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Abstract

Background—The role that human metapneumovirus (hMPV) plays in the etiology of upper
respiratory tract infections (URIS) in children over a period of many years has not been evaluated
previously.

Methods—BY use of real-time reverse-transcriptase polymerase chain reaction, we retrospectively
tested nasal wash (NW) specimens for hMPV that had been obtained from a cohort of 1532 infants
and children with URIs who were prospectively followed for an average of 2.4 years during the
period from 1982 to 2001. Virus genes were sequenced, and prospectively collected clinical data
were analyzed.

Results—There were 2710 visits for URIs for which routine cultures did not reveal a viral etiology.
Archival NW specimens from 2384 of these visits were available. h(MPV RNA was detected in 118
(5%) of 2384 specimens. The mean age of the children with hMPV infection was 20 months, and
78% of illnesses occurred from December through May. Acute otitis media (AOM) was detected in
50% of these children. hMPV circulated each year, but the numbers of isolates detected varied by
year. Reinfections with both homologous and heterologous strains occurred. Four distinct genetic
lineages were present over the 20 years of surveillance, with several different lineages circulating
during some seasons.

Conclusions—hMPV was detected in a substantial number of children with URIs and concomitant
AOM.
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Human metapneumovirus (hMPV) is a recently described paramyxovirus that is associated
with acute respiratory tract disease [1-5]. Our previous work demonstrated that hMPV was a
leading cause of lower respiratory tract infection (LRI) in previously healthy outpatient infants
and children [6], and other reports have confirmed that hMPV infections are associated with
hospitalizations of children [7-11]. However, long-term studies examining the frequency,
seasonality, and clinical characteristics of hMPV infection in otherwise healthy children have
not been reported. Using archival nasal wash (NW) specimens collected from a cohort of
children presenting to our clinic for well and ill visits over a 20-year period, we used molecular
diagnostic methods to determine rates of hMPV infection.

SUBJECTS, MATERIALS, AND METHODS
Study Design

The Vanderbilt Vaccine Clinic was established for the purpose of performing investigational
vaccine trials and prospective surveillance for respiratory and enteric viruses in young children
[6,12-15]. Healthy full-term infants were enrolled at birth and followed until 5 years of age.
Children with chronic diseases other than mild asthma were excluded from the clinic. Well
and ill visits were conducted within the National Institutes of Health—supported General
Clinical Research Center, with care provided by 4 pediatric infectious-diseases faculty and 2
nurse practitioners. During ill visits, signs and symptoms were recorded on a standardized
clinical form and entered into a database. NW specimens were cultured for viral and bacterial
respiratory pathogens.

Case Definitions

Upper respiratory tract infection (URI) included the following clinical syndromes: coryza,
conjunctivitis, pharyngitis, otitis media (acute or serous), and stomatitis. NW specimens for
viral culture were obtained from children with any of the following indications: URI
accompanied by fever >38.3°C, acute otitis media (AOM), or evidence of LRI. Specimens
were obtained by instilling sterile saline into one nostril and collecting the effluent. Specimens
were kept on ice and processed for viral culture, as described elsewhere [6]. Aliquots of NW
specimens were snap-frozen and stored at —70°C. Only specimens from patients who received
a diagnosis of URI, without a diagnosis of LRI and with negative viral cultures for other
pathogens, were selected for the present study. We chose to test only those specimens negative
for other viruses, to investigate the role that hMPV plays as a sole pathogen in URI, since our
previous work and studies by others have suggested that coinfection with hMPV in otherwise
healthy children is uncommon [2,4,6,7,10,11]. The 261 URI specimens tested in our previous
study that focused on LRI [6] were not included in the present study.

Molecular Testing

RNA extraction—For the initial testing, RNA was extracted on a Qiagen BioRobot 9604
Workstation, using the QIAMP Viral RNA kit (Qiagen); 220 uL of NW specimen was used
for extraction, and additional centrifugation steps were incorporated to remove all traces of
ethanol. All specimens were thawed on ice and treated with Qiagen Protease by incubation for
30 min at 55°C before the addition of lysis buffer. Every 22 NW specimens were extracted
concurrently with a positive hMPV control and a negative control (water). The eluted RNA
was diluted 1:5 by adding 240 uL of RNA Storage Solution (Ambion) with 0.01 mg/mL yeast
tRNA (Invitrogen). In comparison experiments in which RNA at varying dilutions was used,
we found the dilution of 1:5 to be most sensitive for h(MPV detection in this assay (data not
shown). Subsequent re-extraction of NW specimens with a borderline hMPV-positive signal
(defined below) was performed on an MWG Theonyx Liquid Handler, using the RNAqueous
MAG-96 Viral RNA lIsolation Kit (Ambion) to extract 100 pL of NW specimen.
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Quantitative reverse-transcriptase polymerase chain reaction (RT-PCR)—The
real-time RT-PCR assay was performed as described elsewhere [16]. The Stratagene Brilliant
Plus Single-Step Quantitative RT-PCR Kit (Stratagene) was used for real-time RT-PCR
analysis. A 50-uL reaction consisted of 5 uL of 10x RT-PCR buffer, 5 mmol/L magnesium
chloride, dNTP mix, 0.3 umol/L each forward and reverse primers, 0.2 umol/L dual-labeled
probe (FAM-BHQ3), 0.5 uL of 20 U/uL StrataScript reverse transcriptase, 0.5 uL of 5 U/uL
SureStart Taqg DNA polymerase, and 10 uL of template RNA. For assays run on the Stratagene
Mx4000 thermocycler (Stratagene), 0.15 pL of 10 umol/L ROX reference dye was added to
the core master mix. For assays run on the Applied Biosystems 7700 thermocycler, 1.5 pL of
10 umol/L ROX reference dye was added.

Every 22 NW RNA specimens were amplified with 1 hMPV-positive RNA isolation control,
a sentinel control (water extraction), a no-template control, and 10-fold serially diluted hMPV
sublineage B1 N gene transcript standards. The 10-fold serially diluted RNA transcript
standards represented a range of 5 x10 75 x101 copies/reaction. For each assay, all specimens,
standards, and controls were amplified in triplicate. Cycling conditions will be furnished on
request. Specimens were defined as positive if they had a cycle threshold lower than that of
the 5 x101 copy dilution of the RNA control standard for all 3 replicates. Specimens positive
in only 1 or 2 replicates were considered to be borderline positive and were re-extracted and
retested, as described above.

hMPV sequencing and lineage assignment—Full-length F and G genes were amplified,
by nested RT-PCR, from specimens positive in the real-time RT-PCR for N gene. Sequencing
reactions were performed using the ABI PRISM BigDye Terminator Kit (Applied Biosystems).
The end products were processed, by capillary electrophoresis, using a 3730 DNA Analyzer
(Applied Biosystems) and were analyzed using DNA Sequencing Analysis (Applied
Biosystems) and Sequencher (Gene Codes). Sequences were aligned with published hMPV
sequences from Genbank, and phylogenetic analysis was performed using the neighbor-joining
method from MacVector (version 7.1; Accelrys).

Statistical Analysis

RESULTS

2 or Fisher’s exact tests were used, as appropriate, for contingency table analyses of symptoms
and signs associated with different viruses. Comparisons of the mean age and mean duration
of symptoms for the different viral etiologies were calculated using a 2-tailed t test that assumed
unequal variance. Analyses were performed using SPSS (version 11; SPSS). For analysis,
parainfluenza virus 1, 2, and 3 were considered together as “PI1V,” and influenza A and B
viruses were considered together as “influenza virus.” Prospectively collected clinical data
were compared for children with hMPV infection and those with URI due to respiratory
syncytial virus (RSV), PIV, or influenza virus.

Demographics of study population—During the study period of January 1982 through
December 2001, 1532 children were followed in the clinic for a mean of 2.4 years each, for a
total of 3677 child-years. Half of the study population was male, 53% were white, and 44%
were African American. Twelve percent of the child-years were represented by infants <6
months old, 15% by children 6-12 months old, 21% by children 1-2 years old, 15% by children
2-3 years old, and 36% by children >3 years old.

During the 20-year study period, there were 8045 visits that resulted in a diagnosis of URI.
There were 4870 visits for URIs during which specimens were obtained from 850 distinct
children. The mean age of the children with URI specimens was 18 months, with a male:female
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ratio of 1.2:1.0. Routine viral culture had previously identified 267 specimens with RSV, 344
with PIV, 285 with influenza virus, 532 with adenovirus, 554 with enteroviruses including
rhinovirus, 122 with herpes virus, and 56 with rotavirus. There were 2710 URI visits with
specimens collected that had previously been negative for virus, and2384 specimens were
available for testing; 118 (5%) of these specimens tested positive for hMPV on both initial and
confirmatory testing, and clinical data on these specimens were included in the analysis.

Seasonality and incidence of URI due to hMPV—Although hMPV was detected year-
round, 78% of hMPV infections occurred from December through May, with 38% in March

and April alone (figure 1). The peak number of hMPV infections overlapped with but occurred
later than the peaks of both RSV and influenza virus infection in all study years. The prevalence
of hMPV ranged from 1% to 5% of all URIs for a given year (figure 2), which is similar to the
variability for RSV year to year (3%-11%), but varied less than did those for either influenza
virus (0.3%—-13%) or PIV (2%—-14%). In some years, hMPV was associated with more URIs

than was RSV.

Overall, during the 20-year study period, hMPV accounted for 5% of all URIs that occurred
during March (figure 3). hMPV was present in warmer months, when little or no RSV and
influenza virus was present. In the later months of the hMPV peak season, hMPV was
associated with more disease than was RSV or influenza virus. During the peak months of
February—-May, hMPV accounted for 16% of all URIs over the 20-year period (figure 3).

Clinical features of hMPV URI—The mean age of the children with URIs associated with
hMPV was 20 months (range, 1-63 months), with a male:female ratio of 1.3:1.0. Neither of
these differed significantly from those for URIs associated with other viral agents, except
influenza virus (mean age, 27 months; P < .001). The mean duration of symptoms of hMPV
infection before medical attention was sought was 2.7 days, which is similar to that of influenza
virus infection (3.2 days; P = .2) but is shorter than that of RSV infection (4.3 days; P = .002)
and P1V infection (3.8 days; P <.02). The signs and symptoms at presentation of children with
hMPV infection are shown in table 1. Children with hMPV infection were less likely to be
febrile than were children with influenza virus infection (54% vs. 85%; P < .001). Sixty-three
percent of children with hMPV infection had some abnormality of their tympanic membranes,
and 50% were prescribed antibiotics for concomitant AOM. The frequency of AOM associated
with hMPV infection did not differ significantly from that associated with RSV, PIV, or
influenza virus infection.

Circulation of hMPV lineages—Full-length F or G gene sequences were obtained for 76
isolates in the present study and were assigned to 1 of the proposed hMPV lineages (A1, A2,
B1, or B2) on the basis of phylogenetic analysis. Of the 76 strains sequenced, 37 (49%) were
of the B2 lineage, 21 (28%) were of the A2 lineage, 10 (13%) were of the B1 lineage, and 8
(11%) were of the Al lineage. The occurrence of virus strains from different lineages during
the study period is shown in figure 4. In some years, only a single lineage was present, whereas,
in others, up to 3 different lineages circulated concurrently. The B2 lineage predominated in
1989-1991 and 1995-1996, whereas the Al lineage was highly prevalent only in 1994, a year
in which A2 and B1 lineages were also present. The B1 lineage was not detected before 1987
and was detected in a sporadic pattern. We did not detect differences in clinical presentation
between viruses of different lineages.

Recurrent infection with hMPV—We assessed the range of clinical presentations in
individual children and the presence of recurrent hMPV infection within a population by
combining data from the present study with data on patients with hMPV-associated LRIs in
the same cohort from our previous study [6]. Since all of these children were followed for
prolonged periods in the Vanderbilt Vaccine Clinic, it was possible to identify repeated
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infections in some distinct patients. Furthermore, we were able to determine the genetic lineage
of viruses causing the initial and subsequent infections in some of these children, as is shown
in table 2. One child (patient 1) had URI at 6 months of age caused by a B2 lineage virus and
pneumonia at 33 months of age caused by an A2 lineage virus. Two other children (patients 2
and 3) had LRIs as infants and URIs at several years of age caused by viruses from the same
major lineages (A or B). Patients with repeated URIs were infected with viruses from the same
or different lineages.

DISCUSSION

We retrospectively tested specimens, by RT-PCR, that had been prospectively collected from
otherwise healthy children with URI symptoms who were receiving comprehensive care in our
clinic over a period of 20 years. We detected hMPV in 118 (5%) of 2384 specimens from
children with URIs who had not received a prior virologic diagnosis, not including specimens
from our previous study that focused on LRI [6]. These results suggest an overall prevalence
of 3% in this cohort, which had 2710 URI episodes. This frequency was comparable to the
prevalence in the same cohort of children with culture-positive URI episodes, for RSV (6%),
influenza virus (6%), and PIV (7%). The role that hMPV plays in URI in otherwise healthy
children appears to be less prominent than the role it plays in LRI in most pediatric populations
studied, including, in our previous study, a population very similar to the cohort in the present
study [2-11]. The decreased relative contribution of hMPV to URI is likely due, in part, to the
high frequency of other viruses we identified in URI, such as adenovirus (11%) and
picornaviruses including rhinovirus (10%). These viruses (which were not frequently
associated with LRI in similar studies in this cohort) thus proportionally decreased the
contribution of h(MPV, as well as RSV, P1V, and influenza virus, which are also major causes
of LRI in children. In addition, other respiratory viruses were identified shortly after the NW
specimens were obtained, whereas hMPV was analyzed retrospectively—for some specimens,
up to 20 years afterward. Hence, underestimation is likely due to the long-term storage at —70°
C and the repeated freeze-thaw cycles of the NW specimens. Furthermore, we applied stringent
criteria in the laboratory assays to define positive specimens; thus, we potentially
underestimated the true prevalence of hMPV in URI. We elected to test only specimens that
were previously negative for other viruses; thus, we potentially underestimated coinfections
with hMPV and other viruses. However, we previously tested LRI specimens that were positive
for other viruses and detected hMPV coinfection in only 4% of them [6]. Furthermore, other
studies of hMPV in children have found low rates of coinfection [2,4,7,10,11], and hMPV is
rarely detected in asymptomatic persons [4,6].

We detected hMPV less frequently in URI specimens in the present study than in our previous
study of hMPV-associated LRI, in which a much smaller number of URI specimens were tested
[6]. There are several possible reasons for this discrepancy. In our previous study, all specimens
were thawed and immediately extracted manually in small batches. The number of specimens
tested in the present study required different methods for high-throughput testing. In addition,
to protect patient confidentiality, specimens were thawed and realiquoted in batches of 72, to
remove patient-specific identifiers before shipping to the diagnostic laboratory. Repeated
freeze-thaw cycles have been shown to degrade viral RNA [17-20], and this may have led to
decreased amounts of RNA in the specimens, although precautions were taken to preserve the
integrity of the specimens at collection and during storage. In the present study, the RNA was
extracted by automated methods. Some studies have suggested that automated nucleic acid—
extraction methods are less efficient than manual methods [21-23], whereas others have
reported similar sensitivities between the 2 methods [24,25]. Although the URI specimens
tested with the LRI specimens in our previous pilot-scale study were selected randomly (using
computer methods) from all URI specimens, there were more specimens from recent years in
that subset (data not shown), and this factor may have affected RNA quality as well.
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The majority of hMPV infections occurred during the late winter and early spring months,
overlapping the peak season for both RSV and influenza virus infection in the Nashville,
Tennessee, area. However, the greatest number of hMPV infections occurred ~2 months after
the peaks of RSV and influenza virus infection. This pattern is identical to the seasonality we
observed in our earlier study of hMPV and LRI at this site [6], thus confirming the seasonal
pattern of hMPV infections in children over an extended number of years. We detected hMPV
year-round, similar to RSV in the Nashville area, as is shown in figure 3. Other investigators
have also reported RSV infections during summer months in the southern United States [38-
401, which is likely a regional phenomenon. During the seasonal peaks, hMPV accounted for
as much as 16% of all URIs during the study period. Although hMPYV causes annual
community-wide epidemics of respiratory tract disease, the rates differ somewhat from year
to year, from a minimum of 1% to a maximum of 5%. These findings are similar to the
variability we reported for hMPV-associated LRI [6]. Other studies examining only a few
seasons have also demonstrated variability [4,7,8,10].

Children with URIs due to hMPV presented with typical symptoms, including rhinorrhea,
cough, and fever. They were significantly less likely to have fever than were children with
influenza virus infection. However, these findings could not be used to definitively identify
the infectious agent, because of the large clinical overlap among the respiratory pathogens
[2-4,6-11]. Effective antiviral therapy is available for influenza viruses, and, thus, accurate
diagnosis of these patients might alter patient management. Our data confirm, in a large
prospective cohort, that rapid clinical diagnostic assays will be needed to distinguish hMPV
infection from RSV, P1V, and influenza virus infections.

Fifty percent of hMPV-infected children with URIs were concomitantly diagnosed with AOM
and prescribed oral antibiotics. Whereas the presence of AOM was one of the criteria for
obtaining a NW specimen and thus may have caused a selection bias for AOM, the frequency
of AOM associated with hMPV did not differ from that for other viruses in the present study.
These data show that hMPV—Ilike RSV, PIV, and influenza virus—is frequently associated
with AOM, which is the most commaon reason for the prescription of oral antibiotics to children
[26,30]. Studies have shown that influenza vaccine reduces the incidence of AOM in children
[27-29]. The additional burden of disease due to hMPV-associated AOM should be considered
in evaluation of the potential benefits of a vaccine.

There are 4 distinct genetic lineages of hMPV that have been described, which are provisionally
designated as A1, A2, B1, and B2 lineages [31]. We have shown here that hMPV has circulated
in the community for at least 20 years and that all 4 genetic lineages of hMPV have persisted
during that time. More than 1 lineage was present concurrently during some seasons, whereas
a single lineage dominated others. Interestingly, the hMPV B1 lineage was not detected in any
specimen before 1987, although we tested specimens from 1982 onward. We cannot tell from
these data whether the B1 lineage has arisen recently or circulates only every few years. That
we did not detect B1 viruses between 1990 and 1993 or between 1995 and 1997 suggests the
latter. AMPV strains from the B2 lineage were most common in the present study and accounted
for almost one-half of the 76 isolates sequenced. This finding is in contrast with the findings
of the majority of published hMPV epidemiology studies, in which overall A1 and A2 lineages
account for approximately three-quarters of all disease [2-11]. However, many of these studies
used RT-PCR primers that subsequently have been shown to be less sensitive for detection of
hMPV B lineages, whereas the RT-PCR primers and probe used in the present study could
detect all 4 lineages with equal sensitivity [16]. Furthermore, most published reports included
only 1-3 years of study, which is not adequate for determination of long-term patterns of hMPV
circulation. Our data show that both major lineages of hMPV are important in clinical disease.
This finding may have important implications for the development of candidate vaccines or
prophylactic monoclonal antibodies similar to the RSV antibody palivizumab.
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There are limited data in animals, suggesting that there is a degree of cross-protective immunity
between viruses representing major hMPV lineages, but only a few virus strains have been
tested [31-34]. Our data suggest that previous hMPV infection does not protect against repeated
URI with either homologous or heterologous strains. Although we were not able to identify
the lineage for all strains, some patients had recurrent URIs due to hMPV within weeks or
months. This pattern is consistent with studies of RSV infection in humans and animal models
that showed that upper airway protection is limited and transient [35-37].

It is difficult to draw conclusions about the role that hMPV plays in LRI and subsequent URI.
Of the 3 patients for whom both lineages of virus were determined, 1 was reinfected with a
heterologous strain (patient 1), and 2 were reinfected with a virus of the same major lineage
(patients 2 and 3). However, the prolonged period (>2 years) between the initial illness and
subsequent infections could be long enough for the waning of protective immunity.
Nonetheless, although most hMPV-associated LRIs occur during the first year of life [2,3,6—
11], we detected URIs due to hMPV infection more frequently later during childhood. These
data are consistent with the hypothesis that LRI was the primary presentation during infancy
but that immunity induced by primary infection ameliorated subsequent infections and limited
hMPV replication to the upper respiratory tract.

In summary, we have found that hMPV was associated with a substantial number of URI
episodes in otherwise healthy outpatient children who were followed over a 20-year period.
hMPV was detected during every year, although the prevalence varied season to season. All 4
genetic lineages were present, and often viruses from >1 lineage circulated during a single
year. Children with URIs due to hMPV had clinical illnesses similar to those associated with
other common viruses, including frequent AOM. Repeated infections of both the upper and
lower respiratory tract occurred. These data provide a framework for further directed studies
of strain-specific immunity and reinfection that have implications for development of vaccines
and therapeutics. Furthermore, the substantial burden of disease due to hMPV suggests that a
vaccine might have significant health and socioeconomic benefits.
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Figure 1.
Epidemiologic pattern of upper respiratory tract infection (URI) with human metapneumovirus

and other virus infections. Data are combined from 20 years of surveillance in the VVanderbilt
Vaccine Clinic.
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Figure 2.

Annual rates of human metapneumovirus (hMPV) and other virus infections from 1962 to 2001
in the Vanderbilt Vaccine Clinic. The Y-axis shows the percentage of all upper respiratory tract
infections (URISs) during the year accounted for by each virus. PIV, parainfluenza virus; RSV,
respiratory syncytial virus.
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Figure 3.
Cumulative monthly rates of human metapneumovirus (hMPV) and other virus infections from

1982 to 2001 in the Vanderbilt VVaccine Clinic. The Y-axis shows the percentage of all upper
respiratory tract infections (URIs) during the month accounted for by each virus.
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Rates, by year, of each genetic lineage of human metapneumovirus. Data are from 1982 to

2001 in the Vanderbilt Vaccine Clinic.
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Clinical features at presentation of 118 children with human metapneumovirus upper respiratory tract infections.

Symptom/sign

Children with symptom/sign, %

Fever

Coryza

Cough

Hoarseness

Otalgia

Rhinitis

Conjunctivitis

Pharyngitis

Abnormal tympanic membrane

54
82
66
8
31
79
3
44
63
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Table 2
Children in the Vanderbilt Vaccine Clinic for whom 2 human metapneumovirus (hMPV) infections were
identified.

Patient Age, months Diagnosis hMPV lineage
1 6 URI B2
33 Pneumonia A2
2 4 Bronchiolitis Al
42 URI A2
3 6 Asthma B2
38 URI B1
4 6 Bronchiolitis B2
7 URI
5 17 URI A2
42 URI A2
6 12 URI B1
27 URI B1
7 22 URI A2
30 URI B1
8 38 URI B2
48 URI
9 6 URI Al
14 URI
10 26 URI
29 URI B1
11 11 URI
30 URI A2
12 12 URI
40 URI
13 9 URI
24 URI

NOTE. ..., Lineage could not be determined, because of inability to amplify F or G genes by reverse-transcriptase polymerase chain reaction; URI, upper
respiratory tract infection.
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