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Abstract An outbreak of human metapneumovirus

(hMPV) among children in southern Taiwan in 2004

prompted the investigation of the molecular epidemiology

of hMPV from September 2003 to August 2005. Respira-

tory specimens that were culture negative for a panel of

respiratory viruses were examined for the presence of

hMPV by RT-PCR. The results indicated that 59 out of 546

(10.8%) children were hMPV-positive. The majority of

these hMPV-positive children were less than 2 years old

(59.4%), females (61%), and inpatients (67.8%). Infections

occurred throughout the year, but peaked during the spring

and/or summer months. Sequence analysis of the fusion

gene from the isolates revealed two phylogenetic groups

with five possible lineages (A1, A2a/A2b, B1, and B2).

Among these co-circulating strains, A2 strains were most

frequently observed and demonstrated the greatest diver-

gence. Deduced amino acid sequence analysis identified

several variant amino acids specific to the A2 lineage.

Lineage-specific amino acid substitutions were noted at

aa233, aa286, aa312, aa348, and aa296. This study indi-

cated that genetically divergent strains of hMPV which

caused respiratory disease and hospitalization were circu-

lating among children in Taiwan.

Introduction

Human metapneumovirus (hMPV) was first reported in

2001 in the Netherlands [26] and has been assigned to the

family Paramyxoviridae, subfamily Pneumovirinae, and

genus Metapneumovirus [20, 26]. Since its discovery,

hMPV has been identified on several continents including

America, Australia, Asia and Europe, and was thought to

be prevalent worldwide [8, 16, 19, 25]. hMPV resembles

human respiratory syncytial virus (hRSV) with regard to its
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clinical presentation and ability to infect and cause disease

in young children, elderly persons and immunocompro-

mised patients [4, 7, 9, 14, 17, 20, 29]. As reinfection of

hMPV may occur frequently throughout a human’s life, the

evolution of variant virus, which leads to severe pathologic

outcomes, requires extensive attention.

hMPV is an enveloped virus whose genome consists of a

single negative strand of RNA of approximately 13 kb

[27]. The genome of hMPV, from 30 to 50, is organized as

follows: N-P-M-F-M2-1/M2-2-SH-G-L [22, 23, 27, 32].

Similar to the avian metapneumovirus (AMPV), hMPV

lacks nonstructural proteins NS1 and NS2 and posses three

surface glycoproteins, the fusion (F), attachment (G), and

small hydrophobic (SH) proteins. The G protein attaches to

host cells, whereas the F protein directly mediates mem-

brane fusion [15]. It is known that the greatest genetic

diversity among hMPV strains occurs in the structural

genes; therefore, both G and F genes have been widely

used for phylogenetic analysis in the context of genetic

lineages [2, 3, 10, 28].

The hMPV fusion gene (1.6 kb) encodes a protein of

539 amino acid residues, which includes an amino-terminal

signal sequence, a hydrophobic transmembrane domain

and a cytoplasmic domain. The F protein is synthesized as

a biologically inactive precursor (F0) which must be

cleaved by host cell proteases into F1 (a.a.103–539) and F2

(a.a.1–102) for fusion activity. The fusion domain (23 a.a.

residues in length) is highly hydrophobic and located at the

N-terminus of the F1 subunit. Several heptad repeats (HR)

in the F protein are also critical for membrane fusion [2, 15,

27]. HRA (a.a.127–169) is located at the carboxyl terminal

end of the fusion peptide. HRB (a.a.457–484) is located in

the ectodomain adjacent to the transmembrane region.

Genetic and antigenic studies based on the variation of

hMPV F gene have demonstrated the presence of two

distinct hMPV groups, designated as groups A and B,

which can be further divided into five subgroups A1, A2a/

A2b, B1, and B2 [10, 28]. However, it is currently unclear

whether the variations in the F gene that lead to alterations

of F protein’s functional motifs are the main determinants

of the epidemic features of hMPV. In addition, F protein

has been demonstrated to contain major antigenic deter-

minants that mediate extensive cross-lineage neutralization

[3, 23] and cross-protective immunity [11]. Detailed anal-

ysis of the sequence variation of F genes among clinical

isolates is therefore critical for defining the molecular

evolution of the F gene and may provide clues to under-

standing the epidemic features of the virus.

Here, we present the demographic and epidemic features

of hMPV infections in children in southern Taiwan over a

period of 2 years (September 2003 to August 2005). Phy-

logenetic relationships and genetic features of the evolution

of F genes derived from these hMPV clinical isolates are

explored to identify possible variant amino acids which

may be critical to the evolution of the circulating strains.

Materials and methods

Subjects

Respiratory specimens were received at the Clinical Virol-

ogy Laboratory, National Cheng Kung University Hospital,

from September 2003 to August 2005. Demographic anal-

ysis was performed by v2 tests. Specimens were collected

from the emergency department, inpatient wards, and out-

patient clinics and transported to the laboratory on wet ice

for viral culture. Specimens from individuals less than

5 years of age who had negative culture results for RSV,

parainfluenza virus types 1–3, influenza A and B, and ade-

novirus were tested for hMPV by RT-PCR.

RNA extraction, reverse-transcription polymerase chain

reaction (RT-PCR), and sequencing

Five hundred forty-six specimens (about one tenth of the

total specimens collected during the study period) were

examined for the presence of hMPV by RT-PCR. Primers

MPVF1f (50-CTTTGGACTTAATGACAGATG-30) and

MPVF1r (50-GTCTTCCTGTGCTAACTTTG-30) were

used to amplify a 450-bp fragment of the F gene [20]. Viral

RNA was extracted from 140 ll of respiratory specimens

or viral culture fluids using the QiaAmp Viral RNA Mini

Kit (QIAGEN), and the fusion gene was amplified by one-

step RT-PCR (QIAGEN) following manufacturer-sug-

gested procedures. Briefly, 5 ll of RNA was added to the

RT-PCR mixture, which contained 2 ll of QIAGEN

OneStep RT-PCR enzyme mixture, 10 ll of 59 QIAGEN

OneStep RT-PCR buffer, 400 lM deoxynucleoside tri-

phosphates, and 0.6 lM of each primer in a final volume of

50 ll. Cycling conditions were as follows: 30 min at 50�C

for RT reaction, 5 min at 95�C for RT inactivation, fol-

lowed by 35 cycles of PCR reaction (94�C for 1 min, 54�C

for 1 min, and 72�C for 1 min) with an extension step at

72�C for 10 min. The PCR products derived from

approximately 40% (23/59) of the hMPV-positive speci-

mens were purified with the QIAquick PCR purification kit

(QIAGEN), and both sense and anti-sense strands of the

PCR products were sequenced by an ABI 377 sequencer

(Applied Biosystems).

Phylogenetic analysis

Nucleotide sequences of amplified F gene products were

aligned using GCG software (GCG WISCONSIN PACK-

AGE Version 10.3). Phylogenetic trees were constructed by
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using the neighbor-joining method included in the DNADist

and Neighbor software package of the Phylip 3.6 (alfa3)

program by means of 1,000 bootstraps with random

sequence addition. Bootstrap values were computed for

consensus trees created with the Consensus package by

applying a 75% majority consensus rule. The tree was re-

rooted at its midpoint by using the Retree software of Phylip

3.6 and was visualized with the Treeview 1.6.6 program.

Nucleotide sequence accession numbers

Avian metapneumovirus C (GenBank accession no.

AY590688) and avian metapneumovirus B (GenBank

accession no. Y14294) were included as outgroups, and

hMPV 17 strains from the GenBank database (NC_004148,

NC_004148; CAN97-83, AY297749; NL/1/94, AY304362;

NL/1/99, AY525843; NL/1/00, AF371337; NL/17/00,

AY304360; JPY88-12, AY622381; JPS03-240 AY530095;

CAN99-81, AY574224; CAN98-77, AY145291; CAN98-

78, AY145292; CAN98-79, AY145293; CAN98-74,

AY145288; CAN98-75, AY297748; CAN98-76,AY145290;

CAN97-82, AY145295) were included for comparison in the

phylogenetic analysis [2, 3, 21, 28]. hMPV isolates used in

this study have been deposited in the GenBank database

under accession no. EF612439 to EF612461.

Results

Study population and demographic features

of the hMPV-positive children

During the 2-year study period, respiratory specimens from

children less than 5 years of age that had negative culture

results for RSV, parainfluenza virus types 1–3, influenza A

and B, and adenovirus were randomly collected each

month to test for the presence of hMPV. There were 546

study cases accumulated in this period, and 59 cases

(10.8%) tested hMPV-positive. The demographic charac-

teristics of hMPV-positive and hMPV-negative children

were compared (Table 1). The result indicated that the

majority of hMPV-positive children, with median age of

23.4 months, were less than 2-years old (59.4%)

(P = 0.67), females (61%) (P = 0.004) and inpatients

(67.8%) (P = 0.14). Among the hMPV-negative children,

males (58.9%) (P = 0.004) were more often observed.

Peak activities and phylogenic relationship

of the circulating hMPV

To investigate the major circulating variants during the

study period, the frequency and distribution of co-circu-

lating hMPV strains were evaluated (Table 2). Human

Table 1 Demographic characteristics of hMPV-positive and hMPV-

negative patients

Parameter hMPV-positive,

n = 59 no. (%)

hMPV-negative,

n = 487 no. (%)

Age

\6 months 10 (17.0) 68 (14.0)

6 months to 1 year old 10 (17.0) 112 (23.0)

1 to 2 years old 15 (25.4) 131 (26.9)

2 to 5 years old 24 (40.6) 176 (36.1)

Male or female

Male 23 (39.0) 287 (58.9)

Female 36 (61.0) 200 (41.1)

Inpatients or outpatients

Inpatients 40 (67.8) 281 (57.7)

Outpatients 19 (32.2) 206 (42.3)

Table 2 Respiratory specimens tested for the presence and the dis-

tribution of circulating hMPV variants from September 2003 to

August 2005

Cases

tested

hMPV-

positive cases

(frequency %)

Subgroup (no.)a

September 2003 19 0 0

October 19 0 0

November 19 0 0

December 19 1 5.3 A2 (1)

January 2004 20 0 0

February 20 0 0

March 76 17 22.4 A2 (2)

April 35 20 57.1 A2 (2)

May 21 2 9.5 A2 (1), B1 (1)

June 20 3 15.0 A1 (1), A2 (2)

July 20 4 20.0 A2 (2), B1 (1), B2 (1)

August 21 1 4.8 A2 (1)

September 20 3 15.0 A2 (1)

October 19 0 0

November 19 1 5.3 A2 (1)

December 20 0 0

January 2005 20 0 0

February 20 3 15.0 A2 (2)

March 20 1 5.0 A1 (1)

April 20 2 10.0 A1 (2)

May 20 1 10.0 A1 (1)

June 19 0 0

July 20 0 0

August 20 0 0

Total 546 59 10.8

a The number in parentheses is the number of cases identified
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metapneumovirus activity was detected throughout the

year, with peak activities from March to September 2004

(50/59, 85%), coinciding with a prominent outbreak from

March to April (37/59, 63%) 2004, and February to May

2005 (7/59, 12%), suggesting a highly susceptible period

around spring and/or summer for hMPV transmission in

children in southern Taiwan.

The major hMPV strains distributed in the peak months

were assessed from approximately 40% of hMPV-positive

RT-PCR specimens by phylogenetic analysis of their F

gene sequences. A total of 23 hMPV-positive RT-PCR

samples were sequenced, and the sequences (nucleotide

706–1071 of the F gene) were subjected to phylogenetic

analysis in comparison to a Canadian isolate, CAN98-75

(GenBank accession no. AY145289), and several reference

strains. The phylogenetic tree (Fig. 1) showed that two

distinct hMPV genogroups (A and B) with at least four

possible subgroup lineages (A1, A2, B1, and B2) were co-

circulating during the study period. Subgroup A2 was

further divided into A2a and A2b lineages with the boot-

strap values of 81 and 63%, respectively. Since the A2b

bootstrap value was less than the 75% limit, the phylogenic

relationship between A2a and A2b was re-evaluated by

maximum likelihood and parsimony methods (data not

shown). The re-evaluation supported the presence of two

distinct lineages for the A2 subgroup. hMPV A2 strains

were more frequently identified in children during the

study period (15 out of 23 strains), and A1 variants were

frequently detected in 2005 from March to May (Table 2).

The resemblance of nucleotides and deduced amino

acid sequences among the phylogenetic lineages

Sequence diversities among these hMPV isolates and pair-

wise nucleotide and deduced amino acid sequences of the

366 bases of the F gene were analyzed. There were 83.6–

88% nucleotide similarities between groups A and B, yet a

higher similarity was observed either within group A

(91.3–100%) or group B (94.3–100%). Similarities of

Fig. 1 Phylogenetic analysis of

F gene of human

metapneumovirus during 2003–

2005. Dendrogram of 23 hMPV

outbreak strains and 19

reference strains from GenBank

are generated based on 366

nucleotides (nt 706–1071) of the

F gene using the neighbor-

joining method with the

DNADIST distance measure

program (PHYLIP, version 3.6).

The percentage bootstrap

frequency of each branch of the

tree is indicated. Avian

metapneumovirus C (GenBank

accession no. AY590688) and

avian metapneumovirus B

(GenBank accession no.

Y14294) are included as

outgroups

Table 3 Comparison of lineage-specific amino acid substitutions of

the five lineages between the reference strains and the Taiwan strains

Isolate (Sublineage) aa233
a aa286 aa296 aa312 aa348

Reference strains

NL/1/00 (A1) N V K Q K

NL/17/00 (A2a) N V K Q K

JPS03-240 (A2b) N V R Q K

NL/1/99 (B1) Y I N K R

NL/1/94 (B2) Y I D K R

Taiwan strains

A1 N V K Q K

A2a N V K or R Q K

A2b N V K Q K

B1 Y I N K R

B2 Y I D K R

a Indicates the position of the amino acid relative to isolate CAN98-

75 (GenBank accession no. AY145289)
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91.3–99.5% were found between subgroups A1 and A2 and

94.3–94.9% between subgroups B1 and B2. There were

greater similarities within subgroups: 98.7–100, 98.4–100,

97.5–100, 98.4 and 100% for subgroups A1, A2a, A2b, B1,

and B2, respectively. These phylogenetic relationships

were supported by sequence analysis of the deduced amino

acids. Overall, the nucleotide and amino acid sequence

similarities within the A2 subgroup (96.0–100 and 96.7–

100%, respectively) were relatively lower than those within

other subgroups, suggesting the presence of more divergent

F gene variants in the subgroup A2 during the study period.

Amino acid residues critical in differentiating hMPV

lineages

To identify the lineage-specific amino acid substitutions,

the deduced amino acid sequences of the 366-nt region of

the F gene were compared (data not shown). Variations

among aa233, aa286, aa312, and aa348 were noted in the

major A and B phylogenetic groups, whereas variations in

aa296 were observed in the subgroup lineages (Table 3). It

appeared that aa296 was a frequently observed variation, as

the consensus Lys (K) residue in position 296 had the

tendency to convert to Arg (R) in lineage A2a (TW-04-

1565 and TW-05-1558) or A2b (JPS03-240 reference

strain). In addition, the substitutions of aa296 by Asn (N)

and Asp (D) were distinguishing characteristics of sub-

groups B1 and B2, respectively.

Discussion

Laboratory diagnosis of hMPV infection is dependent upon

RT-PCR of respiratory specimens because the virus is

fastidious and difficult to grow in cell culture [5, 12]. We

have previously identified an outbreak of hMPV infection

from children in southern Taiwan from March to May

2004, and compared the clinical manifestations of hMPV

with other virus-associated respiratory tract infections [30].

In this study, we provide genetic evidence identifying the

major circulating viral variants that may contribute to the

epidemic features of hMPV infection in a longer period

from September 2003 to August 2005. Our results revealed

all five defined hMPV lineages in southern Taiwan and

indicated that the variants in subgroup A2 were more fre-

quently identified in the study period. Seasonality was

observed for hMPV infection in southern Taiwan, as hMPV

activities were frequently observed during spring and

summer months. Overall, the peak of infection in southern

Taiwan was similar to that in California in 2004 [6, 31],

with less hMPV activity observed in the fall and winter in

southern Taiwan. This trend of hMPV infection was

observed during both years of the 2-year study period and

was similar to high and low incidences in other reports

[10, 24].

The detection of group A and B variants in 2004 sup-

ported that at least two hMPVs in distinct genetic clusters

could co-circulate in a single year during a respiratory

season [1, 2, 5, 18, 28]. Furthermore, children were

infected more frequently by group A strains, which agrees

with Boivin et al. [4] and suggests that age may be a critical

fitness factor for group A strains. Also, Boivin et al. [4]

have noted a possible shift of infection towards A2 strains

in recent years. This was supported by our observation that

75% of the strains from the hMPV-positive specimens

belonged to the A2 genotype. It is possible that the co-

circulation pattern among children in southern Taiwan is

similar throughout the world, and the genetic variations in

the A2 subgroup may have certain functional relevance

critical for the transmission. On the other hand, a recent

report has described a complex circulation pattern based on

the sequence variations within the G gene, and certain

variations were critical for evading preexisting immunity

[13].

The result of our phylogenetic analysis demonstrated

that there were five lineage-specific amino acids substitu-

tions (aa233, aa286, aa296, aa312, aa348) within the fusion

protein. Others have reported lineage-specific substitutions

at aa286, aa296, aa312, aa348 and aa404 [28]. Specific

differences between A and B strains were observed among

amino acids on the N-terminal side of the fusion protein

[4]. The reported signature amino acid positions for dif-

ferentiating groups A and B were at positions 61, 122, 135,

167, 175, and 233, whereas substitutions at position 185

differentiated the A1 subgroup; substitutions at positions

143 and 179 differentiated the B2 subgroup.

It should be noted that three individuals contributed dual

specimens and each tested positive for hMPV; however,

they were only counted once in this study. Specimens from

two of the individuals were obtained from throat swabs and

nasopharyngeal aspirates collected on the same day. The

third individual contributed 2 hMPV-positive specimens

that were obtained 45 days apart and became hMPV-neg-

ative after 231 days. No respiratory specimens were

collected from this patient during the 45-day period of the

two positive specimens. According to the identical F gene

of the two strains, we considered these two consecutive

positive specimens to be the result of prolonged shedding

of hMPV.

Etiologies of respiratory viral infections commonly

include influenza viruses, parainfluenza viruses, adenovi-

ruses, respiratory syncytial viruses, rhinoviruses, and

coronaviruses, while hMPV has been documented recently

to widely cause seasonal outbreaks of respiratory infections

in children. We have previously reported that hMPV also

contributes substantially to acute respiratory tract

Genetic analysis of human metapneumovirus fusion gene 2211

123



infections in children of Taiwan with respiratory symptoms

and signs similar to those of other RV infections, except for

the severity of skin rash and duration of fever, together

with the presentation of feeding difficulties, tachycardia,

and minimal cough [31]. This study further supports the

unique epidemic pattern of hMPV in children in southern

Taiwan based on the genetic analysis of F gene. These

hMPV variants simultaneously circulate with seasonal

distribution and may account for many of the undiagnosed

infections in Taiwan.
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