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Background: Human metapneumovirus
(hMPV) causes respiratory tract infection
in influenza-like illness. The role of hMPV
infections in all age groups in Thailand
has not yet been investigated. Thus, the
objective of this study was to determine
prevalence of hMPV infection in all age
groups in Thailand during 2011. Methods:
A total of 1,184 nasopharyngeal washes
were collected from hospitalized patients
and sent to the Department of Microbiology,
Siriraj Hospital, for influenza A virus detec-
tion. Real-time polymerase chain reaction
(PCR) was used to detect hMPV infection.
Partially, F gene from hMPV positive sam-
ples were sequenced and used for genotyp-
ing by phylogenetic tree analysis. Results:

The prevalence of hMPV for all age groups
was 6.3%. The highest prevalence of hMPV
infection was in children aged <2 years.
Of 71 hMPV-positive patients, three (4.2%)
were coinfected with respiratory syncytial
virus (RSV), two with rhinovirus (2.8%),
one with coronavirus (1.4%), and one with
RSV and adenovirus (1.4%). Phylogenetic
analysis of F gene revealed that 96.8% of
hMPV detected was subgenotype B1, 1.6%
was sublineage A2a, and 1.6% was A2b.
Genetic variation of F gene was much con-
served. Conclusion: We demonstrated the
prevalence of hMPV subgenotype B1 circu-
lating in Thailand during 2011. J. Clin. Lab.
Anal. 28:398–404, 2014. C© 2014 Wiley
Periodicals, Inc.
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INTRODUCTION

During 2009, there was an epidemic of influenza
pdm2009 virus in the United States and Mexico. It spread
through many countries, including Thailand. After the
first case of influenza pdm2009 in Thailand was reported,
the virus spread rapidly throughout the country. The
symptoms of influenza pdm2009 were fever, cough, sore
throat, and myalgia. During the epidemic, there were some
patients who had similar clinical symptoms but were not
infected by the influenza pdm2009 virus. Thus, influenza-
like illness (ILI) was used to describe a clinical syndrome
that may be attributed to influenza and others respira-
tory viruses. ILI is caused by many viruses, including
influenza virus, adenoviruses, respiratory syncytial virus
(RSV), enteroviruses, human metapneumovirus (hMPV),
and parainfluenza viruses (1). Hombrouck et al. reported
that during the epidemic of influenza pdm2009 virus in
Belgium, ILI in children aged <5 years was caused by
influenza viruses (25%), RSV (19%), rhinovirus (17%),

hMPV (9%), and parainfluenza viruses (7%; (2)). When
patients were infected by these viruses, there were some
overlapping symptoms that rendered clinical diagnosis
unreliable.

In 2001, Van den Hoogen et al. identified hMPV from
acute respiratory infection in children in the Nether-
lands (3). hMPV was classified in the family Paramyx-
oviridae, subfamily Paramyxovirinae, and genus Metap-
neumovirus. It is an enveloped virus with negative sense,
single-stranded RNA of ≈13 kb. The primary target for
hMPV are young children, immunocompromised hosts,
and patients who have underlying conditions (4–9). The
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symptoms of hMPV infection in young children vary
from mild upper to severe lower respiratory tract dis-
ease. hMPV can trigger asthma in adults and young
children (8).

The circulation of hMPV is worldwide, and seasonal
distribution is predominantly in late winter to early spring
in temperate climates and late spring to summer in trop-
ical regions (10). The spreading of hMPV varies between
populations and in timing. Sometimes the same strain
may spread in different locations and at different times.
The spread is still complicated and unclear.

Based on nucleotide sequence analysis of different
hMPV F genes, hMPV can be classified into two geno-
types, A and B. Both genotypes can be classified into
subgenotypes A1, A2a, A2b, B1, and B2 (11–13). The
clinical differences between the genotypes are still un-
clear, but genotype A is responsible for the most severe
disease (14).

Vaccine for hMPV is underdeveloped. Most vaccine
targets are fragments of the F and G genes. Thus, genetic
diversity of these genes is important for vaccine devel-
opment. Therefore, this study analyzed F gene sequence
and genotype in hMPV from patients with ILI who were
negative for influenza A virus in Thailand.

MATERIALS AND METHODS

Sample Collection and Screening

A total 1,184 nasopharyngeal washes from patients pre-
senting with ILI during May to September 2011 were
collected in viral transport medium and sent to the De-
partment of Microbiology, Siriraj Hospital, for influenza
pdm2009 testing. NucliSens easyMAG (bioMérieux,
Marcy l’Etoile, France) was used to extract viral RNA
from 200 μl nasopharyngeal secretion. The extracted
RNA was eluted with 80 μl elution buffer and exam-
ined for pandemic influenza virus by ProFast+ (Gen-
probe, Bedford, MA) and ProFlu+ (Genprobe Bedford,
MA). All 1,134 samples that were negative for influenza A
virus RNA were examined for hMPV using the commer-
cial PrimerDesignTM genesig Kit for HMPV (Genesig,
Southampton, UK).

RT-PCR and Sequencing

Positive samples for hMPV by real-time polymerase
chain reaction (PCR) were used to amplify partial F
gene by RT-PCR (where RT is reverse-transcription)
followed by nested PCR. The primers used to amplify F
gene were Fm1–18 (5′-CATCTTGAATTCATGTCTTG
GAAAGTGGTG-3′) and Fm1620–1601 (5′-CGACTG
AAGCTTCTAATTATGTGGTATGAAGC-3′; (11)) for
RT-PCR, and Fm475 (5′-GCCACTGCAGTGAGAG

AGC-3′) and Fm1620–1601 (5′-CGACTGAAGCTTCT
AATTATGTGGTATGAAGC-3′) for nested PCR. RT-
PCR was done in One-step RT-PCR (Bioline, London)
with the following conditions: reverse transcription at
45◦C for 20 min; 95◦C for 1 min, 35 cycles of 94◦C for
1 min, 46◦C for 1 min, 72◦C for 2 min, with final exten-
sion at 72◦C for 10 min. For F gene seminested PCR,
1 U Platinum Taq DNA Polymerase High Fidelity
(Invitrogen, Carlsbad, CA) and 2 μl PCR products were
used. The conditions for seminested F gene PCR were
as follows: denaturation at 94◦C for 2 min, 35 cycles
of 94◦C for 1 min, 56◦C for 1 min, 68◦C for 1 min,
and final extension at 68◦C for 10 min. The seminested
PCR yielded amplicons of 1,145 bp. All positive PCR
products were purified using HiYield Gel/PCR Fragment
Extraction kit (RBC, Taipei, Taiwan). Purified PCR
products were sequenced directly using primer Fm475
(5′-GCCACTGCAGTGAGAGAGC-3′) and Fm1620–
1601 (5′-CGACTGAAGCTTCTAATTATGTGGTA
TGAAGC-3′). Sequencing reactions were carried out
using ABI PRISM BigDye Terminator v 3.1 Cycle
Sequencing Ready Reaction Kit (Applied Biosystems,
Foster City, CA). The products were processed by
capillary electrophoresis using ABI 3130 DNA Analyzer
(Applied Biosystems), and analyzed using DNA Se-
quencing Analysis (Applied Biosystems) and DNABaser
(Heracle BioSoft S.R.L., Pitesti, Romania).

Nucleotide Sequence Analysis and Accession
Numbers

A neighbor-joining tree was constructed using Mega
software (version 5.0) with 1,000 bootstrap replicates. The
nucleotide and deduced amino acid sequences of the par-
tial F gene were compared with those of the hMPV strains
available from the GenBank database. The 71 partial se-
quences of the F gene were deposited in GenBank under
accession numbers JQ181560-JQ181584 and JQ745049-
JQ745094.

Statistical Analysis

The significance of the difference in rates was tested
using the Pearson χ2 test and likelihood ratio. Analyses
were performed using SPSS version 13.0 software (SPSS,
Inc., Chicago, IL).

RESULTS

Patient Characteristics

The study was carried out in 1,184 patients with clin-
ically suspected respiratory infections between May and
September 2011. All samples were tested for influenza
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Fig. 1. Distribution of hMPV with acute respiratory tract infection, May–September 2011.

A detection by real-time PCR. The result showed 1,134
cases were negative for influenza A viruses and used for
hMPV study. These 1,134 patients aged from 8 days to
104 years (mean, 31.9 years; and median, 13 years). Four
hundred fifty-five (40.1%) of the 1,134 samples were from
patients aged <5 years, 335 (29.6%) from adults aged 21–
60 years, and 344 (30.3%) from patients aged >60 years.
There were 588 (51.8%) male and 546 (48.2%) female
patients.

Prevalence of hMPV

hMPVs were found in 6.3% (71/1,134) during May–
September 2011, which correlated with rainfall and high
humidity in Thailand. From the period of study, hMPV
starts increasing in July and peaks in September (11.90%)
as shown in Figure 1. Patients aged <5 years were most
frequently affected by hMPV infection (35.2%). This was
followed by those aged >60 years (31%). The youngest
hMPV-positive patient was 1-month-old, and the old-
est was 104 years. Single hMPV infection was found in
65 specimens (91.5%). Among hMPV-positive patients,
six (8.5%) were coinfected with another respiratory virus:
three with RSV (4.2%), two with rhinovirus (2.8%), one
with RSV and adenovirus (1.4%), and one with coron-
avirus (1.4%). The age of patients coinfected with hMPV
and RSV was <1 year. Among the 588 samples from male
patients, 21 (3.6%) were hMPV positive; and among the
546 samples from female patients, 50 (9.2%) were hMPV
positive. The ratio of female to male hMPV-positive pa-
tients was 2.38:1 (P < 0.05). Age and sex distribution of
the samples and patients positive for hMPV is presented
in Table 1.

TABLE 1. Characteristics of hMPV-Positive Patients

Characteristics

No. of negative
influenza A by real-time

PCR (N = 1,134)

No. of positive hMPV
patients by real-time

PCR (N = 71)

Age
0–5 years 40.1% (455/1,134) 35.2% (25/71)
6–20 years 13.5% (153/1,134) 9.9% (7/71)
21–60 years 16.1% (182/1,134) 23.9% (17/71)
>60 years 30.3% (344/1,134) 31% (22/71)
Mean 31.9 33.54
Median 13 27

Sex
Male 51.8% (588/1,134) 29.6% (21/71)
Female 48.2% (546/1,134) 70.4% (50/71)

Phylogenetic Analysis of Partial F Gene Sequence

Partial F gene sequences were obtained from 62 of the
71 hMPV-positive specimens. The phylogenetic analysis
was constructed by comparing the four main genetic lin-
eages of reference hMPV and avian pneumovirus C as an
outgroup (Table 1, Table 2 and Fig. 2). Fifty-four (96.8%)
of the 62 viruses belonged to subgenotype B1, one (1.6%)
belonged to sublineage A2a, and one (1.6%) belonged to
sublineage A2b.

To observe circulation of hMPV during 2010, nine pos-
itive specimens from hMPV patients during 2010 were
selected randomly. Partial F genes were amplified and
sequenced. A phylogenetic tree was constructed that in-
cluded specimens from 2010 for comparison (Fig. 2). The
genotypic analysis found that all nine specimens during
2010 belonged to subgenotype B1.
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TABLE 2. Reference Strain of hMPV for Construction of F Gene
Phylogenetic Tree

Strain Origin

GenBank
accession
number Lineage

TN96-12 Tennessee, USA JN184399 A1
JPS03-180 Japan AY530092.1 A1
NL/00/1 Netherlands AF371337 A1
Can00-16 Canada AY14530.1 A2a
Jpn03-1 Japan AB503857 A2a
NL/00/17 Netherlands AY355324 A2a
Can97-83 Canada NC004148 A2a
JPS03-240 Japan AY530095 A2b
BJ1887 China DQ843659.1 A2b
gZ01 China GQ153651 A2b
NL/1/99 Netherlands AY304361 B1
TN89-1-13 Tennessee, USA EU857569.1 B1
TN93-3-2 Tennessee, USA EU857589.1 B2
NL/94/01 Netherlands FJ168778.1 B2
BJ1816 China DQ843658.1 B2
Can98-75 Canada AY297748.1 B2
Avian metap-

neumovirus
Colorado AY579780 Avian metap-

neumovirus

Variation of hMPV F Gene

The nucleotide sequence analysis indicated that the
identity of partial F gene in subgenotype B1, sublineage
A2a, and sublineage A2b were 98.01%, 98.6%, and 97.6%,
respectively. To identify lineage specificity, amino acid
substitution in the fusion open reading frame at position
260–407 (location related to strain NL/00/01) was ana-
lyzed (Table 3). Genotype A could be distinguished from
genotype B by amino acid substitution at V286, K296,
Q312, K348, and N404. However, subgenotype A1 could
not be distinguished from the sublineage A2a and A2b by
amino acid substitution (Fig. 3). Cysteine residues were
conserved at position 282, 300, 325, 334, and 349. One
sample showed amino acid substitution at position 156
from cysteine to tryptophan (data not showed).

DISCUSSION

Acute respiratory infection can be caused by many
viruses. For case management, it is important to differ-
entiate infections caused by influenza viruses from other
respiratory viruses. ILI is used worldwide to identify sus-
pected cases of influenza. In Thailand, during a study of
the influenza pdm2009 outbreak, it was found that 28% of
cases were caused by influenza A virus, 24% by RSV, 2%
by parainfluenza type I, 5% by hMPV, 3% by influenza B
virus, 3% by parainfluenza type 3, and 1.5% by parain-
fluenza type 2 (15).

In the present study, we detected hMPV in patients
with ILI during 2011. A total of 1,184 specimens were
sent to the laboratory for detection of influenza A virus.

Fig. 2. Phylogenetic tree of partial F gene of hMPV was constructed
by neighbor-joining method with 1,000 replicate bootstraps. Strains are
indicated by •, isolated during 2011; and �, isolated during 2010.

TABLE 3. Lineage-Specific Amino Acid Substitution in Fusion
Open Reading Frame of F Gene

Lineage A1 A2a A2b B1 B2

aa 286a V V V I I
aa 296a K K K N D
aa 312a Q Q Q K K
aa 348a K K K R R
aa 404a N N N P P

aNumber of amino acid residue related to amino acid strain NL/00/01,
GenBank accession number AF371337.
bSingle letters refer to amino acid (aa): D, Aspartate; I, Isoleucine; K,
Lysine; N, Aspargine; P, Proline; Q,Glutamine; R, Arginine; V, Valine
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Fig. 3. Comparison of amino acid sequence of fusion protein of reference strains (NL-00-01-A1, NL-00-17-A2a, BL1887-A2b, NL-1-99-B1, and
NL-94-01-B2) and each subgenotype isolated (JQ745068-A2a, JQ745052-A2b, and JQ181560-B1). Box represents amino acid substitution for
genotype distinct. Asterisk represents cysteine residue.
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One thousand one hundred thirty-four specimens were
negative for influenza A virus by real-time PCR and were
used for hMPV detection. The prevalence of hMPV in the
population was 6.26% (71/1,134) compared with 1.7% re-
ported from Cambodia (16), 7.5% from the Netherlands
(17), 14.8% from Canada (18), and 6.8% from China (19).
A similar prevalence has been reported previously in Thai-
land (20). hMPV can be found in July and peaked in
September, which is the rainy season in Thailand. This is
in agreement with previous reports during the rainy sea-
son in tropical countries (16, 21). However, some coun-
tries such as Singapore can detect hMPV all year without
any obvious peak (22). These results suggest that hMPV
has different epidemiological patterns in different coun-
tries. Our analysis of age distribution indicated that 35.2%
(25/71) of cases of hMPV infection were in children aged
<5 years, and the highest infection rate (23.9% [17/71])
was observed in those aged <2 years, which is consistent
with previous data (23–25). In this study, hMPV was more
common in female (70.4%), which is similar to previous
report (19). But some reports have shown that hMPV
infection was more common in male than females (26).
Some host factors may influence hMPV infection.

Many studies have reported coinfections with hMPV
and others respiratory viruses, especially human RSV (27–
29). We found that the rate of hMPV coinfection was 8.5%,
and the most frequently detected viruses were RSV and
rhinovirus, which is similar to previous reports (16,19,30).
RSV was found to be the most frequent virus involved in
coinfection with hMPV, which may be because it has a
similar seasonal distribution (31). We did not find any
severe illness caused by hMPV and RSV coinfection in
the present study (data not showed).

F and G proteins, two major transmembrane glyco-
proteins, are important in stimulating protective immune
responses and genotyping. There are several reports of
genotypic data for hMPV in Southeast Asia (19,20,22,32).
To investigate hMPV genotype distribution, we amplified
partially the F gene (1,300 bp) and constructed a phyloge-
netic tree. hMPV subgenotype B1 (96.8%) predominated
during the time of this study, followed by sublineages A2a
and A2b. The circulation of hMPV can vary among loca-
tions and annually, which is similar to other human res-
piratory viruses (33). We selected samples during 2010 to
represent hMPV genotype circulation during that period.
Most hMPV in 2010 were subgenotype B1 (Fig. 2). These
data suggest that B1 was found predominantly in 2010–
2011, whereas A2a and A2b cocirculated in 2011. We did
not find subgenotype A1, which is similar to the studies
of Loo et al. (2007) and Arnott et al. (2013; (16,22)). Our
data differed from those in a 2008 study that found that
genotype A was the predominant strain in Bangkok (34).
In another study in Cambodia, subgenotypes B2, B1, and

A2b cocirculated, while subgenotype B2 was predominant
in 2008 (16).

Amino acid sequence analysis demonstrated five sub-
stitutions in the fusion domains (positions 286, 296, 312,
348, and 404) and one substitution near the fusion domain
(position 233), which was similar to the studies of Van
den Hoogen et al. (2004) and Wang et al. (2008; (11,35)).
One sample (JQ745075) had tryptophan substitution for
cysteine conserved position 156 (related to NL/00/01 po-
sition), which has not been found previously. The effect
of amino acid change might involve structure of F gene
which affect neutralizing antibody response. The amino
acid change position 156 should be studied further. Vari-
ation in the fusion domain allows us to differentiate geno-
type A from genotype B but not subgenotype. Many fac-
tors influence circulation of hMPV, such as antigenic vari-
ability, viral infectivity, and immunity. Our study reveals
that genetic variability of F gene is less heterogeneous;
thus, the preexisting immune response can control viral
infection. Further investigation of A2 genotype is needed
because Vicente et al. (2006) have found that genotype
A is more pathogenic than genotype B, which results in
greater clinical severity in children (14). There are still dis-
crepant reports about the relationship between the sub-
type of hMPV and disease severity, and further study
should be performed.

In conclusion, this study confirmed that hMPV
subgenotype B1, sublineage A2a and A2b cocirculated
in Thailand during 2010–2011. The subgenotype B1 pre-
dominated during circulation. The genetic variability of
F gene from hMPV subgenotype B1 showed that it was
highly conserved over time.
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