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Abstract
Background—The 3 most commonly encountered bacteria in acute otitis media (AOM) are
Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis. Conventional
culture methods detect these pathogens in only 60% to 70% of cases of AOM. Alloiococcus
otitidis, another potential pathogen, has often been ignored.

Methods—Tympanocentesis was performed in 97 children with AOM presenting with a bulging
tympanic membrane (TM) producing 170 middle ear fluids (MEFs). S. pneumoniae, H.
influenzae, M. catarrhalis, and A. otitidis were isolated in 21%, 32%, 8%, and 0% of MEFs,
respectively; no otopathogen was isolated in 29% of MEFs. In nasopharyngeal cultures at the time
of AOM diagnosis, 34%, 36%, 17%, and 0% and in oropharyngeal cultures, 7%, 31%, 11%, and
0% grew S. pneumoniae, H. influenzae, M. catarrhalis, and A. otitidis, respectively. No
otopathogen was isolated in 23% of nasopharyngeal and 20% of oropharyngeal cultures. Multiplex
polymerase chain reaction (PCR) was used to detect DNA of the 4 bacterial species in culture
negative samples.

Results—All culture-positive MEF, nasopharyngeal and oropharyngeal samples tested were also
multiplex-PCR positive, indicating the reliability of the method. Culture-negative samples of MEF
from children with a bulging TM yielded S. pneumoniae, H. influenzae, M. catarrhalis, and A.
otitidis DNA in 51%, 35%, 14%, and 32% of MEF, in 45%, 31%, 10%, and 9% of nasopharyngeal
and in 31%, 23%, 0%, and 3% of oropharyngeal, respectively. In 9% of the cases A. otitidis DNA
was found without detection of a second organism in MEF.

Conclusions—Conventional culture detected otopathogens in MEF of children with a bulging
TM in 71%; using multiplex-PCR, otopathogens were detected in 88% of MEF (P < 0.01). Similar
improved detection of otopathogens was noted with nasopharyngeal and oropharyngeal cultures.
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Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis are the
bacterial pathogens most commonly cultured from the middle ear fluid (MEF) samples of
children with acute otitis media (AOM).1–4 Approximately 35% of samples are sterile by
culture.5,6 However, these previous studies did not state whether a bulging TM was required
for the diagnosis of AOM and a bulging TM is now recognized as the most important
diagnostic finding of AOM.7 Polymerase chain reaction (PCR) methods can detect bacterial
DNA of otopathogens in MEF and can also detect fastidious organisms,8–11 Therefore, PCR
has the potential to improve identification of otopathogens in culture negative MEF, as well
as in nasopharyngeal and oropharyngeal samples.

Alloiococcus otitidis, a largely overlooked organism, was first found by Faden and Dryja in
1989 in MEF from children with otitis media with effusion (OME).12 This bacterium is not
identified by conventional culture because it requires about 5 days of growth. Since its
discovery A. otitidis has been detected by culture in only a few studies,13–15 and mostly by
PCR from OME patients.10,16–21 A. otitidis has only been described in 2 studies in AOM
patients.10,22

The objectives of this study were (1) to assess the value of adding a molecular diagnosis
assay, multiplex-PCR (M-PCR), for better etiologic diagnosis of AOM and for identification
of otopathogens colonizing the nasopharyngeal and oropharyngeal when cultures were
negative (2); to determine the frequency of detection of A. otitidis in MEF of children with
AOM and in nasopharyngeal and oropharyngeal samples; and (3) to evaluate whether the M-
PCR signal found in culture-negative samples represented fossilized bacterial DNA or viable
bacteria, by use of RT-PCR targeting mRNA of the identified bacteria.

MATERIALS AND METHODS
Sample Collection

A total of 165 children were enrolled in a prospective study of AOM, July 2006 to July
2008. The children ranged from 6 months to 36 months of age. Written consent was
obtained from all the parents or guardians before sample collection. Tympanocenteses were
performed in 97 children with AOM producing 170 MEFs. Children with recurrent AOM
underwent repeat tympanocentesis. MEF samples varied in quantity of material obtained
from 50 to 250 μL; the entire sample was added to 1 mL of phosphate buffered saline. Otitis
media with effusion patient samples were not collected in the study. S. pneumoniae, H.
influenzae, and M. catarrhalis were identified using CLSI standard culture methods. In
addition, nasopharyngeal and oropharyngeal samples were obtained from the 97 children
with AOM at the time of the AOM visit and again 3 weeks later (194 child visits).
Nasopharyngeal samples were obtained with a dacron-tipped wire swab inserted midway
into the nasal canal below the inferior turbinate. Oropharyngeal cultures were obtained by
rubbing both tonsils and the posterior pharynx. The details of the sample processing are
given elsewhere.23 After immediate culture plating, the remainder of the MEF,
nasopharyngeal, and oropharyngeal samples were stored at −80°C for later analysis in
batches.

Genomic DNA and RNA Preparation for PCR Analysis
Nasopharyngeal and oropharyngeal swabs were taken from the freezer and swirled and
mixed into 1 mL of phosphate buffered saline. One hundred microliters of MEF,
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nasopharyngeal, and oropharyngeal samples were then dissolved in Tris-EDTA buffer (pH
8.0) for genomic DNA extraction. After adding 10% SDS and proteinase K enzyme, the
mixture was incubated for 1.0 hour at 37°C. An equal volume of phenol/chloroform was
added and the aqueous phase was extracted after centrifugation, and 3.0M sodium acetate
(pH 5.2) and isopropanol were added in the aqueous phase to precipitate the DNA. After
centrifugation, DNA precipitates were washed with 70% ethanol and dissolved in water.
DNA from different samples was stored at −20°C for later PCR study. DNA of each species
was also obtained from pure culture. The control strain of A. otitidis was provided by Dr.
Howard Faden, who discovered this bacterium.12

For RNA work, samples collected in the first 1.5 years were not preserved to allow study, so
only those samples that were processed in a manner suitable for RNA work are described in
the study. RNase-free components and plastic ware were used in the dilution and processing
of the MEF and other samples. For the mRNA isolation, diluted MEF samples from AOM
patients were centrifuged and the pellet dissolved in Trizol reagent, and RNA isolation was
performed according to the manufacturer’s instructions (Molecular Research Center Inc.).24

To remove any DNA contamination, each sample was treated with DNAse in a digestion
step using the Turbo DNA-free kit (Ambion Inc.) before RT-PCR amplification.

PCR Protocol
A multiplex PCR procedure was used for the simultaneous detection of S. pneumoniae, H.
influenzae, M. catarrhalis, and A. otitidis using primers as described with some
modifications.9 The detailed protocols of M-PCR and RT-PCR are provided in Appendix,
Supplemental Digital Content 1, http://links.lww.com/INF/A428.

Sequencing of PCR Products
To determine the specificity of each amplified product, 2 to 3 bands from each PCR product
were randomly picked and purified using a gel purification kit (QIAGEN). The sequencing
reactions were performed on these purified products using 0.3 μM of common reverse
primer on an Applied Biosystems Prism 377 automated sequencer using BigDye Terminator
v3.1 Cycle Sequencing Kit (Applied Biosystems). The sequenced data was compared with
the 16S rRNA gene sequence entries in the GenBank database for verification of the PCR
products.

RESULTS
Culture Results

As shown in Table 1, cultures of 170 MEF samples obtained from children with bulging
TMs yielded S. pneumoniae, H. influenzae, and M. catarrhalis in 21%, 32%, and 8% of
cases, respectively. No bacteria were detected by conventional culture in 29% of cases. No
S. pyogenes was found but S. aureus was detected in 1% of the MEFs. The culture results of
nasopharyngeal and oropharyngeal samples from children with AOM are also shown in
Table 1. From AOM children, 23% of nasopharyngeal and 20% of oropharyngeal samples
were culture negative for the 3 major otopathogens. S. aureus was detected in 4% of
nasopharyngeal and oropharyngeal samples from AOM children. A. otitidis was not found
using standard microbial culture methods (Because we did not anticipate the M-PCR
detection of A. otitidis, the cultures were not retained for 5 days to identify this slow-
growing organism).
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M-PCR Results
Multiplex-PCR was used for the detection of bacterial DNA of H. influenzae, S.
pneumoniae, M. catarrhalis, and A. otitidis in culture negative MEF, nasopharyngeal, and
oropharyngeal samples. An example of an agarose gel run is shown in Figure 1.

Sensitivity of the M-PCR method was determined for all 4 organisms based on dilutional
experiments. The method reliably detected the bacterial genome for all 4 organisms when 10
organisms per reaction were present, which is consistent with previous studies.9 To confirm
that PCR products were specific to each species, 3 of the PCR products corresponding to
each species were randomly picked and verified by sequencing. The sequences showed
100% correspondence, which confirms the presence of genomic DNA of that species in the
samples.

To test the reliability of the PCR method, 48 culture positive MEF samples and 52 culture
positive nasopharyngeal samples for H. influenzae, S. pneumoniae, and M. catarrhalis were
studied. All the culture positive samples for H. influenzae, S. pneumoniae, and M.
catarrhalis were also PCR positive for that species. Alloiococcus otitidis was also detected in
21% of MEF and 12% of nasopharyngeal samples from children who were culture positive
for H. influenzae, S. pneumoniae, and M. catarrhalis.

Multiplex-PCR was then performed on 49, 43, and 38 culture negative MEF,
nasopharyngeal and oropharyngeal samples, respectively. Culture negative MEF samples
yielded S. pneumoniae, H. influenzae, M. catarrhalis, and A. otitidis in 51%, 35%, 14%, and
32% of cases, respectively. In 9% of the cases, A. otitidis was detected as the sole AOM
pathogen.

Culture negative samples that are positive for bacterial DNA by PCR can be explained in
some cases by recent or current antibiotic therapy received by the host. Table 2 summarizes
all the PCR data from culture negative MEF, nasopharyngeal, and oropharyngeal samples of
children with AOM whether they were on an antibiotic or not. About 50% of the AOM
patients who had culture negative samples were receiving an antibiotic at the time of
operation, just before sample collection.

Evaluation of M-PCR Detection of Viable Bacteria
Given the sensitivity of the PCR technique, fossilized bacterial DNA may be detected in
biologic samples and so PCR detection does not establish whether viable organisms are
present. To determine how fast DNA of bacteria cleared from the MEF, we compared the
M-PCR data between MEF samples collected at different time intervals ranging from 1
week to 3 months from 15 children having recurrent AOM and undergoing a repeat
tympanocentesis. Among these 15 children DNA of 4 bacterial species disappeared between
7 days and 21 days except in one case where H. influenzae DNA was detected 20 days after
the first tympanocentesis.

RT-PCR Results
As bacterial RNA has a half life of only seconds to minutes and requires intact organisms
for its synthesis,25 RT-PCR was performed on 3 of the culture negative but S. pneumoniae
M-PCR positive MEF samples to detect RNA and 2 were positive for mRNA; likewise we
tested 2 M-PCR positive sample for M. catarrhalis and 1 was positive for mRNA.
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DISCUSSION
This is the first study, to our knowledge, where all AOM clinical diagnoses were made by
validated otoscopists using a bulging TM as a necessary and sufficient criterion, followed by
microbiology and molecular diagnostics to detect the bacterial pathogens. Our main findings
were as follows: (1) Bacterial cultures were positive for the 3 main otopathogens
Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis in 71% of
MEF samples and a M-PCR assay improved detection of the 3 otopathogens to 88%. (2) We
detected the 3 major otopathogens colonizing the nasopharyngeal in AOM children in 77%
of samples by culture but with M-PCR we detected the presence of these otopathogens in
93% of children. (3) Alloiococcus otitidis was detected by M-PCR in 21% of MEF of
children with AOM (and in 12% of nasopharyngeal and oropharyngeal samples). (4) When
we tested MEF from closely spaced repeat tympanocentesis, we showed bacterial DNA
usually clears from the MEF in 1 to 3 weeks and by use of RT-PCR, mRNA of the targeted
species was identified in culture negative samples. As a result, the M-PCR results from our
study identified viable bacteria and not fossilized bacterial DNA.

Previous publications of microbiologic results from our otitis media research center found
positive cultures for the 3 major otopathogens in 53%, 56%, and 56% of tympanocenteses in
years 1997, 1998–2000, and 2001–2003, respectively, in patients with recurrent AOM or
AOM antibiotic treatment failure.6,26–28 More recently, when our group began to focus and
rely on a bulging TM for the diagnosis of AOM, otopathogens were isolated from MEF in
patients with recurrent AOM in approximately 75% of cases, similar to the findings of the
current report.29,30 However, the results of typmanocenteses will differ in recurrent AOM or
AOM antibiotic treatment failure patients as shown in our most recent article when we
evaluated culture positive rates in patients with their 1st or 2nd AOM episode and a bulging
TM without prior antibiotic treatment and found otopathogens in 87% of AOM episodes.23

In comparison, Kilpi et al,31 in Finland found a culture positive rate of 83% in patients with
their first few AOM episodes and in other centers otopathogen isolation rates in the MEF of
recurrent AOM patients ranged from 68% to 90%,32,33 and 50% in patients with AOM
treatment failure.34 Thus, the results of the current study are in line with previous reports
from our center and others. In untreated AOM, culture positivity rates are generally around
85%, among those with recurrent AOM rates are generally around 70% and for AOM
treatment failures undergoing tympanocentesis while receiving antibiotics, the isolation rate
is around 50%. The addition of a molecular technique such as M-PCR can improve detection
of otopathogens in all types of AOM diagnosis situations by 10% to 30%, with higher rates
of improved detection occurring in MEFs collected from children who recently received
antibiotics or who undergo tympanocentesis while on antibiotics.

Detection of bacterial DNA from culture negative samples by PCR can be explained in some
cases by recent or current antibiotic therapy received by the host, lack of sustained viability
of the bacteria during transport, and/or low quantities of organisms. We did not
systematically evaluate all these variables. We found that almost 50% of the AOM children
were receiving antibiotics at the time the MEF sample was collected. Thus, antibiotic
therapy could explain half of the culture negative results but was not the sole explanation for
culture negative M-PCR positive results. Therefore, it is reasonable to conclude that the
PCR is of value in detection of bacterial otopathogens.

The detection of A. otitidis in MEF and nasopharyngeal samples was of interest. A. otitidis
has been isolated in the past almost exclusively from patients with OME. We could find
only 2 prior studies (from Finland and Japan) where A. otitidis was detected in any patients
with AOM.22,35 This is the first report to our knowledge of detection of A. otitidis in the
MEF of children with AOM from the United States. It may be that this slow growing
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bacterium has not been identified in other studies of AOM because only standard culture
methods were used. Because A. otitidis is susceptible to aminopenicillins,13 its presence
may not have been identified due to antibiotic treatment failures. In 91% of our samples A.
otitidis was detected with another bacterium. We are now studying whether A. otitidis acts
as a mediator/enhancer of OME following AOM when it is present in a polymicrobial
infection with other otopathogens. We performed the M-PCR assays months after all
samples had been processed using standard microbiology techniques, so we are unable to
report on the correlation between culture and M-PCR detection rates; this is a limitation of
our study. When the frequency of A. otitidis detection was compared between MEF versus
nasopharyngeal samples, we found nasopharyngeal samples were several fold lower, similar
to previous reports.10,19 Previous studies concluded that A. otitidis was more frequently
detected in older children (>2 years of age) compared with younger children.16,22 In our
study almost all the MEF samples were from children <2 years old.

The detection of bacterial DNA from culture negative samples by PCR does not confirm
whether viable organisms are present or not. In a study from children with OME and
recurrent AOM, Hall-Stoodley36 found direct detection of biofilms on middle ear mucosa
biopsy specimens and showed a correlation of culture negative conditions with biofilm. In a
study by Post et al,37 in the AOM chinchilla model it was shown that bacterial DNA does
not persist in MEFs in an amplifiable form for greater than 3 days. In our MEF samples
from children with recurrent AOM, we observed that DNA clears from MEF in 1 to 3
weeks. The RT-PCR results indicate the presence of intact, viable organisms in some of the
culture negative MEF samples, which is consistent with the previous study by Rayner et
al.38

In conclusion, using a bulging TM as an important clinical diagnostic criterion, we found a
71% culture positivity rate for bacterial otopathogens. Adding an M-PCR assay allowed the
additional detection of bacterial otopathogens in 17% of MEF and 16% of nasopharyngeal/
oropharyngeal samples. Multiplex-PCR also effectively detects A. otitidis in about 20% of
children with AOM, almost always concurrently with another more common otopathogens.
Using M-PCR and RT-PCR, we found that bacterial DNA clears the MEF in 1–3 weeks and
the bacterial DNA detected is from viable bacteria.
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FIGURE 1.
Multiplex-PCR detection of 4 bacterial pathogens of MEF samples from children with
AOM. In every set of reactions positive and negative controls are included. The size of the 4
PCR products (525, 484, 264, and 237 base pairs) are also shown on the side of the figure,
which corresponds to H. influenzae, S. pneumoniae, A. otitidis, and M. catarrhalis,
respectively.
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TABLE 1

Frequency of Major Otopathogens Identified by Standard Culture Method in MEF, Nasopharyngeal and
Oropharyngeal Cultures from Children With AOM

Pathogen MEF (N = 170) (%) Nasopharyngeal (N = 194) (%) Oropharyngeal (N = 194) (%)

S. pneumoniae 35 (20.6) 66 (34.0) 13 (6.7)

H. influenzae 54 (31.8) 70 (36.0) 60 (30.9)

M. catarrhalis 13 (7.6) 33 (17.0) 21 (10.8)

A. otitidis 0 (0) 0 (0) 0 (0)

S. aureus 2 (1.2) 7 (3.6) 4 (2.1)

No otopathagen 49 (28.8) 44 (22.6) 38 (19.6)

N is the total number of samples.

*
In some of the samples, more than one organism was isolated. The specific combinations of multiple pathogens are described elsewhere.10
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