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Summary
Objective—Human metapneumovirus (hMPV) is a recently described paramyxovirus that has been
associated with acute upper and lower respiratory infection (LRI) in infants and children worldwide.
We previously observed that one-third of the children with hMPV-associated LRI had been diagnosed
with a concomitant acute otitis media (AOM). In the current study, we sought to investigate an
association between hMPV and children presenting with AOM as a primary diagnosis.

Methods—We used realtime RT-PCR for hMPV to retrospectively test 144 paired nasal wash (NW)
and middle ear fluid (MEF) specimens that had been prospectively collected from children with AOM
during a 3-year period from 1990–1992. RNA was extracted from archived, frozen samples and
realtime RT-PCR for hMPV was performed.

Results—We detected hMPV in 8/144 (6%) NW and 1/144 MEF. Several of the children still tested
positive for hMPV in NW 3 days later, showing persistent virus shedding. All were detected from
November–May and six had bacterial co-pathogens. Two of the eight (25%) hMPV-infected children
had no bacterial pathogen isolated, suggesting that hMPV may be associated with AOM as a sole
pathogen.

Conclusions—These data show that hMPV is associated with a proportion of AOM and thus has
additional morbidity and healthcare impact related to these illnesses.
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1. Introduction
Human metapneumovirus (hMPV) is a recently described paramyxovirus associated with acute
respiratory tract infection in children worldwide [1–5]. In our previous study of lower
respiratory infection (LRI) in a 25-year cohort of children, we noted that one-third of the
children with hMPV-associated LRI had been diagnosed with a concomitant acute otitis media
(AOM). Respiratory viruses such as rhinovirus, respiratory syncytial virus (RSV),
parainfluenzavirus (PIV) and influenza virus have been detected in nasopharyngeal samples,
as well as MEF samples from children with AOM; their role in the etiology and pathogenesis
of AOM has become evident [6–8]. We previously detected other respiratory viruses in a
significant proportion of middle ear fluid (MEF) samples from children with AOM [8]. In this
study, we sought to investigate the role of hMPV in children presenting with AOM as a primary
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diagnosis by retrospectively testing samples that were previously collected in a prospective
cohort study.

2. Methods
2.1. Patients

Children with AOM were prospectively enrolled in clinical trials of antibiotic therapy during
a 3-year period from 1990–1992 [9,10]. All children were healthy outpatients seen at our
primary care clinics, and none had received antibiotics during the preceding week. The
diagnosis of AOM was based on symptoms of fever, irritability or earache, signs of
inflammation (red or yellow color or bulging) of the tympanic membrane, and the presence of
MEF as documented by tympanocentesis. Informed consent was obtained from the parents or
guardians of all children, and all studies were approved by the Institutional Review Board of
the University of Texas Medical Branch.

2.2. Specimens
At enrollment MEF was obtained for bacterial and viral studies by needle tympanocentesis. A
nasal wash (NW) specimen was obtained following tympanocentesis for viral studies by
flushing the nostril with 3–5 ml of phosphate-buffered saline solution in a 30-ml rubber bulb.
A second needle tympanocentesis and a second set of viral studies were performed at days 3–
5. Venous blood was collected at study entry and follow up as described [9].

2.3. Specimen processing and virologic procedures
The MEF specimen was processed immediately for aerobic bacterial cultures. The collected
MEF was then diluted in 1 ml of PBS and aliquoted for viral culture and RSV antigen detection
by enzyme immunoassay (EIA). The original dilutions of the MEF were from 4- to 300-fold
(median 11). The MEF specimens tested in the present study were samples remaining from
previous studies that had been processed, further diluted, frozen and thawed many times. For
viral culture of MEF and NW specimens, the specimen was inoculated in two tubes each of
primary monkey kidney cells and human fibroblasts. In addition, Hep-2 cells or buffalo green
monkey kidney cells were used during RSV or enterovirus seasons, respectively. Inoculation
into cell cultures was performed within 2–3 h of specimen collection.

Rapid viral antigen detection was performed on both MEF and NW specimens as previously
described [9]. Viral serologic tests for the same respiratory viruses were also performed by the
same indirect fluorescent antibody technique; acute and convalescent sera from the same
patient were tested at the same time.

2.4. Definitions
The viral respiratory infection was considered documented if a positive result was obtained by
viral culture, antigen detection tests or RT-PCR of either NW or MEF specimens. Also, a 4-
fold or higher rise in viral titers between acute and convalescent sera was considered as proof
of the viral infection. When calculating the rates of detection of different viruses in the MEF,
the dual viral infections observed in nine children were regarded as separate viral infections.

2.5. HMPV testing
Specimens were thawed at 37 °C and RNA was extracted using the QIAMP Viral RNA kit
(Qiagen, Valencia, CA) according to the manufacturer’s instructions. Metapneumovirus testing
was performed by a realtime RT-PCR assay on a Smart Cycler (Cepheid, Sunnyvale, CA) using
primers and probe for the N gene [11] with the Quantitect RT-PCR kit (Qiagen, Valencia, CA).
The probe was altered slightly, with BHQ-3 (Invitrogen, Carlsbad, CA) substituted for
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TAMRA as the 3′ fluorescent quencher. These primers and probe have been shown to detect
all four genetic lineages of MPV and the limit of detection in our assay was 50 copies of viral
genome per reaction. RNA was tested at several dilutions to determine the most sensitive
conditions (data not shown) and 10 μl of undiluted RNA was used in the reaction. Each run
included positive hMPV RNA and negative water controls, and positive samples were retested
in a second assay for confirmation. Samples that had been collected at enrollment that tested
positive for hMPV had the same patients’ follow-up NW and MEF (collected on days 3–5 of
the study) tested by the same methods. Serum specimens were not available for hMPV
serological testing.

3. Results
Four-hundred and thirty-two children with AOM had previously been enrolled from January
1990 through December 1992. The study cohort was described in detail previously [8]. The
median age of the children was 14 months (range 2 months to 7 years) and the male:female
ratio was 1.1:1. The race and ethnicity of the children was 38% white, 35% black, and 26%
Hispanic. Sixty-eight percent of all AOM episodes occurred from November through April
(Fig. 1).

We previously identified 191 viruses in 174/432 (40%) cases in NW or MEF by culture, IFA
or serology. The viruses identified were RSV (60/432; 14%), PIV3 (20/432; 5%), PIV1 (6/432),
PIV2 (3/432), influenza A (9/432; 2%), influenza B (11/432; 2%), enteroviruses (EV) (25/432;
6%), rhinovirus (RV) (3/432), adenovirus (23/432; 5%), CMV (32/432; 7%) and herpes virus
(2/432). There were a number of co-infections detected, including seven adenovirus (two
CMV, three EV, two RSV), six CMV (three RSV, one PIV2, one RSV/PIV3, one PIV3/RV),
two EV (one PIV3, one CMV) and one influenza A (one RSV).

Thus, of 432 cases, 174 previously had a virus identified and 258 previously had no virus
identified. Of these 258, paired NW and MEF specimen from the same patient obtained at the
day 1 visit were available in 144 cases. Bacteria had been isolated previously from MEF
samples of 102 of these 144 cases (71%). Of these, 81 grew one bacterial species, 20 grew two
species and one grew three species. S. pneumoniae, H. influenzae, and M. catarrhalis, alone
or in combination accounted for 88 cases and the remainder consisted of Group A beta
hemolytic streptococci, S. aureus or gram-negative bacteria.

Of the 144 paired NW/MEF specimens collected at the time of diagnosis, realtime RT-PCR
detected hMPV in eight (6%) NW and one MEF (Table 1). A 13-month-old black male with
AOM grew S. pneumoniae, M. catarrhalis, and S. aureus in the MEF; hMPV was positive in
both MEF and NW at the time of the diagnosis. He was treated with antibiotic but did not return
for a follow-up visit. Of the seven other hMPV-positive patients, six had available follow-up
NW or MEF samples obtained 3 days later. Three of these NW samples also tested positive
for hMPV.

The characteristics of the eight hMPV-infected patients are shown in Table 1. Bacterial co-
pathogens were previously cultured from 6/8 MEF of the hMPV-infected patients, including
S. pneumoniae, M. catarrhalis, nontypable H. influenzae and S. aureus. This was similar to
the distribution of bacterial species that we observed in MEF of the entire cohort. The hMPV
infections were all detected from November though April (Fig. 1). The seasonality of hMPV
overlapped with that of RSV, influenza and PIV.

4. Discussion
We detected hMPV in eight of 144 (6%) NW samples from virus-negative AOM cases; in three
of these cases, hMPV continued to be present in NW collected 3 days later. We also found
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hMPV in MEF in one case. Our results suggest that hMPV, like other respiratory viruses, plays
a role in the pathogenesis of AOM and the virus can enter the middle ear. Extrapolation of
these results would suggest an expected 14 hMPV infections from the entire group of 258 cases
of previously negative AOM, leading to an overall hMPV prevalence of 3% in this cohort of
children with AOM. This is lower than the prevalence in the same AOM cohort for RSV (14%),
but similar to the prevalence of influenza virus (4%) or PIV3 (5%). These rates are similar to
those observed for hMPV in other studies of acute respiratory infections, in which hMPV
prevalence is generally lower than RSV and similar to influenza and PIV3 [1–5]. Seasonality
of hMPV infection in this study (November to April) was similar to what has been reported
previously [1–5].

While results of viral detection in AOM cases depend largely on the diagnostic methodologies
and seasonal variation, the 6% prevalence of hMPV in this cohort of children with AOM
compares well with hMPV prevalence in studies of other acute respiratory infections, in which
hMPV prevalence is generally lower than that of RSV and similar to the prevalence of influenza
and PIV [1–5]. In this cohort, the prevalence for RSV, PIV, and influenza viruses was 14%,
7% and 5%, respectively. Rhinovirus is also frequently associated with AOM and in some
studies is the most common virus detected [12]. In this study, we detected rhinovirus by culture,
which is much less sensitive than RT-PCR methods.

There are some limitations of our study. First, the NW and MEF specimens we tested had been
thawed and frozen several times for previous studies, which may have decreased sensitivity,
although we used a sensitive RT-PCR method that is capable of detecting all four genetic
lineages of hMPV at 50 copies or less [11]. In a previous study, we retested freeze–thawed
samples for hMPV and other viruses and did not find a significant loss of sensitivity [5]. Second,
we did not test the samples from previously virus-positive cases, and thus could have missed
hMPV in cases with dual viral infection. Therefore, the prevalence of hMPV-associated AOM
we detected may be an underestimate. However, in our previous study of hMPV and LRI in
children, we detected co-infections with hMPV and other respiratory viruses in only 4–6% of
the subjects [5].

The presence of bacterial co-pathogens in MEF from the hMPV-infected patients emphasizes
the importance of upper respiratory bacteria in the pathogenesis of AOM. We isolated bacteria
from 71% of the previously virus-negative MEF in this study, similar to the bacterial prevalence
in MEF of AOM found in other AOM studies. However, 2/8 (25%) of the hMPV-infected
children had no bacterial pathogen isolated, suggesting that hMPV may be associated with
AOM as a sole pathogen. These findings were similar to what we previously reported on the
role of other respiratory viruses and suggest a similar role of this virus in the etiology and
pathogenesis of virus-induced AOM [7,13]. We previously found that 5% of MEF had viruses
isolated as a sole pathogen [13].

AOM is the most common bacterial infection and the most frequent indication for oral
antibiotic therapy in children, and thus has major health and economic impact [14,15]. The
direct and indirect costs associated with AOM have been estimated to exceed 3.5 billion dollars
annually in the United States [16]. Complications of AOM can be severe and require
hospitalization or surgical intervention [17]. Our study adds to the two previous reports on
hMPV and AOM [18,19]. The detection of hMPV in 1/144 MEF does not definitively establish
a direct role for hMPV in middle ear pathogenesis. Nonetheless, the presence of hMPV in 8/144
(6%) of the nasal washes supports the role of hMPV in antecedent URI that predisposes to the
development of AOM. Large prospective studies are needed to fully establish the contribution
of hMPV to AOM in otherwise healthy children. HMPV is a common virus associated with
acute respiratory tract disease in children, though there are limited data describing the economic
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impact of hMPV [20]. Our data show that hMPV is also associated with a proportion of AOM,
and thus has additional morbidity and healthcare related to these illnesses.
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Fig. 1.
Monthly isolation of viruses from either NW or MEF of children during the study period. Data
are cumulative from 1990to 1992. AOM, acute otitis media; RSV, respiratory syncytial virus;
PIV, parainfluenza viruses 1, 2 and 3; flu, influenza viruses A and B; hMPV, human
metapneumovirus.
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