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We have studied etiological diagnosis of acute otitis media (AOM) by comparing a newly developed
pneumococcal PCR for Streptococcus pneumoniae to bacterial culture with 180 middle ear fluid (MEF) samples
of 125 children with 125 episodes of AOM. For pneumococcal PCR assay, DNA from MEF samples was

extracted by phenol-chloroform. The outer primers used amplified a 348-bp region of the pneumolysin gene,
and the inner primers amplified a 208-bp region. S. pneumoniae was cultured in 33 (18%) samples, and
pneumolysin PCR was positive for 51 (28%) of 180 MEF samples. Only 2 of 21 PCR-positive, S. pneumoniae
culture-negative samples were positive for other otitis pathogens. By combining MEF culture and PCR results,
54 (301%) of 180 MEF samples had evidence of pneumococcal etiology. In conclusion, pneumolysin PCR is a

sensitive and specific new method to study pneumococcal involvement in MEF samples of children with AOM.

The microbial diagnosis of acute otitis media (AOM) is
currently based on bacterial culture of a middle ear fluid
(MEF) sample. Streptococcus pneumoniae and nontypeable
Haemophilus influenzae are cultured in 30 to 40 and 10 to 20%
of cases, respectively (7). Other bacteria that are isolated less
often include Branhamella catarrhalis, group A streptococcus,
and Staphylococcus aureus. By using both bacterial culture and
antigen detection methods, S. pneumoniae has been found in
40 to 60% of all cases ofAOM (4, 12). However, large numbers
of MEF samples still remain negative for bacterial antigens or
by culture, although polymorphonuclear leukocytes present in
MEF samples (17) suggest bacterial etiology in these cases as

well.
Gene amplification methods like PCR are increasingly being

used in the etiological diagnosis of microbial infections. The
presence of several common respiratory viruses (2, 3, 14, 15)
and the outer membrane protein P6 of H. influenzae (6) in
nasopharyngeal secretions and MEF samples has been dem-
onstrated by PCR. The detection of pneumococcal DNA in the
blood of adults with pneumonia has been described by Ru-
dolph et al. (18) and, with another set of pneumolysin-specific
primers, by Salo et al. (19).

Pneumolysin is a species-specific protein toxin produced
intracellularly by all clinically relevant pneumococcal strains
(16). A demonstration of pneumolysin DNA is thus expected
to indicate pneumococcal involvement in the disease, regard-
less of the pneumococcal serotype. We used the newly devel-
oped PCR assay (19) for the first time to detect pneumolysin
DNA in secretions, MEF samples of children with AOM. The
aim of this study was to improve etiological diagnosis ofAOM.

MATERILLS AND METHODS

Patients. Altogether, 135 children with AOM, aged 3
months to 7 years 5 months (median, 2 years 6 months), were
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enrolled in the study during 1990 to 1992 in a private otolar-
yngological center (15 children) or the Department of Otolar-
yngology, University of Helsinki, Helsinki, Finland (120 chil-
dren). AOM was defined by pneumatic otoscopic examination
suggesting MEF and at least one of the following symptoms:
otalgia, tugging at or rubbing of the ear, rectal or axillary
temperature of at least 38.0°C, irritability, restless sleep, acute
gastrointestinal symptoms (vomiting or diarrhea), or other
simultaneous respiratory infection. Patients with secretory
otitis media, tympanostomy tubes, spontaneous perforation of
the tympanic membrane, or antibiotic treatment within 1 week
of enrollment were excluded. Written informed consent was
obtained from the parents of all children before enrollment.
The study protocol was approved by the ethics committees of
the National Public Health Institute and University of Hel-
sinki.

Samples. MEF samples and nasopharyngeal aspirates
(NPA) were obtained at each patient's initial visit. After
mechanical cleaning of the external ear canal, the tympanic
membrane was anesthetized with 90% liquified phenol. A
paracentesis needle was inserted through the anteroinferior or

posteroinferior part of the tympanic membrane, and MEF was

aspirated with an electric suction device into the sterile glass
suction tip. Thereafter, the secretion was rinsed out into a

polypropylene microtube with 0.5 ml of phosphate-buffered
saline (PBS). NPA samples were collected by inserting a

suction catheter through a nostril to a depth of 4 to 8 cm and
then applying gentle suction with an electric suction device.
The secretion was rinsed out as described for MEF samples. If
the amount of secretion, MEF or NPA, was ample, a cotton-
tipped swab was dipped directly in the secretion; if not, a swab
was dipped in the PBS-diluted rinse. Swabs were immediately
placed in modified Stuart transport media (Transpocult; Orion
Diagnostica, Espoo, Finland) and transported at 4°C to the
bacteriological laboratory.

Bacterial culture of MEF and NPA samples. Culture was
done within 24 h on nonselective chocolate and blood agar
media and selective blood agar media with 5 ,ug of gentamicin
per ml. Plates were incubated at 37°C in a 5% CO2 atmosphere
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for 1 to 3 days. Isolated bacteria were identified by standard
methods (1): S. pneumoniae by optochin sensitivity, H. influ-
enzae by requirement of X and V factors, and B. catarrhalis by
microscopic morphology, positive oxidase and tributyrin reac-
tions, and negative carbohydrate utilization tests. H. influenzae
was screened for the presence of encapsulated strains with
Levinthal agar containing antiserum. Pneumococcal strains
were serotyped or grouped by Quellung, counterimmunoelec-
trophoresis, or latex agglutination (groups 7 and 14) (10) with
type- or group-specific antiserum pools from Statens Serum-
institut, Copenhagen, Denmark. All identified strains were
stored at -70°C for future reference.
DNA extraction of MEF samples. Immediately after culture,

MEF swabs were placed back in transport media and frozen at
-20°C until they were studied by PCR. After thawing of
transport media for other purposes, swabs were frozen again at
-20°C in a sterile polypropylene tube with 0.5 ml of PBS.
DNA extraction was begun by rubbing each swab against the
tube wall to release bacteria into PBS and then by following the
method previously published (20). Briefly, each sample was
centrifuged at 12,000 x g and 4°C for 10 min, and the pellet
was suspended in 300 p.l of solution containing 0.1 M NaOH,
2 M NaCl, and 0.5% sodium dodecyl sulfate. The suspension
was incubated at 95°C for 15 min, and 200 p.1 of Tris-HCl (pH
8.0) was added. Lysate was extracted twice with saturated
phenol-chloroform-isoamyl alcohol (25:24:1; Sigma, St. Louis,
Mo.). Finally, DNA was precipitated with cold ethanol, dried
under vacuum, and dissolved in 100 p.1 of sterile distilled water.
Purified DNA was stored at -20°C.
PCR analysis. The selection of oligonucleotide primers was

based on the pneumolysin gene sequence previously published
(21). The outer primers were 23-mers and amplified a 348-bp
region of the pneumolysin gene, and the inner primers were
23- and 21-mers and amplified a 208-bp region (19). Amplifi-
cation and detection were performed by the method described
by Salo et al. (19) with a few modifications. Briefly, in the
reaction mixture of 50 p.1, 20 p.l of dissolved DNA extract from
MEF swab samples was used. For nested PCR, 1.5 p.l of the
sample from the first PCR round was transferred to a new tube
containing a reaction mixture with the inner pair of primers
and amplification was repeated. Purified pneumococcal DNA
(30 ng/ml) (19) was used as a positive control, and sterile
distilled water was used as a negative control for each reaction
series. Generally recommended procedures were used to avoid
contamination (9). To detect the amplified product, 10 p.1 of
nested PCR mixture was run on a 1.5% agarose gel stained
with ethidium bromide and bands were identified by fluores-
cence and photographed under UV light. A clear-cut band of
the expected size was regarded as a positive result.

Samples that were positive by culture but negative by PCR
were subjected to two control procedures. First, they were
tested for the presence of inhibitors of DNA synthesis by
adding 3 p.1 (equivalent to 90 pg of DNA) of the positive
control to each sample prior to amplification. Second, the
pneumococcal strains isolated from these samples were tested
for the presence of the pneumolysin gene by extracting DNA
from the pure culture of each isolate and performing the PCR
assay as described above.

Statistics. The carriage rates of S. pneumoniae in the
nasopharynges of children with PCR-positive and -negative
findings for MEF samples were compared by using the chi-
square test with the Yates correction. The numbers of positive
findings detected by S. pneumoniae culture and/or PCR were
compared by using the McNemar test.

TABLE 1. Comparison of culture and pneumolysin PCR results
for 180 MEF samples from 125 children with AOM

No. of samples with
Bacterial culture No. of pneumolysin PCR result

isolate samples
Positive Negative

S. pneumoniae 33 30 3
H. influenzae 28 0 28
B. catarrhalis 17 2 15
Group A streptococcus 1 0 1
Other bacteriaa 1 0 1
Negative 100 19 81

Total 180 51 129
a K pneumoniae and P. fluorescens in the same sample.

RESULTS

Of the 135 children initially enrolled, 125 children with 125
episodes of AOM and 180 MEF samples were included in this
study since they had both bacterial culture and pneumolysin
PCR results for MEF samples available. Unilateral AOM was
diagnosed for 70 children; bilateral AOM was diagnosed for 55
children. The age range of the 125 children was from 3 months
to 7 years 5 months (median, 2 years 6 months); 54 (43%) were
under 2 years of age.

Bacterial culture. Bacteria were cultured in 80 (44%) of 180
MEF samples. Three samples contained more than one bac-
terial strain; the remaining 77 contained pure cultures. S.
pneumoniae was found in 33 (18%) of 180 samples; H.
influenzae, in all cases nontypeable, was found in 29 (16%)
samples; B. catarrhalis was found in 17 (9%); group A strep-
tococcus was found in 1; Klebsiella pneumoniae and Pseudomo-
nas fluorescens were found in 1. Bacterial growth was found in
97 (78%) of 125 NPA samples, and two or more otitis
pathogens were present in 30 (24%) samples. S. pneumoniae
was cultured from the nasopharynges of 25 (89%) of 28
children who had S. pneumoniae cultured from at least one ear.
Serogroups 19, 23, and 6, in this order, were the most
frequently found pneumococcal isolates in both MEF and
NPA samples. When S. pneumoniae was found in both MEF
and NPA, the serotype was always the same.
PCR analysis. Of 33 S. pneumoniae culture-positive MEF

samples, 30 (91%) were positive by PCR (Table 1). There was
no evidence of inhibitors in the three samples positive by
culture but negative by PCR, since added pneumococcal DNA
was amplified without problems. The pneumococcal strains
isolated from these three samples were tested for the presence
of pneumolysin DNA and found positive by PCR. Of the 21
PCR-positive but S. pneumoniae culture-negative MEF sam-
ples, 4 came from children from whom S. pneumoniae was
found by culture in the MEF of the other ear and in the
nasopharynx, and an additional 14 came from children from
whom S. pneumoniae was found in NPA. One of the two
PCR-positive, S. pneumoniae culture-negative MEF samples
with a positive MEF culture for B. catarrhalis came from a
child with S. pneumoniae cultured in NPA. By combining MEF
culture and PCR results, 54 (30%) of 180 MEF samples,
instead of the 33 (18%) found by culture alone, had evidence
of pneumococcal involvement.
The number of children with S. pneumoniae in MEF samples

was 28 (22%) by MEF culture alone and 43 (34%) by MEF
culture and PCR (Table 2). Twelve (80%) of 15 children with
PCR-positive but S. pneumoniae culture-negative MEF sam-
ples had S. pneumoniae in the nasopharynx, whereas 28 (34%)
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TABLE 2. Comparison of S. pneumoniae culture results for MEF
samples and NPA to pneumolysin PCR results for MEF samples

No. of children with
S. pneumoniae No. of pneumolysin PCR result

culture children
Positive Negative

MEF+ NPA+ 25 23 2
MEF+ NPA- 3 3 0
MEF- NPA+ 40 12a 28a
MEF- NPA- 57 3 54

Total 125 41 84
a 12 of 15 versus 28 of 82 (P = 0.002, chi-square test with Yates correction).

of 82 children with MEF samples negative for S. pneumoniae
by both PCR and culture harbored S. pneumoniae in the
nasopharynx (P = 0.002).
When the results were analyzed by the age of the child, 15

(28%) of 54 children under 2 years of age had S. pneumoniae
cultured from at least one ear and 16 (30%) had positive PCR
findings. Of 71 children 2 years or older, only 13 (18%) had a

positive S. pneumoniae culture but 25 (35%) had positive PCR
results. Thus, S. pneumoniae culture and PCR findings were

similar for children under 2 years of age, whereas in children
over 2 years of age, PCR was positive more often than culture
(P < 0.003).

DISCUSSION
Sensitive and reliable etiological diagnosis of AOM is

needed for epidemiological and immunological studies aimed
at prevention of the disease. We used bacterial culture and a
newly developed pneumolysin PCR assay to study the pneu-
mococcal etiology of AOM in 125 children. The use of PCR in
addition to culture increased the number of possible pneumo-
coccal otitis episodes from 28 (22%) to 43 (34%).

In this study, the culture positivity, 80 (44%) of 180 MEF
samples, was somewhat lower than that generally reported (7),
probably because of some features of our patient population:
these children were a bit older and had a higher percentage of
recurrent attacks than reported for a previous group. Because
of a suspicion that MEF cultures underestimate the role of S.
pneumoniae in AOM, we evaluated PCR with MEF samples as
a possible means of obtaining evidence of pneumococcal
involvement. The nested pneumolysin PCR assay we used is
capable of detecting 24 fg of purified DNA, corresponding to
10 bacteria (19). However, a major obstacle in detecting
microbial DNA in body fluids is the presence of polymerase
inhibitors, like heme (5) and urea (8), which may result in
false-negative findings. Extracting DNA from crude samples by
phenol-chloroform is one of the best ways to remove such
inhibitors, but small quantities of target DNA may be lost
during this procedure (13). In this study, all samples were
treated with phenol-chloroform. The three MEF samples
which remained negative by PCR, although they were culture-
positive for S. pneumoniae, were tested for their ability to
inhibit the amplification reaction; no inhibition was found. The
pneumococcal strains isolated from these MEF samples all
contained pneumolysin DNA. Therefore, the negative PCR
results for these samples were most likely due to a small
number of bacteria initially present in the swab and/or the loss
of DNA during the extraction procedure.
Another problem with PCR is the occurrence of false-

positive reactions caused by contamination. To avoid this, we
followed carefully the generally approved laboratory practices

for reliable PCR analysis (9). Of 147 MEF samples culture-
negative for S. pneumoniae, 126 remained negative by PCR but
21 gave clear-cut positive results. Our hypothesis that PCR
findings for culture-negative MEF samples are diagnostic for
pneumococcal involvement in otitis is supported by several
sorts of evidence. First, 13 of 21 PCR-positive, S. pneumoniae
culture-negative MEF samples came from 11 children with
bilateral otitis; in 4 (36%) of them, S. pneumoniae was found in
the other ear and nasopharynx by culture. The remaining 7
children had S. pneumoniae cultured from the nasopharynx.
Second, 12 (80%) of 15 children with PCR-positive, S. pneu-
moniae culture-negative MEF samples had S. pneumoniae in
NPA samples, compared with 28 (34%) of 82 children with
PCR-negative, S. pneumoniae culture-negative MEF samples
(Table 2). Moreover, samples from children over 2 years of age
were positive more often by PCR than by culture, which might
be due to preexisting immunity to S. pneumoniae in this older
age group. In relation to clinical data, children with PCR-
positive, S. pneumoniae culture-negative MEF samples did not
differ from S. pneumoniae culture-positive ones. Therefore, we
suggest that a positive PCR finding for an MEF sample really
indicates pneumococcal involvement in the present episode of
AOM and is not due to the persistence of DNA from previous
episodes. Overall, the increase in the number of pneumococcal
cases diagnosed by pneumolysin PCR in addition to culture is
close to the increase obtained by combining antigen detection
methods with culture (4, 11, 12).

In conclusion, pneumolysin PCR is a sensitive and specific
new method to study pneumococcal involvement in MEF
samples of children with AOM. Even with DNA extraction and
two rounds of PCR, the result is available the following day, 1
day earlier than by routine culture of S. pneumoniae. However,
this PCR assay is more expensive, and culture is still needed to
obtain strains both for antimicrobial susceptibility testing and
for serotyping of S. pneumoniae. Therefore, at this stage,
pneumolysin PCR cannot be recommended for routine use in
patient care but rather as an aid in research when a more
accurate and sensitive pneumococcal diagnosis is needed, for
instance, in clinical efficacy trials with new pneumococcal
conjugate vaccines.
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