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Abstract

Human metapneumovirus (HMPV) is an important cause of
respiratory tractillness in children. Two HMPV subgroups, A
and B, and four genotypes, A1, A2, B1 and B2, have been
identified. Concurrent circulation of the different geno-
types in yearly epidemics has been recorded globally, but
not in Saudi Arabia. The current report was designed to
study HMPV epidemiology in Saudi children and to analyze
the genetic diversity and circulation patterns. Nasopharyn-
geal aspirates (n = 174) were collected from hospitalized
children in Riyadh (2008-2009). The screening of samples
using real-time RT-PCR identified 19 HMPV strains. The ma-
jority of the strains belonged to subgroup B, while all strains
of subgroup A were members of genotype A2.1n 2008, only
subgroup B was recognized, whereas in 2009 both sub-
groups were identified to be cocirculating at similar rates.
The full-length attachment (G) gene and a partial sequence
of the fusion (F) gene of positive samples were sequenced.
The G gene showed a high degree of genetic diversity and
exhibited a variable number of positively selected sites in

J Mol Microbiol Biotechnol 2016;26:414-421
DOI: 10.1159/000448374

Received: March 9, 2016
Accepted: July 12,2016
Published online: October 1,2016

© Free Auvthor
Copy - for per-
sonal use only
ANY DISTRIBUTION OF THIS
ARTICLE WITHOUT WRITTEN
CONSENT FROM S. KARGER
AG, BASEL IS A VIOLATION
OF THE COPYRIGHT.

Written permission fo distrib-
ute the PDF will be granted
against payment of a per-
mission fee, which is based

on the number of accesses
required. Please confact

permission@karger.com

different lineages. In contrast, the F gene demonstrated an
extensive genetic stability with a higher tendency toward
purifying selection. This is the first report on HMPV geno-
type circulation in Saudi Arabia; however, the exact circula-
tion kinetics requires further retrospective and prospective
study. ©2016'S. Karger AG, Basel

Introduction

Human metapneumovirus (HMPV) is an important
respiratory pathogen that was first identified in the Neth-
erlands in 2001 [van den Hoogen et al., 2001]. HMPV
mostly affects infants less than 5 years of age, immuno-
compromised patients and the elderly, causing different
forms of respiratory tract illness that range from mild up-
per respiratory tract symptoms to bronchopneumonia
[van den Hoogen et al., 2001, 2003]. The virus often pro-
duces seasonal outbreaks in winter and spring and ac-
counts for 5-15% of respiratory tract infections (RTIs)
worldwide [Legrand et al., 2011; Maggi et al., 2003]. Re-
infection with HMPV is commonly observed throughout
an individual’s lifetime due to an incomplete immune re-
sponse and the continuous emergence of new virus vari-
ants [Bruno et al., 2009].
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Table 1. Prevalent HMPV genotypes in the study population

Epidemic Year HMPYV genotype

Al A2a A2b Bl B2
2008 0 (0.0%) 0 (0.0%) 0 (0.0%) 4(67.7%) 2(33.3%)
2009 0 (0.0%) 1 (10.0%) 4 (40.0%) 0 (0.0%) 5 (50.0%)
Total 0 (0.0%) 1 (6.3%) 4(25.0%) 4(25.0%) 7 (43.8%)

HMPV is the sole human virus in the genus Metapneu-
movirus, subfamily Pneumovirinae, family Paramyxoviri-
dae. Similar to all family members, HMPV is an enveloped
virus with a helical capsid and negative single-stranded
nonsegmented RNA genome. The viral genome encodes
nine proteins, among which the attachment (G) and fu-
sion (F) glycoproteins are the principle surface peplomers
[van den Hoogen et al., 2002]. In contrast to the G protein,
which is weakly immunogenic, the F protein is the major
antigenic determinant that elicits cross-reactive neutral-
izing and protective antibodies [Skiadopoulos et al., 2006].
Consequently, the F protein exhibits a high level of con-
servation due to the structural and functional constraints
compared to the G protein, which is the most diverse viral
protein [Agapov et al., 2006; Velez Rueda et al., 2013].

Genetic analyses of both the G and F proteins enabled
the classification of HMPV strains into two subgroups, A
and B, and four genotypes, Al, A2, Bl and B2 [Bastien et
al., 2004; van den Hoogen et al., 2004]. Further subdivision
of genotype A2 into two lineages, A2a and A2b, has been
established [Huck et al., 2006]. All of the genotypes have
been identified in most countries worldwide. The global
circulation of different genotypes appears to be complex
and unpredictable with no distinct geographical or tempo-
ral pattern. Concurrent annual circulation of all or differ-
ent genotypes in the same geographic region with the pre-
dominance of a single genotype is a common observation.
The predominant genotype always changes every 1-3
years due to the development of genotype-specific immu-
nity [Papenburg and Boivin, 2010; Williams et al., 2010].

Since HMPV epidemiological characteristics vary
both spatially and chronologically, community-based
prospective studies are crucial to achieving an under-
standing of the genetic heterogeneity and to tracking the
evolutionary kinetics of the virus. Unfortunately, the epi-
demiological and virological data on HMPV in Saudi
Arabia are very limited [Al-Ayed et al., 2014; Al Hajjar et
al., 2011]. In the present report, HMPV was identified in
samples collected from a cohort of hospitalized children
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in Riyadh between 2008 and 2009. The G and F gene se-
quences of local virus strains were analyzed and com-
pared to the international sequences in order to study the
genetic variability and circulation pattern of HMPV in
Saudi Arabia.

Results

Epidemiology of HMPYV in the Study Population

During the study period, HMPV was identified in 19
(10.9%) samples as the third major cause of RTI. The
prevalence of HMPV was significantly higher in males
(14;73.7%) than in females (5; 26.3%), p = 0.039. The ma-
jority of HMPV-positive specimens were obtained from
young children aged 6-24 months (13; 68.4%) with a
mean age of 22 months and a median age of 10 months.
This allowed the ranking of HMPV as the second most
common cause of RTIs in this age group, with a preva-
lence rate of 16.5%. HMPV was most frequently detected
in winter and spring, particularly from January to March.
The higher incidence rates of 2008 were shown during
February and March (20 and 19.4%, respectively), while
those of 2009 were evident in February (23.1%). Coinfec-
tion with other respiratory viruses was identified in 3
(15.8%) HMPV-positive samples: 2 with influenza A vi-
ruses and 1 with RSV type A.

Circulation Pattern of HMPV Genotypes and

Subgenotypes

To identify the prevalent genotypes and circulation be-
havior of HMPV in Saudi Arabia during the study period,
the nucleotide sequences of the entire G protein gene and
a portion of the F protein gene were amplified and se-
quenced for all positive samples. Out of 19 HMPV-positive
samples, 16 unique F gene sequences were retrieved. How-
ever, only 9 full-length G gene sequences could be analyzed
due to the low yield of most RT-PCR products. Sequence
and phylogenetic analyses showed that Saudi HMPV
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Fig. 1. Phylogenetic classification of HMPV
strains using a 525-nucleotide-long frag-
ment of the F gene. The tree was generated
by the MEGA 6.0 program using the neigh-
bor-joining method with bootstrap values
0£1,000 replicates. The name and accession
number of each strain are shown. Saudi
strains are marked by stars, and genotypes 002
are shown in parentheses. The scale bar at
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the bottom indicates substitutions per site.

strains were clustered into two subgroups, A and B, with
the majority belonging to subgroup B (68.8%; fig. 1, 2). B2
was the most prevalent genotype (43.8%), followed by A2
(31.2%) and finally B1 (25%). Both lineages of genotype A2
were observed with a distinct predominance of the A2b
lineage (80%). In 2008, subgroup B was only identified,
with the majority belonging to genotype Bl (67.7%). In
2009, both subgroups were cocirculated concurrently at a
similar rate. Although B1 was the predominant genotype
in 2008, it was totally absent in 2009 (table 1).
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Sequence Diversity among Different Genotypes

Pairwise alignment of Saudi HMPV sequences has in-
dicated a higher genetic stability of the F gene compared
to the G gene, with a mean nucleotide identity of 92.5 and
72.5%, respectively. At the amino acid level, the G gene
exhibited a higher degree of sequence diversity (mean
56.4%), whereas the F gene did not (mean 97.7%). Similar
findings have been reported for all HMPV subgroups,
genotypes and lineages. In general, members of group B
were more divergent than group A viruses. The extent of

Amer

Downloaded by:

29.09.2016 14:54:42



77.1

IND-09-NIV0927332 (KC731490) |
RYD-09-174 (KT032181)*

RYD-09-134 (KT032179)*
CAN-02-H0102-121 (KF178952)
CAN-08-C0708-1063 (KF178974)
JPN-04-303-178 (AY530091)
JPN-99-00601 (EF589611)
CHN-06-07 (EF571506) |
66.4— CAN-07-H0607-156 (KF178965) |

A2b

A2

100.0

100 [ ARG-03-1 (DQ362949) Al
CAN-02-86316 (AY485254)

SIN-06-NTU271 (JQ309677)
RYD-09-131 (KT032178)*
URU-06-17 (GQ888740)
ARG-00-3 (DQ362952)

A2a

GRC-07-172 (JQ513470) N
SIN-06-NTU272 (JQ309678)

---- JPN-08-S05-21 (EU131160)

URU-07-1 (GQ888740) seq
CAN-08-C0708-1021 (KF179011)
RYD-09-153 (KT032180)*

B2

RYD-09-117 (KT032177)*
IND-11-NIV112381 (KC731521)
80,51 RYD-08-34 (KT032174)*
RYD-08-40 (KT032175)*
RYD-08-16 (KT032173)*
UK-04-NCL128 (JF325881) B1
IND-11-NIV111361 (KC731513)
ARG-00-2 (DQ362954)
CAN-97-82 (AY485252)

Fig. 2. Phylogenetic analysis of 31 full-length HMPV G gene sequences. Sequence alignment and tree construc-
tion were performed using the MegAlign program of Lasergene software (DNAStar). The name and accession
number of each strain are shown. Saudi strains are marked by stars, and genotypes are shown in parentheses. The
scale bar at the bottom indicates substitutions per site.

variation between the members of both groups was sub-
stantial, particularly for the G gene sequence. Genetic di-
versity was higher among members of genotype B2 than
B1 for the G gene sequence, while the opposite was true
for the F gene sequence (online suppl. table 1; see www.
karger.com/doi/10.1159/000448374 for all online suppl.
material).

Conserved and Divergent Features of G and F Proteins
The genetic variation within G and F genes of Saudi
strains was further evaluated by comparing different se-
quences of Saudi and international strains on the amino
acid level. As expected, the G gene possesses a wide range
of variable amino acids between members of subgroups
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A and B, and therefore it is very difficult to allocate sig-
nificant group-specific residues. Careful analysis of se-
quence alignments between the members of genotypes
and lineages has enabled the identification of a conserved
pattern of amino acid variation. Twenty-six amino acids
at positions 26, 53, 57, 60, 62, 64, 66, 101, 114, 119, 123,
132,135, 138, 142, 144, 159, 161, 169, 170, 186, 187, 189,
193,203 and 215 were specific for either genotype of sub-
group B strains. On the other hand, 5 amino acids at posi-
tions 78, 101, 150, 153 and 159 were only specific for ei-
ther A2a or A2b lineages (online suppl. fig. 1). The num-
ber of predicted N- and O-linked glycosylation sites in
Saudi strains generally ranged from 2 to 5 and 60 to 66,
respectively. The pattern of N-linked glycosylation ap-
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Table 2. Record of amino acid sequence variation in the F protein
of Saudi HMPV strains

Amino acid Genotype

.o . 1
position A2 Bl B2
223 T T? N
233 N Y Y
280 D D? N
286 A% I I
296 K N N
298 N N s?
312 Q K K
348 K R R

! Amino acid positions are shown relevant to the F protein se-
quence.

2 Strain RYD-08-37 is the only member of genotype B1 that has
amino acid (N).

3 Strains RYD-08-36 and RYD-09-117 have amino acid (N) in-
stead of (S).

pears to be genotype specific (online suppl. fig. 1; online
suppl. table 2), whereas no distinct figure was found con-
served for O-linked glycosylation in different classes.

In contrast to the G gene, the partial sequence of the F
protein (175 amino acids) has indicated the well-con-
served nature of its amino acid content. Only 5 amino
acids, at positions 233, 286, 296, 312 and 348, were vari-
able between subgroups A and B. There was no opportu-
nity to study the variability between type A genotypes due
to the unavailability of Saudi A1 strains. On the other
hand, type B genotypes showed 3 variable amino acids at
positions 223, 280 and 298. However, the distinction be-
tween the B1 and B2 genotypes was not absolute since few
members of either genotype may exhibit the amino acid
configuration of the other genotype, such as strain RYD-
08-37 of B1 for amino acids 223 and 280, and strains
RYD-08-36 and RYD-09-117 of B2 for amino acid 298
(table 2; online suppl. fig. 2). Only a single conserved N-
linked glycosylation site at amino acid 353 and 23-24 O-
linked glycosylation sites were recognized in the studied
partial F protein sequence.

Positive and Negative Selection Attributes

The evolutionary pressure affecting the complete G
and the partial F gene sequences was analyzed using the
SNAP program. Both genes showed a higher tendency
toward purifying selection with an average dN/dS ratio of
0.0826 (range 0.147-7.111) and 0.034 (range 0.0-0.137)
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for the G and F genes, respectively. No positively selected
codons were identified in the F gene of Saudi strains,
which confirms the conserved nature of this gene. In con-
trast, the G gene exhibited a variable number of positive-
ly selected sites in Saudi strains of different genotypes: A
(46), B1 (5), and B2 (10). No common sites have been
identified for the G gene.

Discussion

Little information is available in the Middle East re-
gion on the epidemiological characteristics of HMPV and
the genetic diversity of the circulating genotypes. In the
current report, real-time RT-PCR assay was utilized to
identify HMPV in 19 (10.9%) clinical specimens collected
from Riyadh (Saudi Arabia) in 2008 and 2009. The inci-
dence rate of HMPV was highly variable worldwide and
ranged from 1.7% in Cambodia between 2007 and 2009
[Arnott et al., 2013] to 23% in Taiwan between 2005 and
2010 [Wei et al., 2013]. The overall prevalence is basi-
cally affected by the geographical region, epidemic sea-
son, diagnostic assay, and the criteria of the patients from
which samples are collected (age, sex, disease condition,
immune status and risk factors). The HMPYV incidence in
this study was similar to that reported by studies in China
(10.2%) [Xiao et al., 2013], Yemen (11%) [Al-Sonboli et
al., 2006] and Brazil (11.4%) [Oliveira et al., 2009]. Sev-
eral factors may justify the high HMPV prevalence in the
current report compared to most of the relevant global
studies, including: (1) all samples were gathered from
children younger than 5 years of age (the most susceptible
group of patients), (2) all patients were hospitalized with
acute signs of respiratory illness, (3) most samples were
obtained during March and April (the peak season of
HMPYV infection) and (4) the sample number was fairly
restricted, which may occasionally give irrespective cor-
relations.

The phylogenetic analysis that was performed on the
full-length G gene and a partial sequence of the F gene
revealed that all HMPV subgenotypes and lineages, ex-
cept Al, circulated in Riyadh during the study period
(fig. 1, 2). The cocirculation of different HMPV geno-
types in the same geographic region in a given period of
time is widely accepted. The global extinction of the pro-
totype subgenotype Al after the epidemic season of
2003-2004 and replacement of that old lineage with the
emerging new lineages was proposed [Arnott et al., 2013;
Papenburg et al., 2013]. However, two reports from Italy
and Taiwan have shown that genotype A1 was identified
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in a few samples collected between 2008 and 2010, and
2005 and 2010, respectively [Apostoli et al., 2012; Wei et
al., 2013]. There have been no reports after 2010 to indi-
cate that A1 may still exist.

Most of the strains identified in this study belonged to
subgroup B (68.8%). Although different genotypes are
circulating worldwide, it was notable that B is the preva-
lent subgroup in the Southern hemisphere, including
Australia [Mackay et al., 2006], Brazil [Oliveira et al.,
2009] and Uruguay [Pizzorno et al., 2010], while sub-
group A is dominant in the northern hemisphere, includ-
ing China [Zhang et al., 2012], Italy [Apostoli et al., 2012]
and Japan [Nidaira et al., 2012]. The only exceptions that
showed a dominance of subgroup B in the northern hemi-
sphere came from Cambodia [Arnott et al., 2013], Egypt
[Embarek Mohamed et al., 2014], Israel [Regev et al.,
2006] and Saudi Arabia in this report. This proposed fig-
ure of subgroup dominance in both hemispheres does not
essentially contradict the fact that dominance may change
on a yearly basis.

A closer look at the temporal global prevalence of
HMPYV subtypes has shown that B was the prevalent sub-
group during 2008. In contrast to this report that has re-
vealed the dominance of the genotype B1 (67.7%; table 1)
in 2008, all other studies agreed that B2 is the common
genotype [Arnott et al., 2013; Embarek Mohamed et al.,
2014; Papenburg et al., 2013; Pogka et al., 2013]. In 2009,
cocirculation of both subgroups typified the observations
recorded in many countries, such as Italy, Cambodia,
Canada, China and, more specifically, India, which de-
noted an equal distribution of genotypes A2 and B2
[Apostoli et al., 2012; Arnott et al., 2013; Banerjee et al,,
2011; Papenburg et al., 2013; Zhang et al., 2012].

To further investigate HMPV genetic variability, se-
quences of the F and G genes were aligned between Saudi
strains and with selected international strains. Similar to
previous reports [Boivin et al., 2004; Velez Rueda et al,,
2013], a high degree of homology at both nucleotide and
amino acid levels was observed for the F gene sequence
among subgroups (nucleotide: 85.7-87.6%; amino acid:
95.4-97.1%), genotypes (nucleotide: 95.2-96.4%; amino
acid: 97.7-99.4%) and lineages (nucleotide: 97.3-99.8%;
amino acid: 100%; online suppl. table 1). These high levels
of identity, along with the scarcity of the positively se-
lected sites, confirmed that the F protein endures differ-
ent structural and functional restraints that limits its evo-
lution and, therefore, it represents a suitable target for the
development of vaccines and diagnostic tests [de Graaf et
al., 2008; Papenburg et al., 2013]. Nevertheless, it was
shown that different regions of polymorphism that are
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distinct between subgroups and genotypes exist. In this
study, four previously recorded substitutions at amino
acids 286, 296, 312 and 348 [Arnott et al., 2013; van den
Hoogen et al., 2004], and a newly defined substitution at
residue 233, were able to distinguish between subgroups
A and B. Other substitutions at residues 223, 280 and 298
may be important for the identification of members that
belong to genotypes B1 and B2 (table 2; online suppl.
tig. 2).

In contrast, the G gene sequence of Saudi strains dem-
onstrated a substantial degree of genetic diversity among
subgroups (nucleotide: 56.9-61.1%; amino acid: 33-
37.8%), genotypes (nucleotide: 81.9-83%; amino acid:
66.6-67.1%) and lineages (nucleotide: 87.9-88.2%; ami-
no acid: 93.6-99.5%; online suppl. table 1). The variation
is basically an outcome of different genetic changes, in-
cluding base substitution, deletion/insertion events and
different stop codon usage (online suppl. fig. 1). No evi-
dence of cumulative change over time (antigenic drift)
was linked to the HMPV G protein. This study further
confirms that G gene diversity may be related to immu-
nogenic pressure, as has been proposed before [Galiano
et al., 2006; van den Hoogen et al., 2004], through several
observations: (1) the higher level of amino acid change
compared to nucleotides (online suppl. table 1), (2) the
instability of N- and O-linked glycosylation sites (online
suppl. table 2) and (3) the existence of variable numbers
of positively selected sites in different genetic groups.

In conclusion, this study is the first record in Saudi
Arabia, and one of the few in the Middle East, to reveal
the circulation of different HMPV genotypes simultane-
ously and the change in genotype predominance in two
consecutive epidemic years. Further epidemiological and
genetic studies are recommended to investigate HMPV
prevalence and evolution over an extended period of
time.

Experimental Procedures

Patients and Samples

Hospitalized children (males and females) aged 1-60 months
at King Khalid University Hospital (KKUH), Riyadh, were recruit-
ed for the current study during the period extending from Febru-
ary 2008 until March 2009. A total of 174 nasopharyngeal aspirates
were collected from the selected subjects after receiving informed
medical consent from their parents. Samples were obtained by me-
chanical suction and were transported immediately in sustained
cooling conditions to the Virology Research Laboratory at the Col-
lege of Science, King Saud University, for analysis. The study pro-
tocols conformed to the 1975 Declaration of Helsinki and were
approved by the Ethics Committee of King Saud University.
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HMPV Detection by Real-Time RT-PCR

RNA was extracted from 140-ul aliquots of the nasopharyngeal
aspirates using a QIAamp Viral RNA extraction kit (Qiagen, Va-
lencia, Calif., USA) according to the manufacturer’s guidelines.
Identification of HMPV was accomplished using a Genesig stan-
dard one-step RT-PCR kit (PrimerDesign, Southampton, UK) in
the ABI Prism 7500 Sequence Detection System (Applied Biosys-
tems, Foster City, Calif.,, USA). Fluorogenic data were acquired
after each cycle via FAM and VIC channels. Samples with CT val-
ues lower than or equal to 35 were considered positive, while those
higher than 35 and less than 40 were retested.

Sequencing

The complete G gene and a partial sequence of the F gene (nu-
cleotides 571-1097 of F ORF) were amplified using the following
primers: SH7(+): 5'-TACAAAACAAGAAMATGGGACAAG-3'
and SH-8(-): 5'-GAGATAGACATTAACAGTGGATT-3' for the
G gene [van den Hoogen et al., 2004], and HMPV-3637-F(+):
5-GTYAGCTTCAGTCAATTCAACAGAAG-3" and HMPV-
4164-R(-): 5'-CCTGTGCTRACT TTGCATGGG-3' for the F gene
[Embarek Mohamed et al., 2014]. Amplification was performed us-
ing the SuperScript® IIT One-Step RT-PCR system with Platinum®
Taq High Fidelity (Invitrogen, Waltham, Mass., USA) in the Gene-
Amp 9700 PCR instrument (Applied Biosystems). The RT-PCR
amplicons were gel purified using a QIAquick gel extraction kit
(Qiagen) according to the manufacturer’s instructions. DNA se-
quencing of both strands was carried out at GATC (Cologne, Ger-
many). Sequences were aligned together and assembled using
Bioedit software, version 7.2.5 (Ibis Biosciences, Carlsbad, Calif.,
USA) and the EditSeq program of the Lasergene software package,
version 3.18 (DNAStar, Madison, Wisc., USA). All sequences gen-
erated and analyzed in the present study are available in the Gen-
Bank with the accession numbers KT032157 to KT032181.

References

Sequence and Phylogenetic Analysis

The G and F gene sequences of representative HMPV strains
that are circulating globally and represent the diverse genotypic
classification of the virus were acquired from GenBank. The align-
ing of nucleotide and deduced amino acid sequences of Saudi
strains with their international counterparts was achieved using
the Clustal W algorithm running within the MegaAlign program
of Lasergene software. Potential N- and O-linked glycosylation
sites were predicted using NetNGlyc 1.0 (http://www.cbs.dtu.dk/
services/NetNGlyc) and NetOGlyc 4.0 (http://www.cbs.dtu.dk/
services/NetOGlyc/), respectively. The ratio between nonsynony-
mous and synonymous mutations (dN/dS or w) was obtained and
evaluated according to the method of Nei and Gojobori [1986] us-
ing the SNAP program at the HIV database (http://www.hiv.lanl.
gov/content/hiv-db/SNAP/WEBSNAP/SNAP.html). The phylo-
genetic tree of the F gene was constructed using the neighborhood
joining method of MEGA 6.0 software, while the tree of the G gene
was generated using the MegaAlign program due to the limited
ability of MEGA 6.0 to develop phylograms based on unequal se-
quence data.

Acknowledgments
This project was supported by the NSTIP strategic technologies
program (No. 14-MED809-02) in the Kingdom of Saudi Arabia. I

also thank Dr. Fahad Almajhdi and Mr. Mohamed Farrag for their
technical and logistic assistance.

Disclosure Statement

The author declares that he has no conflicts of interest.

Agapov E, Sumino KC, Gaudreault-Keener M,
Storch GA, Holtzman MJ: Genetic variability
of human metapneumovirus infection: evi-
dence of a shift in viral genotype without a
change in illness. J Infect Dis 2006;193:396-
403.

Al-Ayed MS, Asaad AM, Qureshi MA, Ameen
MS: Viral etiology of respiratory infections in
children in southwestern Saudi Arabia using
multiplex reverse-transcriptase polymerase
chain reaction. Saudi Med J 2014;35:1348-
1353.

Al Hajjar S, Al Thawadi S, Al Seraihi A, Al Muh-
sen S, Imambaccus H: Human metapneumo-
virus and human coronavirus infection and
pathogenicity in Saudi children hospitalized
with acute respiratory illness. Ann Saudi Med
2011;31:523-527.

Al-Sonboli N, Hart CA, Al-Aghbari N, Al-Ansi A,
Ashoor O, Cuevas LE: Human metapneumo-
virus and respiratory syncytial virus disease in
children, Yemen. Emerg Infect Dis 2006;12:
1437-1439.

Apostoli P, Zicari S, Lo Presti A, Ciccozzi M,
Ciotti M, Caruso A, Fiorentini S: Human
metapneumovirus-associated hospital ad-
missions over five consecutive epidemic sea-
sons: evidence for alternating circulation of
different genotypes. ] Med Virol 2012;84:
511-516.

Arnott A, Vong S, Sek M, Naughtin M, Beaute J,
Rith S, Guillard B, Deubel V, Buchy P: Ge-
netic variability of human metapneumovirus
amongst an all ages population in Cambodia
between 2007 and 2009. Infect Genet Evol
2013;15:43-52.

Banerjee S, Sullender WM, Choudekar A, John C,
Tyagi V, Fowler K, Lefkowitz EJ, Broor S: De-
tection and genetic diversity of human meta-
pneumovirus in hospitalized children with
acute respiratory infections in India. ] Med
Virol 2011;83:1799-1810.

Bastien N, Liu L, Ward D, Taylor T, Li Y: Genetic
variability of the G glycoprotein gene of hu-
man metapneumovirus. J Clin Microbiol
2004;42:3532-3537.

420 ] Mol Microbiol Biotechnol 2016;26:414-421

DOI: 10.1159/000448374

MMB448374.indd 420

Boivin G, Mackay I, Sloots TP, Madhi S, Frey-
muth F, Wolf D, Shemer-Avni Y, Ludewick
H, Gray GC, LeBlanc E: Global genetic diver-
sity of human metapneumovirus fusion gene.
Emerg Infect Dis 2004;10:1154-1157.

Bruno R, Marsico S, Minini C, Apostoli P, Fioren-
tini S, Caruso A: Human metapneumovirus
infection in a cohort of young asymptomatic
subjects. New Microbiol 2009;32:297-301.

de Graaf M, Osterhaus AD, Fouchier RA, Holmes
EC: Evolutionary dynamics of human and
avian metapneumoviruses. ] Gen Virol 2008;
89:2933-2942.

Embarek Mohamed MS, Reiche J, Jacobsen S,
Thabit AG, Badary MS, Brune W, Schweiger
B, Osmann AH: Molecular analysis of human
metapneumovirus detected in patients with
lower respiratory tract infection in upper
Egypt. Int ] Microbiol 2014;2014:290793.

Galiano M, Trento A, Ver L, Carballal G, Videla
C: Genetic heterogeneity of G and F protein
genes from Argentinean human metapneu-
movirus strains. ] Med Virol 2006;78:631-
637.

Amer

29.09.2016 14:54:43

Downloaded by:

S. KARGER AG, BASEL

51 - 10/3/2016 12:18:13 PM



Huck B, Scharf G, Neumann-Haefelin D, Puppe
W, Weigl J, Falcone V: Novel human meta-
pneumovirus sublineage. Emerg Infect Dis
2006;12:147-150.

Legrand L, Vabret A, Dina ], Petitjean-Lecher-
bonnier J, Stephanie G, Cuvillon D, Tripey V,
Brouard J, Freymuth F: Epidemiological and
phylogenic study of human metapneumovi-
rus infections during three consecutive out-
breaks in Normandy, France. ] Med Virol
2011;83:517-524.

Mackay IM, Bialasiewicz S, Jacob KC, McQueen
E, Arden KE, Nissen MD, Sloots TP: Genetic
diversity of human metapneumovirus over 4
consecutive years in Australia. ] Infect Dis
2006;193:1630-1633.

Maggi F, Pifferi M, Vatteroni M, Fornai C, Tem-
pestini E, Anzilotti S, Lanini L, Andreoli E,
Ragazzo V, Pistello M, Specter S, Bendinelli
M: Human metapneumovirus associated with
respiratory tract infections in a 3-year study
of nasal swabs from infants in Italy. J Clin Mi-
crobiol 2003;41:2987-2991.

Nei M, Gojobori T: Simple methods for estimat-
ing the numbers of synonymous and nonsyn-
onymous nucleotide substitutions. Mol Biol
Evol 1986;3:418-426.

Nidaira M, Taira K, Hamabata H, Kawaki T,
Gushi K, Mahoe Y, Maeshiro N, Azama Y,
Okano S, Kyan H, Kudaka J, Tsukagoshi H,
Noda M, Kimura H: Molecular epidemiology
of human metapneumovirus from 2009 to
2011 in Okinawa, Japan. Jpn J Infect Dis 2012;
65:337-340.

Oliveira DB, Durigon EL, Carvalho AC, Leal AL,
Souza TS, Thomazelli LM, Moraes CT, Vieira
SE, Gilio AE, Stewien KE: Epidemiology and
genetic variability of human metapneumovi-
rus during a 4-year-long study in Southeast-
ern Brazil. ] Med Virol 2009;81:915-921.

Papenburg J, Boivin G: The distinguishing fea-
tures of human metapneumovirus and respi-
ratory syncytial virus. Rev Med Virol 2010;20:
245-260.

Papenburg J, Carbonneau J, Isabel S, Bergeron
MG, Williams JV, De Serres G, Hamelin ME,
Boivin G: Genetic diversity and molecular
evolution of the major human metapneumo-
virus surface glycoproteins over a decade. ]
Clin Virol 2013;58:541-547.

Pizzorno A, Masner M, Medici C, Sarachaga M]J,
Rubio I, Mirazo S, Frabasile S, Arbiza J: Mo-
lecular detection and genetic variability of hu-
man metapneumovirus in Uruguay. ] Med
Virol 2010;82:861-865.

Pogka V, Moutousi A, Kossyvakis A, Kalliaropou-
los A, Sgouras DN, Giannaki M, Mentis AF:
Genetic variability of human metapneumo-
and bocaviruses in children with respiratory
tract infections. Influenza Other Respir Vi-
ruses 2013;8:107-115.

Regev L, Hindiyeh M, Shulman LM, Barak A,
Levy V, Azar R, Shalev Y, Grossman Z, Men-
delson E: Characterization of human meta-
pneumovirus infections in Israel. J Clin Mi-
crobiol 2006;44:1484-1489.

Skiadopoulos MH, Biacchesi S, Buchholz UJ,
Amaro-Carambot E, Surman SR, Collins PL,
Murphy BR: Individual contributions of the
human metapneumovirus F, G, and SH sur-
face glycoproteins to the induction of neutral-
izing antibodies and protective immunity. Vi-
rology 2006;345:492-501.

van den Hoogen BG, Bestebroer TM, Osterhaus
AD, Fouchier RA: Analysis of the genomic se-
quence of a human metapneumovirus. Virol-
ogy 2002;295:119-132.

van den Hoogen BG, de Jong JC, Groen ], Kuiken
T, de Groot R, Fouchier RA, Osterhaus AD: A
newly discovered human pneumovirus iso-
lated from young children with respiratory
tract disease. Nat Med 2001;7:719-724.

van den Hoogen BG, Herfst S, Sprong L, Cane PA,
Forleo-Neto E, de Swart RL, Osterhaus AD,
Fouchier RA: Antigenic and genetic variabil-
ity of human metapneumoviruses. Emerg In-
fect Dis 2004;10:658-666.

van den Hoogen BG, van Doornum GJ, Fockens
JC, Cornelissen JJ, Beyer WE, de Groot R, Os-
terhaus AD, Fouchier RA: Prevalence and
clinical symptoms of human metapneumovi-
rus infection in hospitalized patients. J Infect
Dis 2003;188:1571-1577.

Velez Rueda AJ, Mistchenko AS, Viegas M: Phy-
logenetic and phylodynamic analyses of hu-
man metapneumovirus in Buenos Aires (Ar-
gentina) for a three-year period (2009-2011).
PLoS One 2013;8:63070.

Wei HY, Tsao KC, Huang CG, Huang YC, Lin
TY: Clinical features of different genotypes/
genogroups of human metapneumovirus in
hospitalized children. ] Microbiol Immunol
Infect 2013;46:352-357.

Williams JV, Edwards KM, Weinberg GA, Griffin
MR, Hall CB, Zhu Y, Szilagyi PG, Wang CK,
Yang CF, Silva D, Ye D, Spaete RR, Crowe JE:
Population-based incidence of human meta-
pneumovirus infection among hospitalized
children. J Infect Dis 2010;201:1890-1898.

Xiao NG, Zhang B, Xie ZP, Zhou QH, Zhang RF,
Zhong LL, Ding XF, Li J, Song JR, Gao HC,
Hou YD, Duan ZJ: Prevalence of human
metapneumovirus in children with acute low-
er respiratory infection in Changsha, China. J
Med Virol 2013;85:546-553.

Zhang C, Du LN, Zhang ZY, Qin X, Yang X, Liu
P, Chen X, Zhao Y, Liu EM, Zhao XD: Detec-
tion and genetic diversity of human meta-
pneumovirus in hospitalized children with
acute respiratory infections in Southwest Chi-
na. J Clin Microbiol 2012;50:2714-2719.

© Free Author Copy - for personal use only

ANY DISTRIBUTION OF THIS ARTICLE WITHOUT WRITTEN CONSENT FROM S. KARGER AG, BASEL IS A VIGLATION OF THE COPYRIGHT.
Written permission to distribute the PDF will he granted against payment of a permission fee, which is based on the number of accesses required. Please contact permission@karger.com

Molecular Epidemiology of HMPV in
Riyadh, Saudi Arabia

MMB448374.indd 421

] Mol Microbiol Biotechnol 2016;26:414-421 421

DOI: 10.1159/000448374

KARGER AG, BASEL
172.16.7.51 - 10/3/2016 12:18:13 PM

Downloaded by:

29.09.2016 14:54:43


hofstetl
quer


