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Effectiveness of Pneumococcal Vaccines on Otitis Media in Children: A
Systematic Review
Lays P. Marra, MSc, Ana L. Sartori, PhD, Martha S. Martinez-Silveira, PhD, Cristiana M. Toscano, MD, PhD, Ana L. Andrade, PhD

Objectives: We aimed to determine the effectiveness of pneumococcal vaccines on otitis media (OM) and acute otitis media
(AOM) in children.

Methods: We conducted a systematic search in databases PubMed (MEDLINE), Embase, Lilacs, and Web of Science. We
included observational studies that evaluated any pneumococcal vaccine - including 7, 10, and 13-valent pneumococcal
conjugate vaccines (PCV7, PCV10, and PCV13) and 23-valent polysaccharide vaccines (PPSV23) as the intervention, in children
aged less than five years.

Results: Out of the 2112 screened studies, 48 observational studies complied with the eligibility criteria and therefore were
included in this review. Of the included studies, 30 (63%) were before-after, eleven (23%) cohort, six (13%) time series, and one
(2%) case-control study designs. Vaccine effectiveness (VE) in preventing OM or AOM varied by vaccine type. In children
under 24 months VE ranged from 8% and 42.7% (PCV7), 5.6% to 84% (PCV10) and 2.2% to 68% (PCV13). In children aged less
than 60 months, VE ranged between 13.2% and 39% for PCV7, 11% to 39% for PCV10 (only children under 48 months), and 39%
to 41% (PCV13).

Conclusions: Our results demonstrate significant effect of pneumococcal vaccination in decreasing OM or AOM in children
under five years old in several countries supporting the public health value of introducing PCVs in national immunization
programs.

Keywords: comparative effectiveness research, conjugate vaccines, otitis media, pneumococcal vaccines, polysaccharide

vaccine, systematic review.
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Streptococcus pneumoniae is associated with significant
morbidity and mortality in children < 5 years of age worldwide,"?
causing severe invasive diseases such as meningitis and septi-
cemia and noninvasive disease including pneumonia and also
milder but more frequent infections such as sinusitis and otitis
media (OM).> Noninvasive diseases represent the highest burden
of pneumococcal disease in childhood,® especially acute OM
(AOM).>* Evidence suggests that by the age of 1 year, 62% of all
children will have experienced at least 1 AOM episode, reaching to
80% of all children up to 3 years of age.”

AOM is defined as middle ear effusion accompanied by = 1
sign of acute inflammation in the middle ear, such as otalgia,
otorrhea, fever, or irritability; it is one of the most common dis-
eases in childhood,® imposing a significant burden for children,
their families, and the health system.”” Studies have shown that
the nationwide implementation of pneumococcal conjugate vac-
cines (PCVs) has changed the frequency of the causative

otopathogens involved in OM and AOM toward pneumococcal
serotypes not included in the vaccines.'®"" Two types of pneu-
mococcal vaccines are available: polysaccharide and peptide
(conjugate). In 1983, the 23-valent polysaccharide vaccine
(PPSV23) had been approved in the United States for use in chil-
dren aged = 2 years with certain medical conditions that can lead
to an increased risk of pneumococcal disease.”> The first
polysaccharide-protein conjugate vaccine, which includes 7
pneumococcal serotypes (PCV7), became available in 2000 in the
United States. Currently, 2 PCV are recommended to use in
childhood immunization programs: the 10-valent (PCV10) and the
13-valent (PCV13) vaccines.’

Until 2021, 147 countries have included pneumococcal vaccines
in their immunization programs and 29 countries have not
introduced. In total, 114 countries use PCV13, 26 countries use
PCV10, and 7 countries use PCV10 + PCV13.”>' The decision of
each country to introduce or not PCV in their vaccine calendar
involves factors other than the efficacy, effectiveness, and safety of
vaccines, such as geopolitical issues, socioeconomic contexts,
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surveillance practices, availability of resources financial, disease
burden, economic evaluation, and cost-effectiveness of alternative
interventions, the latter being increasingly used in the process of
formulating vaccine introduction policies.'>'®

Some studies suggest that although PCVs target only a few
serotypes that cause OM, it can prevent early episodes and
complications of AOM.>!'® The efficacy of pneumococcal vac-
cines in reducing episodes of OM or AOM has been reported in
some systematic reviews.'”>?! Nevertheless, these systematic
reviews did not include observational studies, and the 2 types of
results need to be reconciled (efficacy and effectiveness). Accu-
mulation of effectiveness results for new vaccines takes some
years, so PCV’s policy decisions must still be based partly on
effectiveness data. For this reason, the aim of this systematic
review was to evaluate the effectiveness of all pneumococcal
conjugate (PCV7, PCV10, and PCV13) and polysaccharide
(PPSV23) vaccines on OM in children aged < 5 years. PPSV23 was
also considered in the study, because it is indicated for groups of
children at risk of pneumococcal disease in settings where PCV is
not routinely used.??

The study protocol was registered in PROSPERO under regis-
tration number CRD 42017055655. This review is reported in
accordance with the recommendations of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses.”*

We performed a literature search without restriction of loca-
tion, period, or language. Databases searched included MEDLINE
(PubMed), Embase, Lilacs, and Web of Science, which were com-
plemented by searches in proceedings and annals of congress and
conferences, and hands searches from reference lists of included
studies. Detailed search strategies are described in the Supple-
mental Material (see Appendix Table 1 in Appendix 1 in Supple-
mental Materials found at https://doi.org/10.1016/j.jval.2021.12.
012).

We included studies on healthy children aged < 5 years, of
both sexes, which measured the effect of all PCVs and PPSV23 on
OM or AOM. The interventions considered were PCV7, PCV10,
PCV13, and PPSV23 in any immunization scheme, with or without
catchup. The absence of vaccination by pneumococcal vaccine was
considered as the comparator, which could be either as the pre-
pneumococcal vaccination period or a group of nonvaccinated
individuals. In addition, we considered a direct comparison be-
tween these vaccines. We considered observational studies,
including cohort, case-control, quasi-experimental, time series
ecological designs with at least 24 data points overall (before and
after the intervention), and before-after studies.

Studies evaluating children with sickle cell disease, human
immunodeficiency virus infection, or conditions known to affect
immune response were excluded. We also excluded studies that
included the transition period in their analysis. Cross-sectional
studies, case series, and case reports, as well as studies that only
reported data before or after vaccine introduction, but not for both
periods, were excluded. For before-after studies, those reporting
only the number of cases without denominator information or
incidence estimates were excluded.
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PRISMA flow diagram for the literature search. PRISMA
indicates Preferred Reporting Items for Systematic Reviews and
Meta-Analyses.
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Titles, abstracts, and full-text articles identified were read and
selected by 2 independent reviewers, who were not blind to the
journal titles or to the study authors or institutions. Disagree-
ments were resolved by a third reviewer.

Two reviewers independently extracted data, using a form
(evidence table) developed for us in this systematic review. Vari-
ables considered in the data extraction included author, country,
contact details, type and source of financial support, publication
status from reports, year of publication, study design, sample size,
demographic information (average age, sex, ethnicity), number of
intervention groups, number of cases and controls, presence of
otitis, number of outpatient care and hospitalization because
of otitis, cochlear implant, myringotomy or ventilation tube inser-
tion and other complications, intervention details (generic and the
trade name of the vaccines, vaccination schedule, number of doses,
changes in vaccine type), all reported outcomes, outcome defini-
tion, secondary outcomes, diagnostic criteria, and comorbidities.

Primary outcomes evaluated were number, percentage or rates
of episodes, outpatient visits, or hospitalizations because of OM or
AOM. Episodes of OM and AOM were defined according to the
American Academy of Pediatrics and the American Academy of
Family Physicians recommendations to primary care clinicians for
the management of children from 6 months to 12 years of age. OM
was defined as the accumulation of infected fluid in the middle
ear, bulging of the eardrum, and pain in the ear. AOM was defined
considering one of the following criteria: (1) bulging of the tym-
panic membrane or new onset of otorrhea not because of acute
otitis externa and (2) bulging of the tympanic membrane and
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(2005) 153812 children
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Al/AN indicates American Indian/American Native; AOM, acute otitis media; Dec, December; NR, not reported; OM, otitis media; PCV7, 7-valent pneumococcal conjugate
vaccine; PCV10, 10-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; PPSV23, 23-valent polysaccharide vaccine; US, United

States.
*According to our evaluation.

"The authors mentioned the period of study was not defined completely, it was from birth to 30 April 2014, and as the authors included children under 3 years of age, we

assume that this is the study period (2011-2014).

recent (< 48 hours) onset of ear pain (holding, tugging, rubbing of
the ear in a nonverbal child) or intense erythema of the tympanic
membrane.® For studies considering secondary data, OM and AOM
were ascertained considering the International Classification of
Diseases, ninth version codes (381, nonsuppurative OM and
eustachian tube disorders; 382, suppurative and unspecified OM;
or 384, other disorders of the tympanic membrane) or the Inter-
national Classification of Diseases, tenth version codes (H65,
nonsuppurative OM; H66, suppurative and unspecified OM; or
H67, OM in diseases classified elsewhere). Secondary outcomes
were the percentage or rate of cochlear implantation, myr-
ingotomy, tympanostomy with or without ventilation tube
placement, tympanoplasty, and other complications.

The quality assessment was evaluated by 2 independent re-
viewers using the National Heart, Lung, and Blood Institute
checklist for case-control, cohort, and before-after studies.>* Time

series studies were evaluated with a modified version of Ramsay
et al*®> 2003 criteria. Quasi-experimental study designs were
evaluated using the relevant items from the Downs and Black®®
(1998) checklist. Disagreements on methodological quality were
resolved by consulting a third reviewer.

The numbers of studies throughout the process of study selec-
tion were represented in a flowchart. The descriptive information
for each study were presented in excel tables, by type of study
design and type of vaccine. For all studies, the main measure of
interest was the vaccine effectiveness (VE) in reducing the outcome
of interest. In case-control and cohort studies, the association be-
tween the effect of pneumococcal vaccine and the occurrence of
AOM was measured by odds ratio and relative risk, respectively. The
effectiveness of the vaccines was estimated as 1-odds ratio (case-
control studies) and 1-risk ratio (RR) (cohort studies).

For time series studies, the effect (percentage of reduction) of
the pneumococcal vaccines on the AOM was measured as the
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Reported vaccine effectiveness for PCV7.
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<24
<36

0-36
<24

<60

<24
< 60
< 36
<48

24-48

<48

<24

0-12
12-18
18-36
<24

<24
<12

<24
0-36
< 60

<60

<24

<24

<24
24-60

2.88
0.85

233.9
0.792

0.997

0.94
1.00
0.61

0.80
0.67
0.37
161

NR

NR
NR

0.88

0.86"
0.87%
0.92%
0.92

0.67
NR

NR
88.1

n° of visits
observed: 268 130
0.80
0.73
1.244/1000 PY
1.43

0.67
0.81

2.50-3.29
0.80-0.90 (< .05)

0.771-0.814 (< .001)

0.969-1.025 (.821)

0.84-1.05
0.95-1.06
0.58-0.65

0.66-0.96 (.014)
0.57-0.78
0.24-0.56 (< .001)
155-167

NR

NR

NR

0.69-1.13

0.81-0.91
0.82-0.92
0.90-0.94
0.89-0.94

0.62-0.72
NR

NR
NR
NR

(P < .001)

(P=.05)

NR

NR

0.59-0.75
0.71-0.92

36.40
15

38.16/°
20.8

0.3

NS
39

20

33

63
415

19.8

23.0
17.5

14
13

33
26.2

35.2
13.24/%
13.2

20

27

427

27.04!

33
19

[ ] | 7

24.10-46.70
NR

NR
(< .001)

(.821)

NS
NS
35-42

2-38
22-43 (.008)
44-76/
38.5-44.5 (< .01)

16.0-23.5 (< .05)

20.4-25.4 (< .05)

(< .0001)

NS

9-19
8-18
6-10
6-11

28-38!
16.9-34.4 (< .001)

NR
NR
NR

(P < .001)

(P =.05)

42.2-43.1 (< .001)

(< .0001)

25-41
8-29

AOM indicates acute otitis media; Cl, confidence interval; HRR, hospitalization risk ratio; NR, not reported; NS, nonsignificant; OM, otitis media; PCV10, 10-valent
pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; PCV7, 7-valent pneumococcal conjugate vaccine; Pop., population; PPSV23, 23-
valent polysaccharide vaccine; PY, person-year; VGR, Véstra Gotalandsregionen.

*Only abstract was available.

fAccording to our evaluation.

*Unvaccinated children.

SRetrospective data.

ICalculated from data available in the article.

'“Initially given at ages 2, 4, and 11 months; from November 28, 2013, a 3-dose schedule at ages 2, 4, and 11 months was changed.

“The period considered in the comparisons: 1995-1996 vs 2005-2006.

**Prevaccine period considered: 1998-1999.

***The period considered in the comparisons: 1989-1999 vs 2001-2002.

#3 or more immunizations.
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Reported vaccine effectiveness for PCV10.

Carrasquilla et al, 2020

Chu et al, 2014°%*

Edmondson-jones et al, 20214

Eythorsson et al, 2018

Fortanier et al, 2019**

Gisselsson-Solen et al, 2017°°

Laurenz et al 20162%*

Oliveira et al, 2016°”
Sartori et al, 2015

Sigurdsson et al, 2017%°

Sigurdsson et al, 2017°%*

Sigurdsson et al, 2018"
Sohn et al, 2020°*

Suarez et al, 2016

Zhou et al, 2007°%*

Before-after

Cohort

Retrospective Cohort

Before-after

Cohort

Before-after

Before-after

Prospective cohort

Interrupted time series

Before-after

Before-after

Before-after
Retrospective cohort

Interrupted time series

Before-after

PCV 10 (2 + 1), 5 yr

PCV10 (NR), NR
pre-PCV

PCV7 2 + 1), 1yr
PCV10 (2 + 1), 3yr
pre-PCV

PCV7 (2 + 1), 1 yr
PCV13 (2 + 1), 3yr
PCV 10 (NR), 4 yr

PCV7 (3 + 1), 5yr
PCV10 (2 + 1)), 4yr

PCV7 (2 + 1), 2 yr PCV 10
(2+1),4yrPCVI3 (2 + 1), 4yr

PCV7 (NR), NR
PCV10 (NR), NR
PCV13 (NR), NR

PCV10 (3 + 1), 3 yr
PCV 10 (3 + 1), 5yr

PCV10 (NR), 2 yr

PCV10 (NR), 4 yr

PCV10 (2 + 1), 4yr
PCV 10 or PCV 13 (3 + 1), 2 yr

PCV7 (2 + 1), 3 yr
PCVI3 (2 + 1), 2yr

PCV7 (2 + 1), NR
PCV10 (2 + 1), NR
PCV13 (2 + 1), NR

OM, number of cases

Overall incidence of AOM

Cases of OM in inpatient
and outpatient

AOM incidence

first AOM episode
overall AOM episodes
AOM outpatients IRs/100 000

Diagnosis rates of
nonsuppurative OM

Episodes of AOM

Outpatient visits because of OM

Yearly incidence of
AOM/10000 children-years

Annual IR for OM

all-cause AOM visits
AOM visits

Rates of AOM outpatient
Visits/100 000 children < 1 yr

Cumulative otitis media episodes

W 2022

98.2
10.4
120.6
5.11%
60.14

7.87
9.95
77.97
7.27
17.25

47.5 per 1000
person-years

NR

47.09/1000 pop.

391.828
nonsuppurative
OM episodes

NR
5.76/100 patients

< 1yr:910

1to <2yr: 1426
2to < 3yr: 371
NR

NR

NR

53150 children
NR

NR

1.96/child

difference in the observed rates in relation to the predicted rates
in the post vaccination periods. For the before-after studies, the
effect of the vaccines was assessed as the percentage of change in
the incidence rates of AOM considering the pre- and post-
vaccination periods. For both study designs mentioned earlier, we
did not consider data referring to the vaccine transition period.

We reported the incidences of the various results in the study
arms, together with estimates of VE, with 95% confidence intervals
(Cls), when it was available.

Data analysis considered the following subgroups: study design,
methodological quality (low, moderate, high), type of vaccine
(PCV7, PCV10, PCV13, and PPSV23), and age (< 2 years and < 5
years) for the main outcome. Furthermore, heterogeneity between
studies was assessed by using visual assessment of forest plots.

Because we avoided pooling data, we reported the effect esti-
mates as presented by the individual studies. For studies reporting
of both national and regional pooled results, we chose to report on
national data. The various types of designs and methods used in the
included studies made it inappropriate to perform a meta-analysis.
Effect estimates of PCV were stratified by vaccine valence, type of
comparison group, age that vaccine effect was measured, and type
of outcome (primary vs secondary).

We screened 2112 titles and abstracts, assessed 102 full texts, and
included 48 observational studies (Fig. 1). The reason for excluding
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Pre-PCV vs PCV10, incidence proportion in Bogota DC <24

pre-PCV vs PCV10, incidence proportion in Barranquilla

pre-PCV vs PCV10, incidence proportion in Medellin

PCV10 vs nonvaccinated group, Relative risks (RR) 2-6

Pre-PCV vs PCV 10/PCV13, adjusted hazard ratios in Skane <24

Pre-PCV vs PCV 10/PCV13, adjusted hazard ratios in VGR

Pre-PCV vs PCV10, IRR 24-36

Pre-PCV vs PCV10, hazard ratio respectively <48

Pre-PCV vs PCV10, hazard ratio respectively

Pre-PCV vs PCV10/PCV13, Rate ratio of AOM outpatients 0-48

Pre-PCV vs PCV10/PCV13, rates of nonsuppurative OM in 2013 <48

PCV10 and nonvaccinated group, Odds ratio 6-23

Pre-PCV vs PCV10, Relative reduction difference of predicted 2-23

and observed monthly rates for all-cause OM and for

all-other causes

Pre-PCV vs PCV10, IRRs <12
12to <24
24 to < 36

Pre-PCV vs PCV10, IRRs <12
<24
<36

PCV10 and nonvaccinated group, hazard ratio <36

PCV 10 or PCV 13 vs nonvaccinated, hazard rate ratio <48

Pre-PCV vs PCV7/PCV10, observed and predicted rates <12

Pre-PCV vs PCV10, annual OM rate <24

um 9
48.0 NR 51.1 50.3-51.8
20.4 NR —-95.8 —-110.8 to —81.9
69.8 NR 42.1 41.0-43.2
0.6" 0.155- 2.323 40* NS
0.673 0.654-0.692 (< .001) 32.7 (< .001)
0.867 0.849-0.886 (< .001) 133 (< .001)
0.71 0.63-0.80 29* <.001
0.79 0.70-0.89 21 11-30°
0.89 0.84-0.95 1 516
0.61 0.60-0.61 (< .0001) 39 39-40°
NR NR 24.4 (< .0001)
0.16 0.05-0.52 84* 48-95*
7736.78/15680.33 NR 43 41.4-44.5 (< .010)
1.08 0.94-1.23 8 NS
0.74 0.66-0.83 26 (< .001)
0.85 0.70-1.03 15 (<.1)
0.877 NR 12.3 NR
0.944 NR 5.6 NR
0.961 NR 3.9 NR
0.78 NR 22 12-31
NR NR 19.1 13.42-24.46
NR NR 26.2 16.9-34.4 (< .001)
1.43 NR 27.0° (< .0001)

AOM indicates acute otitis media; Cl, confidence interval; IR, incidence rate; IRR, incidence rate ratio; NR, not reported; NS, nonsignificant; OM, otitis media; PCV10, 10-
valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; PCV7, 7-valent pneumococcal conjugate vaccine; Pop., population; PY,

person-year.

*Only abstract was available.

"Three or more immunizations.

*Calculated from data available in the article.

lnitially given at ages 2, 3, 4, and 11 months; from November 28, 2013, a 3-dose schedule at ages 2, 4, and 11 months was changed.

studies after a complete reading is presented in Appendix Table 2 in
Appendix 2 in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2021.12.012. Of the included studies, 30 (63%) were
before-after, 11 (23%) cohort, 6 (13%) time series, and 1 (2%) case-
control study designs. Ten studies were conducted in the United
States, 5 in Iceland, 4 in Australia, 3 in Brazil, 3 in Canada, 3 in Japan, 3
in Sweden, 2 in the United Kingdom, 2 in Denmark, 2 in Italy, 2 in The
Netherlands, and 1 study in each one of those countries, Colombia,
Germany, Israel, Korea, Mexico, Norway, Peru, Philippines, and
Russia. PCV7 was evaluated in 35 studies, PCV10 in 18 studies, and
PCV13 in 19 studies. No study evaluated PPSV23. A variety of age
subgroups were considered in all included studies, 18 studies eval-
uated children aged < 24 months, 10 studies children aged < 36
months, 10 studies children aged < 48 months, and 10 studies

children aged < 60 months. The main characteristics of the included
studies are reported in Table 1.41827-72 A list of all included studies
with corresponding references is provided in Appendix 3 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
021.12.012.

Twenty-three studies evaluated the use of PCV7, considering as
comparator the pre-PCV period or with groups of nonvaccinated
people. 182747 All studies showed a significant reduction OM or
AOM in children < 5 years old, except for 2 studies, which did not
present a significant difference between groups.>>** The VE in
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Reported vaccine effectiveness for PCV13.

Ben-Shimol et al, 2016>

Brico et al, 2017°%

Fortunato et al, 2015

Gisselsson-Solen
et al, 2017°°

Laurenz et al, 2016°%*

Sasaki et al, 2018°"

Sohn et al, 2020

Thorrington et al, 20187

Zhou et al, 2007°%"

Zhou et al, 2019%°

Before-after

Case-control

Before-after

Before-after

Before-after

Before-after

Retrospective

cohort

Before-after

Before-after

Before-after

PCV7 (3 + 1), 2
yr
PCV13(3+0),5
yr

PCV13 (2 + 1),
NR

PCV7 (2 + 1), 7
yr

PCVI3 (2 + 1), 2
yr

PCV7 (2 + 1), 2
yr

PCV10(2 + 1), 4
yr

PCVI3 (2 + 1), 4
yr

PCV7 (NR), NR
PCV10 (NR), NR
PCV13 (NR), NR

PCV7 (3 + 1), 2
yr
PCV13 (NR), 2 yr

PCV 10 or PCV
133+ 1), 2yr

PCV7 (2 + 1), 4
yr

PCV13 (3 +0), 5
yr

PCV7 (2 + 1), NR
PCV10 (2 + 1),
NR

PCV13 (2 + 1),
NR

pre-PCV7, 3 yr

PCV7 3 + 1), 7
yr

PCV13(3+ 1), 3
yr

reducing OM or AOM in children < 2 years ranged between 8%
and 42.7%, in children < 3 years between 8% and 63%, in children
< 4 years between 17.5% and 41.5%, and in children < 5 years of
age varied between 13.2% and 39% (Table 2*18:27-47),

PCV10 was evaluated in 15 studies considering as comparator
the pre-PCV period or an unvaccinated group.?%:3339424348-57 The
effect of the vaccine was a significant reduction in cases and ep-
isodes of OM or AOM in all studies, except for 2 studies, which
demonstrate no differences between groups.*®>* The effectiveness
of PCV10 in reducing OM or AOM in children < 2 years ranged
from 5.6% to 84%, between 3.9% and 29% in children < 3 years, and
between 11% and 39% in children < 4 years of age
(Table 329,33,42,43,48-57)_

There were 10 studies that evaluated the use of
PCV13 compared with the pre-PCV period or to a group of

W 2022

All-cause OM Pre-PCV: 19.6 = 2.5
rate/1000 children (n=3411)

PCV13: 6.3 = 0.3 (n = 636)
Incidence of otitis NR
Hospitalization rates NR
for AOM/100 000

AOM outpatients
Incidence rates/100 000

47.09/1000 pop.

Diagnosis rates of 391.828 nonsuppurative

nonsuppurative OM OM episodes
incidence of visits to NR

medical institutions

because of all-cause AOM

AOM visits NR

Incidence of OM/100 000 0.78 (0.76-0.81)

Incidence of OM/100000 0.82 (0.81-0.84)

PY
Cumulative otitis media 1.96/child
episodes
OM, visits 840
590
1220

nonvaccinated children < 5 years of age.29-7:39:44:48.52.56.58-60 1y

2 studies, there was no significant difference between the
groups”>°!; in the others, PCV13 was associated with effective-

ness between 2.2% and 68% in the reduction of OM or AOM
(Table 429.37,39,44,52.56,58—61)‘

Only 1 study compared the effectiveness between PCV7 and
PCV10, in children < 3 years of age. Leach et al® showed a sig-
nificant effectiveness of 9% for PCV10 relative to PCV7 in reducing
AOM without perforation. For AOM with perforation, the result
was not statistically significant (Fig. 2 and Appendix Table 3 in
Appendix 4 in Supplemental Materials found at https://doi.org/1
0.1016/j.jval.2021.12.012).

The effectiveness of PCV13 compared with PCV7, assessed in 6
studies, was between 6.6% and 62% in reducing the incidence of
OM or AOM in children < 5 years of age (Fig. 2 and Appendix
Table 3 in Appendix 4 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2021.12.012),18:37:60.63-65
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Pre-PCV vs PCV13, < 36 0.32
Incidence rate ratio

Pre-PCV vs PCV13, <24 NR
incidence of otitis

Pre-PCV vs PCV7/PCV13, <60 0.61
HRRs

Pre-PCV vs PCV10/PCV13, 0-48 0.61

rate ratio of AOM
outpatients

Pre-PCV vs PCV10/PCV13, <48 NR
rates of nonsuppurative
OM in 2013
Pre-PCV vs PVC7/PCV13, < 60 NR
PCV 10 or PCV 13 vs <48 NR
nonvaccinated, hazard
rate ratio
Pre-PCV vs PCV13, <24 0.76
incidence rate ratios

24-48 0.92
Pre-PCV vs PCV13, annual <24 1.34
OM rate
Pre-PCV vs PCV13, rate <24 0.52
ratios

< 60 0.59

um 1

0.29-0.35 (< .05) 68 65-71*
NR 22 NR
0.58-0.65 39*% 35-42*
0.60-0.61 (< .0001) 39 39-40*
NR 244 (< .0001)
NR NR NS
NR 19.13 13.42-24.46
0.58-1.01 24* NS
0.70-1.27 8* NS
NR 31.63* (< .0001)
NR 48 37-59
NR 41 30-52

AOM indicates acute otitis media; Cl, confidence interval; HRR, hospitalization risk ratio; NR, not reported; NS, nonsignificant; OM, otitis media; PCV10, 10-valent
pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; PCV7, 7-valent pneumococcal conjugate vaccine; Pop., population; PY, person-year.

*Calculated from data available in the article.
TOnly abstract was available.

The effectiveness of PCV10 or PCV13 compared with PCV7,
evaluated in 1 study,”? was 13% and 15.1% in reducing the incidence
of OM in children < 2 years of age, in 2 Swedish regions—Viistra
Goétalandsregionen and Skdne, respectively (Fig. 2 and Appendix
Table 3 in Appendix 4 in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2021.12.012).

Only 1 study compared the effectiveness between mixed
PCV10 + PCV13 schedule and PCV7.%® De Wals et al*® showed no
significant difference between the groups in reduction of the first
episode of OM (9%, P = .65) for PCV10 + PCV13 relative to PCV7 in
children < 5 years of age (Fig. 2 and Appendix Table 3 in Appendix
4 in Supplemental Materials found at https://doi.org/10.1016/j.
jval.2021.12.012).

Only 1 study®® conducted the comparison between the effec-
tiveness of the PCV10 and PCV13, which demonstrated that there
was no significant difference between them, regarding the

reduction of AOM without perforation and AOM with perforation
(Fig. 2 and Appendix Table 3 in Appendix 4 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2021.12.012).

The results of the evaluated secondary outcomes are described
in Appendix Table 4 in Appendix 4 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.12.012.

The effectiveness of PVCs in reducing tympanic membrane
perforation, assessed in 3 studies, ranged from 2% to 49% in chil-
dren < 3 years old.>%:62:56

The effectiveness of PCVs in reducing ventilation tubes inser-
tion in children < 4 years of age was assessed in 6
studies.’®>%6567-69 The results were divergent, varying between a
significant reduction of 5% to 49% and a significant increase of 0.6%
to 56% in ventilation tubes insertion.

Four studies evaluated the effects of PCVs on myringotomy
rates.”®617071 Al studies on PCVs showed a significant reduction
in myringotomy rates, ranging from 6% to 29% in children < 5
years of age, except in the study by Jardine et al’' in
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Vaccine effectiveness between PCVs against OM and AOM. AOM indicates acute otitis media; Cl, confidence interval; OM, otitis
media; PCV, pneumococcal conjugate vaccine.

STUDY

Leach et al., 2014b

Leach et al., 2014a

Marom et al., 2014 ¢

Lau et al., 2015a

Wiese et al., 2019

Lau et al., 2015b

Zhou et al., 2019b

Zhou et al., 2019a

Singleton et al., 2018 ¢
Ben-Shimol et al. 2016
Edmondson-Jones et al., 2021b
Edmondson-Jones et al., 2021a
Wals et al., 2020 ¢

VACCINE/ AGE (MONTHS)

PCV 7 vs PCV10/ <36m

PCV 7 vs PCV10/ <36m

PCV7 vs PCV13/ <36m

PCV7 vs PCV13/ <24m

PCV7 vs PCV13/ 24m —48m
PCV7 vs PCV13/ <24m

PCV7 vs PCV13/ <60m

PCV7 vs PCV13/<24m

PCV7 vs PCV13/<24m

PCV7 vs PCV13/ <60m

PCV7 vs PCV 10 /PCV13/ <24m
PCV7 vs PCV 10 /PCV13/<24m
PCV7 vs PCV10 + PCV13/ <60m

Leach et al., 2016a
Leach et al., 2016b

PCV 10 vs PCV13/ <36m
PCV 10 vs PCV13/ <36m

-145-135-125-115-105 -95 -85 -75 -65 -55 -45 -35 -25 -15 -5 5

VACCINE EFFECTIVENESS
(%) [95%Cl]

RN -1[-4t02]
-9 [-15 to -3]
-40,6 [-60 to —20]
- -6,6 [-1,9 to -11]
= -8[-6,4 t0 -9,6]
- ~13[-10,1to -15,9]
-22[-12t0 -32]
-24[-13to -35]
-37[-29,6 to -44,4]

- -62 [-59 to -66]

- -13[-10,4 to -15,6]

- -15,1[-12,08 to -18,12]
-9[-11to 7]

7[-1 to 16]

- -2 [-6to 1]

15 25

Effectiveness (%)

children aged 36 and 48 months that did not show significant
differences.

Mastoiditis was evaluated in 2 studies®*’?; in both, PCVs were
associated with a significant reduction in mastoiditis rates, vary-
ing between 10% and 52%.

The methodologic quality of the included studies was assessed
according to the study design, the studies presented fair quality in
general, and the main limitations were related to the absence of
blinding of the evaluators, the presence of uncontrolled con-
founding factors, and concerns about validity external part of the
study. A complete reading with the quality assessment is provided
in Appendix 3 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2021.12.012.

Our systematic review of real-world data available in obser-
vational studies shows a considerable effect of PCV vaccines in
reducing OM or AOM incidence n children aged < 5 years. Of the
41 studies included, 18 evaluated the effectiveness of PCVs in
children < 24 months; of these 16 studies demonstrated effec-
tiveness between 2.2% and 43% in reducing OM or AOM, compared
with the pre-PCV period or to a group of nonvaccinated in-
dividuals. Only 2 studies®®*° found no significant differences in
the compared groups.

Among the 20 studies that examined PCVs in children < 5
years of age, significant effectiveness between 8% and 68% in
reducing OM or AOM was reported; in only 4 studies, this
reduction was not significant,*>>1°961

The effectiveness results corroborate data from clinical trials
reporting on the efficacy of these vaccines.!”-?""2 Efficacy reported
in 2 systematic reviews”"”* also varied PCVs reduced the risk of
AOM by all causes by 7% (RR 0.93; 95% CI 0.86-1.00) and by 43% of
pneumococcal AOM (RR 0.57; 95% CI 0.39-0.83).”>

Taylor et al'® conducted a systematic review of the efficacy and
effectiveness of PCV7 in reducing OM in children < 12 years of
age. Efficacy data ranged from 0 to 9% in the included randomized
controlled trials. As for effectiveness, 8 observational studies were
included, which demonstrated average effectiveness of 19% in
reducing episodes of OM visits (Cl 7%-48%). The authors high-
lighted that in observational studies a tendency of AOM reduction
over time was observed, and confounding factors should be
further assessed and taken into consideration.

In the present systematic review, although our data did not
allow us to perform a comparative effectiveness evaluation
considering the different pneumococcal vaccines, we found that
ecologic studies evaluating PCV10 reported greater effectiveness
than studies evaluating PCV 13 (PCV10 VE 27%-84% vs PCV13 VE
19%-68%). Nevertheless, the only head-to-head study that per-
formed a direct comparison between these vaccines found no
significant differences in this outcome.®®

No included study compared the effectiveness of PPSV23 alone
or in comparison with other PCVs. Only 1 study?° included PPSV23
as a booster associated with PCV7, showing a nonstatistically
significant effectiveness of 12% (95% CI 0.69-1.13) in reducing the
incidence of AOM. As reported in previous studies, PPSV23 makes
a small difference in children older than 2 years or children who
have had AOM previously.”

The evidence gathered from global postmarketing studies of
these vaccines presented in this review suggests that the effec-
tiveness of PCVs on AOM is substantial in children aged < 5 years.
Despite the great variability of the data, most of them point to the
same direction of benefit in the assessed outcome.

Palmu et al’> assessed the effectiveness of PCV10 introduction
in Finland in 2010. The study demonstrated a reduction in the
incidence rate of insertion of tympanostomy tubes by 14.8%, with
greater reduction demonstrated in the public service than private
(17.8% and 12.4%, respectively). The authors noted that the
coverage of private health insurance for children also increased
from 36% in 2009 to 41% in 2014 in Finland. Therefore, the avail-
ability of private insurance coverage and easy access to care may
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be associated with a lower threshold for office visits, antimicrobial
use, and tympanostomy tube surgery with the potential to influ-
ence our downward effectiveness estimates. Notwithstanding,
PCV10 effectiveness on tympanostomy tube surgery was lower in
the private sector than the public.

A population-based study conducted in Denmark showed that the
introduction of PCV into the childhood immunization program was
not associated with a decrease in the rates of ventilation tube in-
sertions; instead, rates continued to rise.” The study included chil-
dren of all social strata given that the Danish health system provides
free healthcare for all residents. Nevertheless, there is an innate risk of
ecological fallacy, because vaccinated children are not necessarily the
same ones who subsequently had or avoided the insertion of a
ventilation tube. In contrast, PCV coverage in Denmark is approxi-
mately 90%, being likely to induce herd immunity over time. Changes
over time in other AOM and ventilation tube risk factors may have
influenced the observed rates of ventilation tube insertions.

In this study, we provide a complete summary of all available
evidence on the effectiveness of PCVs on OM or AOM. We included the
gray literature to include all available evidence on the use of PCVs,
thus reducing the potential for publication bias. Nevertheless, the
inclusion of unpublished data and before-after studies, despite
minimizing publication bias, decreased the overall quality of the
included studies. We tried to maximize the quality of the data by
excluding studies that included the transition period in their analysis.

Despite the strengths of this review, some potential limitations
should be addressed. The review did not assess serotype-specific
effectiveness and did not differentiate between different vaccine
schedules, which may have dismissed potentially relevant results.
We did not assess the effect of socioeconomic indicators as a
confounding factor in the outcomes of OM or AOM, because these
data were not available in the included studies. Due to the great
heterogeneity in the study design, reported dose, age, schedule
and type of service used, and combinations across studies, it was
not possible to perform a meta-analysis and provide pooled esti-
mates of the VE.

The heterogeneity present studies that evaluated the intro-
duction of PCVs in immunization programs should explore other
aspects in addition to the methodological differences of the
various designs used. Several aspects contribute to this variability,
such as different schedules, geographic location, different socio-
economic contexts, surveillance practices, transmission dynamics,
population risk factors, and pathogen evolution, in addition to
considering the possibility that the impact of PCV against these
parameters may vary depending on the vaccine configuration.
Investigating the possible causes of this variability remains a
broad aspect that should be better explored in future studies.

We are aware that the findings of observational studies require
careful interpretation because of intrinsic factors of this design,
such as variability in baseline incidence, studied population, and
case definition, in addition to the various risk factors for AOM.
Especially because time series was included, although this type of
study is extremely useful to assess the impact of vaccines, there is
an intrinsic limitation to the design regarding effectiveness, given
that other changes may have occurred over time and have influ-
enced the results. Nevertheless, we believe that these selected
studies of real-world data could contribute to the scope of evi-
dence demonstrating the effectiveness of PCVs in reducing OM,
AOM, perforation of the tympanic membrane, myringotomy, and
mastoiditis in children < 5 years of age. Future studies are also
needed to assess the comparative effectiveness of the various
types of PCVs and monitoring the decline in OM or AOM.

Another limitation of this study is the lack of information from
Asia and Africa. There have long been indications of country-
specific epidemiological differences in the distribution of
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serotypes that would likely affect the impact of the vaccine,
particularly between low- and high-income countries.”®’” The
incidence of pneumococcal disease in children varies widely
across populations and countries. Overcrowding, poverty, comor-
bidities, birth rates, and host genetic factors are known to increase
the incidence of pneumococcal disease.”®’° Low-income countries
account for a substantial amount of the global burden of pneu-
mococcal disease and the majority of associated deaths.5%8!

Given the magnitude and diversity of serotype substitution, it is
important that future studies assess the comparative effectiveness
of next-generation PCVs (PCV15 and PCV20). PCV15 includes sero-
types 22F and 33F; PCV20 includes additional serotypes 8, 10A, 11A,
12F, and 15B.%%%% In previous studies, PCV15 showed acceptable
safety profiles and induced immunoglobulin G and opsonophago-
cytic activity for all 15 vaccine serotypes comparable with PCV13 in
healthy infants between 2 and 15 months of age.®* In a phase 2
study, conducted in infants aged 42 to 98 days, PCV20 had a safety
profile consistent with that of PCV13.”° Better immunogenicity is
expected from these next-generation PCVs, and therefore, the long-
term impacts of PCVs are expected to be better evaluated.

Although OM is not a life-threatening disease, its frequent
occurrence makes it a public health problem. Our current results
support the public health value of introducing PCV. The inclusion of
PCVs in national immunization programs in several countries
worldwide has had a positive effectiveness on decreasing OM or
AOM and reducing the rate of tympanic membrane perforation,
myringotomy, and mastoiditis in children < 5 years old. The pos-
sibility of preventing OM or AOM, common diseases in childhood,
using vaccines with proven effectiveness, such as PCVs, is a funda-
mental strategy, which allows reducing the burden of this disease.

Supplementary data associated with this article can be found in the
online version at https://doi.org/10.1016/j.jval.2021.12.012.
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