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noviruses, respiratory syncytial virus,
and human coronaviruses. Although up
to 80% of middle ear effusions have been
shown to contain bacterial DNA by
polymerase chain reaction–based ampli-
fication techniques,3,4 antibiotic treat-
ment infrequently affects the course of
OME.5,6 Several earlier studies indicate
that viruses may play a role in the patho-
genesis of OME.7,8 Previous diagnostic
tools to detect HRV in MEEs have been
limited to standard culture methods, and
there has not been a practical diagnostic
method for HCV infection.

In this study we examined MEEs from
children with OME undergoing tympa-
nostomy for the presence of HRV by re-
verse-transcriptase PCR testing and
virus culture, and for RSV and HCV by
RT-PCR. To study the potential persis-
tence of HRV RNA in MEE, we also se-
rially assayed HRV infectivity and RNA
detectability in pooled MEE samples to
which HRV had been added in vitro.

METHODS

Children
The study population comprised 100

children, aged 6 months to 12 years, who
were admitted during 1993 to 1994 for
scheduled operation (tympanostomy
and/or adenoidectomy) to the Depart-
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Otitis media with effusion is a common
childhood disease without a completely
clarified etiology. OME has been sug-
gested to be a continuum of acute otitis
media.1 However, despite the routine use
of antibiotics in AOM, the incidence of
OME in the United States has been esti-
mated to have increased 250% between
1975 and 1990,2 although epidemiologic
data supporting this conclusion are
weak. Young children experience fre-
quent upper respiratory tract illnesses,
up to 8 to 12 episodes per year; the com-
monly associated viruses are human rhi-
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AOM Acute otitis media
HCV Human coronavirus
HRV Human rhinovirus
MEE Middle ear effusion
OME Otitis media with effusion
PBS Phosphate-buffered saline
RSV Respiratory syncytial virus
RT-PCR Reverse-transcriptase polymerase chain

reaction

Objectives: To study the association of human rhinovirus (HRV), respiratory
syncytial virus (RSV), and human coronavirus infections in children aged 6
months to 12 years with otitis media with effusion (OME). To determine how
long HRV RNA can be detected after HRV infection.

Methods: Middle ear effusion (MEE) samples collected at the time of tympa-
nostomy tube placement from 100 children with OME were examined. Viral
RNA was detected by reverse-transcriptase polymerase chain reaction. For
HRV the results were compared with virus isolation in cell culture. In vitro
studies of the persistence of HRV infectivity and RNA were conducted by com-
bining ~105 median cell culture infectious doses of HRV with pooled MEE at
37°C and assaying serial samples for 12 weeks.

Results: Virus RNA was detected in 30 children. HRV was detected by re-
verse-transcriptase polymerase chain reaction in 19 children with OME and by
virus isolation in 5 children. RSV RNA was found in 8 and HCV in 3 children
with OME. No dual viral infection was found. Bacterial pathogens were isolat-
ed from 35 MEE samples and were associated with viral RNA in 11 cases, most
often with HRV (9 cases). Under in vitro conditions, HRV culture positivity de-
clined rapidly (<2 days), but RNA was detectable for up to 8 weeks.

Conclusions: These results suggest that virus infection, particularly HRV infec-
tion, either alone or concurrent with bacteria, is present in a larger percentage of
children with OME than previously suspected. It remains to be determined how
often the presence of viral RNA in MEE represents persistent RNA, ongoing
viral replication, or recurrent infection. (J Pediatr 1998;133:390-4)



THE JOURNAL OF PEDIATRICS PITKÄRANTA ET AL

VOLUME 133, NUMBER 3

ment of Otolaryngology, Helsinki Uni-
versity Central Hospital, because of per-
sistent OME. The criteria for diagnosis
of OME included the presence of effu-
sion behind an intact eardrum as deter-
mined by pneumatic otoscopy for at least
1 month, subsequently confirmed by
tympanostomy, without signs and symp-
toms of acute infection. In children with
bilateral involvement, MEE was collect-
ed only from the right ear. Children who
had purulent MEE or those who had re-
ceived antimicrobial therapy or experi-
enced upper respiratory tract infections
within 1 week before the study were not
included. The duration of OME was
based in each case on the clinical follow-
up data recorded by the patient’s physi-
cians. The patients were enrolled in the
study after informed consent had been
obtained from the parents. All received
general anesthesia for the procedure.

Sample Processing
All MEE samples were obtained dur-

ing tympanostomy under the control of
an operating microscope by aspiration
with an electric suction device into a
Tym-Tap collector (Juhn Tym-Tap;
Xomed Inc, Jacksonville, Fla). A cotton-
tipped swab was dipped directly into the
aspirate. The swabs were immediately
placed in modified Stuart transport
media (Transpocult; Orion Diagnostica,
Espoo, Finland) and transported at +4°C
to the microbiology laboratory. The
residual sample was rinsed out into a
polypropylene microtube with 0.5 mL of
phosphate-buffered saline and stored at
–70°C until processed. MEE samples
were cultured for bacteria, and the iso-
lates were identified by standard meth-
ods.9 Nineteen MEE samples positive for
HRV as determined by RT-PCR were in-
oculated onto monolayers of human em-
bryonic fibroblastic cells (WI-38 stain)
and incubated as previously described.10

RT-PCR
The RT-PCR protocols and primer se-

quences for HRV and HCV were based
on published methods with minor modifi-
cations.11-16 Primers for RSV were direct-
ed to the F protein messenger RNA17 in
the following nucleotide positions: 796-
816 for the reverse transcription primer,

575-594 for the upstream biotinylated
primer, and 719-739 for the internal probe.
Briefly, RNA was extracted by using ma-
trix affinity chromatography (QIAamp
blood kit; QIAGEN, Chatsworth, Calif).
Reverse transcription was carried out in
21 µL volume with virus-specific oligonu-
cleotide primers (HRV, 5´-GCACTTCT-
GTTICCCC-3´; RSV, 5´-TTTGTTATAG-
GCATATCATTG-3´; HCV 229E, 5´GG-
TACTCCTAAGCCTTCTCG-3´; HCV
OC43 5´-AGGAAGGTCTGCTCCTAA-
TTC-3´). After reverse transcription
(MMLV-RT; Gibco BRL, Gaithersburg,
Md) reactions, the samples were heated to
inactivate the transcriptase at 95°C for 10
minutes and mixed with 24 µL of 5´-bi-
otinylated primer (HRV, 5´- CGGACAC-
CCAAAGTAG-3´; RSV, 5´-TTAACCAG-
CAAAGTGTTAGA-3´; HCV 229E, 5´-
GACTATCAAACAGCATAGCAGC-3´;
HCV OC 43, 5´-GCAAAGATGGGGAA-
CTGTGG-3´) and 5.8 µL of PCR buffer
K (Invitrogen, San Diego, Calif) to adjust
the final concentrations of primers and
MgCl2 to 0.8 µmol/L and 2.7 mmol/L, re-
spectively, and the final pH to 9.0. While
tubes were held at 80°C, 1.25 U of Taq
Polymerase (Applied Biosystems, Foster

City, Calif) diluted in 5 µL of water was
added, and 35 cycles of PCR of denatura-
tion (1 minute at 95°C for HRV; 2 minutes
at 95°C for HCV and RSV), annealing
(1.5 minutes at 48.2°C for HRV; 1 minute
at 60°C for HCV; 1 minute at 52°C for
RSV), DNA synthesis (1 minute at 72°C),
and extension 10 minutes at 72°C. Rhi-
novirus type 39 (ATCC, Rockville, Md),
RSV, HCV 229E (provided by Kathryn V.
Holmes, University of Colorado), and
OC43 (ATCC) were used as positive con-
trols; and sterile PBS was used as negative
control in each reaction series. Unincorpo-
rated primers and deoxyribonucloside
triphosphates were removed from PCR
products by SELECT-B spin column
(5Prime-3Prime, Boulder, Colo). Oligo-
nucleotide probes (HRV 5´-GCATTCA-
GGGCCGGAG-3´; enterovirus 5´GGC-
CGCCAACGCAGCC-3´; RSV 5´ACC-
TGCATTAACACTAAATTC-3´; HCV
OC43 5´TATTGGGGCTCCTCTTCTG-
3´; HCV 229E 5´ACAACACCTGCACT-
TCCAAA-3´) were labeled at the 3´ end
with digoxigenin deoxy-uridine-5´-triphos-
phate by using 3´ nucleotidyltransferase,
according to protocol from the manufac-
turer (Boehringer Mannheim, Germany).
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Virus RNA–positive

HRV RSV HCV Total

Gender
Boys (n = 67) 13 7 2 22 (31%)
Girls (n = 31) 4 1 1 6 (19%)

Age (y)
<2 (n = 44) 7 6 1 14 (32%)
≥2 (n = 54) 10 2 2 14 (26%)

Effusion type
Mucoid (n = 52) 8 6 2 16 (27%)
Mucopurulent (n = 42) 9 2 1 12 (28%)
Serous (n = 4) 0 0 0 0

Duration of effusion (mo)
≤2 (n = 28) 5 1 0 6 (21%)
3-4 (n = 38) 3 5 1 9 (24%)
5-6 (n = 22) 10 2 1 13 (58%)
≥6 (n = 10) 1 0 1 2 (20%)

Number with prior tympanostomy tubes (n = 25) 4 3 1 8 (32%)
Number with prior adenoidectomy (n = 26) 6 3 2 11 (42%)
Number with ≥4 episodes of AOM in 6 mo (n = 34) 5 4 1 10 (29%)

*Clinical data from 2 children are missing; both were positive for HRV as determined by RT-PCR.

Table I. Clinical data in children with OME and associated viral infection*
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Care to minimize the chance of cross-
contamination and contamination by
previously amplified DNA included
physical segregation of sample prepara-
tion and PCR preparation under 2 sepa-
rate laminar flow hoods and the execu-
tion of PCR product analysis in a
different laboratory, as well as use of
positive-displacement pipettes and dis-
posable gloves, gowns, and masks. Virus-
spiked MEEs and dilutions of virus
stocks were used as positive controls,
and samples testing negative for HRV,
HCV, and RSV, as well as buffer-only re-
actions, were used as negative controls.

Detection of Amplification
Products

The amplified products were detected
as previously described by using mi-
crotiter plate hybridization.16,17 All PCR
products from samples positive for a pi-
cornavirus were hybridized subsequent-
ly with a probe specific for enterovirus.
PCR products from stock coxsackie
virus B1, echovirus 1, and poliovirus 1
(prepared in the laboratory) were used
as positive controls in this assay.

In Vitro Studies
Pooled HRV RNA-negative MEE

from children (volume, ~0.5 mL per ex-
periment) or an equivalent volume of
PBS was inoculated with approximately
105 median tissue culture infectious doses
of HRV type 39. After mixing, a 50 µL
aliquot was removed and combined with
450 µL of PBS (dilution, 1:10) for titra-
tion in HeLa cells, and the remainder was
frozen at –70°C for later assay for RNA
by RT-PCR (described above). The inoc-

ulated samples were then incubated at
37°C. Uninoculated samples of MEE and
PBS were processed in parallel. In the
first experiment serial aliquots (50 µL)
were removed on days 1, 2, 4, 7, 21, 28,
and 35 and combined with 450 µL PBS
for testing as described above. In the sec-
ond experiment, which used only MEE
samples, aliquots were removed at base-
line and then in weeks 1, 2, 4, 8, and 12.

RESULTS

Study Population
Clinical and demographic data were

available for 98 of 100 MEE samples.
These 98 samples were collected from 67
boys and 31 girls, ranging in age from 6
months to 12 years, with a median age of
26 months (Table I). Most of the effu-
sions were either mucoid or mucopuru-
lent. The proportion of effusions positive
for HRV, RSV, and HCV did not differ
by effusion type (Table I). The duration
of MEE varied from 1 to 12 months (me-
dian, 3 months) before sampling, and in
90% of the cases MEE had persisted for
2 months or longer.

Microbiologic Findings
HRV RNA was detected by RT-PCR

in 19 of 100 MEEs. Cultures of 19 MEEs
positive by RT-PCR had recoverable
HRV in 5 children (26%). Because the
RT-PCR assay used is picornavirus-spe-
cific,15 the positive samples were tested
with an enterovirus-specific probe. None
of the RT-PCR picornavirus-positive
products hybridized with the enterovirus
probe, indicating that all positive sam-
ples represented HRV. RSV was detect-

ed in 8 of 100 and HCV was detected in
3 of 100 MEE samples. Overall, 30% of
the children were positive for 1 of these 3
viruses. No dual viral infections were
found.

Bacterial pathogens were isolated from
35 MEEs and were associated with virus
RNA in 11 cases, of which 9 were HRV
(Table II). HRV positivity tended to be
associated more frequently with pres-
ence of bacterial pathogens (58%) com-
pared with RSV (12%) or HCV (33%; P
= .09, HRV vs RSV, 2-tailed Fisher’s
exact test).

Among virus-positive MEEs, HRV pre-
dominated in those 2 years of age or older
(10 of 14, 71%), whereas RSV (6 of 14,
43%) and HRV (7 of 14, 50%) were al-
most equally prominent in children
younger than 2 years of age. Over 50% of
HRV-positive samples occurred in chil-
dren who had 5- to 6-month histories of ef-
fusion (Table I). The proportions of chil-
dren who had prior tympanostomy tubes,
prior adenoidectomy, or frequent bouts of
acute otitis were comparable across the
virus-positive groups and also among the
30 virus-positive children (27%, 37%, and
33%, respectively) compared with the 70
virus-negative children (24%, 21%, and
34%, respectively). HRV was detected
throughout the year except during July
and August, whereas 50% of RSV-positive
samples occurred in November.

In Vitro Studies
After inoculation with a high concen-

tration of infectious HRV, culture positiv-
ity was lost by 2 days in the pooled MEE
sample but gradually decreased over 7
days in PBS (Table III). In contrast, de-
tection of HRV RNA by RT-PCR per-
sisted for 35 days in the MEE sample but
was lost by day 21 in PBS. A second ex-
periment confirmed that HRV RNA de-
tectability lasted up to 8 weeks but was
lost by 12 weeks of in vitro incubation.

DISCUSSION

In this study we detected HRV, RSV, or
HCV RNA in 30% of the MEE samples
from children with OME. The use of RT-
PCR for amplification of HRV RNA in-
creased the detection rate nearly 4-fold
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Middle ear fluid

Combined with
Virus alone pathogenic bacteria* Total

Rhinovirus (%) 8 (42%) 9 (58%) 19†

RSV (%) 7 (88%) 1 (12%) 8
Coronavirus (%) 2 (67%) 1 (33%) 3
Total 17 11 30†

*Streptococcus pneumoniae, Haemophilus influenzae, Branhamella catarrhalis.
†Two samples were RT-PCR–positive for HRV, but no bacteriologic data were available.

Table II. Detection of HRV, RSV, and HCV from middle ear fluid in children with OME
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compared with culture alone (19% vs 5%
of samples). This corresponds to an earli-
er study in which RT-PCR increased the
frequency of picornavirus detection in
nasal samples up to 4-fold compared with
culture of samples obtained from adult
patients with asthma.18 Our rate of cul-
ture positivity is similar to that of another
study in which HRV was recovered in
8% of subacute or chronic cases of
OME.7 In one previous study RSV was
found in MEEs of children with OME by
RT-PCR with a frequency of 10%,8

which is similar to our 8% rate of RSV
detection. In another study19 RSV RNA
was detected by RT-PCR in middle ear
exudates collected by myringotomy in 21
of 34 children with otitis media during
and after an RSV outbreak.

It is uncertain how often detection of
respiratory viral RNA represents persis-
tent infection, residual noninfectious
RNA, or intercurrent infections in these
children. Recently, it has been shown
that children prone to OME tend to have
more frequent discrete episodes of effu-
sions rather than increased overall dura-
tion of episodes.20 Unfortunately, our
study did not incorporate the simultane-
ous collection of nasopharyngeal samples
to examine for presence of infection at
that level of the respiratory tract. Of
note, PCR-based amplification tech-
niques can detect the presence of bacter-
ial DNA in a significant percentage of
bacterially culture-negative MEEs in

children.3,4 In the middle ear cavities of
experimentally infected chinchillas, puri-
fied bacterial DNA and DNA from in-
tact but nonviable bacteria do not persist
in MEE, although antibiotic-treated bac-
teria can persist in some viable state for
weeks.21 In contrast, it is not known how
long viral RNA can remain in MEE or
mucosa without being degraded. In sep-
arate studies we found that HRV RNA is
detectable by RT-PCR only up to 3 days
longer than by culture in nasal washings
of experimentally infected adults
(Pitkäranta A, unpublished observa-
tions, 1997). However, the duration of
HRV persistence in the nasopharynx
may differ from that in the middle ear,
and the duration of shedding may be
shorter in adults than in children, in part
because of differences in immune compe-
tence. In order to address indirectly the
question of HRV persistence in MEE,
we collected HRV-negative MEEs and
added large amounts of infectious HRV
to determine the durability of infectivity
and RNA detectability by our assays. Al-
though cultivable virus was lost rapidly
in MEE, RNA detectability persisted for
35 days in one experiment and for 8
weeks in another. These in vitro studies
raise the question of whether RNA de-
tected in MEEs sometimes represents
residual viral RNA in the thick effusion.
However, our results (5/19 culture-posi-
tive MEEs) and previous findings of
HRV culture-positive MEE samples6

clearly indicate active HRV infection in
some children. Whether this represents
chronic or recurrent infection remains to
be determined. Direct demonstration of
viral replication in situ or amelioration of
the condition by specific antiviral thera-
py would provide evidence for produc-
tive viral infection in the middle ear.

We found direct evidence of co-infec-
tion by virus, particularly HRV, and bac-
teria in 11% of our patients. Although
the mechanisms are not defined, earlier
studies showed that co-infection with
rhinovirus and bacteria was an indicator
for failure of resolution of AOM during
antibiotic treatment.22,23 These findings
support the concept that respiratory
viruses, either alone or in combination
with bacteria, are commonly associated
with OME. Viral infection can cause ob-
struction of eustachian tube and abnor-
malities of middle ear pressure during
both experimentally induced24 and nat-
ural HRV infections.25 This may in turn
cause impaired drainage of the middle
ear and represent one possible mecha-
nism contributing to the development of
OME. Changes in local immune re-
sponses in the middle ear may be another
contributory factor, particularly when
secondary bacterial infection occurs,11

although the mechanism is not clear.
This cross-sectional study examined a

heterogeneous population and did not in-
corporate sequential sampling from the
time of development of AOM, so that

393

Viral titer/RNA detectability on day

0 (baseline) 1 2 4 7 14 21 28 35

Experiment 1
MEE + HRV 4.0/P 0.5/P N/P N/P N/P N/P N/P N/P N/P
PBS + HRV 3.5/P 3.0/P 1.5/P 1.0/P N/P N/P N/N N/N -/-
MEE alone N/N N/N N/N N/N N/N N/N N/N N/N N/N

Viral titer/RNA detectability in week

0 (baseline) 1 2 4 8 12

Experiment 2
MEE + HRV 3.25/P N/P –/P –/P –/P –/N
MEE alone N/N N/N –/N –/N –/N –/N

Results of viral titers are expressed in log10 median cell culture infective dose per milliliter.
P, Positive; N, negative or no growth; –, not tested.

Table III. Persistence of rhinovirus type 39 infectivity and RNA detectability in middle ear effusion fluid under in vitro conditions
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conclusions about pathogenesis and cau-
sation are not possible. However, our re-
sults indicate that viruses, particularly
HRV, either alone or concurrently with
bacteria may be present in a greater per-
centage of children with OME than pre-
viously suspected. Effective methods for
preventing and/or treating these viral in-
fections could have a significant impact
on this important clinical problem.

We thank Owen Hendley for his critical review of
the manuscript.
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