva-Costa C, Lopes JP, Ramirez M,
Melo-Cristino J, Portuguese Group for the Study of
Streptococcal Infections (2016). Serotype 3 remains the
leading cause of invasive pneumococcal disease in adults
in Portugal (2012-2014) despite continued reductions in
other 13-valent conjugate vaccine serotypes. Front
Microbiol, 7:1616.

Balsells E, Guillot L, Nair H, Kyaw MH (2017).
Serotype distribution of Streptococcus pneumoniae
causing invasive disease in children in the post-PCV era:
A systematic review and meta-analysis. PLOS ONE,
12(5):20177113.

Kaur R, Casey JR, Pichichero ME (2016). Emerging
Streptococcus pneumoniae strains colonizing the

Aging and Disease * Volume 10, Number 2, April 2019

417



Marra F., et al

PCV13 in Adult

[69]

[70]

[71]

[72]

[73]

[74]

nasopharynx in children after 13-valent pneumococcal
conjugate vaccination in comparison to the 7-valent era,
2006-2015. Pediatr Infect Dis J, 35(8):901-6.

Jackson ML, Neuzil KM, Thompson WW, Shay DK, Yu
O, Hanson CA, et al (2004). The burden of community-
acquired pneumonia in seniors: results of a population-
based study. Clin Infect Dis, 39(11):1642-50.

Fry AM, Shay DK, Holman RC, Curns AT, Anderson LJ
(2005). Trends in hospitalizations for pneumonia among
persons aged 65 years or older in the United States, 1988-
2002. JAMA, 294(21):2712-9.

Kothe H, Bauer T, Marre R, Suttorp N, Welte T, Dalhoff
K, et al (2008). Outcome of community-acquired
pneumonia: influence of age, residence status and
antimicrobial treatment. Eur Respir J, 32(1):139-46.
El-Solh AA, Sikka P, Ramadan F, Davies J (2001).
Etiology of severe pneumonia in the very elderly. Am J
Respir Crit Care Med, 163(3):645-51.

United Nations, Department of Economic and Social
Affairs, Population Division (2015). World Population
Ageing  2015. New  York. Report  No.:
ST/ESA/SER.A/368.

Jain S, Self WH, Wunderink RG, Fakhran S, Balk R,
Bramley AM, et al (2015). Community-Acquired
Pneumonia Requiring Hospitalization among U.S.
Adults. N Engl J Med, 373(5):415-27.

[75]

[76]

[77]

[78]

[79]

Riley ID, Tarr PI, Andrews M, Pfeiffer M, Howard R,
Challands P, et al (1977). Immunisation with a
polyvalent pneumococcal vaccine. Reduction of adult
respiratory mortality in a New Guinea Highlands
community. Lancet Lond Engl, 1(8026):1338-41.
Kaufman P (1941). Studies on old age pneumonia: ii.
prophylactic effect of pneumococcus polysaccharide
against pneumonia. Arch Intern Med, 67(2):304-19.
Ochoa-Gondar O, Vila-Corcoles A, Rodriguez-Blanco
T, Gomez-Bertomeu F, Figuerola-Massana E, Raga-
Luria X, et al (2014). Effectiveness of the 23-valent
pneumococcal  polysaccharide  vaccine  against
community-acquired pneumonia in the general
population aged > 60 years: 3 years of follow-up in the
CAPAMIS study. Clin Infect Dis Off Publ Infect Dis Soc
Am, 58(7):909-17.

Suzuki M, Dhoubhadel BG, Ishifuji T, Yasunami M,
Yaegashi M, Asoh N, et al (2017). Serotype-specific
effectiveness of 23-valent pneumococcal polysaccharide
vaccine against pneumococcal pneumonia in adults aged
65 years or older: a multicentre, prospective, test-
negative design study. Lancet Infect Dis, 17(3):313-21.
National Advisory Committee on Immunization (2015).
Re-Immunization with  Polysaccharide 23-Valent
Pneumococcal Vaccine (Pneu-P-23). Ottawa ON: Public
Health Agency of Canada; 2015.

Aging and Disease * Volume 10, Number 2, April 2019

418



