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From the Instituto de Atención Pediátrica, San José, Costa Rica (AAb, AAr, CS); Universidad Autónoma de
Pediatric Infectious Disease Unit, Soroka University Medical Center, Beer–Sheva, Israel (RDa, NP); Gla
(MMC, EO-B, RDA) GlaxoSmithKline Vaccines, Wavre, Belgium (RC, J-YP, RD, MVD).
Correspondence: Arturo Abdelnour, Director General, Instituto de Atención Pediátrica, San Jose, Costa Ri
Dr A. Arguedas was an investigator at the Instituto de Atención Pediátrica at the time of the study and is current

was an employee of GlaxoSmithKline Vaccines at the time of the study conduct and is currently an emplo
AAb, CS, and NP have no conflict of interest to declare. AAr declares his institution having received grants, co

assistance, medical equipment or administrative support during the conduct of the study. Outside the su
membership and consultancy fees, grants and payments for lectures, including service on speaker’s bureau
reports his institution having received grants from Crucell, MSD, and Pfizer, and having received cons
Novartis, Pfizer, and the GlaxoSmithKline Group of companies. During the conduct of the study, he was als
of companies, and Pfizer. Outside the submitted work, his institution has received grants from Crucell
Novartis, Pfizer, and he received payments for lectures including service on speakers bureau from Crucell
Pfizer. EO-B, J-YP, MMC, RC, RDA, MVD are employees of the GlaxoSmithKline Group of companies.
was an employee of the GlaxoSmithKline group of companies. EO-B, MMC, MVD, RC, and RDA also ow
J-YP declares receiving fees for participation in review activities, such as data monitoring boards, statis
receiving consulting fee and honorarium during the conduct of the study.

GlaxoSmithKline Biologicals SAwas the funding source and was involved in all stages of the study conduct an
funded all costs associated with the development and the publishing of the present manuscript.

AAb, AAr, CS, RD, EO-B, RC, J-YP, RDA, and MVD contributed to the conception and the design of the stud
were involved in data collection. AAb, AAr, CS, RD, NP, MMC, EO-B, RC, J-YP, RDA, and MVD perf
statistical expertise. AAb, AAr, CS, RD, NP, MMC, EO-B, RC, J-YP, RDA, and MVD participated in the
access to the data and had final responsibility to submit for publication. Drafts were developed by a p
recommendations, documentation, and outline provided all authors.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons Attribution-NonCommercial-NoDe
download, share and reproduce the work in any medium, provided it is properly cited. The work cannot b
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000000320

Medicine � Volume 94, Number 2, January 2015
Ortega-Barria
DeAntonio, MD
and Melissa K

Abstract: Acute otitis media (AOM) microbiology was evaluated in

children after 7-valent pneumococcal conjugate vaccine (PCV7) intro-

duction in Costa Rica (private sector, 2004; National Immunization

Program, 2009).

This was a combined prospective and retrospective study conducted

in a routine clinical setting in San José, Costa Rica. In the prospective

part of the study, which was conducted post-PCV7 introduction (2010–

2012), standard bacteriological procedures were used to evaluate the

etiology and serotype distribution of middle ear fluid samples collected

by tympanocentesis or otorrhea from children aged 3–59 months

diagnosed with AOM. E-tests were used to evaluate antimicrobial

susceptibility in culture-positive samples. Retrospective data recorded

between 1999 and 2004 were used for comparison of bacterial etiology

and serotype distribution before and after PCV7 introduction. Statistical

significance was evaluated in bivariate analyses at the P-value< 0.05
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H. influenzae became more (20.5% vs 25.9%; P-value< 0.001) and
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impact should be further evaluated following broader vaccination

coverage.

(Medicine 94(2):e320)

Abbreviations: AOM = acute otitis media, CI = confidence

interval, MEF = middle ear fluid, NIP = national immunization

program, NTHi = non-typeable Haemophilus influenzae, PCV7 =

7-valent pneumococcal conjugate vaccine, PCV13 = 13-valent

pneumococcal conjugate vaccine, TMP-SMX = trimethoprim/

sulfamethoxazole.

INTRODUCTION

A cute otitis media (AOM) is one of the most frequent
pediatric bacterial infections and one of the primary reasons

for antibiotic use in children.1 Between 1992 and 2008, Strep-
tococcus pneumoniae was identified as the most common
pathogen in children with AOM or recurrent otitis media,
and non-typeable Haemophilus influenzae (NTHi) in children
with therapeutic failure otitis media in Costa Rica.2–8

During the last decade, a 7-valent pneumococcal conjugate
vaccine (Prevnar/Prevenar

TM

, Pfizer Inc., New York, NY;
PCV7) has been used in various countries and was effective
in reducing the burden of pneumococcal disease, including
AOM.9,10 In the United States, PCV7 introduction has been
associated with an important decline in AOM incidence, as well
as changes in etiology and antimicrobial non-susceptibility
patterns of otopathogens; H. influenzae and serotypes not
included in PCV7 became more prevalent, and PCV7-serotypes
and penicillin non-susceptible isolates less prevalent in middle
ear fluid (MEF) samples.10–14

In Costa Rica, PCV7 was introduced in the private
sector in 2004 (<5% of the birth cohort), in the national
immunization program (NIP) in 2009, and was replaced
by the 13-valent pneumococcal conjugate vaccine (Pre-
vnar13/Prevenar13

TM

, Pfizer Inc., New York, NY; PCV13) in
August 2011. Vaccination coverage rates reached 97% in 2010
(infants who received 3 primary doses), decreased to 68% due to
vaccine shortage in 2011, and increased again to 83% during the
first trimester of 2012 (infants aged <6 months who received
2 primary doses).8

This study aimed to characterize the etiology and serotype
distribution of bacterial otopathogens in Costa Rican children in
the first few years following PCV7 introduction in the NIP
(2010–2012), and to compare these results with those obtained
before PCV7 introduction (1999–2004). Antimicrobial susce-
ptibility patterns of identified otopathogens and AOM manage-
ment were also evaluated post-PCV7 introduction.

MATERIALS AND METHODS

Study Design and Population
This was a combined prospective and retrospective epi-

demiological study conducted in a routine clinical setting
(Instituto de Atención Pediátrica) in San José, Costa Rica.
Children aged 3 months to 5 years, diagnosed with AOM,
and from whom a MEF sample was available, were recruited
prospectively between March 2010 and April 2012. Sympto-
matic children were identified through a pediatric network,
which was mainly private, and then referred to study investi-
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gators for diagnosis confirmation. Signs and symptoms of AOM
that were verified by the investigators included one of the
functional or general signs of otalgia, conjunctivitis and fever,
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and either Paradise’s criteria (bulging, diffused or localized
inflamed tympanic membranes) or spontaneous otorrhea of less
than 1 day.

AOM episodes were classified as untreated if signs and
symptoms were of onset within 72 hours and children had not
received antibiotic therapy; as recurrent if children had reported
�3 AOM episodes in the previous 6 months or �4 AOM
episodes in the previous 12 months; or as treatment failures
if children had received antibiotic therapy within 3 days after
onset of signs and symptoms of AOM but remained sympto-
matic at study entry (between 2–3 days after initiation of this
treatment).

Children were excluded if they were hospitalized during
AOM diagnosis or treatment; had otitis externa or otitis media
with effusion; had a transtympanic aerator (tympanic tubes);
had received systemic antibiotic therapy in the past 3 days for a
separate illness, antimicrobial prophylaxis for recurrent AOM,
or antibiotics for otitis media in the 24 hours prior to enrollment
(except for treatment failures); or were children in care. Chil-
dren could be enrolled for more than 1 AOM episode if there
was a symptom-free interval of �30 days between episodes.
Children were classified as vaccinated if they had received �2
doses of PCV7 during the first year of life or �1 dose of PCV7
when they were �1 year of age.

Informed consent was obtained from each parent/guardian
prior to performing any study-specific procedure. The protocol
was reviewed and approved by local Ethics Committees, and the
study was conducted according to Good Clinical Practice and
the Declaration of Helsinki.

Retrospective, anonymized information from the Instituto
de Atención Pediátrica (1999–2004) database was available for
comparison of bacterial etiology and serotype distribution
before and after PCV7 introduction.

Study Procedures
All children with AOM presenting to study physicians

were anonymously recorded in screening logbooks and assessed
for eligibility. Demographic characteristics, medical history,
vaccination status, and general symptoms of eligible children
were collected, and clinical examinations, including assess-
ments of tympanic membranes, were performed at baseline.
Children received standard antimicrobial therapy as per AOM
recommendations in Costa Rica. MEF samples were collected
by tympanocentesis (Channel Directed Tympanocentesis spec-
ulum [Walls Precision Instruments LLC, USA]) or by otorrhea
in children with tympanic membrane perforation occurring less
than 24 hours prior to the visit (via deep aspiration of MEF
through needle insertion after ear canal cleaning). Tympano-
centesis is not performed routinely in Costa Rica and was done
specifically for the study purpose. In children with bilateral
infections, MEF samples from both ears were analyzed.

To assess treatment, enrolled children were asked to return
for a planned follow-up visit 12 to 14 days after their initial visit,
regardless of symptoms. Unplanned visits for AOM were
recorded during 30 days after the initial visits. If children
had signs and symptoms consistent with AOM at planned or
unplanned follow-up visits, a second tympanocentesis was
performed (with a limit of two tympanocenteses per episode).

Laboratory Procedures

Medicine � Volume 94, Number 2, January 2015
MEF samples were inoculated in chocolate and blood agar
(with and without gentamycin). Bacterial identification was
made using standard bacteriological procedures at the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



Laboratorio Centro de Investigaciones Médicas in San José,
Costa Rica: S. pneumoniae, by Optochin test; H. influenzae, on
the basis of Gram staining, growth on chocolate agar, failure to
grow in trypticase agar with added sheep blood, and nutritional
requirement of hemin and nicotine adenine dinucleotide; Mor-
axella catarrhalis, on the basis of Gram staining, positive
oxidase reaction, and characteristic biochemical profiling;
and Streptococcus pyogenes, on the basis of the presence of
b-hemolysis and susceptibility to bacitracin. Pneumococcal
serotypes were identified by Quellung reaction at the laboratory
of the Pediatric Infectious Disease Unit of the Soroka University
Medical Center in Beer-Sheva, Israel. H. influenzae serotypes
were identified using monovalent antisera at the Instituto de
Atención Pediátrica in San José, Costa Rica.

Antibiotic susceptibility to amoxicillin/clavulanate, cef-
triaxone, erythromycin, azithromycin, levofloxacin, and tri-
methoprim/sulfamethoxazole (TMP-SMX) was evaluated in
culture-positive samples, and to penicillin in S. pneumoniae-
and S. pyogenes-positive samples, using E-test. In H. influen-
zae- and M. catarrhalis-positive samples, antibiotic suscepti-
bility to ampicillin was evaluated and a b-lactamase test
(nitrocefin) was performed. Interpretation of the results was
based upon the Clinical and Laboratory Standards Institute
guidelines published in 2009.15 Otopathogens were defined
as multidrug resistant if they were resistant to �3 different
antimicrobial classes.16

Statistical Analysis
To detect differences in proportions of S. pneumoniae- and

H. influenzae-positive samples before and after PCV7 introduc-
tion with minimum 80% of power, at least 387 MEF samples
had to be collected. All statistical analyses were performed
using SAS version 9.1 or later, and Microsoft Excel 2002 SP3
or later.

Most analyses in this study were descriptive. Proportions
of culture-positive episodes were calculated by group of chil-
dren with exact 95% confidence intervals (CIs). Categorical
variables were described with frequency tables, and exploratory
statistical comparisons were performed using Pearson’s Chi-
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squared test. Statistical significance for comparisons in pro-
portions was evaluated globally in bivariate analyses at the
P-value <0.05 level (without multiplicity correction).

TABLE 1. Demographic Characteristics and Vaccination Status (F

Untreated
(N¼ 332)

Age, months
Mean�SD 21� 14
Median 17
Range 3–59

Gender, n (%)
Female 135 (40.7)
Male 197 (59.3)

Child received �2 PCV7 doses at any age
or �1 PCV7 dose at >1 year of age, n (%)

254 (76.5)

Child received �1 dose of an influenza
vaccine, n (%)

245 (73.8)

N¼ number of episodes, n (%)¼ number (percentage) of episodes in a g

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
RESULTS

Study Participants
Between March 2010 and April 2012, 504 episodes of

AOM were screened and 387 children with 485 episodes were
enrolled in the total cohort. Of these, 29 episodes were
excluded, largely due to symptoms beginning outside the pro-
tocol-defined period, and the final study analysis included
366 children with 456 episodes. Multiple enrolments were
reported for 57/366 (15.6%) children: 40, 9, and 8 children
had 2, 3, and �4 episodes, respectively.

There were bilateral infections in 156/456 (34.2%) epi-
sodes. MEF samples were collected from otorrhea in 45/456
(9.9%) and by tympanocentesis in 411/456 (90.1%) episodes.
Among the 456 AOM episodes, 332 (72.8%) were untreated, 92
(20.2%) recurrent, 22 (4.8%) treatment failure, and 10 (2.2%)
both recurrent and treatment failure episodes.

The mean age of children� standard deviation was
22� 13 months (Table 1). Among the 456 episodes, 296
(64.9%) were reported in children aged <2 years, 183
(40.1%) in girls, 298 (65.4%) in children who had received
�1 dose of influenza vaccine, 350 (76.8%) in children who had
(received�2 pneumococcal conjugate vaccine doses at any age
or �1 dose at >1 year of age (most of these episodes were
isolated in children having received PCV7), and 34 (7.5%) in
children who reported antibiotic use within the month before the
initial visit.

Etiology and Antimicrobial Susceptibility at
Initial Visit

Post-PCV7 introduction, 204/456 (44.7%) episodes were
culture-positive: H. influenzae was detected in 118 (25.9%),
S. pneumoniae in 87 (19.1%), M. catarrhalis in 23 (5.0%), and
S. pyogenes in 9 (2.0%) episodes (Table 2). At the initial visit,
37/45 (82.2%) otorrhea and 167/411 (40.6%) tympanocentesis
samples were culture-positive. Co-infections were detected in
28/456 (6.1%) episodes; the most frequent was S. pneumoniae
and H. influenzae (n¼ 19).

Acute Otitis Media Etiology in Costa Rica
The observed pathogen distributions were similar among
children from different age groups (data not shown). The
proportions of culture-positive episodes were 133/296

inal Study Analysis)

Recurrent
(N¼ 92)

Treatment
failure

(N¼ 22)

Recurrent and
treatment

failure (N¼ 10)
Total

(N¼ 456)

24� 13 17� 8 23� 10 22� 13
19.5 14.5 21 18
7–57 4–32 15–48 3–59

31 (33.7) 11 (50.0) 6 (60.0) 183 (40.1)
61 (66.3) 11 (50.0) 4 (40.0) 273 (59.9)
67 (72.8) 20 (90.9) 9 (90.0) 350 (76.8)

35 (38.0) 16 (72.7) 2 (20.0) 298 (65.3)

iven category, SD¼ standard deviation.

www.md-journal.com | 3



TABLE 2. Bacterial Etiology and Serotype Distribution of AOM Episodes at Initial Visit by Vaccination Status (Final Study Analysis)

Serogroup and serotype
Vaccinated

�

(N¼ 350) n (%)
Unvaccinated

(N¼ 106) n (%)
Total

(N¼ 456) n (%)

Streptococcus pneumoniae 60 (17.1) 27 (25.5) 87 (19.1)
19Fy, 14, 6B, 23F 28 (46.7) 10 (37.0) 38 (43.7)
19A, 6A, 3, 7F 9 (15.0) 8 (29.6) 17 (19.5)
35B, 15B, 6C, 11A, 15A, 10F, 15C, 18A, 21, 34, 22F, 23A 23 (38.3) 9 (33.3) 32 (36.8)

Haemophilus influenzae 96 (27.4) 22 (20.8) 118 (25.9)
NTHi 92 (95.8) 21 (95.5) 113 (95.8)
a–f 4 (4.2) 1 (4.5) 5 (4.2)

Streptococcus pyogenes 3 (0.9) 6 (5.7) 9 (2.0)
Moraxella catarrhalis 17 (4.9) 6 (5.7) 23 (5.0)

Bold values refer to the total number of bacterial pathogens and total number of pathogens for each bacterial type (eg Streptococcus pneumonia;
Haemophilus influenzae; Streptococcus pyogens; Moraxella catharralis).

The pneumococcal serotypes are listed in descending order of predominance (for total episodes). N¼ number of episodes, n (%)¼ number
(percentage) of episodes in a given category (number and percentage of AOM episodes positive for the 4 otopathogens are shown compared to the total
number of AOM episodes, while the serotype distribution is shown compared to otopathogen-positive episodes).

if t
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(44.9%) in children aged <2 years and 71/160 (44.4%) in
children aged �2 years.

The culture-positivity rates were 146/332 (44.0%) for
untreated, 43/92 (46.7%) for recurrent, 8/22 (36.4%) for treat-
ment failure, and 7/10 (70.0%) for both recurrent and treatment
failure episodes (Figure 1). H. influenzae was more frequently
detected than S. pneumoniae in treatment failure (22.7% vs

�
Children were classified as vaccinated against pneumococcal diseases

of age.
y includes 1 bilateral episode of 6C/19F.
9.1%) and recurrent (32.6% vs 17.4%) episodes, while the
proportion of both pathogens was similar in untreated episodes
(23.8% vs 20.5%).

Haemophilus influenzae

Streptococcus pneumoniae

Moraxella catarrhalis

Streptococcus pyogenes

At least one otopathogen

Recurrent
N = 92

Untreated
N = 332

80

60

40
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s

20
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f
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FIGURE 1. Bacterial etiology by type of episode (final study analysi
bacteria were reported independently in the relevant category.
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In vaccinated and unvaccinated children, 153/350 (43.7%)
and 51/106 (48.1%) episodes were culture-positive, respect-
ively (Figure 2). Although not statistically significant, slightly
higher proportions of H. influenzae (27.4% vs 20.8%) were
observed in vaccinated versus unvaccinated children; the oppo-
site was observed for S. pneumoniae (17.1% vs 25.5%).

The most frequent pneumococcal serotypes were 19F

hey had received�2 PCV7 doses at any age or�1 PCV7 dose at>1 year
(24/87 [27.6 %]), followed by 14 and 35B (7/87 [8.0%] for
each) (Table 2). The most common serotypes were 19F (22/68
[32.4%]) and 35B (6/68 [8.8%]) for untreated, 6A, 6B and 11A

Recurrent and
treatment

failure
N = 10

atment
ailure
 = 22

Total
N = 456

s). N¼number of episodes; Where co-infections occurred, both

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Bacterial etiology by vaccination status (final study analysis). N¼number of episodes; Where co-infections occurred, both
ildr
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(3/16 [18.7%] for each) for recurrent, 14 and 19F (1/2 [50.0%]
for each) for treatment failure, and 19F (1/1 [100%]) for both
recurrent and treatment failure episodes (data not shown).
Although not statistically significant, slightly higher (28/60
[46.7%] vs 10/27 [37.0%]) proportions of PCV7-serotypes
(19F, 14, 6B, and 23F) were identified in pneumococcal isolates
from vaccinated versus unvaccinated children; the opposite (9/
60 [15.0%] vs 8/27 [29.6%]) was observed for serotypes
included in new generation vaccines (19A, 6A, 3, and 7F).
Among the 24 serotype 19F isolates, 1 (4.2%), 4 (16.7%), 3
(12.5%), 8 (33.3%), and 8 (33.3%) were in children who had
received 0, 1, 2, 3, and 4 pneumococcal vaccine doses, respect-
ively. The majority of H. influenzae isolates (113/118 [95.8%])
were NTHi.

In pneumococcal isolates, the observed antibiotic non-
susceptibility rates were low for penicillin (1/87 [1.1%]), but
high for erythromycin (30/87 [34.5%]), azithromycin (13/41
[31.7%]), and TMP-SMX (44/87 [50.6%]) (Table 3). In S.
pneumoniae-positive episodes with available results, strains
non-susceptible to erythromycin were isolated in 22/68
untreated, 7/16 recurrent, and 1/2 treatment failure episodes;
to azithromycin in 7/26 untreated, 5/12 recurrent, and 1/2
treatment failure episodes; and to TMP-SMX in 34/68
untreated, 7/16 recurrent, 2/2 treatment failure, and 1/1 both
recurrent and treatment failure episodes. Among the serotype
19F isolates, non-susceptibility rates were 8/24 (33.3%) for
erythromycin, 20/24 (83.3%) for TMP-SMX, and 1/9 (11.1%)
for azithromycin.

In H. influenzae isolates, high antibiotic non-susceptibility
rates were observed for TMP-SMX (79/118 [66.9%]). In
H. influenzae-positive episodes with available results, strains

bacteria were reported independently in the relevant category; Ch
they had received �2 PCV7 doses at any age or �1 PCV7 dose a
non-susceptible to TMP-SMX were isolated in 52/79 untreated,
20/30 recurrent, 4/5 treatment failure, and 3/4 both recurrent
and treatment failure episodes. Among H. influenzae isolates,

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
1/118 (0.8%) was b-lactamase-negative ampicillin-resistant
and 23/118 (19.5%) was b-lactamase-positive.

Multidrug resistance was observed in 20/87 (23.0%)
S. pneumoniae-positive and in 8/118 (6.8%) H. influenzae-
positive episodes. All M. catarrhalis-positive episodes
(n¼ 23) were b-lactamase-positive.

Follow-Up Visits
Among the 456 episodes included in the final analysis, 445

(97.6%), 45 (9.9%), and 1 (0.2%) were followed by the planned,
1 unplanned, and 2 unplanned follow-up visits, respectively.
The planned and unplanned follow-up visits took place 2–31
days after the initial visit.

Antibiotics were taken between the initial and follow-up
visits in 438/445 (98.4%) episodes. The prescribed antibiotics
were amoxicillin (294/456 [64.5%]), ceftriaxone (149/456
[32.7%]), azithromycin (11/456 [2.4%]), and amoxicillin and
clavulanate potassium (2/456 [0.4%]) during the initial visits,
and ceftriaxone (14/445 [3.1%]), amoxicillin and clavulanate
potassium (4/445 [0.9%]), and azithromycin (1/445 [0.2%])
during the follow-up visits.

During the follow-up visits, 38 samples were collected
from children with signs and symptoms consistent with AOM
(12 and 26 samples during planned and unplanned visits,
respectively). Of these, 17/38 (44.7%) samples were culture-
positive: H. influenzae was detected in 14/17 (82.3%; all NTHi),
S. pneumoniae in 6/17 (35.3%; serotypes 3 [2/6], 6A [2/6], 14
[1/6], and 16F [1/6]), and M. catarrhalis in 1/17 samples (5.9%;
data not shown).

During the follow-up visits, high antibiotic non-suscepti-

en were classified as vaccinated against pneumococcal diseases if
1 year of age.
bility rates were observed in S. pneumoniae isolates for ery-
thromycin (3/6) and azithromycin (2/3), and in H. influenzae
isolates for TMP-SMX (11/14). Multidrug resistance was

www.md-journal.com | 5



TABLE 3. Antibiotic Non-Susceptibility of S. pneumoniae, H. influenzae, and M. catarrhalis Isolates at the Initial Visit (Final Study
Analysis)

S. pneumoniae (N¼ 87) H. influenzae (N¼ 118) M. catarrhalis (N¼ 23)
Antibiotic/test

�
n (%) n (%) n (%)

Penicillin (MIC >2 mg/mL) 1 (1) – –
Ampicillin (MIC >1 mg/mL) – 20 (18)z 17 (74)
Amoxicillin/Clavulanate (MIC >2/1

or >4/2 mg/mL)y
1 (1) 1 (1) 0 (0)

Ceftriaxone (MIC >1 mg/mL) 1 (1) 1 (1) 0 (0)
Erythromycin (MIC >0.25 mg/mL) 30 (34) – –
Azithromycin (MIC >0.5 mg/mL)§ 13 (32) 1 (1) 0 (0)
Levofloxacin (MIC >2 mg/mL) 0 (0) 0 (0) 0 (0)
TMP-SMX (MIC >0.5/9.5 mg/mL) 44 (51) 79 (67) 2 (9)
Nitrocefin (positive) – 23 (19) 23 (100)
Multi-drug resistance (positive) 20 (23) 8 (7) 0 (0)

MIC¼minimum inhibitory concentration, n (%)¼ number (percentage) of intermediate/resistant episodes, N¼ number of culture-positive
episodes.�

Interpretation of the results was based upon the Clinical and Laboratory Standards Institute guidelines published in 2009.15

y ae

ae i
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observed in 2/6 S. pneumoniae-positive and 1/14 H. influenzae-
positive episodes.

In 9/38 samples collected during the planned and
unplanned follow-up visits, the same pathogens were detected
as those identified in the same children during the initial visit.

MIC¼ 2/1 mg/mL for S. pneumoniae and 4/2 mg/mL for H. influenz
zResults were missing for 5 samples.
§ Results were missing for 46 S. pneumoniae isolates, 47 H. influenz
These samples were collected in children who had received a
prescription for amoxicillin (6/9), ceftriaxone (2/9), or azithro-
mycin (1/9) at the initial visit.

TABLE 4. Bacterial Etiology of AOM Episodes for the Pathogens U
Introduction (Final Study Analysis)

Before PCV7 in
(N¼ 884)

Any pathogen under study 471 (53
Streptococcus pneumoniae 245z (27

19F, 14, 6B, 23F, 9V
�
, 4
�

129 (65
3, 6A, 7F, 1

�
, 19Ay 26 (13

11A, 16F
�
, 18A, 18C

�
, 35B, 15B, 10A

�
,

15A, 6C, 2
�
, 15C, 17F

�
, 10F, 18B

�
,

13
�
, 9L
�
, 21y, 22Fy, 23Ay, 34y

41 (20

Haemophilus influenzae 181§(20
NTHi 167 (10
a–f 0 (0)

Streptococcus pyogenes 34 (3.
Moraxella catarrhalis 34 (3.

Bold values refer to the total number of bacterial pathogens and total num
Haemophilus influenzae; Streptococcus pyogens; Moraxella catharralis).

Serotypes are listed in descending order of predominance (for pre-PCV7)
given category (number and percentage of AOM episodes positive for the 4 o
while the serotype distribution is shown compared to otopathogen-positive�

serotypes identified pre-PCV7 only.
y serotypes identified post-PCV7 only.
z information regarding serotype distribution missing for 49 episodes.
§ Information regarding serotype distribution missing for 14 episodes.
jj includes 1 bilateral episode of 6C/19F.
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Comparison Between Pre- and Post-PCV7
Introduction

Before PCV7 introduction, 471/884 episodes were culture-

positive; this proportion decreased significantly after PCV7

and M. catarrhalis.

solates, and 9 M. catarrhalis isolates.
introduction (53.3% vs 44.7%; P-value¼ 0.003) (Table 4).
The proportions of S. pneumoniae-positive episodes were

significantly higher (27.7% vs 19.1%; P-value¼ 0.002) and of

nder Study Before (1999–2004) and After (2009–2010) PCV7

troduction
n (%)

After PCV7 introduction
(N¼ 456) n (%) P-value

.3) 204 (44.7) 0.003
.7) 87 (19.1) 0.002
.8) 38jj (43.7)

.3) 17 (19.5)

.9) 32 (36.8)

.5) 118 (25.9) 0.0007
0) 113 (95.8)

5 (4.2)
8) 9 (2.0) 0.639
8) 23 (5.0) 0.090

ber of pathogens for each bacterial type (eg Streptococcus pneumonia;

. N¼ number of episodes, n (%)¼ number (percentage) of episodes in a
topathogens are shown compared to the total number of AOM episodes,
episodes).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



H. influenzae-positive episodes significantly lower (20.5 % vs
25.9%; P-value <0.001) before than after PCV7 introduction.
No significant differences were observed for S. pyogenes and M.
catarrhalis.

Among pneumococcal isolates with available results,
PCV7-serotypes tended to be more frequently identified before
than after PCV7 introduction (129/196 [65.8%] vs 38/87
[43.7%]; P-value¼ 0.0005). Following PCV7 introduction,
proportions of serotypes 6A (4/196 [2.0%] vs 5/87 [5.7%])
and 19A (0/196 [0.0%] vs 6/87 [6.9%]) increased and pro-
portions of serotype 3 decreased (19/196 [9.7%] vs 5/87
[5.7%]). All 167 H. influenzae-positive episodes with available
results before PCV7 introduction were NTHi.

DISCUSSION
Continuous monitoring of etiology and antimicrobial

susceptibility of otopathogens is important to detect changes,
and to evaluate the potential impact of vaccines and antimi-
crobial therapies. During the first few years following PCV7
introduction in the NIP in Costa Rica, H. influenzae (25.9%,
mainly NTHi) followed by S. pneumoniae (19.1%) were the
most frequently identified otopathogens in children with AOM,
while M. catarrhalis (5.0%) and S. pyogenes (2.0%) were less
common. As expected, the most frequent co-infection was
S. pneumoniae and H. influenzae (4.2% of episodes). Bacterial
distribution patterns were similar for children aged <2 years
and older children.

In line with studies conducted in Costa Rica before PCV7
introduction, H. influenzae was more frequent than S. pneumo-
niae in treatment failure AOM episodes.3,6 This could be
explained by the difficulty to treat H. influenzae and the
common relapses with this pathogen.17–21 The observations
that H. influenzae was more frequent than S. pneumoniae in
recurrent episodes and that both pathogens were found in
similar proportions of untreated episodes were made for the
first time in Costa Rican children with AOM.3,6 As expected,
H. influenzae was slightly more frequent in vaccinated than
unvaccinated children, while the opposite was observed for
S. pneumoniae. Among participating children, 76.8% were
considered, per protocol, vaccinated with PCV7, which is in
line with reported vaccination coverage rates in Costa Rica at
the study time, but is probably lower than the current vaccina-
tion coverage since older participants were not age-eligible for
vaccination in the NIP.8

Only 38/445 children who attended the follow-up visits
were symptomatic and had an additional MEF sample collected,
suggesting that most children’s symptoms had resolved. Of the
17 otopathogens identified during the follow-up visits, 9 (53%)
were identical to those of the initial visit. Post-PCV7 introduc-
tion, pneumococcal isolates were largely non-susceptible to
macrolides and TMP-SMX, and H. influenzae isolates to
TMP-SMX. Penicillin non-susceptibility rates in pneumococcal
isolates were lower than expected; this may be explained by the
fact that the new guidelines of the Clinical and Laboratory
Standards Institute were used in this study.15

While NTHi was the most common pathogen post-PCV7
introduction, S. pneumoniae was more frequently identified
than H. influenzae (27.7% vs 20.5%) before PCV7 introduction
(1999–2004). This expected change is consistent with obser-
vations from other countries.10–13,22 The most common pneu-
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mococcal serotypes were 19F (34.2%), 3 (9.7%), 6B (9.7%),
and 14 (9.7%) pre-PVC7 introduction, and 19F (26.4%), 14
(8.0%), and 35B (8.0%) post-PCV7 introduction. Although the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
impact of PCV7 introduction in the NIP was reflected by the
decline in proportions of PCV7-serotypes (65.8% in 1999–2004
vs 43.7% in 2010–2012), serotype 19F remained the most
frequently identified serotype and 16/24 serotype 19F isolates
were in children who had received 3 or 4 PCV7 doses. Although
these trends were not statistically significant, the proportions of
AOM cases caused by additional serotypes included in the new
generation vaccines did not decrease post-PCV7 introduction,
unlike PCV7-serotypes, similarly to a study conducted in Uni-
ted States,12 with the exception of serotype 3 (9.7% vs 5.7%).
We observed statistically non-significant increases in pro-
portion of episodes caused by serotypes 6A (2.0% vs 5.7%)
and 19A (0.0% vs 6.9%) following PCV7 introduction. Even
though a likewise trend was noted in one previous study,23 these
results remain descriptive and no formal conclusion can be
drawn regarding the proportion of AOM cases caused by PCV7
related serotypes 6A and 19A in Costa Rica post-PCV7 intro-
duction. Another important finding of this study was the
potential emergence of pneumococcal serotypes that are not
included in any licensed vaccine, such as serotype 35B, in line
with previously observed changes in serotype distribution fol-
lowing pneumococcal conjugate vaccination.24–27 It was inter-
esting to observe that although after several years of PCV7 in
the NIP and a reduction of the prevalence of PCV7-serotypes
was observed, the persistence of PCV7-serotypes (43.7%) was
mostly due to a lesser reduction in the prevalence of serotype
19F between the pre-vaccination period (34.2%) and the post-
vaccination period (27.6%). This was not unexpected as similar
results of lower MEF protection with PCV7 were observed in
the OM pivotal clinical trial.28

This study describes important early changes following
PCV7 introduction in Costa Rica, but has several limitations: no
information on incidence rates was collected, the study power
was <80%, and most results were descriptive and should be
interpreted cautiously. Moreover, although PCV13 was licensed
and replaced PCV7 in the NIP in August 2011 in Costa Rica,
2012 was not considered as a transitional year, and no specific
information was collected for children vaccinated with other
pneumococcal conjugate vaccines (as reflected in our study,
most episodes in vaccinees were isolated from children having
received PCV7, even though enrolment ended in April 2012).
Further evaluation of the impact of pneumococcal conjugate
vaccines should be evaluated following broader vaccination
coverage, since older children, who were not age-eligible for
vaccination, would now be vaccinated.

This study showed that in the first few years following
PCV7 introduction into the NIP in Costa Rica, H. influenzae
followed by S. pneumoniae were the most common otopatho-
gens in children with AOM, and the observed prevalence of
S. pneumoniae and PCV7-serotypes tended to decrease, while
that of H. influenzae tended to increase. These results are
preliminary and the full impact of PCV7 and new-generation
vaccines on AOM etiology and antibiotic resistance should be
further evaluated following broader vaccination coverage in
Costa Rican children.

Prevenar and Prevnar 13 are trademarks of Wyeth Phar-
maceuticals Inc., a subsidiary of Pfizer Inc.

ACKNOWLEDGMENTS

The authors thank the children and their parents/guardians

Acute Otitis Media Etiology in Costa Rica
who participated in the study, the study nurses, and other staff
members without whom this study would not have been possible.
The authors also thank in particular: from the GlaxoSmithKline

www.md-journal.com | 7



Vaccines team: Marianela Rojas-Centeno and Helena Guerra-
Karekides (local study management); Deepthi Sathyajith and
Mark Franco (Protocol and Report writing); Cyrille Cartier
(4Clinics on Behalf of GlaxoSmithKline Vaccines, for statistical
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