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The diagnosis of acute otitis media (AOM) is often difficult, depending heavily on the experience and skills
of the examiner. However, it is important to identify episodes of AOM that involve the risk of complications and
to treat these episodes appropriately. The present study was performed in order to evaluate the use of a rapid
antigen assay for Streptococcus pneumoniae, the Binax NOW test, as a diagnostic tool in patients with severe
AOM and associated complications. The study included 70 patients with 74 episodes of AOM, 18 of them with
complications. Cultures, Binax NOW tests, and a PCR assay were performed on nasopharyngeal secretions,
middle ear fluid, and in some cases mastoid bone, cerebrospinal fluid, and urine. According to culture and PCR
of the middle ear fluid, 30 (41%) of the episodes were caused by S. pneumoniae. The Binax NOW test was
positive in 24 of these episodes (80%). It identified pneumococcal AOM independent of antibiotic treatment,
and it was easily adapted to bone tissue. The test yielded sensitivity, specificity, and positive and negative
predictive values for middle ear specimens of 85%, 100%, 100%, and 89%, respectively. The corresponding
positive and negative values for predicting the bacterial etiology with nasopharyngeal secretions were 51% and
75%. This study showed that the Binax NOW test is a useful diagnostic tool for patients with severe AOM with
or without complications.

Acute purulent otitis media (AOM) is the most common
bacterial infection diagnosed among children. By 3 years of
age, up to 85% of all children have experienced at least one
episode of AOM (40), and 15 to 20% of the children suffer
from recurrent episodes (1, 7).

The most frequent microbiological cause of AOM is Strep-
tococcus pneumoniae (26 to 48%), followed by Haemophilus
influenzae (15 to 41%), Moraxella catarrhalis (23 to 25%), and
Streptococcus pyogenes (4 to 8%) (2, 3, 20, 27). S. pneumoniae
and S. pyogenes are the two most virulent pathogens of the
middle ear, and they are the leading causes of complications
such as mastoiditis, labyrinthitis, and meningitis (15, 22, 23,
28, 38).

AOM is the single most common reason for prescribing
antibiotics to children (12, 24). The antibiotic load and selec-
tive pressure in the youngest age groups are consequently high,
and clinical problems with antibiotic resistance have emerged
(5, 41). The routine use of antimicrobial drugs in AOM treat-
ment has been reevaluated in recent years, and watchful wait-
ing has become an alternative (34). Watchful waiting is, how-
ever, not without risk. A safer approach is to use stricter
diagnostic criteria for AOM, to improve the diagnostic tools,
and to treat only those patients who are the least likely to
recover spontaneously.

The diagnosis of AOM, especially in young children, is often
difficult and inadequate (4, 12, 33, 42). Previous studies have

shown that physicians are uncertain of the diagnosis in 40% of
cases (31), and general practitioners are more likely to diag-
nose AOM than are otorhinolaryngologists (4). Furthermore,
about 49 to 88% of patients with extracranial and intracranial
complications have received or are under antibiotic treatment
prior to admission (14–16, 21, 23, 28, 38), which decreases the
chances of identifying the causative agent with conventional
culture methods. In situations such as this, a simple test to
identify S. pneumoniae, the pathogen with the lowest sponta-
neous recovery rate and the highest complication frequency,
would be valuable.

A rapid urinary antigen test, the Binax NOW test, was re-
cently introduced to the market. This test has been shown to be
a useful tool for identifying severe pneumococcal infections in
adults (25, 37). The aim of the present study was to evaluate
the ability of the Binax NOW test to detect S. pneumoniae in
patients with severe AOM and associated complications.

MATERIALS AND METHODS

The study was performed as a prospective multicenter study including four
otorhinolaryngology centers in the south of Sweden. The study was approved by
the ethics committee of Lund University.

Patients. AOM patients with spontaneous perforation of the tympanic mem-
brane or in need of myringotomy were invited to participate in the study. There
were no restrictions concerning age or previous or current antibiotic treatment,
but patients with transmyringeal ventilation tubes or underlying complicating
diseases were excluded. Informed consent was obtained from the patients and,
where appropriate, their parents. Medical history, including information on the
number of days since the onset of symptoms, fever, previous contacts with
medical health care, and ongoing antibiotic treatment, was collected. The diag-
nostic criteria for AOM were an acute onset of symptoms combined with either
(i) otomicroscopic findings of an abnormal tympanic membrane with decreased
or vanished mobility and opaque fluid behind the tympanic membrane or (ii)
perforated tympanic membrane and purulent secretion in the external auditory
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canal. An otomicroscope was used for diagnosis at all times. Myringotomy was
performed according to previous recommendations (32). A local anesthetic (phe-
nol) was used with adults, whereas most children were generally anesthetized.

Controls. Twenty healthy control patients, 19 children and one adult, were
included in the study. The majority of these patients were participants in a
vaccine study at the Department of Oto-Rhino-Laryngology at Lund University
Hospital.

Bacterial cultures. Bacterial samples were collected from all middle ears as
well as from the nasopharynx by using swabs. The samples were cultured on
blood and chocolate agar plates and were incubated for 48 h in a moist envi-
ronment with 5% CO2. Bacteria were identified using standard laboratory pro-
cedures (18, 19, 35), and isolates were frozen at �70°C. Samples of mastoid bone
tissue or cerebrospinal fluid were, in addition, inoculated in brain heart infusion
broth (Difco Laboratories, Detroit, MI). All urine samples positive by the Binax
NOW test were cultured in order to control any cross-reactivity.

Pneumococcal antigen test. The Binax NOW test (Binax, Inc., Portland, ME)
is, in brief, a rapid in vitro immunochromatographic assay that detects pneumo-
coccal antigen in urine. The test kit contains a nitrocellulose membrane onto
which rabbit antipneumococcal antibody is attached. The test sample is mixed
with reaction buffer and then placed on the test membrane. If the test sample
contains pneumococcal antigen, a pink/purple line will appear within 15 min. The
antigen against which the Binax NOW test reacts is a cell wall polysaccharide on
S. pneumoniae, which is present in all clinically relevant strains. In this study,
middle ear fluid, nasopharyngeal secretions, and cerebrospinal fluid were tested
as previously described (10, 11, 36). The Binax NOW test was also adapted for
bone tissue by placing the tissue in a tube with phosphate-buffered saline (1 ml)
and vortexing it for 30 s. The sample was thereafter mixed with the reaction
buffer as described above. All samples were tested after the culture procedure
had been carried out. The collection of urine samples from the patients was
optional, and urine test results were therefore not available for all patients. After
the Binax NOW testing, the swabs were put in a lysing buffer (Roche Diagnostics
Corporation, Indianapolis, IN) and frozen at �20°C for further analysis with the
PCR technique if necessary.

PCR assay. A real-time PCR assay was performed on some middle ear sam-
ples exhibiting discrepant results between cultures and Binax NOW tests. The
PCR assay was performed as described earlier (6), with some modifications.
Briefly, bacterial DNA was extracted by using a MagNAPure LC DNA isolation
kit III with a MagNAPure LC machine (Roche) according to the manufacturer’s
instructions. Real-time PCR amplifications were performed in 20-�l reaction
volumes containing FastStart DNA master hybridization probes (Roche), 30 nM
probe, 500 nM primers, 5 mM MgCl2, and 5 �l of DNA extract. The nucleotide
sequence of the forward primer for the pneumolysin gene was 5�-TGCAGAGC
GTCCTTTGGTCTAT-3�, the sequence for the reverse primer was 5�-CTCTT
ACTCGTGGTTTCCAACTTGA-3� (DNA Technology, Aarhus, Denmark),
and the sequence of the 6-carboxyfluorescein-labeled probe was 5�-TGGCGCC
CATAAGCAACACTCGAA-3� (TIB Molbiol, Berlin, Germany). The DNA was
amplified and detected with a LightCycler system by using the following cycling
parameters: heating at 95°C for 10 min, followed by 40 cycles of a two-stage
temperature profile of 95°C for 15 s and 60°C for 1 min. If no increase in
fluorescent signal was observed after 40 cycles, the sample was regarded as

negative. Positive (S. pneumoniae ATCC 49619) and negative (distilled H2O)
controls were included at every extraction and at every PCR run.

RESULTS

Study population. Seventy subjects, with a total of 74 epi-
sodes of AOM, were enrolled in the study. Twenty-six (37%) of
the patients were female, and 44 (63%) were male. The mean
and median ages were 10.6 years (�17.4) and 2.2 years (6
weeks to 69 years), respectively (Fig. 1). In 35 of the episodes
(47%), the patient was younger than 2 years.

Myringotomy was performed in 30 episodes (41%), and
spontaneous perforations occurred in the remaining 44 epi-
sodes (59%). Bilateral AOM was present in 23 episodes (31%).
AOM with serious complications was present in 18 cases
(24%); in 12 of these cases, the patient was under 2 years of
age. The patients had fever in at least 32 of the episodes
(43%); in this group, the median age was 1.9 years (6 weeks to
57 years). Approximately 42% of the patients had received
recently (within 3 days) or were receiving antibiotics when the
cultures were obtained.

Middle ear fluid. Primary AOM pathogens (S. pneumoniae,
H. influenzae, M. catarrhalis, and S. pyogenes) were isolated in
cultures from 31 (42%) of the middle ear samples. In three of
the samples (4%), more than one AOM pathogen was present.
The median age in relation to the pathogen present in the
middle ear was 1.6 years for patients with S. pneumoniae, 1.5
years for patients with H. influenzae, 0.5 years for patients with
M. catarrhalis, 4.3 years for patients with S. pyogenes, 4.5 years
for patients without primary AOM pathogens (skin flora or
gram-negative rods), and 1.9 years for the group in which no
bacterial growth in the middle ear was recorded.

According to culture and PCR, 30 (41%) of the AOM epi-
sodes were caused by S. pneumoniae. With the Binax NOW
test, four additional pneumococcal episodes were recorded.
Table 1 gives the characteristics of the samples in which pneu-
mococci were present.

H. influenzae grew in middle ear fluid in nine episodes
(12%), M. catarrhalis in three episodes (4%), and S. pyogenes in
two episodes (3%). In 42 (57%) of the episodes, the cultures
yielded no growth or growth of nonprimary AOM pathogens.

FIG. 1. Age distribution of the study population.
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Fifty-two percent of the patients in this group were already
under antibiotic treatment when the samples were collected,
compared with 22% in the group with middle ear cultures
positive for primary AOM pathogens.

Of the 28 Binax NOW-positive samples, 24 were culture or
PCR positive. The remaining four had findings of pneumococci
at other sites (e.g., mastoid bone or nasopharynx). When the
results of the Binax NOW test were compared with the results
of the middle ear cultures and the PCR assay, the sensitivity of
the test was 85%, the specificity was 100%, and the positive
and negative predictive values were 100% and 89%, respec-
tively.

Nasopharyngeal secretion. Primary AOM pathogens were
isolated in cultures from the nasopharynx in 48 of the 74 AOM
episodes (65%): S. pneumoniae in 33, H. influenzae in 24, M.
catarrhalis in 26, and S. pyogenes in 3. Four additional pneu-
mococcal cases were found with PCR and one with the Binax
NOW test.

Growth of multiple pathogens was more common in the
nasopharynx than in the middle ear (39% of the cases). M.
catarrhalis was the most common copathogen. Table 2 provides
further information about the correlation between the micro-
biological findings in the nasopharynx and in the middle ear.

The Binax NOW test was positive in 37 of the nasopharyn-
geal samples; 33 of these samples were culture or PCR positive
for S. pneumoniae, three showed false positives with the Binax
NOW test, and the final one was not examined with PCR. S.
pyogenes or alpha-hemolytic streptococci were isolated from
the three false-positive samples. A false-positive test result was
also recorded for a culture-negative urine sample from one of
these patients but not in the two middle ear samples containing
S. pyogenes. To exclude a possible cross-reaction, the frozen

isolates were recultured and new tests were performed with
Binax NOW. The pure cultures were negative by the test.
False-negative results were found in three cases; the middle
ear fluid was also falsely negative in two of these cases. This
yielded a sensitivity of 92% and a specificity of 89% for the
Binax NOW test compared with nasopharyngeal cultures and
PCR. The positive and negative predictive values were 92%
and 89%, respectively.

Urine. In 16 (22%) of the episodes, urine samples were
positive by the Binax NOW test. However, due to the study
design, urine tests were not available in 25 of the cases (34%).
Among the 16 positive cases were five subjects with mastoiditis,
one with labyrinthitis, and six with AOM combined with fever
and an affected general state of health. Nine of the 16 were
positive for S. pneumoniae in middle ear fluid as judged by
culture or PCR, and 14 of 16 had pneumococci in the naso-
pharynx. In 11 episodes, the Binax NOW test showed no pneu-
mococcal antigen in the urine sample despite findings of pneu-
mococci in the middle ear fluid.

Patients with complications. Sixteen patients developed 18
episodes of severe complications: mastoiditis (n � 13, includ-
ing one patient with three episodes over a period of 1.5 years),
labyrinthitis (n � 3), and meningitis (n � 2).

Mastoidectomy was performed in 7 of the 13 mastoiditis
episodes. All of these patients were under antibiotic treatment
when the samples were collected. Eleven of the 13 mastoiditis
episodes were of pneumococcal origin. Of the two patients
with meningitis, one was infected with S. pneumoniae and the
other with H. influenzae type b. All three patients with laby-
rinthitis had pneumococcal infections. Combining the three
methods used in the study, S. pneumoniae was identified as the
causative agent in 15 of the 18 episodes with complications
(83%). The Binax NOW test was able to identify the bacterium
in 14 (78%) of these cases, and the test results were accessible
within hours.

Controls. Ten out of 20 healthy controls carried S. pneu-
moniae in the nasopharynx according to culture results. Urine
samples from 6 of the 10 pneumococcal carriers yielded posi-
tive Binax NOW tests. Three controls with no nasopharyngeal
growth had false-positive Binax NOW urine tests; two of these
urine samples showed growth of enterococci and streptococci,
which were all Binax NOW negative when tested as pure cul-
tures. Due to these test results, the study was augmented by
another 40 patients with urogenital infections caused by gram-
positive cocci (Enterococcus faecalis, n � 12; Enterococcus fae-
cium, n � 5; S. pyogenes, n � 2; beta-hemolytic streptococcus
group G, n � 3; Streptococcus agalactiae, n � 8; other types of

TABLE 1. Summary of Binax NOW results in relation to findings of S. pneumoniae in the middle ear

Middle ear finding No. of
episodes

No. of patients
with antibiotic
treatment/total
no. of patients

No. of positive Binax NOW tests/total
no. of tests (% positive)

Middle ear Nasopharynx Urine

S. pneumoniae alone (culture positive) 19 4/19 16/18 (89) 14/17 (82) 8/15 (53)
S. pneumoniae plus other pathogen (culture positive) 3 0/3 3/3 (100) 2/2 (100) 0/1 (0)
S. pneumoniae (PCR positive, culture negative) 8 7/8 5/8 (62) 3/6 (50) 1/4 (25)
No S. pneumoniae (culture and/or PCR negative) 44 20/44 4/43 (9)a 18/40 (45) 7/29 (24)

a In three of the four cases, S. pneumoniae was detected either in bone tissues (culture, n � 1; PCR, n � 1) or in secretions from the nasopharynx (culture, n � 1).
In the final case, the specimens from the mastoid bone, the middle ear, and the nasopharynx were all Binax NOW positive.

TABLE 2. Microbiological findings in the nasopharynx in
relation to findings in the middle ear

Nasopharyngeal finding No. of
episodes

No. of cases
with identical
finding in the

middle ear

Positive
predictive
value (%)

Negative
predictive
value (%)

S. pneumoniae 36a 21a 64 85
H. influenzae 23 8 35 100
S. pyogenes 3 2 67 100
M. catarrhalis 26 1 4 95
Mixed pathogens 32 1 NDb ND
Positive Binax NOW test 37 19a 51 75

a Presence of S. pneumoniae according to culture and/or PCR.
b ND, not done.
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streptococci, n � 6; and mixed cultures of gram-positive cocci,
n � 4). Three of the urine samples were positive by the Binax
NOW test. There was growth of E. faecalis in one of these
samples and mixes of gram-positive cocci, including S. agalac-
tiae and alpha-hemolytic streptococci, in two. The alpha-he-
molytic streptococci were later identified as S. pneumoniae.

DISCUSSION

This study evaluated the usefulness of the Binax NOW test
for detecting S. pneumoniae in patients with severe AOM and
associated complications. The test allowed rapid selection of
patients with pneumococcal infections, and it served as a sup-
port when choosing the initial treatment.

The Binax NOW test was originally developed as a urine
test. However, studies have been performed on nasopharyn-
geal secretions (10), middle ear effusions (11), cerebrospinal
fluids (36), bronchoalveolar lavage fluids (17), pleural fluids
(30), and blood cultures (29). The present study included the
first three of these sample types, and the test was further
successfully adapted to bone tissue. The Binax NOW test iden-
tified the majority of culture-positive samples, independent of
sample type. Furthermore, it was able to identify pneumococci
in samples from treated patients with negative cultures. The
only other method available in these cases is the PCR assay.
Although sensitive, the PCR technique is time-consuming, es-
pecially compared with the Binax NOW test. It also has the
disadvantage of being more expensive, requiring specially
trained staff.

Culture of middle ear fluid is recommended for accurate
diagnosis of AOM. In practice such material is not always
available, and so nasopharyngeal secretions are sometimes
used for bacteriological documentation. Several earlier studies
have shown a rather weak correlation between the results of
nasopharyngeal and middle ear fluid cultures, with positive
predictive values of about 50% at best (9, 13). The absence of
S. pneumoniae in the nasopharynx has, however, a higher neg-
ative predictive value for recovery of the organism in the mid-
dle ear fluid of patients with AOM (9, 13). A negative Binax
NOW test may therefore be more useful than a positive one in
clinical practice.

In this study, the correlation was relatively high for cultures
yielding growth of S. pneumoniae and S. pyogenes. In contrast,
while the two gram-negative bacteria M. catarrhalis and H.
influenzae were often isolated from the nasopharynx, they were
relatively seldom present in the middle ear fluid in the inves-
tigated patients. These findings may have been due to the
choice of study population. However, the results also indicate
that the leading otitis pathogens should probably not be con-
sidered as a single entity but as four bacterial species with quite
different capacities to cause middle ear infections.

The use of urine samples as a diagnostic tool in severe AOM
was not without its problems. Pneumococcal antigen was de-
tected in some of the most severely ill patients, but the majority
of patients with pneumococcal AOM remained Binax NOW
negative in the urine. Furthermore, a large proportion of the
healthy control patients with pneumococci in the nasopharynx
were Binax NOW positive in the urine, and there were also
cross-reactions with other gram-positive bacteria. Previous
studies of patients with invasive pneumococcal disease have

shown that the Binax NOW test used as a urine test is more
reliable in adults than in children (8, 26, 37). In patients with
severe AOM, the urine test appeared to be of limited value.
This was independent of age.

The Binax NOW test has other limitations. Some patients in
the present study yielded negative tests in spite of pneumococ-
cal growth in the nasopharynx and the middle ear. The reason
for this remains to be elucidated. The Binax NOW test also
failed to identify a case of pneumococcal meningitis. The caus-
ative agent was detected by PCR alone, suggesting a low bac-
terial count; the manufacturer specifies a detection limit of
about 105 CFU/ml in cerebrospinal fluid. Furthermore, urine
samples can remain positive for weeks after a pneumococcal
infection (39), and the test will be affected if the patient has
recently been vaccinated with a pneumococcal vaccine.

In summary, the Binax NOW test increased the diagnostic
yield for pneumococcal AOM and its complications. With this
test, health care professionals are provided with a rapid ad-
junct diagnostic tool to clinical findings.
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