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Background: Human metapneumovirus (hMPV) was first recognized in the Netherlands in
2001 from nasopharyngeal aspirate samples and was associated with respira-
tory tract illness in the pediatric population. This was the first report of
metapneumovirus infections in community-acquired pneumonia in Taiwan.

Methods: A total of 116 nasopharyngeal aspirate samples from patients with communi-
ty-acquired pneumonia was examined by reverse transcriptase polymerase
chain reaction (RT-PCR). Other respiratory tract pathogens were also exam-
ined. The clinical characteristics and laboratory data were analyzed.

Results: Out of the 116 patients, potential causative agents were detected in 95
(81.9%) patients. A total of six human metapneumovirus RT-PCR positive
samples was identified. All of these had evidence of coinfection with bacte-
ria (3 Streptococcus pneumoniae, 2 Mycoplasma pneumoniae, 1 Chlamydia
pneumoniae). Coinfection with other respiratory viruses was also observed in
two cases (1 influenza A, 1 parainfluenza type 3). The age distribution was
seven to 11 years except for one patient who was two years of age (Case 1).
The most common clinical findings were fever (6/6, 100%), cough
(6/6,100%), rhinorrhea (5/6, 83.3%), rales (5/6, 83.3%) and wheezing (1/6,
16.7%). Chest radiographs revealed four with lobar patches and two with
interstitial infiltrations. The mean duration of hospital stay was 5.5 ± 2.8
days. All patients made a complete recovery.

Conclusions: hMPV was identified in 5.2% of patients with community-acquired pneumo-
nia. Our data showed a high rate of coinfection with hMPV in community-
acquired pneumonia. Human metapneumovirus infection, like other respira-
tory viruses, may predispose to secondary bacterial pneumonia.
(Chang Gung Med J 2005;28:683-8)
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Community-acquired pneumonia is a major cause
of morbidity and mortality in children. Several

bacteria, viruses and combinations of both can cause
the disease. Mixed viral-bacterial infections as well
as viral-viral infections and dual bacterial infections

have been described.(1,2) In 2001, van den Hoogen et
al.(3) reported the isolation of a paramyxovirus,
human metapneumovirus (hMPV), in children with
respiratory tract disease. Early reports indicated that
hMPV was found in approximately 10% of children;
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most children have serologic evidence of infection
by five years of age, and the emerging picture of
clinical symptoms associated with hMPV infection
appears to be similar to the disease caused by respi-
ratory syncytial virus (RSV).(4,5) This report describes
the characteristics of six children who had communi-
ty-acquired pneumonia with evidence of hMPV
infection in Taiwan for the first time.

METHODS

Between 1 August 2001 and 31 July 2002, the
etiology of community-acquired pneumonia was
studied in 209 hospitalized children, between 3
months and 18 years of age, at the Department of
Pediatrics, Chang Gung Children’s Hospital, Taipei.
Of these patients, nasopharyngeal specimens from
116 were subsequently tested for hMPV. The diagno-
sis was based on simultaneous findings of consolida-
tion on chest radiographs and from fever (> 38°C)
and/or respiratory symptoms. The radiological diag-
nosis was made by a pediatric radiologist.

Several bacteriological and virological methods
were used to determine the potential cause of the
pneumonia. Bacterial infection was identified by
blood culture, Gram stain and culture of sputum
and/or pleural effusion. For detection of S. pneumo-
niae infection, C-polysaccharide of pneumococcus in
urine was measured by NOWTM commercial kit
(Binax, Portland, USA). Mycoplasma pneumoniae
was identified by studying IgM and IgG antibodies
in acute and convalescent phase serum samples with
ELISA (Savyon, Israel). IgM and IgG antibodies to
Chlamydia pneumoniae were studied by a microim-
munofluorescence method (Virion, Switzerland). 

Viral cultures from throat swabs and/or
nasopharyngeal aspirates were performed using
Hep2, MRC5, MDCK, MK2, and RD cells according
to routine procedures. Viral antigens (RSV, influenza
A and B virus, parainfluenza virus types 1, 2, 3, and
adenovirus) in nasopharyngeal aspirates were detect-
ed by immunofluorescent assay. These seven virus
specific serum antibody titers from acute and conva-
lescent serum samples were also determined by the
complement fixation (CF) method. 

hMPV PCR: A 170-bp segment of the L gene
spanning nucleotides 11321 to 11490 of the hMPV
genome was amplified by using a single-step reverse
transcription polymerase chain reaction (RT-PCR)

with the modified procedures described previously.(6)

Briefly, viral RNA was extracted with the QIAmp
Viral RNA kit (Qiagen, Chatsworth, CA, USA) and
amplified with the OneStep RT-PCR kit (Qiagen)
with antisense primer L7 (5’-CACC-
CCAGTCTTTCTTGAAA-3’; positions 11471 to
11490) and sense primer L6 (5’-CATGCCCAC-
TATAAAA GGTCAG-3’; positions 11321 to 11342)
under the following conditions: reverse transcription
at 50°C for 30 min; an initial PCR activation step at
95°C for 10 min; 40 subsequent PCR cycles with
melting at 94°C for 30 s, annealing at 55°C for 30 s
and extension at 72°C for 60 s. The reactions were
carried out in a 50-µl format by using a PCR Master
Mix containing RT-PCR enzyme mix (Omniscript
and Sensiscript reverse transcriptases and
HotStartTaq DNA polymerase), each deoxynucelo-
side triphosphate at a concentration of 400 µM,
primers (0.9 µM each) and optimized buffer compo-
nents. Finally, the amplified product was analyzed by
electrophoresis on an agarose gel after ethidium bro-
mide staining, and the sizes of the amplicons were
compared with standard molecular size markers. To
validate the amplification process and to exclude the
presence of carryover contamination, positive and
negative controls were run in each PCR. All samples
were tested at least in duplicate.

RESULTS

The patients with community-acquired pneumo-
nia included in this study comprised 116 children
hospitalized from August 1, 2001 to July 31, 2002.
Of these, 55 (47.4%) were males and 61 (52.6%)
females, and their ages ranged from 3 months to 18
years with a mean of 4.5 2.5 years (Fig. 1).
Potential causative agents were detected in 95
(81.9%) patients. Evidence of viral infection was
demonstrated in 45 (38.8%) children including 13
(28.9%) with RSV, 13 (28.9%) with adenovirus, six
(13.3%) with hMPV, six (13.3%) with parainfluenza
virus type 2, five (11.1%) with influenza A, five
(11.1%) with parainfluenza virus type 1, five
(11.1%) with parainfluenza virus type 3, and one
(2.2%) with influenza B. Eighty four (72.4%) had
bacterial infections including 45 (38.8%) with S
pneumoniae, 44 (37.9%) with Mycoplasma pneumo-
niae, five (4.3%) with Chlamydia pneumoniae, and
one (0.9%) with Staphylococcus aureus. Forty one
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(35.3%) cases had evidence of mixed viral-viral or
viral-bacterial infections (Fig. 2).

A total of six hMPV RT-PCR positive samples
was identified. All of these had evidence of coinfec-
tion with bacteria (3 S. pneumoniae, 2 Mycoplasma
pneumoniae, 1 Chlamydia pneumoniae) (Table 1).

The age distribution was seven to 11 years except for
one patient who was two years of age (Case 1).
Coinfection with other respiratory viruses was also
observed in two cases (influenza A and parainfluenza
type 3) but no coinfection with RSV was found.
Most of the cases (4/6, 66.7%) occurred during win-
ter, from October to January. The most common clin-
ical symptoms were fever (6/6, 100%), cough
(6/6,100%), rhinorrhea (5/6, 83.3%), rales (5/6,
83.3%) and wheezing (1/6, 16.7%). Two patients
developed mild respiratory distress, which was
relieved after being treated with bronchodilators and
oxygen. Chest radiographs revealed four with lobar
patches and two with interstitial infiltrations. Three
children with pneumococcal coinfections had a C
reactive protein concentration greater than 100 mg/L
and one had a white blood cell count greater than 15
x 109/L. In the hospital, five cases were initially
treated with macrolide, two patients with additional
cefuroxime and one with penicillin alone. No antivi-
ral agents were prescribed for these cases. The mean
duration of hospital stay was 5.5 2.8 days, and
there was no significant difference between this and
patients with other etiologies (7.2 4.2 days, p =

Fig. 1 Age distribution of patients with community-acquired
pneumonia.
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Fig. 2 Etiology of 95 patients with community-acquired pneumonia. A total of six (5.2%) patients were infected with hMPV.
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0.249). None of these patients were admitted to an
intensive care unit. At the follow up visit, one to two
weeks after discharge, all patients had made a com-
plete recovery.

DISCUSSION

This article presents data on the coinfection of
hMPV with other respiratory illness pathogens in
community-acquired pneumonia. Coinfection of
hMPV with other pathogens has been described pre-
viously. Fabrizio et al.(6) reported that one-third of
hMPV infected children were also infected with
other respiratory viruses. Bronchiolitis was the most
common diagnosis in children with hMPV infection.
Greensill et al.(7) observed a 70% coinfection rate
with hMPV and RSV, and 90% coinfection among
intubated infants admitted to intensive care units.
Semple et al.(8) found that infants with bronchiolitis
younger than two years of age and with a coinfection
of hMPV and RSV have a 10-fold increase in rela-
tive risk of admission to a pediatric intensive care
unit. These findings suggest that coinfection with
hMPV and RSV is common and may be considered a
cause of severe lower respiratory tract disease.
However, the role of hMPV in the pathogenesis of
infections with other respiratory pathogens is not
known.

In contrast, Lazar et al.(9) screened 23 children
with severe RSV disease and 23 children with mild
RSV disease for hMPV. They did not observe any
hMPV coinfection in patients with either mild or
severe RSV disease. Vicente et al.(10) collected
nasopharyngeal specimens from children younger
than three years of age with lower respiratory tract
infections, during two consecutive winters, and test-
ed them for several respiratory viruses. The inci-
dence of hMPV infection observed was 4.1% and no

cases of coinfection were found.(10) Other studies also
support the findings that the frequency of coinfection
with hMPV and RSV is rare.(11) The coinfection of
hMPV with RSV was also not found in our study but
there were two children with other respiratory virus-
es, one with influenza A and the other with parain-
fluenza 3.

There has been no report of coinfection of
hMPV with bacteria in community-acquired pneu-
monia. Pneumonia in children may often be caused
by multiple microbial agents. The rate of mixed
viral-bacterial infection in community-acquired
pneumonia was 7-30%.(1,2,12,13) Concurrent or preced-
ing upper respiratory viral infections, such as
influenza or mycoplasma, are believed to be risk fac-
tors for secondary bacterial disease. In this study, six
patients with community-acquired pneumonia had
hMPV infection and coinfection with S. pneumoniae,
Mycoplasma pneumoniae, or Chlamydia pneumoni-
ae. This result suggests that hMPV, like other respi-
ratory viruses, may predispose to secondary bacterial
infection. Furthermore, community-acquired pneu-
monia with hMPV does not seem to contribute to a
longer hospital stay compared with pneumonia and
other etiologies in our study (5.5 vs. 7.2 days, p =
0.249).

Infection with hMPV was more common among
children younger than two years of age. In the origi-
nal report by van den Hoogen et al,(3) 27 out of 28
infected children were younger than five years of age
and all were diagnosed with acute mild to severe res-
piratory tract infections.(3) Williams et al. tested 408
nasal-wash specimens, obtained over a 25 year peri-
od from otherwise healthy children, with a mean age
of 11.6 months and an age range of 1.5 to 50 months,
presenting with acute respiratory tract illness, for
hMPV. The clinical diagnosis given to 49 children
with hMPV infection was bronchiolitis (59%), croup

Table 1. Positive Test for hMPV in Children with Coinfection.

Case no. Gender Age (yr) Bacterial Coinfection Viral Coinfection Chest Radiography Hospitalization (Days)

1 M 2 Chlamydia Interstitial pneumonia 3

2 F 8 Pneumococcus Lobar pneumonia 8

3 F 8 Mycoplasma Interstitial pneumonia 4

4 M 9 Mycoplasma Lobar pneumonia 4

5 F 11 Pneumococcus Influenza A culture Lobar pneumonia 4

6 M 7 Pneumococcus Parainfluenza type 3 Lobar pneumonia 10

Abbreviations: M: male; F: female.
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(18%), pneumonia (8%) and an exacerbation of asth-
ma (14%).(14) However, symptoms and laboratory
data associated with hMPV intection exhibit a spec-
trum virtually indistinguishable from those with RSV
disease.(5) Infection with hMPV is not only restricted
to very young children and reinfection with hMPV
occurs frequently throughout life.(15) Two additional
reports on acute respiratory tract infection in adult
outpatients had rates of hMPV infection between 2 to
7%.(16,17) In our study, most hMPV infections were
found in patients over five years of age, implying
that hMPV may predispose to secondary pneumonia
in school-aged children. Previous studies have
focused only on children younger than three years of
age but elderly patients may not have given an accu-
rate picture of the spectrum on hMPV infection.(18,19)

However, our relatively small sample size limited the
power of analysis. Further studies will to be needed
investigation the role of hMPV infection in commu-
nity-acquired pneumonia in children.

In this study, although the population-based
incidence and prevalence cannot be determined from
these data, our findings showed hMPV can be identi-
fied in 5.2% of patients with community-acquired
pneumonia. Our data also indicated a high rate of
coinfection with hMPV in community-acquired
pneumonia. Nonetheless, hMPV most likely plays a
preceding role in acquired pneumonia in school-aged
children.
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