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Abstract
Objective—To describe NP and AOM otopathogens during the time frame 2007-2009, six to
eight years after the introduction of 7-valent pneumococcal conjugate (PCV7) in the US and to
compare nasopharyngeal (NP) colonization and acute otitis media (AOM) microbiology in
children 6 to 36 months of age having 1st and 2nd AOM episodes with children who are otitis
prone.

Methods—Prospectively, the microbiology of NP colonization and AOM episodes was
determined in 120 children with absent or infrequent AOM episodes. NP samples were collected
at 7 routine visits between 6 and 30 months of age and at the time of AOM. For 1st and subsequent
AOM episodes, middle ear fluid (MEF) was obtained by tympanocentesis. Eighty otitis prone
children were comparatively studied. All 200 children received age-appropriate doses of PCV7.

Results—We found PCV7 serotypes were virtually absent: (0.9% isolated from both NP and
MEF) in both study groups. However, non-PCV7 serotypes replaced PCV serotypes such that the
frequency of isolation of S. pneumoniae (Spn) was nearly equal to that of non-typeable
Haemophilus influenzae (NTHi). M. catarrhalis (Mcat) was less common and Staphylococcus
aureus infrequent in the NP and MEF from the two groups. The proportion of Spn, NTHi and
Mcat causing AOM was similar in children with 1st and 2nd AOM episodes compared to otitis
prone children. However, oxacillin-resistant Spn isolated from the NP and MEF was 19% for the
absent/infrequent and 58% for the otitis prone groups, p<0.0001. Beta-lactamase producing NTHi
occurred more frequently in the otitis prone group, p=0.04.

Conclusions—Six to 8 years after widespread use of PCV7, Spn strains expressing vaccine-type
serotypes have virtually disappeared from the NP and MEF of vaccinated children. NP
colonization and AOM has changed to non-PCV7 strains of Spn. NTHi continues to be a major
AOM pathogen. The otopathogens in 1st and 2nd AOM and in otitis prone children are very
similar although Spn and NTHi are more often antibiotic resistant in the otitis prone.
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INTRODUCTION
Nasopharyngeal (NP) colonization is a necessary first step in the pathogenesis of acute otitis
media (AOM). The major pathogens of AOM are Streptococcus pneumoniae (Spn), non-
typeable Haemophilus influenzae (NTHi), and Moraxella catarrhalis (Mcat). In early
studies after introduction of the 7-valent pneumococcal conjugate vaccine (PCV7) in the
U.S., strains of Spn expressing capsular types included in PCV7 were detected less often
from the NP [1-4], as causes of AOM [5], and invasive pneumococcal disease [6]. The
success of PCV7 in reducing invasive pneumococcal disease and pneumococcal AOM has
become clear and indisputable [7-9]. Furthermore, herd immunity has become established in
the U.S. and the impact on unvaccinated children and adults evident [10].

NTHi emerged as the most common AOM isolate in 2001-2003 [11,12] and replacement by
non-PCV7 serotypes (especially serotype 19A) has been occurring, leading to an increase in
invasive pneumococcal disease and AOM by serotype 19A [13-17]. There have been
conflicting reports on an increase in NP colonization by Staphylococcus aureus [18,19]. An
increase in S. aureus colonization is a concerning possibility in light of the increasing
prevalence of serious community-acquired methicillin resistant Staphylococcus aureus
infections [19].

The objectives of this study were to describe changes in NP colonization and AOM
otopathogens during 2007-2009, 6 to 8 years after the introduction of PCV7 in the US and to
compare the microbiology of NP colonization and AOM episodes in children 6 to 36 months
of age having absent/infrequent AOM with that of children who are otitis prone.

MATERIALS AND METHODS
Study populations

Children in group 1, (absent/infrequent AOM group) were enrolled at 6 months of age and
followed to 30 months of age; the children had no prior AOM at the time of enrollment. NP
and oropharyngeal samples were obtained at 7 routine visits when the children were 6, 9, 12,
15, 18, 24, and 30 months of age. With the first and any subsequent episodes of AOM NP
and oropharyngeal cultures and middle ear fluid (MEF) by tympanocentesis were obtained.
A follow up visit occurred 3 weeks later after each AOM and NP and oropharyngeal
samples were again collected. Two children met the definition of otitis prone (3 AOM
episodes in 6 months, n=1; or 4 AOM episodes in 12 months, n=1. Data for their 3rd / 4th

AOM episodes meeting the otitis prone definition was included in group 2 (see below).

A second cohort (Group 2) were children less than 36 months of age (otitis prone group)
enrolled when they had a 3rd AOM episode within 6 months of time or a 4th episode within
12 months of time. NP and oropharyngeal cultures and MEF by tympanocentesis were
obtained at the time of AOM. NP and oropharyngeal samples were collected again at a 3-
week follow up visit.

Demographic data collected included family history of AOM, daycare attendance, antibiotic
exposure in the prior month, presence of upper respiratory infection, number of AOM
episodes before enrollment, age of first AOM episode, and PCV-7 vaccine history. The
study was approved by the University of Rochester and Rochester General Hospital IRB and
written informed consent was obtained from parents before enrollment in the study.

Definition of AOM
AOM was diagnosed by pneumatic otoscopy by two of the authors (JC, MP), who are both
validated otoscopists, when children with acute onset of otalgia had tympanic membranes
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(TMs) that were: (1) bulging or full; and (2) a cloudy or purulent effusion was observed, or
the TM was completely opacified; and (3) TM mobility was reduced or absent.

NP sampling
At each sampling visit a cotton-tipped wire swab was inserted into both nares and a culture
obtained, an oropharyngeal swab was obtained by rubbing both tonsils and the posterior
pharynx. Then 1 ml of sterile phosphate buffered saline was instilled and aspirated from
both nares as a third sample for culture.

Tympanocentesis
MEF for culture was obtained by puncture of the inferior portion of an intact TM with a 20-
gauge spinal needle attached to a 3-mL syringe using a hand-held operating otoscope. If a
small sample of MEF was obtained on aspiration, 0.5 mL of trypticase soy broth was
aspirated through the spinal needle and then aliquoted and inoculated onto agar plates and
into broth, as described below.

Microbiology
NP and oropharyngeal swabs, the secretions from nasal wash and MEF were inoculated onto
sheep blood and chocolate agar plates immediately after collection. All plates and broths
were incubated at 37°C with 5% carbon dioxide. Bacterial isolates were identified by
standard methods. All NTHi and M. cat isolated were tested for beta-lactamase production
with the chromogenic cephalosporin disk method. Serotypes of Spn were determined by
latex agglutination (Pneumotest-Latex, Statens Serum Institute, Copenhagen, Denmark)
according to the manufacturer’s instructions. Quellung reactions were used to identify the
serotype subgroup. Oxacillin sensitivity was determined for Spn and S. aureus by disc
diffusion test.

PCR of 6A Spn serotypes
To distinguish between 6A and 6C serotypes PCR was performed with oligonucleotide
primers 5106 and 3101 to amplify wciN as previously described [20].

Statistics
In the analysis of NP colonization over time if a child had the same Spn isolate on sequential
visits then the isolate was counted only once. Differences were analyzed with the Fishers
exact test and p < 0.05 (2-tailed) was considered significant.

RESULTS
The demographics of the study population are shown in Table 1 (on line only). The mean
age at the time of the first episode of AOM in the absent/infrequent AOM group (10 months
SD=4.4 months) was younger than the age of children in the otitis prone group (13 months
SD= 6.5 months) (p=0.01). Daycare attendance differed significantly between the two
groups with 27% of the absent/infrequent AOM group and 53% of the otitis prone group
attending daycare (p=0.0006). Ninety-two percent of all patients had a concurrent URI at the
time of an AOM; whereas 19% of the children had a URI at the time of the routine visits. In
the 2 weeks prior to an AOM visit, 18% of absent/infrequent AOM children and 50% of
otitis prone children had taken or were taking antibiotics (p<0.0001).

Figure 1 (on-line only) shows the Spn serotypes in our study. There were a total of 110 Spn
isolates from the NP during routine visits when the children did not have AOM and 87 Spn
isolates from the NP during AOM. There was a total of 49 Spn MEF isolates: 21 in the
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infrequent AOM group and 28 in the otitis prone group. The number of individual Spn
serotypes was too small to detect a difference between the 2 groups during AOM. Overall,
19A was the most common serotype isolated from the NP when the children were well and
when they had an AOM and isolated from the MEF as a cause of AOM: 22/110 of the NP
isolates during routine visits, 23/87 of the NP during AOM and 18/49 of the MEF isolates.
At the time of routine visits without AOM, of the 110 Spn NP isolates there were 22
different serotypes with 19A, 11, 15 and 23B the most common isolates. Of the 87 Spn NP
isolates during AOM there were 16 different serotypes, with 19A, 15 and 6C the most
common. Of the 49 Spn MEF isolates there were 16 different serotypes with 19A, 6A and
6C the most common.

There were 2 children who had PCV-7 vaccine type serotypes isolated (2 of 220 (0.9%) of
all Spn isolates). Spn serotype 4 was isolated from the NP and MEF of an 18 month-old
child at the time of an AOM and a serotype 19F was isolated from the NP of an 18 month-
old child during a routine visit without AOM.

There were 25 Spn identified as serotype 6A by Quellung reaction. All 25 strains were PCR
amplified to differentiate 6A from 6C. Sixteen (63%) of the 6A isolates were found to be
6C. Three were isolated from the NP without AOM, 8 from the NP during AOM and 4 from
the MEF. Non-typeable serotypes occurred infrequently, 4/110 (4%), 3/87 (3%) and 3/49
(6%) for NP without AOM, NP during AOM and MEF, respectively.

In 89% of the AOM episodes, the Spn that colonized the NP and was isolated from the MEF
were concordant. Eleven percent of the time 2 Spn serotypes were isolated from the NP
during AOM and only one of the colonizing serotypes was present in the MEF.

Table 2 shows the percentage of NTHi, Spn, Mcat, and S. aureus isolated from NP cultures
at age 6, 9, 12, 15, 18, 24, and 30 months from the absent/infrequent AOM group when they
did not have AOM. Spn was isolated most commonly, followed by Mcat then NTHi. The
rates of NP colonization at the different ages did not differ significantly for the 3
otopathogens. Of the 434 visits when children did not have AOM, one or more otopathogens
were present in 272 visits (63% of the visits). Colonization with more than one otopathogen
occurred in 16% (71 of 434) of the visits when children did not have AOM. Among the 71
visits when subjects had more than 1 otopathogen in the NP, the most frequent combination
was Spn and Mcat (51% of the multiple otopathogen visits). S. aureus was isolated most
often during the first year of life but accounted for only 9% of the total isolates.

MEF and NP culture results at the time of an AOM for the infrequent AOM group and otitis
prone group are shown in Figure 2 (on-line only). There were 52 1st or 2nd AOM episodes in
the infrequent AOM group and 96 AOM episodes in the otitis prone group. NTHi was
isolated from the MEF in 16 (36%) of the infrequent AOM group and 30 (45%) of the otitis
prone group. There were 21 (48%) Spn isolates in the infrequent AOM group and 28 (42%)
Spn isolates in the otitis prone group. Mcat was isolated from the MEF in 7 (16%) of
children with infrequent AOM and 9 (13%) from the otitis prone group. The distribution of
the MEF isolates did not differ between the 2 groups, p=0.43, 0.56, and 0.78 for NTHi, Spn
and Mcat, respectively. More than one otopathogen isolated from the MEF occurred rarely
in both the infrequent AOM and otitis prone groups, 2 (4%) (both Spn and Mcat) and 3 (3%)
(2 Spn and Mcat and 1 NTHi and Spn) AOM episodes, respectively.

During AOM, the most common otopathogen NP isolate was Spn, 24/67 (36%), in the
infrequent AOM group and NTHi, 48/117 (41%), in the otitis prone groups. There was no
difference between the two groups in the percentage of the 3 otopathogens in the NP when
an AOM occurred, p=0.43, p=0.87 and p=0.21 for NTHi, Spn, and Mcat, respectively.
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Colonization with multiple pathogens did not differ between the two groups. S. aureus was
rarely isolated from the NP during an AOM episode: 3 of 52 and 3 of 96 AOM episodes for
the infrequent AOM and otitis prone groups, respectively p=0.38.

NP colonization with multiple otopathogens at the time of an AOM episode occurred in both
groups. There was a trend for a difference between the absent/infrequent group, 23 of 52
(44%) compared with the otitis prone group 27 of 96 (28%) p=0.07 (Table 3a and 3b). The
most common otopathogen combination in the NP was NTHi + Spn in both of the groups.

All Spn and S. aureus isolates from the MEF and NP were tested for oxacillin resistance and
NTHi and Mcat isolates were tested for beta lactamase production. Nineteen percent of all
the Spn during an AOM episode were penicillin non-susceptible (PNSP) in the infrequent
AOM group while 56% were PNSP in the otitis prone group by oxacillin disc testing,
p<0.0001. (Table 4) There was no difference in oxacillin resistant Spn isolation from the
MEF but NP colonization with oxacillin resistant Spn was more common in the otitis prone
group, p=0.02. Thirty-two percent and 48% of all NTHi were beta-lactamase producing in
both the infrequent AOM group and in the otitis prone group, respectively (p=0.04). All M.
cat isolates were beta-lactamase producing in both the infrequent and otitis prone groups.
All of the S. aureus isolated were methicillin susceptible.

DISCUSSION
This prospective study evaluated the MEF isolates and NP colonization patterns from PCV7
vaccinated children 6 to 8 years after the introduction of PCV7 vaccine in the U.S and
compared the microbiology of AOM and NP colonization between a cohort of children
without AOM, with children experiencing their 1st or 2nd AOM episode, and with children
who are otitis prone. Our major findings were: (1) an increase in frequency of isolation of
Spn since 2001-2003 due to non-PCV7 serotypes, most commonly 19A such that Spn and
NTHi isolations from the MEF were nearly equal in children with infrequent AOM and
otitis prone children; (2) the near complete elimination of vaccine-type Spn from the MEF
and NP for all 200 children evaluated; (3) the rank order of NP colonization frequency
among the 3 main otopathogens was Spn, Mcat and NTHi, the frequency of NP colonization
did not differ across the age span of 6-30 months of age, and an otopathogen colonized the
NP of children in 63% of all samplings; (4) the first US study to show no significant
difference in the proportion of otopathogens from the MEF or NP in children with their 1st

or 2nd AOM were compared to otitis prone children; (5) among Spn initially identified as
serotype 6A, 64% were found to be serotype 6C by PCR; (6) more frequent isolation of
PNSP and beta-lactamase producing NTHi from the MEF and NP of otitis prone children
compared to children with their 1st or 2nd AOM; (7) no increase in S. aureus NP
colonization.

Prior to the introduction of PCV7, multiple studies identified Spn as the most common AOM
pathogen, NTHi second and Mcat third. [21-24], including studies from our own center
[25,26]. Initial studies of the PCV7 vaccine showed a significant decrease in AOM episodes
in vaccine recipients. [5] In the first few years following PCV7 introduction, our group [11]
and Block et al [12] described a shift in the predominant otopathogen among mostly otitis
prone children from Spn to NTHi. Shortly thereafter, a shift to non-PCV 7 Spn isolates was
described [27,28] and most recently a highly resistant serotype 19A Spn was identified. [29]
In this current report, we described that the proportion of Spn causing AOM has surged back
to equal that of NTHi in otitis prone children due to increasing AOM caused by non-PCV7
serotypes, (Figure 3). The consequences of the anticipated introduction of an expanded
pneumococcal vaccine, PCV13, should have a favorable, immediate and positive impact in
reducing the most common non-PCV7 serotypes, especially serotype 19A. . The PCV13
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vaccine will include the PCV7 serotypes plus 1, 3, 5, 6A, 7F, and 19A. Our study shows that
the 6 added serotypes in the PCV13 would include 23% of the Spn colonizing the NP during
healthy visits. During an episode of AOM the added PCV13 serotypes were isolated from
the NP 34% and MEF 47% of the time. Therefore, the PCV13 would add significant
protection against additional serotypes of Spn that are currently colonizing the NP and
causing AOM.

As far as we are aware, this is the first study from the US to comprehensively evaluate the
proportion of otopathogens colonizing the NP of healthy children and children with AOM.
In the early 1990s, nearly a decade before the introduction of PCV7, Faden et al [30]
conducted a similar study exclusively involving NTHi colonization in healthy children. At
12 months of age, Faden et al found the cumulative acquisition rate of NTHi was 34%,
which was similar to our rate of 36%. However, by 2 years of age, our cumulative NTHi
acquisition rate of 84% was nearly two-fold higher than Faden et al (44%). Factors such as
number of siblings, daycare attendance, frequency of upper respiratory tract infection, and
diet (breast/bottle feeding) can affect NP colonization patterns [31-33]. The higher NTHi
colonization rate in our group could be explained by an increase in NTHi due to a decrease
in Spn NP colonization as a result of PCV7 vaccination or the higher daycare attendance rate
in our study population. The epidemiology of pneumococcal colonization and infection
during the first 24 months of age was studied in the pre-PCV7 era. [34] Shortly after the
introduction of PCV7 several studies showed a reduction of NP colonization of PCV7
serotypes and then the beginning of serotype replacement with non-PCV7 serotypes.
[13,35,36] Here, 6 to 8 years after introduction of PCV7, we describe the virtual elimination
of PCV7 serotypes and a surging increase in pneumococcal colonization by non-PCV7
serotypes.

For many years, scientists in the field of AOM speculated on whether tympanocentesis
findings predominantly obtained from otitis prone children were representative of children
with their 1st or 2nd AOM episode. Studies from Finland suggested that the pathogen mix
was similar [24]. Ours is the first study in the US to compare otopathogens from a cohort of
children who are otitis prone with a cohort of children experiencing their 1st and 2nd AOM
episodes. In agreement with the Finnish results, we found that the otopathogens and
proportions are the same in these two populations. However, as might have been anticipated,
due to antibiotic selection pressure more children in the otitis prone group, having
previously received antibiotics, harbored organisms in their NP and became infected in their
middle ear with PNSP and beta-lactamase producing NTHi.

The repeating capsular polysaccharide for serotype subtypes 6A (galactose-glucose-
rhamnose-ribitol-phosphate) varies from 6C (glucose-glucose-rhamnose-ribitol-phosphate)
by one carbohydrate [37] and current latex agglutination method for serotyping does not
distinguish 6C from 6A. Previous work by Jacobs et al [38] and our current study
demonstrated that at least half of isolated 6A serotypes identified by latex agglutination are
actually 6C. Our study shows that both 6A and 6C are colonizing and causing AOM. Nahm
et al [39] has demonstrated that the proportion of 6C isolates has increased since the
introduction of PCV7. Therefore, future pneumococcal work needs to identify 6C from 6A
and future vaccines may need to incorporate 6C.

The presence of 2 otopathogens in the NP was not uncommon in our study population. The
possibility that combinations of potential otopathogens facilitate co-colonization (especially
when a concurrent viral upper respiratory tract infection occurs) by modulating the innate
and adaptive immune response of children and/or by forming biofilms is now under study by
our group. Although 2 or 3 otopathogens colonized the NP typically only 1 pathogen caused
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AOM. This process of microbial competition and the virulence features of the organisms is
also being evaluated by our group.

The possibility of increased colonization by S. aureus has been previously studied with
differing conclusions. Two studies showed that S. aureus NP carriage occurred more
frequently among children vaccinated with PCV7 [40,41]. However, in a French
surveillance study [18], the proportion of children that carried S. aureus alone or with S.
pneumoniae was similar among PCV7-vaccinated children (3.9% and 5.1%, respectively)
and non-vaccinated children (3.5% and 5.1%, respectively). Among 1783 children in that
study 60.8% carried Spn and 9% carried S. aureus. Among children < 2 years old with
AOM, S. aureus carriage was found in 9% of PCV7 vaccinated and 8.7% of non-vaccinated
children. Our colonization rate for S. aureus in a PCV7 immunized population was 9%, and
all S. aureus were methicillin susceptible. This rate does not suggest that S. aureus is
replacing S. pneumoniae as a frequent colonizer.

As far as we are aware we are the only center in the U.S. prospectively tracking the NP
colonization patterns and performing tympanocentesis on young children with AOM.
Limitations of our study include that it occurred in one center comprised mostly of children
living in suburban, middle-income households in the US. The observations are made in a
specific time frame (2007-2009), in a PCV7 vaccinated population, and in a community
where widespread and early adoption of PCV7 vaccinations likely established herd
immunity. Other study populations in the U.S. and in other countries where PCV7 has not
been widely used or only recently adopted would likely have different results.
Comprehensive antibiotic susceptibility testing of the organisms isolated in our study is
underway and will be reported elsewhere by Hardy et al [42].

In conclusion Six to 8 years after widespread use of PCV7, Spn strains expressing vaccine-
type serotypes have essentially disappeared from the NP and MEF of vaccinated children.
NP colonization and AOM by Spn is returning to near pre-PCV7 rates due to non-PCV7
strains. The proportion of otopathogens in infrequent or absent AOM and in otitis prone
children is very similar although otitis prone children are colonized and experience AOM
more frequently from antibiotic resistant Spn and NTHi. NTHi continues to be a major
AOM pathogen in children with their 1st or 2nd AOM and in otitis prone children.
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Figure 1.
S. pneumoniae serotype distribution from the MEF, the NP and during an AOM episode and
the NP with no AOM for both the infrequent and otitis prone groups. Pool A contains
serotypes 13, 28, Pool B contains serotypes 21, 39, Pool D contains serotypes 25, 38, 43, 44,
45, 46, 48, and Pool E contains serotypes 29, 34, 35, 42, 47.
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Figure 2.
MEF and NP culture results in the infrequent AOM group and in the otitis prone group
during an AOM episode.
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Figure 3.
Percentage of S. pneumoniae and NTHi causing rAOM in Rochester, NY 1995-2008.
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Table 1

Demographics of the population of children.

Group 1
Absent/Infrequent AOM

Group 2
Otitis Prone

Number studied 120 80

Mean Age at initial AOM or
rAOM #

10 months (SD=4.4 mos.) 13 months (SD=6.5 mos)

Male 63 (53%) 43 (49%)

Female 57 (47%) 37 (46%)

Daycare Attendance (N, %)* 33 (27%) 42 (53%)

Upper Respiratory Infection
during routine visit (%)

19 N/A

No. of AOM prior 12 mos
(% ≥ 4)

N/A 18 (23%)

No. of AOM prior 6 mos
(% ≥ 3)

N/A 62 (77%)

Family History of AOM
(N,%)

61 (51%) 45 (56%)

#
p=0.01

*
p=0.0006
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Table 2

Nasopharyngeal culture results at the time of healthy visits for the absent/infrequent AOM group.

Age H.
influenzae

S.
pneumoniae

M.
catarrhalis

S. aureus Non-
pathogens

Number
of
Visits

6 15 (19%) 29 (36%) 30 (37%) 7 (9%) 44 (40%) 111

9 16(30%) 14(26%) 15 (28%) 9 (17%) 35 (36%) 96

12 11 (21%) 23 (44%) 15 (29%) 3 (6%) 35 (42%) 83

15 9 (24%) 20 (54%) 7 (19%) 1 (3%) 22 (36%) 61

18 13 (29%) 14 (31%) 14 (31%) 4 (9%) 16 (30%) 53

24 8 (30%) 9 (33%) 8 (30%) 2 (7%) 4 (17%) 24

30 1 (50%) 1 (50%) 0 (0%) 0 (0%) 4 (67%) 6

All
Visits

73 (24%) 110 (37%) 89 (30%) 26 (9%) 160 (37%) 434

The percentage was based on the number of newly acquired specific otopathogen at a given age over the total number of newly acquired
otopathogens isolated at a given age. The total number of otopathogens and non-pathogens is greater than the number of visits because of isolation
of more than one organism at some visits. Age is denoted in months. The non-pathogen column denotes the visits where only normal flora was
observed in the NP.
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