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Abstract Human respiratory syncytial virus (HRSV) is a

frequent cause of hospitalization and mortality in children

worldwide. The molecular epidemiology and circulation

pattern of HRSV in Saudi Arabia is mostly uncharted. In

the current study, the genetic variability and phylogenetic

relationships of HRSV type A strains circulating in Riyadh

Province were explored. Nasopharyngeal aspirates were

collected from hospitalized children with acute respiratory

symptoms during the winter-spring seasons of 2007/08 and

2008/09. Among 175 samples analyzed, 39 (22.3 %) were

positive for HRSV by one-step RT-PCR (59 % type A and

41 % type B). Propagation of positive samples in HEp-2

cells permitted the recovery of the first Saudi HRSV iso-

lates. Genetic variability among Saudi HRSV-A strains

was evaluated by sequence analysis of the complete

attachment (G) protein gene. The nucleotide sequence was

compared to representatives of the previously identified

HRSV-A genotypes. Sequence and phylogenetic analysis

showed that the strains examined in this study were very

closely related at both the nucleotide and amino acid level,

and all of them are clustered in the GA2 genotype (and

mostly belonged to the NA-1 subtype). A total of 23

mutation sites, 14 of which resulted in an amino acid

change, were recorded only in Saudi strains. This is the first

report on genetic diversity of HRSV-A strains in Saudi

Arabia. Further analysis of strains on a geographical and

temporal basis is needed to fully understand HRSV-A

circulation patterns in Saudi Arabia.

Introduction

Human respiratory syncytial virus (HRSV) is the single

most important cause of serious respiratory tract infection

in infants and young children worldwide. During the first

year of life, more than 50 % of infants get infected with

HRSV, and virtually all children experience at least one

infection by the age of 2 years [1]. The primary infection in

children is mostly significant, associated with lower

respiratory tract involvement, and may require hospital-

ization [2]. Since HRSV induces only partial immune

protection, reinfection can occur throughout life, particu-

larly in patients with underlying illness, such as immuno-

suppression and cardiopulmonary diseases, and in the

elderly [3].

HRSV is classified as the prototype member of genus

Pneumovirus within the family Paramyxoviridae [4].

HRSV isolates were divided into two major groups, A and

B, according to their antigenic (differential reactivity with

monoclonal antibodies) and genetic (sequence diversity of

several viral genes) characteristics [5, 6]. Epidemiological

studies have shown co-circulation of both groups in epi-

demics, with a predominance of a single (mostly A) group,

and a change in this predominance every one to three
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epidemics [7, 8]. Genetic diversity among group A and B

viruses has permitted further classification of isolates into

distinct genotypes. To date, eight genotypes have been

established for HRSV group A (designated GA1-7 and

SAA1) [9, 10]. Recently, two GA2 variants (NA1 and

NA2) and two novel genotypes (CB-A and ON-1) have

been described [11–13]. Although different genotypes may

co-circulate in the same epidemic and geographical region,

phylogenetically similar viruses can be isolated from dis-

tant countries at the same time. This behavior suggests that

viruses belonging to different genotypes tend to cluster on

a temporal rather than a geographical basis [6, 14].

The G protein is a major surface glycoprotein of HRSV

that mediates virus attachment to cell receptors [15]. The

mature protein is composed of a short cytoplasmic tail of

38 amino acids (AAs), a membrane anchor domain of 29

AAs, and a long C-terminal ectodomain of 232-233 AAs.

The ectodomain is typically formed by two hypervariable

regions flanking a highly conserved domain (AA 164-176),

which is thought to be the receptor-binding site [16].

Extensive sequence analysis of HRSV genes demonstrated

that G is the most variable protein between and within the

two groups (diversity up to 54 % and 20 %, respectively).

Genetic variability of the G protein is mostly attributed to

the second hypervariable region located near the C-termi-

nal end of the protein. This region has been used in many

studies for phylogenetic analysis of HRSV strains of both

groups [8, 9, 17].

In Saudi Arabia, HRSV has been identified as the

leading cause of lower respiratory tract infection in hos-

pitalized children (19.3-45.4 %) [18–23]. Differentiation of

circulating strains into groups and genotypes has not been

achieved except in one study that described co-circulation

of both groups with a slight predominance of group A [19].

There is a significant shortage of data on molecular epi-

demiology and genetic diversity of HRSV strains circu-

lating in Saudi Arabia and the entire Middle East region.

Therefore, the current study was designed to study the

prevalence of HRSV in Riyadh Province of Saudi Arabia

throughout two epidemic seasons and to analyze the cir-

culation pattern, molecular characteristics, and phyloge-

netic relationship of Saudi HRSV-A strains.

Materials and methods

Virus stock and reference antibodies

Standard HRSV group A (A2 strain) was grown in HEp-2

cells, which were maintained in Dulbecco’s modified Eagle

medium (DMEM) supplemented with 10 % fetal bovine

serum (FBS), 2 mM L-glutamine and 19 penicillin-strep-

tomycin (Gibco, Grand island, NY). The virus stock titer

was determined by infectivity assay and was expressed as

50 % tissue culture infective dose (TCID50). This stock

was used for optimization and as a positive control in

RT-PCR, ELISA, immunofluorescent and neutralization

assays. Reference polyclonal antibodies against HRSV

were obtained from Euroimmune (Luebech, Germany) to

be used in characterization of Saudi virus isolates.

Source of clinical samples and ethics statement

Nasopharyngeal aspirate (NPA) samples were collected

from 175 hospitalized patients at King Khalid University

Hospital (KKUH) in Riyadh, Saudi Arabia, from February

till May 2008 and from October 2008 till March 2009. The

study subjects included infants and young children less

than 3 years old and of both sexes. All patients were suf-

fering from acute respiratory symptoms including rhinor-

rhea, cough, dyspnea and fever. Clinical samples were

obtained, under protocols approved by the Ethical Com-

mittee of King Saud University, after getting an informed

written consent from parents/guardians of the patients.

After collection, NPAs were immediately added to 2 ml of

viral transport medium (DMEM supplemented with 29

penicillin-streptomycin) and transported on ice to the

Virology Research Laboratory, College of Science, King

Saud University, for further examination.

Detection and typing of HRSV in clinical samples

by RT-PCR

Extraction of viral RNA from clinical samples was per-

formed using a QIAamp Viral RNA Extraction Kit (QIA-

GEN, Hilden, Germany) according to the manufacturer’s

instructions. HRSV was detected in the extracted RNA

using a OneStep RT-PCR Kit (QIAGEN) and the primers

HRSV-U-F (50-GGAACAAGTTGTTGAGGTTTATGAA

TATGC-30) and HRSV-U-R (50-CTTCTGCTGTCAAGT

CTAGTACACTGTAGT-30) [24]. The RT-PCR reaction

was carried out in a GeneAmp 9700 thermal cycler

(Applied Biosystems, Foster City, CA) using the following

cycling conditions: reverse transcription at 50 �C for 30

min; PCR activation at 95 �C for 15 min; 35 cycles of

denaturation at 94 �C for 30 s, annealing at 52 �C for 30 s,

and extension at 72 �C for 2 min; and a final extension step

of 72 �C for 10 min. Positive samples were further iden-

tified as group A or B by amplification of type-specific

fragments, using the same kit and cycling profile, with the

primers HRSV-A-F (50-GATGTTACGGTGGGGAGTCT-

30) and HRSV-A-R (50-GTACACTGTAGTTAATCACA-

30) for group A viruses and HRSV-B-F (50-AATGCTAA

GATGGGGAGTT-30) and HRSV-B-R (50-GAAATTG

AGTTAATGACAG-30) for group B viruses [25]. For all

reactions, specific PCR products were visualized in a 1 %
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agarose gel stained with ethidium bromide and compared

to a 100-bp DNA ladder (QIAGEN).

Virus isolation and characterization

All clinical samples that showed positive reactivity in

RT-PCR were propagated in HEp-2 cells for virus isola-

tion. Aliquots of NPAs were diluted in serum-free medium

supplemented with 250 U penicillin and 0.25 mg strepto-

mycin per mL (Gibco) and were incubated on HEp-2 cell

monolayers for 90 min at 37 �C for virus adsorption. After

two washing steps with sterile PBS, cells were maintained

in DMEM supplemented with 1 % FBS at 37 �C and 5 %

CO2 for 7 days, with daily observation for cytopathic effect

(CPE). Four successive passages were carried out before

the samples were considered negative by virus isolation.

Saudi HRSV isolates were further characterized by

immunofluorescence, ELISA and virus neutralization assay

using standard HRSV polyclonal antibodies as described

elsewhere [26, 27].

Nucleotide sequencing

The full-length sequence of the G protein gene of HRSV

type A in positive clinical samples was obtained for

detailed sequence and phylogenetic analysis of Saudi

strains. The sequencing protocol involved amplification of

two overlapping fragments that cover the entire G gene

sequence, using FideliTaqTM RT-PCR Master Mix Plus

(GE Healthcare, Buckinghamshire, UK) and the following

primers: HRSV-G-F1 (50-CTCGAGTCAACACATAGC

ATTC-30) and HRSV-G-R1 (50-GTTGGATTGTTGCT

GCATATG-30) for the first fragment, and HRSV-G-F2

(50-CAAGATGCAACAAGC CAGATC-30) and HRSV-G-

R2 (50-ACTGCACTGCATGTTGATTG-30) for the second

fragment. The PCR products were purified using IllustraTM

GFX PCR DNA and a Gel Band Purification Kit (GE

Healthcare). The purified products were sequenced on both

strands with the relevant forward and reverse primers at

GeneArt (Regensburg, Germany) using an autosequencer

(ABI 3730xl DNA analyzer; Applied Biosystems, Foster

City, CA). DNA sequences were edited and assembled

using the BioEdit program, version 7.0 (Ibis Biosciences,

Carlsbad, CA). Full-length G gene sequences analyzed in

this study have been deposited in GenBank with accession

numbers JF714705, JF714706 and JX131637 to JX131645.

Sequence data analysis

Multiple sequence alignments were performed, between

Saudi strains and a collective pool of international strains

that were previously assigned to distinct genotypes

(Fig. 1), using the Clustal W algorithm of the MegAlign

program, Lasergene software, version 3.18 (DNAStar,

Madison, WI). Divergence analysis, identification of

mutation sites, and prediction of amino acid changes were

carried out using EditSeq and MegAlign programs,

Lasergene software (DNAStar Inc., Madison, WI). Poten-

tial N- and O-linked glycosylation sites were identified

using Net-N-glyc 1.0 (http://www.cbs.dtu.dk/services/

NetNGlyc) and Net-O-glyc 3.1 (http://www.cbs.dtu.dk/

services/NetOGlyc), respectively.

Phylogenetic analysis

Phylogenetic analysis was performed using a 264-nucleotide

fragment of the second hypervariable region of the G gene.

The tree was constructed by the neighbor-joining method

using MEGA software, version 5.1 [28]. The accuracy of the

tree topology was evaluated by bootstrapping of 1,000 rep-

licates. Only bootstrap values exceeding 50 % are shown at

the branch nodes. The phylogram includes 41 international

strains that represent all HRSV type A genotypes. For the

purpose of studying the relationship of Saudi strains with

other strains circulating in their geographical proximity,

four strains from Qatar that had not yet been assigned to a

specific genotype were also included in the phylogram.

Results

Prevalence of HRSV in Riyadh

A total of 175 NPA samples were obtained from hospital-

ized children with acute respiratory tract infection in

Riyadh during two winter-spring seasons: 2007/08 and

2008/09. Of these samples, 39 (22.3 %) were positive for

HRSV, of which 23 (59 %) belonged to group A and 16

(41 %) belonged to group B. The predominance of HRSV

type A viruses was observed in both seasons, with a prev-

alence of 58.8 % and 59.1 %, respectively. Although

HRSV infection was recognized in all age groups included

in the study (1 month to 3 years), the majority of infected

patients (56.4 %) were infants younger than 6 months old.

This observation was consistent for infection with both

group A and group B, with a median age of 6 and 5 months,

respectively. The infection rate was also more prominent in

male patients than females (16.3 % and 8.6 % for males and

8.5 % and 7 % for females in groups A and B, respectively).

Genetic analysis of Saudi HRSV type A strains

Sequence diversity among Saudi strains

Genetic variability of the different HRSV type A Saudi strains

was evaluated by sequence comparison of complete G gene
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sequences. In general, a high degree of sequence identity was

revealed, with overall homology ranging from 96.2-100 % and

93.2-100 % at the nucleotide and amino acid level, respec-

tively. The majority of the sequence variation was observed in

the C-terminal fragment of the second hypervariable region of

the G gene, where heterogeneity reached 7.2 % for nucleotides

and 13.9 % for amino acids. Among the 23 Saudi HRSV type

A strains, only 10 (five from each season) had unique G gene

sequences. Therefore, these strains were utilized in further

genetic and phylogenetic analyses.

Fig. 1 Alignment of deduced amino acid sequences of the C-ter-

minal fragment of the second hypervariable region (last 87 AAs) of

the HRSV group A G protein. The alignment was performed using the

Clustal W method in the MegAlign program (DNASTAR). The

prototype strain A2 is shown as the consensus sequence. Identical

residues are indicated by dots, while sequence variation is identified

in single-letter code. Residues recognized only in specific Saudi

strains are shown in boxes, while genotype-specific residues are

shaded. Genotypes as well as Saudi and Qatari strains are indicated in

brackets on the right side
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Relationship to different HRSV type A genotypes

To compare the Saudi strains to the different genotypes

circulating across the globe, 45G gene sequences repre-

senting strains of all genotypes were included in this study.

Significant sequence similarity was observed with strains

of NA1 and GA2 genotypes and those recovered from

Qatar (95.7-98.6 % for nucleotides and 93-98 % for amino

acids). The Saudi strains were more distantly related to

those of the CB-A genotype, with an average of 94.7-

97.6 % and 91.8-96.5 % sequence identity at the nucleo-

tide and amino acid level, respectively. The GA1, GA3-7

and SAA1 genotype sequences showed a considerable

degree of divergence from those of the Saudi strains at both

levels (91-93.4 % sequence identity for nucleotides and

86-90.6 % for amino acids).

Characteristic changes in amino acids

Analysis of the deduced amino acid sequence of the Saudi

strains revealed a predicted protein length of 297 or 298

amino acids. The latter was identified in only two strains,

Riyadh 1/2008 and Riyadh 27/2008. Differences in G

protein length were frequently observed among strains of

most genotypes including GA1, GA2, NA1, GA6 and GA7,

due to mutations in the first stop codon (Fig. 1). Multiple

sequence alignment of G gene sequence identified 23

mutations specific to one or another of the Saudi strains,

among which 14 resulted in amino acid changes. Riyadh

27/2008 holds a significant number of these specific

determinants, including 8 nucleotides (0.9 %) and 6 amino

acids (1.52 %) (Table 1).

For detailed analysis of amino acid variation among

different genotypes, the C-terminal fragment of the second

hypervariable region of the G protein (the last 86-87 resi-

dues) was compared (Fig. 1). The unavailability of repre-

sentative strains to genotypes GA3, GA6 and SAA1

hindered the use of the complete gene for this purpose. Due

to the extreme variability of the aligned region, only 21

(24.1 %) amino acids were identified as well conserved in

all genotypes. Certain amino acids were recognized to be

specific to individual genotypes, including 233E, 258L,

262M, 265F, 280S and 293P for GA1; 269T for GA2;

222Q for GA3; 224G, 238A, 248P, 249I, 258N and 293F

for GA4; 238I and 274T for GA5; 221T for GA6; 240R for

GA7 and 262G, 263G, 266R, and 275G for CB-A.

Heterogeneity in the glycosylation profile

Glycosylation patterns of the G proteins of Saudi strains

were predicted and compared to those of other strains

belonging to different genotypes. The number of putative

N-linked glycosylation sites generally ranges from 3 to 5 in

all international strains analyzed in this study. However,

the Saudi strains have a broader range that extends from

two sites in Riyadh 83/2009 to six sites in Riyadh 27/2008.

Two N-glycosylation sites (residues 103 and 251) are well

conserved among all Saudi strains. These two residues

appear to be stable in all HRSV-A strains with few

exceptions (mostly among the GA5 genotype). Two other

sites were identified in the majority of Saudi strains,

including residues 135 (except in Riyadh 83/2009) and 294

(except in Riyadh 1/2008 and Riyadh 83/2009). Although

these sites are generally common in HRSV-A strains, their

existence is variable among strains of the same geno-

type(s). Riyadh 27/2008 strain is exceptional, harboring

two more N-glycosylation sites: residue 237, which is

frequently identified in members of all genotypes (partic-

ularly GA-1), and residue 100, which is specific to this

strain and was not recorded before. No evidence for a

genotype-specific N-glycosylation pattern was found,

except for the glycosylation site at residue 250, which is

specific to the GA-5 genotype only.

In contrast, the G protein contains a large number of

serine and threonine residues that are potential acceptors

for O-linked carbohydrate side chains. The number and

position of O-glycosylation sites varies widely among

HRSV-A strains (range: 26-59) as determined by Net-O-

glyc 3.1 (G-score: 0.5-0.8). Saudi strains are generally

heavily O-linked glycosylated (range: 43-59), and the

majority of sites (no=32) are conserved.

Phylogenetic analysis

In order to place Saudi HRSV-A strains in the context of

previous genotypic classification, phylogenetic analyses

was performed utilizing the last 264 nucleotides of the gene

(Fig. 2). The phylogenetic tree showed that all Saudi

strains were clustered in genotype GA2 with strains iso-

lated from Argentina, Canada, China, Korea, Mozambique,

Qatar and the USA. The GA2 genotype appears to contain

strains belonging to the NA-1 and CB-A groups, and both

may be considered subtypes rather than genotypes. The

majority of Saudi strains belonged to NA-1 subtype, while

only Riyadh 27/2008 was located outside this cluster, along

with the Qatar strains identified in 2000-2001.

Discussion

HRSV is a highly dynamic virus that has a widespread

global dissemination and the ability to cause repeated

outbreaks in communities. Epidemiological and evolu-

tionary studies have indicated that HRSV outbreaks are

community based and mostly correlate with temporal

rather than spatial factors [29, 30]. Although numerous
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investigations have been conducted to elucidate the

molecular epidemiology and circulation patterns of HRSV

all around the world [9, 11], only a single study was done

in the Middle East region [31], and none in Saudi Arabia.

In the current study, the prevalence of HRSV in Saudi

Arabia from February 2008 to March 2009 was studied in

the community of Riyadh. Among 175 NPAs examined,

HRSV was detected in 22.3 % of the specimens. This

finding correlates well with most of the studies conducted

in Saudi Arabia [18, 19, 21, 23, 32], in Middle East

countries [31–33] and internationally [11, 34]. Both group

A and B HRSV were identified in positive samples during

the entire study period, with a predominance of group A

viruses (59 %). A higher incidence of group A HRSV was

commonly observed in most communities and in most

epidemic episodes [8, 10]. It has been proposed that this

predominance may be caused by the long-lasting group-

specific immunity induced by group B viruses and the

ability of group A strains to provoke a more recognizable

clinical picture [35].

Ten Saudi HRSV-A strains with unique G gene

sequences were selected for sequence and phylogenetic

analysis. These strains appear to be genetically similar, and

all of them clustered with genotype GA2. Phylogenetic

analysis also suggested that the NA-1 and CB-A clusters

cannot be separated as distinct genotypes rather than

variants belonging to the GA2 genotype. Most of the Saudi

strains (except Riyadh 27/2008) were grouped within the

subtype NA-1. Previous studies have demonstrated that

genotype GA2 and its subtypes (particularly NA-1) are the

most geographically distributed. They represent the domi-

nant genotypes identified in most epidemics worldwide:

Canada, 98.2 % [12]; China, 97 % [8]; Croatia, 82.9 %

[36]; Korea, 96.4 % [11]; and Japan, 100 % [37]. Fur-

thermore, GA2 is the sole genotype that can persist in

communities for long periods without being replaced by

other genotypes: 20 years in Sweden [38], 13 years in the

USA [39], 6 years in Argentina [40]. Taking all of this

evidence together, this may explain why all Saudi HRSV-A

strains in this study belonged to the GA2 genotype. Since

the trend of co-circulation of different genotypes in single

epidemics is well established [9], we cannot exclude the

existence of other genotypes in Saudi Arabia. The strains

described in this analysis represent only the community of

Riyadh during a limited period of time (two winter sea-

sons). In addition, they were obtained from hospitalized

children with severe disease, and no other age and disease

groups were investigated.

Due to the lack of similar phylogenetic studies in the

Middle East region, the exact relationships between strains

circulating in Saudi Arabia and those in neighboring

countries cannot be established. For this reason, four G

gene sequences that represent HRSV-A strains isolated in

Qatar at 2000 and 2001 were included in our analysis.

Although all Qatar strains appear to cluster within the

genotype GA2, they tend to form a separate branch from

the NA-1 and CB-A subtypes. There is no concrete asso-

ciation between the Qatari and Saudi strains (except for

Riyadh 27/2008); perhaps a result of time divergence. All

of the isolates that showed close similarity to Saudi strains

were from 2007-2011, while those related to Qatari strains

were mostly from 1998-2004 (Fig. 2). Recently, analysis of

16 HRSV-A strains isolated in Iran during the year 2009

showed a marked predominance of the GA1 genotype

(93.75 %) [31]. These findings support the suggestion that

HRSV strains tend to aggregate on a temporal rather than

geographical basis.

Analysis of the predicted amino acid sequence of the G

protein in Saudi HRSV-A strains identified 14 Saudi-spe-

cific amino acids, among which five and nine were located

in the first and second hypervariable region, respectively

(Table 1). The correlation between the position of these

substitutions and the epitope structure of the G protein

Table 1 Nucleotide and amino acid substitutions specific to HRSV

type A Saudi strains

HRSV type A

Saudi strain

Nucleotide

mutation

Corresponding

amino acid change

Riyadh 1/2008 A567G I189M

C795T*

C837T*

Riyadh 27/2008 A241G N81D

C328A Q110K

C376T P126S

A587G K196R

C684T*

C755T* T252I*

C767A* P256Q*

A828C*

Riyadh 38/2008 C305T

A420T Q140H

T808A* S270T*

G814A* G272S*

Riyadh 39/2008 A222G

Riyadh 42/2008 A425C Q142P

Riyadh 83/2009 A863T* Q288L*

Riyadh 91/2009 C236T

A637G* K213E*

Riyadh 98/2009 C477A

C657A*

A704G* T235A*

* The nucleotide or amino acid change is located in the C-terminal

fragment (last 264 nucleotides/87 amino acids) of the second hyper-

variable region of the G gene/protein
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suggested a potential effect on two antigenic sites: First, a

linear B cell epitope located between residues 196 and 204,

which may be affected by the substitution I189M of Riyadh

27/2008 strain [41], and second, epitope 68G, which

occupies the region between residues 205 and 256 [42]. In

the Saudi strains, the latter contained several substitutions

Fig. 2 Phylogenetic analysis

of HRSV group A strains based

on the C-terminal fragment of

the second hypervariable region

of G gene. Multiple sequence

alignment was performed using

Clustal W, and phylograms

were generated by the MEGA

5.1 program using the neighbor-

joining method. Numbers at

branch nodes correspond to

bootstrap values that indicate

the stability of the branch over

1000 replicates. Only bootstrap

value greater than 50% are

displayed. Saudi strains are

indicated by shaded boxes and

designated according to city-

sample number-year.

Genotypes/subtypes are shown

in brackets at the right side. The

scale bar at the bottom indicates

the number of nucleotide

changes per site
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that could possibly alter its reactivity to monoclonal anti-

bodies: T252I and P256Q in the Riyadh 27/2008 strain,

K213E in the Riyadh 91/2009 strain, and T253A of Riyadh

98/2009 strain. The accumulated data suggest that variation

in this region is to be expected in clinical isolates, but this

variability rarely affects the viability of the virus [8].

However, further investigations are required to fully

understand the possible contribution of these mutations to

virus immunogenicity and reinfection.

The G protein is also characterized by an abundance of

N- and O-linked glycan side chains. The exact number and

position of glycosylation sites is highly variable among

HRSV-A strains. These variations play an important role in

virus antigenicity, as they affect the epitope expression and

mediate evasion of the host immune response [43, 44]. The

glycosylation profile of Saudi HRSV-A strains shows some

exceptional features: (1) the presence of the lowest and

highest number of N-glycosylation sites among all strains

identified worldwide (two and six sites for Riyadh 83/2008

and 27/2009, respectively); (2) the existence of a novel

N-glycosylation site that was not recorded before at residue

100 of the Riyadh 27/2008 strain; (3) the lowest number

(n=43) of O-glycosylation sites worldwide, in Riyadh

27/2008, although this strain has the most N-glycosylation

sites. This wide spectrum of variation in the glycosylation

pattern of Saudi HRSV-A strains may have a deep impact

on virus infectivity and immunogenicity in vivo despite

their close phylogenetic relationship.

In conclusion, the genetic variability of HRSV-A strains

circulating in Riyadh Province during two winter-spring

seasons was investigated using sequence and phylogenetic

analysis of the G protein gene. The data presented here

demonstrate that Saudi strains belong to the GA2 genotype

and have specific features related to amino acid substitu-

tions and glycosylation patterns. More descriptive studies,

including retrospective and community-based investiga-

tions are needed for a complete understanding of the epi-

demiology of HRSV-A in Saudi Arabia.
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