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INTRODUCTION

Human metapneumovirus (hMPV), originally iso-
lated in The Netherlands in 2001 (van den
Hoogen et al., 2001), is an important aetiological
agent of respiratory tract infection (RTI) in in-
fants. Clinical symptoms range from influenza-
like symptoms (i.e. fever, cough, rhinorrhea) to
severe lower respiratory tract infection (Bastien
et al., 2003; van den Hoogen et al., 2001, 2003;
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Williams et al., 2004). The virus has been also
linked to acute respiratory disease in both the eld-
erly and immunocompromised patients (Boivin et
al., 2002; Pelletier et al., 2002; Falsey et al., 2003;
Boivin et al., 2003). 
Like human respiratory syncytial virus (hRSV),
hMPV seems to be ubiquitous and may cause re-
peated respiratory tract infections throughout life
probably because of incomplete immunity or ge-
netic variability (Pelletier et al., 2002). Moreover,
the two viruses exhibit the same seasonal epi-
demic distribution with a high prevalence most-
ly in the winter-spring period (Kashiwa et al.,
2004; Caracciolo et al., 2008).
hMPV and avian metapneumovirus (aMPV),
members of the Metapnemovirus genus, were
found to be closely related. Both belong to the
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Paramyxoviridae family, Pneumovirinae subfam-
ily as well as hRSV. The aMPVs have been classi-
fied into four groups: A to D. The aMPV subgroup
C, first detected in the USA in 1996, appears more
closely related to hMPV than any other aMPV
subgroups (Govindarajan & Samal, 2005;
Govindarajan et al., 2004; Toquin et al., 2003). 
It has been hypothesized that the hMPV probably
originated from birds and the common ancestor
of aMPV-C and hMPV existed around 200 years
ago (de Graaf et al., 2008). 
hMPV is an enveloped, non-segmented single
stranded negative sense RNA virus. The genome
is approximately 13 Kb in length, and the 3’-to-5’
gene order is N-P-M-F-M2-1/M2-2-SH-G-L, which
is the same as that of the aMPV (van den Hoogan
et al., 2001). 
Metapneumoviruses encode for three membrane
glycoproteins, the attachment (G), the small hy-
drophobic (SH) and the fusion (F) protein. The
hMPV and aMPV-C SH and G proteins are type
II membrane proteins that are not essential for
virus replication in vitro (Biacchesi et al., 2004;
Naylor et al., 2004). Moreover, recombinant
hMPV from which the SH gene has been deleted
replicates with normal kinetics in hamsters and
monkeys (Biacchesi et al., 2004). In contrast,
hMPV from which the G gene has been deleted is
viable but attenuated (Biacchesi et al., 2004).
Thus, it appears that the F protein by itself can
promote attachment and fusion. The F protein is
a type I membrane protein and is synthesized as
an inactive precursor F0 that is cleaved by host
proteases into the functional subunits F1 and F2
(Lamb et al., 2006; Russell et al., 2001). The F pro-
tein mediates fusion of the virus envelope with
the cell membrane during viral entry and induces
syncytium formation in infected cells (Herfst et
al., 2008; Schowalter et al., 2006). For bovine res-
piratory syncytial virus (bRSV) and hRSV, the F
protein determines the cellular host range
(Schlender et al., 2003). The F protein of hMPV is
highly immunogenic and protective, whereas G
and SH are not (Herfst et al., 2007; Skiadopoulos
et al., 2006).
Based on genetic differences, hMPVs are sepa-
rated into two groups, A and B, with each group
divided into genetic subgroups 1 and 2
(Caracciolo et al., 2008). More recently, phyloge-
netic analyses showed a further bipartition of
subgroup A2 into two new genetic clusters (sub-

lineages), designated A2a and A2b (Caracciolo et
al., 2008). Among all the sub-lineages of hMPV
the A2 sub-lineage shows the greatest diversity
(Huck et al., 2006). 
For our analysis we chose the F surface glyco-
protein because it is highly conserved (Biacchesi
et al., 2003) and represent the most important tar-
get of protective immunity (Williams et al., 2007).
To date, only few Italian studies have analysed
the sequence data obtained during hMPV epi-
demics, and the molecular evolution of the virus
over time remains an open question. To better
understand how hMPV evolves, in terms of time
and mode, we analyzed 435 bp fragments of the
F gene from 49 isolates obtained from a paedi-
atric clinical centre in Northern Italy during five
consecutive years (2005 to 2009).

MATERIAL AND METHODS

RNA extraction, RT-PCR and sequencing
Forty-nine samples obtained from hMPV positive
hospitalized children with respiratory symptoms
in the urban area of Brescia were analyzed.
Nasopharyngeal samples were collected from in-
fants 1 month to 13 months old (mean age 12
months) during the period from 2005-2009.
All the specimens were subjected to RT-PCR for
the F gene as described below.
Viral RNA was extracted from 200 µl of na-
sopharyngeal aspirates with the RNAeasy Kit (QI-
AGEN, Milan, Italy), according to the manufac-
turer’s instructions and the cDNA was synthesized
from 20 µl of eluted RNA using the cDNA Archive
mini kit (Applied Biosystems, Monza, Italy). 
Primers used for the amplification of the hMPV
fusion F gene were as follows: F-f (5�-GTY AGC
TTC AGT CAA TTC AAC AGA AG-3�); F-r (5�-CCT
GTG CTG ACT TTG CAT GGG-3�) (Caracciolo et
al., 2008). The amplified products were analyzed
by electrophoresis on 2% agarose gel stained with
ethidium bromide, and the size of the amplicons
was compared with that of standard molecular
weight markers. To validate the amplification
process and to exclude the presence of carryover
contamination, positive and negative controls
were run in each PCR.
The amplified fragment was purified with Wizard
SV Gel and PCR Clean-Up System (Promega,
Milan, Italy) and sequenced at the CRIBI BMR
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Genomics Sequence Facility (Padua, Italy). The
obtained sequences (49; 435nt) were labelled us-
ing a letter code representing the geographic area
of isolation (i.e. “BS” represents Brescia) followed
by the hospital ID. Reference sequences are re-
ported in Table 1. The Italian isolates are labelled
from BS1 to BS49 and referred at Acc. Number
from JF907707 to JF907755. 

Inferring phylogenetic tree
The phylogenetic analysis was carried out on a
435 bp fragment of the F gene (amino acid posi-
tions: 222 to 367) of the 49 hMPV isolates and
compared with 11 reference sequences down-
loaded from the NCBI data base
(http://www.ncbi.nlm.nih.gov), Table 1. All the se-
quences in the data set were aligned using
CLUSTAL X software (Thompson et al., 1994),
then manually edited with the Bioedit software
(version 7.0.9) (Hall et al., 1999). A phylogenetic
tree was estimated using the PAUP* package
(Swofford, 2002). The Tamura-Nei (TrN93) mod-
el of nucleotide substitution, incorporating
Maximum Likelihood (ML) estimates of base
composition and the shape parameter (α) of a
gamma distribution (Γ) model of among-site rate
variation as it consistently gave much higher like-

lihood value using Modeltest v.3.7 implemented
in PAUP* was employed (Posada and Crandall
1998; Posada and Buckley, 2004). This model as-
sumes different nucleotide frequencies, a transi-
tion/transversion bias, the equality of substitution
rates over sites modelled by a gamma distribution
(Yang et al., 1994) and also allows purine (A<->G)
and pyrimidine (C<-> T) transition to occur at dif-
ferent rates (Tamura et al., 1993). A Maximum
Likelihood tree was estimated under this model
using tree bisection-reconnection (TBR) branch
swapping. The statistical robustness and reliabil-
ity of the branching order within each phyloge-
netic tree were confirmed by bootstrap analysis
using 1,000 replicates for the Neighbor-Joining
(NJ) tree and by the Zero Branch Length Test for
the ML tree (Swofford, 2002).
The software MEGA 4.1 (Tamura et al., 2007) al-
lowed to calculate the genetic distances among
different clades using the model of nucleotide
maximum composite likelihood (MCL) including
transitions and transversions. The substitution
rates were set equal among sites but different
among lineages. Gaps were treated by pairwise-
deletion, i.e. ignoring only the gaps which are in-
volved in the comparison of a pair of sequences.

Selective pressure analysis 
The dN/dS rate (w) was estimated by ML approach
implemented in the program HyPhy (Pond and
Muse, 2005). In particular, the global (assuming
a single selective pressure for all branches) and
the local (allowing the selective pressure to
change along every branch) models were com-
pared by likelihood ratio test (LRT). Site specific
positive and negative selections were estimated
by two different algorithms: the fixed-effects like-
lihood approach (FEL) which fits an � rate to
every site and use likelihood ratio to test if dN ≠

dS; and a random effect likelihood (REL), a vari-
ant of the Nielsen-Yang approach (Nielsen
&Yang, 1998), which assumes that exists a dis-
crete distribution of rates across sites and allows
both dS and dN to vary site-by-site independently
(Kosakovsky Pond and Frost, 2005). Sites under
selective pressure were selected assuming a p val-
ue of ≤0.1 or a posterior probability of ≥0.9. Some
analyses were carried out using the Web based
interface Datamonkey (http://www.datamon-
key.org/) (Pond and Frost, 2005). 
For the evolutionary analysis, the hMPV isolate
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TABLE 1 - Reference sequences downloaded from
GenBank  (http://www.ncbi.nlm.nih.gov).

Viral strains Accession numbers

HMPV isolate TN/99/4-6 EU857545

HMPV isolate CAN97-83 AY145296

HMPV isolate NL/00/17 FJ168779

HMPV isolate JPY88-12 AY622381

HMPV isolate TN/89/7-13 EU857569

HMPV isolate TN/99/4-19 EU857581

HMPV isolate JPS03-240  AY530095

HMPV isolate CAN97-83 AY297749

HMPV isolate 00-1 AF371337

HMPV isolate NL/1/99 AY525843

HMPV isolate CAN98-75 AY297748



340 A. Lo Presti, R. Cammarota, P. Apostoli, E. Cella, S. Fiorentini, M. Babakir-Mina, M. Ciotti, M. Ciccozzi

FIGURE 1 - Maximum likelihood phylogenetic analysis of hMPV F gene sequences. Analysis was carried out on a
435 nt fragment length. Branch lengths were estimated with the best fitting nucleotide substitution model according
to a hierarchical likelihood ratio test [Posada and Crandall, 1998], and were drawn in scale with the bar at the bot-
tom indicating 0.1 nucleotide substitutions per site. One * along a branch represents significant statistical support
for the clade subtending that branch ( p < 0.001 in the zero-branch-length test) and bootstrap support >75%.
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00-1 (accession number AF371337) was used as
a reference sequence to trace the exact position of
the amino acids found under positive selection. 

RESULTS

Phylogenetic and evolutionary analysis
The phylogenetic analysis showed that the hMPV
sequences clustered into five main clades (A1,
A2a, A2b, B1, and B2), statistically supported by
bootstrap values > 75%, Figure 1. 
Of the 49 strains, 1 (2.04%) grouped in the A1 lin-
eage, 11 (22.4%) grouped in the A2a lineage, 13
(26.5%) grouped in the A2b lineage, 14 (28.5%)
grouped in the B1 lineage and 10 (20.4%)
grouped in the B2 lineage. 
The genetic distance was measured grouping the
sequences of A2, B1, B2 clades. The A1 clade was
excluded from the analysis because it contained
only one sequence (BS33) of the 49 identified in
our samples. The nucleotide genetic distance be-
tween and within clades showed that the B1 clade
is more distant from A2 clade than B2 (0.242 vs
0.088). This finding was also confirmed by the
amino acidic genetic distance (0.029 vs 0.022).
The within nucleotide genetic distance showed
that clade A2 is more heterogeneous than others
(0.029), while the within amino acidic genetic dis-
tance showed clade B2 as more heterogeneous
than others (0.019). Analyzing hMPV F gene se-
quences, it was found that the α parameter of the
gamma distribution for this gene was 1.78. The
distribution has a characteristic bell-shape and
models weak rate heterogeneity over sites.
Selection pressure analysis through computation
of the ratio of non-synonymous (dN) to synony-

mous (dS) substitutions per site dN/dS (w) re-
vealed limited positive selection and abundant
negative selection for the F proteins. Indeed, on-
ly two positively selected sites were found in the
F protein (aa 294 and 304 of hMPV isolate 00-1,
accession number AF371337) confirmed by both
REL and FEL analysis. The � values were 1.408
for the aa position 294 and 1.429 for aa 304 po-
sition (Table 2), respectively. These positively se-
lected sites were located in the extracellular do-
main of the F protein. Twenty-seven sites were
negatively selected as confirmed by both REL and
FEL analysis.

DISCUSSION

Many factors may influence the genetic evolution
of hMPV strains, including virus infectivity, pre-
existing immunity in the population, the low vari-
ability at DNA level and antigenic variability. In
particular, antigenic variation may play an im-
portant role in the ability of these viruses to es-
cape the pre-existing immune response. In our
study, a molecular evolutionary approach was
used to investigate the presence of sites under
positive and negative selection in the genome of
the hMPV using a selective pressure analysis
method. 
We analyzed 49 partial hMPV F gene sequences
obtained from Italian samples (Brescia hospital)
collected over a 5-year period, from 2005 to 2009.
The classification and naming of serotypes/
serogroups, subgroups, strains, variants and iso-
lates of hMPV is still evolving. Genomic sequence
and phylogenetic analysis confirmed that there
are two (A, B) major genotypes of hMPV.

TABLE 2 - Selection analysis for the partial fusion protein (F) gene, using REV as evolutionary model.
Different amino acid present at each site under positive selection are given between brackets.

Positively selected sites* 294 (G, K, E); 304 (R, K, Q)
(w for sites >1) 
HYPHY software

Negatively selected sites** E226; R229; A230; S232; Q240; L243; L245; R248; V251; R252; R253; K254; F256;
(w for sites <1) L259; S266; G277; V278; T281; K287; A288; C292; K295; N298; C301; L303; D331;
HYPHY software K362

*Positively selected sites are numbered according to amino acid position of HMPV isolate 00-1 accession number AF371337. The different amino acid present
at each site under positive selection are given between brackets. **Negatively selected sites are numbered according to amino acid position of HMPV isolate 00-
1 accession number AF371337.



Our data confirm five distinct genetic lineages of
hMPV, designated as A1, A2a, A2b, B1, B2.
Most of the Brescia strains belong to A2 (49%)
and to B1 (28.5%) lineages. In particular, of the 49
strains, only 1 (2.04%) grouped in the A1 lineage,
11 (22.4%) grouped in the A2a lineage, 13 (26.5%)
grouped in the A2b lineage, 14 (28.5%) grouped
in the B1 lineage and 10 (20.4%) grouped in the
B2 lineage. Analyzing the mean genetic distances
we found that clade A2 was more heterogeneous
than the others as reported (Huck et al., 2006).
Further investigation on clade A2 would be nec-
essary, since a study by Vicente et al. (2006) sug-
gested that genotype A might be more pathogen-
ic than genotype B, causing more severe clinical
symptoms in children. 
In our evolutionary analysis, since the average of
the non synonymous–synonymous ratio (w) is
usually not sensitive enough to detect Darwinian
selection at the molecular level, codon substitu-
tion models were used to detect sites under pos-
itive and negative selection.
In our F glycoprotein dataset we observed only
two positively selected sites (confirmed both by
REL and FEL analysis) with an w value of 1.408
and 1.429, respectively, both located in the extra-
cellular domain of the F1 chain in the cystein-rich
region. These values fell over the threshold of w>
1, and therefore they were indicative of positive
selection. Indeed, negatively selected sites were
abundant for the F gene (27 negatively selected
sites, Table 2), reflecting a high degree of conser-
vation of the F protein, probably necessary for vi-
ral infection. 
The hMPV F gene sequences analysis showed a
value of α parameter of the gamma distribution
for this gene higher than 1, meaning a weak rate
heterogeneity over sites. These results could be
linked to the short length of F sequences avail-
able and to the closer years of isolation; the evo-
lutionary analysis could be partially affected by
these factors. However, the two positively select-
ed sites could be considered evolutionary ‘‘hot
spots’’ because they were under positive selection
and/or relaxed selective constraints. Therefore,
although a high proportion of amino acids are
largely invariable probably because of structural
and functional constraints, adaptive evolution
may occur at certain sites of the genome. 
Regarding the seasonal distribution the Italian
samples collected over a 5 year period appear to

be intermixed in the phylogenetic tree indicating
no difference in the strain (isolates) collected in
the different years.
Unlike influenza virus that exhibits rapid genet-
ic drift associated with antigenic variation re-
sulting in immune evasion, hMPV does not ap-
pear to exhibit a progressive genetic evolution. In
this respect, hMPV appears to be similar to oth-
er paramyxoviruses. RNA viruses mutate fre-
quently due to the lack of proofreading activity
of RNA-dependent-RNA polymerases. The reason
for the lack of directional antigenic drift in
paramyxoviruses is not clear. There could be
functional constraints on paramyxovirus fusion
proteins to prevent such drastic amino acid
changes. In contrast to paramyxoviruses, the
analogous influenza virus hemagglutinin and hu-
man immunodeficiency virus gp120 fusion pro-
teins are capable of substantial mutation to es-
cape neutralizing antibodies without loss of func-
tion. The mechanism of the functional constraints
on paramixovirus fusion protein diversity war-
rants further investigation.
A final consideration arising from our data and
confirmed by other recent works is that the high
degree of stability of the F protein could be im-
portant for the development of monoclonal anti-
bodies and vaccines which will not need to be
continuously updated.
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