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ABSTRACT

Otitis media (OM) is a common disease of childhood and available pneumococcal conjugate vaccines
(PCVs), with different compositions, could have different impact on OM reduction. This systematic
literature review evaluated available data describing the efficacy, effectiveness, and impact of 10-valent
pneumococcal Haemophilus influenzae protein D conjugate vaccine (PHiD-CV) and 13-valent PCV (PCV13)
on OM outcomes. Statistically significant reductions in all-cause and complicated OM, tympanostomy
tube placement and OM-related hospitalizations were consistently observed after the introduction of
PHiD-CV and PCV13. Impact studies with data in children <2 years of age using PCV13 report 47-51% and
PHiD-CV 34-43% reduction of all-cause OM (primary care, outpatient, ambulatory, emergency department
visits) compared to periods before PCV introduction. When the impact of both vaccines is assessed in
comparable settings, some studies suggest PHiD-CV may offer better protection against some OM out-
comes. Well-designed, head-to-head comparisons are needed to better understand the differences and
guide vaccination policies.
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PLAIN LANGUAGE SUMMARY

What is the context?

® Pneumococcal vaccines are highly effective in preventing pneumonia and meningitis in children. The
two main pneumococcal vaccines are PHiD-CV (Synflorix, GSK) and PCV13 (Prevenar 13, Pfizer). Both
vaccines have been shown to provide protection against otitis media despite differing in their
composition.

® However, it is currently unknown if both vaccines confer similar level of protection against otitis media.

What is new?
® We conducted a literature review to evaluate the effects of PHiD-CV and PCV13 on otitis media.
® From 33 articles, we found that:
o Both vaccines were effective in reducing doctor visits for otitis media as well as the number of
severe cases and cases requiring hospitalization.
o Four studies suggested a higher level of protection provided by PHiD-CV compared to PCV13,
although more data is needed to confirm this finding.

What is the impact?

® Available information shows that PHiD-CV and PCV13 are effective in preventing a proportion of otitis
media during childhood.

® Given the remaining substantial burden associated with the disease and the related significant usage
of antibiotics, the development of improved vaccines with higher impact on otitis media would be
welcome.

Introduction
For outcomes such as IPD which can be readily identified in

hospital settings and culture-confirmed, the efficacy, effective-
ness and wider impacts of PCVs on disease incidence have
been well described.”'® Quantitation of the impact of PCV's on
OM and pneumonia has been less straightforward.>'' Acute
OM (referred to in this review as ‘OM’) is one of the most
frequent illnesses of childhood. However, in practice, the diag-
nosis is usually made clinically, and culture confirmation is
rarely undertaken. The incidence of OM and whether an etiol-
ogy is sought depend strongly on the setting; being less likely in
general practices (GPs), outpatients, and emergency

The introduction of pneumococcal conjugate vaccines (PCVs)
into national immunization programs for infants has had remark-
able and sustained public health impacts. PCVs reduce the inci-
dence of invasive pneumococcal disease (IPD) in infants and
young children as well as IPD due to antibiotic-resistant strains,
pneumonia and otitis media (OM), leading to reduced outpatient
visits, hospitalizations, antibiotic use and deaths.' ® By preventing
nasopharyngeal colonization by Streptococcus pneumoniae, PCVs
induce substantial herd protection, leading to vaccine impacts in
unvaccinated age-groups including young infants and adults.”®
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departments (EDs) than hospitals or specialist clinics; and on
local treatment practices including clinical thresholds for hos-
pitalization, the prescription of antibiotics, myringotomy, and
tympanostomy tube placement (TTP).

The first PCV (7-valent; PCV7, Prevenar/Prevnar, Pfizer
Inc.) was licensed in 2000 and was replaced from 2009 by
higher valency PCVs containing 10 (pneumococcal non-
typeable Haemophilus influenzae [NTHi] protein D conjugate
vaccine [PHiD-CV], Synflorix, GSK) or 13 (PCV13, Prevenar
13/Prevnar 13, Pfizer Inc.) capsular polysaccharide antigens.
PHiD-CV contains 8 serotypes (1, 4, 5, 6B, 7F, 9V, 14, 23F)
conjugated to Protein D, a recombinant non-lipidated form of
a highly conserved cell-surface lipoprotein of NTHi, 1 serotype
(18C) conjugated to tetanus toxoid, and 1 (19F) to diphtheria
toxoid (total 16 pg polysaccharide). PCV13 has 13 serotypes (1,
3,4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F, total 30.8 ug
polysaccharide) conjugated to mutant diphtheria toxoid.
A second 10-valent PCV (SIIPL-PCV, Pneumosil, Serum
Institute of India Private Limited) was recently pre-qualified
by the World Health Organization.'> As it is too soon to
evaluate its impact on pneumococcal disease, this vaccine is
not discussed further in this review.

Extensive experience with PHiD-CV and PCV13 show they
provide high levels of protection against IPD with no consis-
tent evidence of a difference in their overall impact,”’14
although direct comparisons have not been possible due to
inter-study heterogeneity.'®

In the pre-PCV period the most frequently identified
bacterial causes of OM and pneumonia were
S. pneumoniae and H. influenzae.'®"'® PHiD-CV is the
only PCV to use Protein D as the conjugate protein.
Protein D induces an immune response that could help to
reduce the burden of OM caused by NTHi.'"® However,
most studies conducted to date were not powered to assess
vaccine efficacy against OM caused by H. influenzae.'”™!
On the other hand, PCV13 includes 3 additional serotypes
compared to PHiD-CV. Therefore, both vaccines provide
benefits as compared to PCV7.

In randomized controlled trials (RCTs) of PCV7 and PHiD-
CV, vaccination prevented between 6% and 20% of all-cause or
clinical OM in children <2 years of age.”’>* No RCTs to
evaluate efficacy of PCV13 in preventing OM have been con-
ducted. Despite evidence from RCTs that PCVs prevent
a proportion of OM cases,”’”** quantifying and comparing
the impact and effectiveness of PCVs in real-world settings is
difficult due to marked heterogeneity between studies in their
design, disease definitions and outcomes studied.

Because OM is such a common disease of childhood, even
small differences between vaccines in OM prevention could have
marked population impacts with implications for cost-
effectiveness analyses and potential flow-on effects such as
reduced antibiotic use. Estimation of the PHiD-CV-preventable
disease incidence in Finland found that even though vaccination
prevented 94% of IPD cases, this represented 75 cases per
100,000 person-years and contributed to only 0.6% of the overall
vaccine effect and only 4.4% of the reduction in healthcare costs.
By contrast, although vaccine efficacy was substantially less (13%)
against TTP and (7%) antimicrobial prescriptions for treatment of
OM, together these 2 outcomes were reduced by 12,524 per
100,000 person-years by vaccination. The 2 OM outcomes con-
tributed to 95.7% of the overall reduction in PHiD-CV-
preventable diseases and to 71.8% of the reduction in in healthcare
costs.”

A systematic literature review assessed the effect of PCVs in
preventing OM in children up to 12 years of age but focused
exclusively on RCTs where PCV was compared to placebo or
control vaccine.”* RCTs provide only one facet of the evalua-
tion of potential vaccine impacts on infectious diseases and an
assessment of the impact of PCVs in routine use on OM and
related outcomes is lacking. We reviewed available data
describing the efficacy, effectiveness and impact of PHiD-CV
and PCV13 against OM outcomes and explored a possible
comparison between both vaccines.

A summary contextualizing the relevance, the results and
the impact of our study is described in the plain language
summary (Figure 1).

« Pneumococcal vaccines are highly effective in preventing pneumonia and meningitis in children. The
two main pneumococcal vaccines are PHiD-CV (Synflorix, GSK) and PCV13 (Prevenar 13, Pfizer). Both
vaccines have been shown to provide protection against otitis media despite differing in their

composition.

« However, it is currently unknown if both vaccines confer similar level of protection against otitis media.

+ We conducted a literature review to evaluate the effects of PHID-CV and PCV13 on otitis media.

+ From 33 articles, we found that:

o Both vaccines were effective in reducing doctor visits for otitis media as well as the number of
severe cases and cases requiring hospitalization.

o Four studies suggested a higher level of protection provided by PHID-CV compared to PCV13,
although more data is needed to confirm this finding.

What is the impact?

Figure 1. Plain language summary.

+ Available information shows that PHIiD-CV and PCV13 are effective in preventing a proportion of otitis

media during childhood.

» Given the remaining substantial burden associated with the disease and the related significant usage of

antibiotics, the development of improved vaccines with higher impact on otitis media would be welcome.




Methods

The study was conducted using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Search strategy, article selection and data extraction

A literature search was conducted for English-language pub-
lications in MEDLINE (via PubMed) and EMBASE from 01/
01/2009 to 01/07/2020. The search terms are provided in
Supplementary Box S1. Studies were accepted from any coun-
try. The population of interest was children aged <6 years in
whom the incidence of OM is highest. Studies with data in
individuals up to 21 years of age were included if they reported
data specifically in age-groups less <6 years, or if the median
age of the population was <6 years.

Eligibility criteria

Articles were included if they were observational studies or
RCTs investigating PHiD-CV and/or PCV13 describing
efficacy/effectiveness and/or impact. Vaccine efficacy refers
to the percentage difference in disease in vaccinated com-
pared to unvaccinated individuals and measures how the
vaccine performs under ideal circumstances in a regimented
protocol in healthy individuals; vaccine effectiveness refers
to the difference in the incidence of disease in vaccinated
versus unvaccinated individuals within similar populations
and is a measure of real-world benefit to individuals for
whom vaccination is recommended; vaccine impact refers
to the fraction of disease prevented in a population. This
can be assessed by comparing incidence or prevalence of
disease in comparable populations in the pre- and post-
vaccine eras, or by measuring population-level trends over
time.

Studies were included if they provided information on
OM or any related outcome or proxy, such as TTP, OM-
related hospitalizations, ED or outpatient visits. Articles
were excluded if they reported the burden of disease only,
health-economic or cost-effectiveness estimations, model-
ling/simulations/extrapolation, literature reviews, or confer-
ence abstracts. References of review articles were scanned
for other articles of potential relevance.

Outcome measures

The primary outcome of interest was all-cause acute OM or
OM (globally referred to here as OM) episodes or out-
patient visits, irrespective of causative pathogen. We con-
sidered all-cause OM as the endpoint most relevant for
children, parents and physicians. Secondary outcomes
included complicated and severe OM, all-cause OM-
related hospitalizations, and TTP procedures.

The feasibility of comparing PHiD-CV and PCV13 based on
the measured outcomes was also assessed. However, a meta-
analysis could not be performed due to the very high level of
heterogeneity between the studies.
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Data extraction

Two reviewers independently performed title/abstract selec-
tion of the papers using Rayyan® applying the pre-defined
selection criteria. Discrepancies were discussed and if not
resolved, a decision was taken by a third reviewer.

In the second phase, full length articles were assessed for
eligibility by a single reviewer. A second reviewer indepen-
dently examined a random sample of 10% of full-length arti-
cles. A disagreement of more than 10% between the two
reviewers triggered independent full assessment of all papers
by the second reviewer. Any discrepancies unable to be
resolved were decided by a third reviewer.

Relevant information from each study for extraction
included population characteristics, study design, study period,
source of data, exposure, and estimates of vaccine efficacy/
effectiveness or impact. For primary and secondary outcomes,
estimates were extracted as reported (e.g., relative risks, hazard
ratios and other measures with their accompanying 95% con-
fidence intervals [CI], if available). To obtain percentage reduc-
tions in outcomes, we calculated the reduction as (1 minus the
reported ratio)*100. Data extraction was carried out by a single
reviewer and was checked by a second independent reviewer.

Quality assessment

The quality of each full-length study included in the data
extraction was assessed using a validated risk of bias tool
appropriate for the study type. The methodological risk of
bias was rated by applying the ROBINS-I tool*® recommended
by Cochrane Collaboration for non-randomized studies of
interventions, and the ROBINS-II tool,”” a revised tool to
assess risk of bias in randomized trials. Final results of the
ROBINS tools led to an overall methodological rating of low,
moderate, serious or critical risk of bias.

Results

We identified 33 unique articles of which 4 reported vaccine
efficacy, 4 reported vaccine effectiveness, 21 reported vaccine
impact, and 4 reported comparisons between PHiD-CV and
PCV13 (Figure 2). Key features of each study are provided in
Table 1.

The extent of heterogeneity between studies reflects impor-
tant differences between studies in terms of design, OM case
ascertainment and outcomes, and populations studied.
Therefore, results are presented graphically in the sections
below, but each study is discussed individually to provide the
underlying information necessary to interpret the results.

Vaccine efficacy

Estimates of PHiD-CV efficacy against OM outcomes come
from two large phase III RCTs: one in Europe (FinIP) and one
in Latina America (COMPAS).*>*"*®* The results are pre-
sented in (Figure 3). These studies, along with efficacy studies
of other PCVs including PCV7, PCV9 and PHiD-CV11 were
reviewed in an updated Cochrane Review by de Sevaux et al.**
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Figure 2. PRISMA diagram. N, number of articles.

The authors concluded that PCV7 and PHiD-CV were asso-
ciated with large relative risk reductions in pneumococcal OM
when administered in infancy. The effect on all-cause OM was
considered more uncertain because of low- to moderate-
certainty evidence.

Learnings from efficacy studies

RCTs have shown consistent trends that PHiD-CV (no efficacy
data for PCV13 are available) reduced all-cause clinically diag-
nosed OM in infants (Figure 3), although the results were not
always statistically significant and limitations of studies, such as
the risk of bias and imprecise estimates of effect, reduce the
certainty of the evidence.** The vaccine efficacy estimate was
13% (95% CI -2, 26) against TTP in the FinIP trial and 6.4%
(95% CI -5.5, 17.2) for the prevention of all OM episodes in
a FinIP nested trial. Vaccine efficacy against the first OM episode
was 16.1% (95% CI -1.1, 30.4) in the COMPAS per-protocol
analysis, and was 14.8% (95% CI —1.0, 28.2; intent-to-treat analy-
sis) for preventing all clinically confirmed OM. Available all-cause
clinical OM data from COMPAS suggest that efficacy may be
higher in younger children (<2 years of age) than in older age-
groups.

Vaccine effectiveness

The data describing effectiveness of PHiD-CV and PCV13
come from 4 studies and the data are limited and heteroge-
neous. One study was conducted in clinical trial participants
(FinIP trial) who received PHiD-CV using a mixed endpoint of

respiratory tract infections (RTI) and OM; 1 study in the US
used the endpoint of bacteriologically-confirmed serotype-
specific OM based on tympanocentesis and cannot be extra-
polated to real-world settings; 1 study from Spain evaluated
a mixed PCV7/PCV13 endpoint for pneumococcal OM; and 1
study in Korea used a nationwide insurance database to esti-
mate combined PHiD-CV/PCV13 effectiveness. Although 3 of
these studies do not refer specifically the outcomes of interest
of this review, they are included for discussion.

PHiID-CV effectiveness was estimated prospectively in
a cohort of 424 children who participated in FinIP. Children
were followed from birth until 2 years of age for the occurrence
of RTI. Vaccine effectiveness was 23% (95% CI 0, 40) in pre-
venting RTTs with OM.*

Pichichero et al.*® conducted a prospective observational
study to evaluate the effectiveness of PCV13 in preventing OM
caused by the 6 serotypes in PCV13 not included in PCV7. 239
children fully vaccinated up to 30 months of age seen as out-
patients at a private pediatric practice in the US were enrolled.
Episodes of OM were captured up until 30-36 months of age,
and all cases of OM underwent tympanocentesis. Controls were
children enrolled in an earlier similar study using PCV7. The
estimated effectiveness of PCV13 in preventing OM due to the 6
additional serotypes was 86% (95% CI 61, 94) .30

A population-based study in Southern Catalonia, Spain,
identified 78 cases of culture-confirmed pneumococcal OM
identified from spontaneous otorrhea (with or without tympa-
nostomy tube in situ). The late-PCV7 period (January 2007 to
June 2010) was compared with the early-PCV13 period
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Figure 3. Efficacy of PHiD-CV in preventing all-cause otitis media (OM) and tympanostomy tube placement (TTP). y, years of age. *Mean follow-up 24 months (range 14—
34 months) for infants; 27 months (range 13-34 months) for catch-up. **Mean follow-up 18 months. ***Mean follow-up 28 months for the per-protocol; 31 months for
the intent-to-treat. Horizontal lines show 95% confidence intervals. References: Palmu®®; Vesikari*®; Tregnaghi?'; Saez-Llorens°.

(July 2010 to December 2013). No significant difference
between overall incidence rates of pneumococcal OM episodes
was observed between the two study periods, although the
prevalence of cases caused by PCV13 serotypes showed
a decreasing trend (65.5% vs 48.4%). The aggregate PCV7/
PCV13 effectiveness against vaccine-type infection was 72%
(95% CI -26, 94). PCV13 effectiveness against vaccine-type
infection was 62% (95% CI —141, 95).>' PCV7 effectiveness
could not be estimated as no OM cases due to PCV7 serotypes
occurred in vaccinated children.

A retrospective nationwide database study was con-
ducted in Korea to determine the feasibility of evaluating
the effectiveness of the Korean vaccination program in
which vaccination is with either PHiD-CV or PCV13.
Adjusting for age, sex, comorbidity, and healthcare utiliza-
tion rate, combined PHiD-CV/PCV13 vaccine effectiveness
in preventing outpatient visits for OM was 19.13% (95% CI
13.42, 24.46). Vaccine effectiveness in preventing outpatient
visits due to OM in a propensity score matched cohort was
33.21% (95% CI 31.01, 35.33).%

Learnings from effectiveness studies

Despite the heterogeneity of the studies, 3 of 4 studies
showed statistically significant vaccine effectiveness in pre-
venting the OM endpoint under study, confirming trends
observed in efficacy studies. The fourth study by Ochoa-
Gondar et al.’>' did not show significant aggregate effec-
tiveness of PCV7/PCV13 against vaccine-type infection,
but the sample size was limited and the 95% CI on the
effectiveness estimates were very wide, suggesting insuffi-
cient power.

Vaccine impact

The studies that assessed the impact of PHiD-CV and PCV13
on OM evaluated numerous different endpoints across a range
of age-groups. ‘Like’ endpoints in age-groups of interest have
been grouped in the sections below. While comparisons
between PHiD-CV and PCV13 cannot always be made due to
underlying study differences, some studies provide results for
both vaccines that were conducted in comparable settings (see
section Studies conducted in comparable settings and
populations).

Clinical all-cause OM

The 9 studies included in this section report on the outcome of
all-cause OM diagnosed in a range of settings, including pri-
mary care/GP visits, ambulatory episodes, hospital outpatient
and ED visits (Figure 4).

Lau et al.** conducted an observational cohort study using a
nationally-representative primary care database (Intercontinental
Medical Statistics database) in the United Kingdom (UK) to
investigate trends in the incidence of GP visits for OM and
associated antibiotic prescriptions in children <10 years of age.
Compared to the period when PCV7 was in use (September 2007
to March 2010), the annual OM incidence in children <2 years of
age reduced by 6.6% (95% CI 1.9, 11.0) after the introduction of
PCV13 (April 2011 to December 2012). The annual incidence in
children 2-4 years of age was also significantly reduced (13.0%,
95% CI 10.1, 15.9).%

Wiese et al.>* reported a retrospective study in the US that
used claims data and ICD codes (International Classification of
Diseases) to assess healthcare encounters for OM episodes in
children <2 years of age before (PCV7 period, 2006 to 2010)
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Figure 4. Impact of PCV13 and PHiD-CV on clinical otitis media (OM) (all-cause OM visits). ED, emergency department; GP, general practitioner; IS, Iceland; NL, the
Netherlands; UK, United Kingdom; US, United States; y, years of age. *Monthly incidence decline of OM following transition period of 12 months after PCV13

introduction (Apr 2010-Mar 2011). **Includes children aged 2-23 months. Horizontal lines show 95% confidence intervals when available. References: Lau®; Wiese®*:

Kawai*®; Zhou®>; Fortanier’’; Sigurdsson®?; Sartori*°; Rosenblut®.

and after PCV13 introduction (2011 to 2014). Healthcare
encounters included visits to physicians, ED and hospitaliza-
tions. Compared to the PCV7 period, PCV13 was associated
with an 8% decreased risk of OM (adjusted hazard ratio [HR]
0.92, 95% CI 0.91, 0.93) in children <2 years of age, and with
statistically significant 12% decline in the risk of experiencing
the first OM episode (adjusted HR 0.88, 95% CI 0.86, 0.89).3*

Two overlapping retrospective studies from the US used the
National Ambulatory Medical Care Survey and the National
Hospital Ambulatory Medical Care Survey to evaluate OM-
associated ambulatory visits to physicians’ offices or hospital ED
and outpatient departments.®>>® Kawai et al.*® reported that office
visit rates for OM decreased significantly during the PCV13
period (2012 to 2014) compared with the pre-PCV7 period
(1997 to 1999), by 51% (95% CI 42, 58) in children <2 years of
age and 37% (95% CI 23, 48) in children 2-4 years of age. ED visits
for OM declined by 47% (95% CI 36, 55) in children <2 years of
age and by 34% (95% CI 19, 46) in children 2-4 years of age.
Annual visits for OM in children <5 years of age were estimated to
have decreased from 14 million in 2000 to 8 million in 2014.
Compared to the PCV7 period (2002 to 2009), PCV13 was asso-
ciated with a 31% (95% CI 19, 41) reduction of office visits and
a 22% (95% CI 7, 34) decline of ED visits for OM in children
<2 years of age, respectively. In children 2-4 years of age, office
visits declined by 23% (95% CI 10, 35) and ED visits by 20% (95%

34,

CI 5, 32).% Zhou et al.*® reported that in children <5 years of age,
the observed reduction in the rate of OM visits was 22% (95% CI
12, 32) for the PCV13 (2011 to 2013) vs the PCV7 period (2002 to
2009), and 41% (95% CI 30, 52) for the PCV13 vs the pre-PCV7
period (1999 to 1997). In children 2-4 years of age, the observed
reduction in the rate of OM visits was 16% (95% CI 2, 29) (PCV13
vs PCV7 period) and 29% (95% CI 13, 45) (PCV13 vs pre-PCV7
period). In children <2 years of age, the observed rate reduction
was 24% (95% CI 13, 35) (PCV13 vs PCV7 period) and 48% (95%
CI 37, 59) (PCV13 vs pre-PCV7 period).*

Fortanier et al.”” conducted a retrospective, nationwide,
observational study of GP-diagnosed OM episodes in children
<4 years of age in the Netherlands. Children were assigned to
the pre-PCV7 group (January 2004 to March 2006), the PCV7
group (April 2006 to February 2011) or the PHiD-CV group
(March 2011 to February 2015). Children in the PHiD-CV
group had a 21% lower risk of experiencing a first OM episode
than those in the pre-PCV7 group (HR 0.79, 95% CI 0.70,
0.89), and an 11% lower overall risk for OM (HR 0.89, 95%
CI 0.84, 0.95). PHiD-CV postponed the time to onset and
reduced the risk of first OM episode compared to the PCV7
and pre-PCV7 groups (p < .001). Neither PCV7 nor PHiD-CV
reduced the risk of effect of subsequent OM episodes, suggest-
ing that the impact of PCV on overall OM is largely attribu-
table to the prevention of the first OM episode.



A whole-population study evaluated the impact of PHiD-CV
on primary care visits for all-cause OM in children <3 years of
age in Iceland from 2005 to 2015. Birth cohorts were grouped as
vaccine non-eligible (VNEC) or vaccine eligible (VEC). PHiD-
CV reduced all-cause OM by 22% (95% CI 12, 31). There was
a significant impact in preventing the first (16%, 95% CI 14, 18)
and the second (5%, 95% CI 2, 7) OM episode, but not sub-
sequent episodes. The proportion of children who experienced
>5 OM episodes decreased significantly by 16% (95% CI 3, 27).
There were significant reductions in the crude incidence rate of
OM in all age brackets, including a 40% (95% CI 31, 49)
reduction in children too young to receive direct vaccine pro-
tection (<4 months of age). An estimated 4187 OM episodes
were prevented in the first 5 years of the vaccination program.*®

A regional study conducted in Brazil measured the impact
of PHiD-CV on primary care outpatient visits for all-cause OM
in children 2-23 months of age. The no-PCV period was from
August 2008 to July 2010 and the PHiD-CV vaccination period
from August 2011 to July 2015. Primary care visits for all-cause
OM decreased by 50.7% (95% CI 42.2, 59.2) in the PHiD-CV vs
no-PCV periods. Correcting for a 7.7% decrease in outpatient
visits for all other causes over the same period, the impact of
PHiD-CV on all-cause OM was 43.0% (95% CI 41.4, 44.5).%°

Rosenblut et al.*® performed a case-control study in
a hospital ED in Chile. Cases were children <24 months of
age with a clinical diagnosis of OM. Controls were children
aged <24 months attending the ED at the same time with other
diagnoses. The percentage of children with a diagnosis of
clinical OM attending the ED decreased by 32% (p = .026)
between the no-PCV period (2007 to 2010) and the PHiD-CV
period (2012 to 2015).*> PHiD-CV exposure was associated
with decreased risk of developing OM in children <24 months
of age (odds ratio 0.659, 95% CI 0.60, 0.72).

A retrospective nationwide study assessed the combined
effectiveness of PCV7 and PHiD-CV vaccination on OM in
children <1 year of age in Peru from January 2006 to
December 2012. PCV7 was introduced in Peru in 2009 and
replaced by PHiD-CV in late 2011. Vaccination reduced out-
patient visits due to OM in children aged <1 year by 26.2%
(95% CI 16.9, 34.4).*!

Learnings from impact studies of all-cause OM

In children <2 years of age, PHiD-CV and PCV13 reduced OM
episodes (primary care, outpatient, ambulatory and ED visits)
compared to periods before PCV introduction; PHiD-CV by
34% to 43%, and PCV13 by 47% to 51%. In the same age group,
PCV13 reduced OM episodes between 7% to 31% compared to
periods when PCV7 was in use. These results should be inter-
preted with caution. While results for PHiD-CV arise from
different countries in Europe and South America, where PCV7
was mostly not in use before PHiD-CV introduction, three of 4
studies of PCV13 were conducted in the US, where the use of
PCV has been longest (PCV7 introduced in 2000 and replaced
by PCV13 from 2010) and implemented in an extensive 3 + 1
vaccination schedule. Both PHiD-CV and PCV13 appeared to
have the greatest impact in preventing or delaying the first
episode of OM.
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Complex, complicated/severe, recurrent, and hospitalized
oM

Estimates of PHiD-CV and PCV13 impact on complex, com-
plicated, recurrent and hospitalized OM are shown in Figure 5.

A retrospective study conducted in a secondary pediatric
hospital in Israel evaluated hospitalizations for head and neck
infections in children <16 years of age (mean 1.1 to 3.3 years
for pneumococcal infections) from 2007 to 2014. For children
<5 years of age, all-cause OM hospitalizations decreased by
55% between the pre-PCV7 (2007 to 2008) and PCV13 periods
(2012 to 2014).*

A retrospective cohort study in Danish children <16 years of
age investigated the incidence of complicated OM, defined as
OM requiring hospitalization, mastoidismus (retro-auricular
redness and swelling without abscess), and acute mastoiditis, as
well as the associated microbiology before (pre-PCV7 period,
2001 to 2006) and after introduction of the PCV7 (2007 to
2010) and PCV13 (2011 to 2015). The median age of children
with mastoidismus or acute mastoiditis was 14 months,
15 months and 20 months in the respective periods, and the
median age of children with hospitalized OM was 21, 14 and
29 months. Cases were identified from an ear-nose-and-throat
(ENT) clinic at a tertiary hospital. Compared to the pre-PCV7
period, hospitalized OM decreased by 9% in the PCV13 period
(IRR 0.91, 95% CI 0.88, 0.95). Compared to the pre-PCV7
period, mastoidismus or acute mastoiditis decreased by 22%
in the PCV13 period (IRR 0.78, 95% CI 0.70, 0.86).*

A retrospective analysis using the Kids” Inpatient Database
in the US determined the annual prevalence of admission of US
children <21 years of age hospitalized with acute suppurative
OM, acute mastoiditis, suppurative labyrinthitis, and/or acute
petrositis.** The study was conducted from 2000 to 2012 and
the mean age of cases was 7.1 years in 2000 and 4.5 years in
2012 (p = .14). There was a significant decline in annual pre-
valence of hospitalization for pediatric OM-related diagnoses
between 2000 and 2012, with the most significant declines in
children <2 years of age. Comparing year 2012 (PCV13 period)
and year 2000 (pre-PCV7 period), there was a statistically sig-
nificant decrease in admission prevalence that was most pro-
nounced in children <1 year of age (62% decrease, p < .0001),
1-2 years of age (59% decrease, p < .0001) and 3-4 years of age
(28% decrease, p = .0006).

Fortunato et al.** conducted a matched case-control (1:3)
study in 28 pediatric wards in Italy to assess the combined
impact of PCV7 and PCV13 on hospitalizations for severe
pneumococcal disease including suppurative and unspecified
OM. Cases were children born between January 2006 and
June 2012 hospitalized when aged at least 6 months for IPD
or pneumococcal pneumonia. Controls were presumed healthy
children matched for age, municipality and gender from the
general population registry and without previous hospital
admission for pneumococcal disease. Hospitalization rates in
children <5 years of age for OM decreased by 39% at the
national level after introduction of PCV7/PCV13 (hospitaliza-
tion risk ratio 0.61, 95% CI 0.58, 0.65) and by 37% in regions
that were first to introduce PCVs (hospitalization risk ratio
0.63, 95% CI 0.57, 0.70).*
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Figure 5. Impact of PCV13 and PHiD-CV on complex, complicated, recurrent and hospitalized otitis media (OM). IS, Iceland; US, United States; y, years of age. *Mean age
of cohorts over the study period was <3 years. **Includes children who received a primary course of at least two doses of PHiD-CV or PCV7. Horizontal lines show 95%
confidence intervals when available. References: Marom*?; Laursen®; Tawfik**; Wiese®*; Leach®S; Sigurdsson®’.

The study by Wiese et al.’* described above included
a secondary analysis of the impact of PCVs on recurrent OM,
defined as >3 episodes in 6 months or >4 episodes in
12 months. Compared to the PCV7 period, there was a 16%
decrease in the risk of recurrent OM in children <2 years of age
during the PCVI13 period (adjusted HR 0.84, 95% CI
0.81, 0.86).

Leach et al.** compared OM outcomes in Australian indi-
genous children <36 months of age who received primary
vaccination with at least 2 doses of either PCV7 or PHiD-CV.
Compared to the PCV7 group, children vaccinated with PHiD-
CV had a 12% reduction in any suppurative OM (OM with/
without perforation and chronic suppurative OM) (p = .0004),
with a 9% reduction in OM without perforation (p = .003) and
an increase in OM with effusion (10%, p = .002) with an 11%
increase in bilateral OM with effusion (p = .001). There was no
statistically significant change in any tympanic membrane per-
foration or chronic suppurative OM.*® The results were similar
in children who received only PCV7 or PHiD-CV. Children
who received PHiD-CV had statistically significantly less any
suppurative OM (16%, p < .0001), and more OM with effusion
(12%, p = .001) than those vaccinated with PCV7.

A retrospective hospital-based cohort study estimated the
impact of PHiD-CV on pediatric hospitalizations for IPD and
RTI including OM in Iceland. Birth cohorts between 2005 and
2015 were defined as VNEC (2005 to 2010) and VEC (2011 to
2015). Follow-up continued until 3 years of age. Admission rates
of OM decreased by 43% between the VNEC and VEC (HR 0.57,
95% CI 0.43, 0.73). When stratified by age < and 290 days, the
impact was higher in children aged =90 days, consistent with
a direct effect of vaccination (HR 0.72 [95% CI 0.33, 1.57] in
children aged <90 days and 0.55 [95% CI 0.42, 0.72] for children

>90 days)."” Despite observing a clear and statistically significant
impact, with a greater impact in the VEC, a higher incidence of
OM hospitalizations among the first 3 VNEC compared to all
other study birth-cohorts led the authors to conclude that the
observed effect may have been unrelated to vaccination. The
authors also noted that the effect on OM in outpatient care has
been well established in Iceland. A limitation of the study is the
very high variability in OM incidence rates in the pre-
vaccination years, with wide and overlapping CI, which reduces
confidence in interpreting underlying trends. All observational
studies are prone to bias and confounding, particularly the
impact of temporal changes on disease outcomes that can
occur independently of other modifiers such as vaccination.
No attempts were made to use statistical methods to account
for temporal trends that may have clarified the impact of vacci-
nation in this study. Importantly, statistically significant
decreases in IPD and pneumonia hospitalizations were
observed, consistent with a vaccine impact.

A retrospective national cohort study used administrative
databases to evaluate the impact of PCVs in children <6 years
of age in New Zealand. New Zealand introduced PCV7 in
June 2008, PHiD-CV in 2011, and PCV13 in 2014. OM hospi-
talizations declined by 25% between 2005 and 2015 in children
<6 years of age (combined impact estimate). The declines were
highest among Maori and Pacific children and those from socio-
economically deprived areas. OM declined by 51% in Maori
children. Estimates of impact by PCV type were not made.*®

Ben-Shimol et al. have conducted prospective population-
based active surveillance since 2004 to assess the impact of
PCV7 and PCV13 on OM.*~*' Three studies report the results
from culture of middle ear fluid (MEF) obtained through
tympanocentesis or spontaneous ear drum perforation over 3



sub-periods: the pre-PCV7 period from July 2004 to June 2008,
the PCV7 period from July 2009 to June 2011, and the PCV13
period from July 2012, 2013 or 2014, depending on the study.
These studies used specific case identification through MEF
cultures and therefore, any comparison with the other studies
presented in this section should be made with caution.
Although these studies do not refer specifically to the outcomes
of interest of this review, they are included for completeness.

Two years after the introduction of PCV13, annual all-cause
OM resulting in MEF culture in children <2 years of age had
reduced by 60% compared to the pre-PCV7 period (incidence
rate ratio [IRR] 0.40, 95% CI 0.36, 0.45), and by 52% compared
to the PCV7 period (IRR 0.48, 95% CI 0.42, 0.54).”" By 4 years
after PCV13 introduction, all-cause OM resulting in MEF
culture reduced by 68% compared to the pre-PCV7 period
(IRR 0.32, 95% CI 0.29, 0.35) and by 62% compared to the
PCV7 period (IRR 0.38, 95% CI 0.34, 0.41).>°

The third study considered the source of MEF used for OM
identification. There was a 69% decrease in all-cause sponta-
neous otorrhea in the PCV13 (July 2014 to June 2016) vs the
pre-PCV7 period (IRR 0.31, 95% CI 0.24, 0.39), and a 80%
decrease in the PCV13 vs PCV7 period (IRR 0.20, 95% CI 0.16,
0.25).*" All-cause tympanocentesis decreased by a similar pro-
portion: 67% (IRR 0.33, 95% CI 0.30, 0.38) and 70% (IRR 0.30,
95% CI 0.27, 0.33), respectively.

Learnings from impact studies of severe OM

The majority of studies evaluating the spectrum of severe OM
were conducted in countries using PCV13. All studies showed
statistically significant impacts of vaccination on severe OM:
either complex, complicated, recurrent or hospitalized, as defined
in the individual papers. Individual studies that evaluated recur-
rent or suppurative OM suggested that PHiD-CV and PCV13
can prevent 16% of recurrent OM,** and 12% of suppurative
OM.* Hospital admission rates for OM decreased consistently
after the introduction of PCVs, and were reduced from 9% to
59% in children younger than 3 years of age, compared to the
period before PCVs were in use. Most studies did not untangle
the relative impacts of PHiD-CV or PCV13 vs PCV7 but con-
firmed the impact of the higher valency PCVs on OM.

Several of the studies examined specific populations that
might not be transferable more generally. Ben-Shimol et al,,
for example, used specific case identification through MEF
cultures. Therefore, these studies do not reflect the overall
impact of vaccination on complex OM.**~*' The study by
Laursen et al.*’ was limited to a single tertiary hospital-based
ENT clinic in Denmark and may not be representative of
disease patterns across the country.*” PHiD-CV was studied
in Australian indigenous children in whom chronic suppura-
tive OM is widespread.*® Nevertheless, patterns of reduced
severity of OM were consistent across all studies, suggesting
that PHiD-CV and PCV13 have consistent positive impacts on
the occurrence of the most severe cases of OM.

Tympanostomy tube placement procedures

The study by Wiese et al.** already reported above found that
compared to the PCV7 period, PCV13 was associated with
a 24% decreased risk of TTP among children <2 years of age
(adjusted HR 0.76, 95% CI 0.72, 0.80).
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A nationwide database study in Finland evaluated the
impact of PHiD-CV on TTP after introduction of PHiD-CV
into the national immunization schedule in September 2010.
The relative and absolute reduction in the national vaccination
program (NVP)-eligible target cohort was compared with
a season and age-matched (3-54 months) cohort before NVP
introduction. Rates of TTP decreased from 5.41 to 4.56 per
100 person-years in the pre to post-NVP periods. The relative
rate reduction was 14.8% (95% CI 13.1, 16.5) and the absolute
rate reduction was 0.86 TTP per 100 person-years.’”

A study in Iceland estimated the impact of PHiD-CV on
TTP in children <5 years of age. Children born 2005 to 2010
were included in the VNEC and from 2011 to 2015 in the VEC
cohort. The crude incidence rate of TTP was significantly
higher in the VEC group compared to the VNEC group (10.6
vs 8.7 per 100 person-years). The vaccine impact on TTP was
estimated at —6% (95% CI —16, 2.7). The VEC and VNEC
differed, with milder disease and fewer children who had an
OM diagnoses and who had received antimicrobials in the
VEC. Therefore TTP appeared to increase in Iceland during
the study period.”

Learnings from studies of TTP

Two of three studies that evaluated vaccine impact on TTP
observed statistically significant reductions in the incidence of
TTP of 14.8% (PHiD-CV) and 24% (PCV13). One study unex-
pectedly noted an increase in TTP after PHiD-CV
introduction,” despite previous evidence of positive impacts
of vaccination on rates of all-cause OM, associated antimicro-
bial prescriptions and OM with treatment failure.”>*° Iceland
has a high rate of TTP compared to other countries.’
Limitations of the study (potential unmeasured confounding,
exclusion of specialist visits, absence of clinical data or the
indication for TTP) mean that reasons for the increase over
time remain speculative.’

Studies conducted in comparable settings and populations

We identified 4 studies designed to compare PHiD-CV with
PCV13 or used PHiD-CV and PCV13 in comparable
settings.”*™>’

From 2010, Swedish regions were free to use either PHiD-CV
or PCV13 allowing comparisons of regions using the different
vaccines. One study investigated the incidence of OM-related
diagnoses (OM, TTP, myringotomy, acute mastoiditis and mas-
toidectomy) in children <4 years of age in the pre-PCV7 period
from 2007 to 2008, and the higher valency PCV period from
2013 to 2014. Compared to the pre-PCV7 period, the national
incidence of OM decreased in the higher valency PCV period by
39% in outpatients (rate ratio [RR] 0.61, 95% CI 0.60, 0.61) and
42% in inpatients (RR 0.58, 95% CI 0.54, 0.64). Inpatient myr-
ingotomies decreased by 15% (RR 0.85, 95% CI 0.75, 0.96) and
TTP by 18% (RR 0.82, 95% CI 0.80, 0.85). The decline in out-
patient OM and TTP was more pronounced in areas that used
PHiD-CV (Figure 6). However, geographical differences were
large also before vaccine introduction and factors such as more
hospital beds per capita in regions using PHiD-CV and a higher
number of pediatricians and otorhinolaryngologists in regions
using PCV13 may have influenced the results in these areas.™
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The impact of PCVs on OM was assessed in a retrospective
cohort study in Sweden in children <5 years of age living in
Skane (PCV7 then PHiID-CV) or Vistra Goétalandsregionen
(PCV7 then PCV13) between 2005 and 2013. The study used
regional primary care databases that were linked with the
National Patient Registry. Compared to the pre-PCV7 period,
the incidence of OM decreased in children <2 years of age by
42% in Skane post PHiD-CV introduction, and by 25% in
Vistra Gotalandsregionen post PCV13 introduction. Of note,
baseline OM incidence and duration of PCV7 use differed
between regions which could confound interpretation of

these findings. Using an adjusted age-period-cohort Poisson
model, only the PHiD-CV cohort was associated with
a statistically significant reduction in OM incidence in children
aged 5 years or younger compared to the pre-PCV7 and PCV7
cohorts.”

Leach et al.’® performed a cross-sectional surveillance
study of 25 remote indigenous communities in Australia.
PHiD-CV was introduced in October 2009 and PCV13 in
October 2011. The study evaluated indigenous children
<36 months of age between February 2010 and
August 2013 who had received at least 2 priming doses of

m PHD-CV mPCV13
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Figure 6. Differences in the incidences of specialist outpatients visits for otitis media (OM) and in tympanostomy tube placement (TTP) in children <4 years of age in
Swedish regions using either PHiD-CV or PCV13. Data from Gisselsson-Solen et al.>* White = pre-PCV7 period (note that 3/21 regions commenced use of PCV7 during
2008), light gray = PCV7 period, darker gray = PHIiD-CV or PCV13 periods. *Statistically significant difference between regions using PHiD-CV or PCV13 p < .05. Note that

data was extracted from the original graph of the cited reference.



PHiD-CV or PCV13. Transition from PHiD-CV to PCV13
did not show substantial further improvement against mid-
dle ear diseases. There was no significant difference
between the PHiD-CV and PCV13 group in the prevalence
of suppurative OM, tympanic membrane perforation, or
OM with effusion (Figure 7). Analysis of ear discharges
from children with a tympanic membrane perforation or
chronic suppurative OM showed higher rates of NTHi in
PCV13-vaccinees vs. PHiD-CV (64% vs 36%, p = .05),
higher rates of S. pneumoniae (43% vs 17%, p = .03) and
higher rates of S. pneumoniae and NTHi co-infection (43%
vs 12%, p = .006), but lower rates of S. aureus infection (7%
vs 40%, p = .02).>°

Lee et al.”” conducted a longitudinal study of nasopharyn-
geal carriage and OM in healthy Korean children visiting one
of 8 hospitals for routine checkup or vaccination. Families were
oftered PHiD-CV or PCV13 and were allowed to choose
between them. Parents were encouraged during 4 follow-up
visits and by text messages to bring their child to hospital if
they developed symptoms of OM. A total of 305 subjects were
enrolled of whom 182 received PCV13 and 123 received PHiD-
CV. The occurrence and recurrence of OM was consistently
statistically significantly lower in the PHiD-CV group than the
PCV13 group after primary and booster vaccination (Figure 7),
possibly related to differences in nasopharyngeal carriage of
S. pneumoniae and NTHi after vaccination, which were also
statistically significantly lower in the PHiD-CV group.”’
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Analysis indicates that the study is at high risk of bias due to
missing data (Figure S1), and the results should be considered
cautiously.

Learnings from comparative studies

Only 4 studies allow some degree of direct comparison
between PCV13 and PHiD-CV.**” PHiD-CV and PCV13
appeared to have comparable impacts in preventing OM.
However, despite the limitations of the studies, all 4 show
some outcomes where the protection afforded by PHiD-CV
appeared to be higher than PCV13. The consistency of the
trend suggests that a difference between the vaccines may
exist. Any such difference can be hypothesized to be due to
an impact on NTHi since it is unlikely that PHiD-CV is
superior to PCV13 in terms of pneumococcal outcomes.
Nevertheless, all four studies are subject to substantial lim-
itations in design and the findings should be considered
with caution. Additional data are necessary to better char-
acterize and understand any potential differences.

Study quality assessment

None of the studies was judged to have an extremely serious
and significant risk of bias (Supplementary Figure S1 and
Supplementary text). All impact studies were however judged
to have the possibility of unmeasured confounding which
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Figure 7. Comparison of otitis media (OM) outcomes in children who received PHiD-CV or PCV13. Leach et a

received at least 2 primary doses of PHiD-CV or PCV13. No comparisons between PH
children aged <2 years. All comparisons were statistically significant (p < .05).

1.°® Australian indigenous children aged <36 months who

iD-CV and PCV13 were statistically significant (p > .07 for all). Lee et al.>” Korean
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might have significant impact on the results. The results with
regard to temporal trends in assessed impact studies must be
interpreted with caution.

Limitations of the data

The studies examined here encompass a range of designs
including RCTSs, and numerous types of observational studies
such as case-control and cohort designs conducted in single-
centers or through national databases. We were unable to
exclude the potential for bias in data selection/presentation
due to heterogeneity of the outcomes and age groups investi-
gated in the different studies.

Although RCTs provide robust estimates of vaccine efficacy,
they do so under artificial conditions that can influence diag-
nosis, treatment and the behavior of patients in their propen-
sity to seek care, and the behavior of physicians in their
propensity to treat (perform TTP or prescribe antibiotics).
Observational studies on the other hand, are valuable in con-
firming the results of efficacy studies under real-world condi-
tions, although a major limitation is the inability to directly
attribute the observed reductions to PCV introduction.
Before-after study designs can be prone to many sources of
bias, most commonly fluctuations in factors coinciding with
the introduction of PCV that affect the incidence of OM, such
as changes in health-seeking behavior, changes in diagnostic or
administrative practices (e.g. changes in coding practices) and
changes to access to care (number of hospitals, clinics specia-
lists and hospital beds) or treatment guidelines, for example
guidelines that evolve in response to local antibiotic resistance
trends. Observational studies may also be limited in how they
are able to control for confounding, such the presence of risk
factors that predispose children to OM such as socioeconomic
index, breastfeeding, influenza vaccination, exposure to cigar-
ette smoke, and daycare attendance.®' Case-control and cohort
studies are also at risk of under-estimating vaccine efficacy due
to herd protection among unvaccinated persons.

OM is usually a clinical diagnosis made by primary care
providers without microbiological confirmation, and accurate
diagnosis of OM and complete capture of all episodes in
clinical practice remains challenging. Healthcare and claims
databases provide access to potentially large cohorts and may
allow a degree of adjustment for potential confounding but
may be subject to coding errors due to changes in practices
over time, they lack patient-level validation, and preferences
for some diagnostic codes over others can occur to support
clinical decision-making or reimbursement.

Of the four comparative studies, information about OM
etiology was only reported for one study,”® and the impact on
carriage was only reported by one study.”” Although both were
suggestive of a higher impact of PHiD-CV on NTHi OM/
carriage, respectively, these studies were not designed to assess
the impact of PHiD-CV on OM caused by NTHi.

Discussion

In the studies reviewed here, a positive impact of PHiD-CV
and PCV13 vaccination in reducing OM-related outcomes in
children was consistently observed. RCTs of high-valency

PCVs have to date only been conducted with PHiD-CV. Two
large phase III efficacy studies and associated sub-studies
showed consistent evidence that PHiD-CV reduced all-cause
clinically diagnosed OM and TTP procedures in children. The
nested-trial within the FinIP study did not demonstrate statis-
tically significant efficacy in preventing parent-reported physi-
cian-diagnosed OM in 4117 infants.”® However, statistical
significance was reached in the larger COMPAS study of
7000 infants,”>*" with efficacy that was similar to the estimates
from FinIP and earlier trials of PCV7 and a prototype 11-valent
PCV.?>?%0293 Both studies have limitations that potentially
reduce the certainty of these observations.”® Nevertheless the
studies point to higher efficacy in younger than in older chil-
dren, and higher efficacy in preventing the first rather than
subsequent OM episodes, suggesting the PCVs may exert their
greatest effect by preventing or delaying the first OM episode
during childhood.

Only 4 studies assessed vaccine effectiveness of PCV13 or
PHiD-CV against a diverse set of endpoints that precludes any
comparison of their results. Two studies that enrolled several
hundred participants evaluated specific endpoints of RTT with
OM and bacteriologically-confirmed OM due to the 6 addi-
tional serotypes in PCV13 compared with PCV7,*>*° and
a third study evaluated the effectiveness against pneumococcal
OM’! The fourth study used the Korean National Health
Insurance System database and included in excess of 990,000
children. This study used propensity score matching to account
for potential confounding baseline factors such as age, sex, co-
morbidity, and healthcare utilization. The combined PHiD-CV
/PCV13 vaccine effectiveness in preventing outpatient visits for
OM in the propensity score matched cohort was 33.21% (95%
CI 31.01, 35.33).%

There were 21 studies that have evaluated the impact of
PCV13 and/or PHiD-CV on OM-related outcomes: all-cause
or severe/complicated OM and TTP, diagnosed in a range of
settings, including primary care/GP visits, ambulatory episodes,
specialist clinics, hospital outpatient and ED visits, and hospita-
lizations. Twenty studies showed consistent statistically signifi-
cant impacts of PCV13 and/or PHiD-CV in reducing the burden
of disease due to OM in children. One study paradoxically
observed an increase in TTP after PHiD-CV introduction,
which contradicted previous findings of vaccine impact against
all-cause OM, associated antimicrobial prescriptions and OM
with treatment failure.”»*> In children aged <2 years, impact
studies reported reductions of all-cause OM (primary care, out-
patient, ambulatory, emergency department visits) between 47-
51% for PCV13 and 34-43% for PHiD-CV compared to periods
before PCV introduction. Although showing a consistently posi-
tive benefit, these studies were not conducted in comparable
settings and the results cannot be directly compared.

Only 4 studies allow some degree of direct comparison
between PCV13 and PHiD-CV.>* These studies suggest
PHiD-CV may offer better protection against some OM out-
comes than PCV13 but more data are needed to confirm
potential differences as these studies are subject to substantial
limitations in design and data.

PCVs have had a vast impact on human diseases caused by
S. pneumoniae. Their major impact has been in the prevention
of morbidity and mortality due to severe diseases such as IPD



and meningitis. Impacts are lower for diseases of the respira-
tory tract, a feature also common to other conjugate vaccines
such as H. influenzae type b conjugate vaccines.®* Nevertheless,
even modest vaccine impacts on OM, one of the most common
diseases of childhood and an important driver of antibiotic
consumption, can have vast effects on healthcare utilization,
antibiotic resistance, and associated healthcare costs. Monasta
et al.®® estimated that in 2005 there were about 709 million
cases of OM worldwide, with 51% in children under 5 years of
age. Even when applying the moderate vaccine efficacy
reported in the COMPAS study of 14.8% against all episodes
of clinical OM,* 53.5 million cases of OM could be prevented
annually by PCVs currently licensed to protect children
against OM.

Considering the entirety of available data, it is reasonable to
conclude that PHiD-CV and PCV13 show consistent, albeit
variable, impacts in reducing all-cause OM, complicated and
severe OM, OM-related hospitalizations, and TTP procedures.
Nevertheless, the burden and costs associated with OM remain
substantial and there is a space for improved vaccines capable
of delivering improved eflicacy in the prevention of middle ear
diseases. Options could include higher-valency vaccines;
although these are complex to manufacture®® and limited by
the total dose of polysaccharide and carrier protein able to be
administered and potential immunological interferences, and
by eventual serotype replacement which has been demon-
strated for all PCVs to date.®” Alternatively, new vaccines
containing novel adjuvants or pneumococcal surface proteins
could extend coverage to be serotype independent, and
improve mucosal immune responses.®® Ideally, an OM vaccine
would provide extended protection against other common
pathogens implicated in OM, such as NTHi and Moraxella
catarrhalis.

One of the key differentiating features between PCV13 and
PHiD-CV, aside from 3 fewer serotypes in PHiD-CV, is the
presence of the Protein D conjugate in PHiD-CV. Protein
D was included to reduce the potential for bystander interfer-
ence and carrier-induced epitopic suppression observed with
CRM-conjugate vaccines,” and the hypothesis that immunity
induced to the carrier protein could itself convey protection; in
this case against NTHi, one of the most common causes of OM.
The results of studies that have assessed the impact of PHiD-
CV on NTHi outcomes have been equivocal. An initial efficacy
study of a prototype 1l-valent Protein D conjugate PCV
showed statistically significant efficacy in preventing NTHi
OM, which was not later confirmed in the COMPAS study,
although the study was not powered for this endpoint.***"-%*
The comparative study by Leach et al.”® noted higher rates of
NTHi in ear discharges of PCV13-vaccinees than PHiD-CV-
vaccinees (64% vs 36%), and the authors of the comparative
Korean study put forward that statistically significantly lower
rates of OM in PHiD-CV than PCV13 recipients could be
linked to statistically significantly lower NTHi carriage after
PHIiD-CV vaccination.”” A review of the data supporting
Protein D effects concluded that the available evidence suggests
that Protein D may decrease NTHi OM, but that more evi-
dence was needed.” PCV13 contains 3 additional serotypes
compared to PHiD-CV (serotypes 3, 6A and 19A) which sug-
gests that protection against these serotypes might be expected

HUMAN VACCINES & IMMUNOTHERAPEUTICS . €2013693-15

to be enhanced compared to PHiD-CV. Thus, PCV13 vaccine
effectiveness in preventing OM may be higher in settings of low
NTHi prevalence but where these serotypes cause an important
disease burden. The choice of either vaccine needs to take into
consideration the local epidemiology of IPD and OM, and
weigh up the potential advantages of one over the other.

At present health authorities choosing between PCVs have
very little comparative data on which to base their decisions.
Efficacy, effectiveness, and impact studies of single vaccines are
important but do not allow direct comparison of vaccines due
to very different design, endpoint and environment. As new
vaccines come to market, well-designed, head-to-head com-
parisons between different vaccines targeting similar diseases
will be needed to guide public policy. This is particularly the
case for conditions such as OM where no serological correlate
of protection exists, and where study results clearly differ
according to case ascertainment and definitions. OM is a key
outcome in development of new PCVs by Pfizer (20-valent)
and Merck (15-valent); however, while they cover more sero-
types than the current available PCVs, they do not integrate
components against NTHi and M. catarrhalis, the other impor-
tant pathogens causative of OM.

The next 5 years will likely see the development of new
generation pneumococcal vaccine options with advanced capa-
city to prevent pneumococcal OM and other respiratory infec-
tions. Prevalent thinking that including more pneumococcal
serotypes in conjugate vaccines may improve protection
against OM may not be accurate, as impacts on carriage of
OM-causing pneumococcal serotypes, cross-protection, repla-
cement patterns, or additional pathogens (e.g., NTHi) may be
equally relevant. Furthermore, considering innovative con-
cepts that could improve effectiveness against OM, such as
novel adjuvants, specific proteins, or alternative administration
routes, may prove more effective in broadening efficacy against
OM. While PHiD-CV and PCV13 differ in serotype composi-
tion, the evidence analyzed suggest both vaccines provide some
protection against OM. Nevertheless, in studies where direct
comparison of the 2 vaccines may be possible, and within the
recognized limitations of these studies, there is a consistent
trend suggesting that protection may be somewhat higher with
PHiD-CV. Contribution from other factors than serotype com-
position (e.g., conjugated proteins and conjugation methods,
cross-protection, serotype replacement, etc.) play an important
role to vaccines’ efficacy, effectiveness and impact against all-
cause OM.
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