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Abstract

Respiratory syncytial virus (RSV) is a major pathogen of acute respiratory tract infection (ARI) in different geographical regions including
Saudi Arabia. Numerous hospital-based investigations have revealed the RSV prevalence between 0.2-54% in the paediatric population with
ARI/ALRI from Saudi Arabia during 1991-2015. Maximum RSV infections occurred in children less than 1 year of age (51-97%) and male
children (51-69%) were more commonly affected than females (31-49%). RSV infections are reported mostly during winter season suggesting
seasonal distribution of the virus. Other respiratory viruses reported from this region are adenovirus, influenza, parainfluenza, human
metapneumovirus and rhinovirus including many mixed infections. A few studies have reported the phylogenetic analysis of the circulating
strains of RSV. These studies have revealed that circulating group A-RSV Saudi strains belonged to NA1 and ON1 genotypes and group B-
RSV viruses clustered in the BA genotype. Molecular characterization of the Saudi strains was further carried out by mutational, selection
pressure and glycosylation site analyses. We have compiled all the eighteen studies of RSV infection from Saudi Arabia in the form of this
review and concluded that detailed comprehensive surveillance of RSV and other viruses in community and hospital settings is required.
Information on the molecular characterization of currently circulating strains of RSV will contribute towards better understanding of the
epidemiology and evolutionary dynamics of this viral pathogen. Moreover, the determination of the genetic composition of circulating RSV

strains will be important during evaluation of initial vaccine trials.
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Introduction

Respiratory viruses are major contributors to
morbidity and mortality due to acute respiratory
infection (ARI) especially in the paediatric age group
worldwide. Well recognized respiratory viral pathogens
include respiratory syncytial virus (RSV), influenza
virus (INF-A/B), parainfluenza virus (PIV-1/2/3),
human metapneumovirus (hMPV) and adenoviruses.
Respiratory syncytial virus (RSV) is one of the major
etiological agents of ARI and it is involved in upper
respiratory infections (URI) and acute lower respiratory
tract infections (ALRI) in children. The severe disease
may lead to bronchiolitis and pneumonia in many
paediatric patients [1]. RSV is also known as an
important respiratory pathogen in adults especially in
immunocompromised patients [2] and premature
infants with congenital abnormalities such as Down
syndrome, cystic fibrosis, atopy and children with
chronic lung disease [3,4]. In 2005, RSV was estimated
to cause around 33.8 million infections and 2.8-4.3
million hospital admissions with 66,000- 199,000

deaths annually across the world [5]. The global
estimates in 2015 did not change much and a total of
33.1 million episodes of RSV resulting in 3.2 million
hospital admissions and around 60,000 in hospital
deaths were reported [6]. RSV causes seasonal
epidemics during winter in temperate countries
including Saudi Arabia [7,8] and during rainy season in
tropical areas [9]. Re-infections with RSV are common
and occur throughout life even in the presence of pre-
existing antibodies [10,11].

RSV is classified in family Paramyxoviridae, order
Mononegavirales and subfamily, Pneumovirinae. RSV
is an enveloped, non-segmented single stranded
negative sense RNA virus. The genome of the virus is
approximately 15.2Kb in length which has 10 ORFs
and codes for 11 different structural (G, F, SH, M, N, P,
L, M21, M2-2) and non-structural proteins (NS1 and
NS2) (2). The G (attachment) protein and F (fusion)
protein are the trans-membrane surface glycoproteins
involved in the attachment and fusion of the virion with
the host cell, respectively. They are neutralizing
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antigens and thus vaccine candidates [12]. RSV is
classified into two antigenic groups, A and B based on
reactivity of monoclonal antibodies to G protein and its
genetic variability [13,14]. The G protein shows
maximum antigenic and genetic diversity between and
within the two groups [15]. It is extensively
glycosylated by addition of both N- and O-linked
oligosaccharides that are known to help the virus to
evade host immune response [16]. The second
hypervariable region, corresponding to the C terminal
region of the G protein, shows overall G gene
variability and has been analyzed for molecular
epidemiological studies [17-19].

Genetic variations mainly occur in RSV due to
mutations and changes in stop codon usage in the G
protein gene. Antigenic variations in the virus are
reported due to alterations in the number and frequency
of the N- and O-linked glycosylation sites in the G
protein. Gene clades or genotypes have been described
among both the groups of RSV based on the
phylogenetic clustering of G protein gene. Several
genotypes have been described among group A RSV,
that include GA1-GA7 SAA1SAA2, NA1-NA4 and
ON1 [20-23] and for group B RSV includes GBI1-
GB6,SAB1-SAB4,URU1-2, CB1, CBB and BAI-
BA12 [24-29]. The ON1 and BA genotypes show 72bp
and 60bp duplication in the second hypervariable
region of the G protein gene [21,24-28,30].
Phylogenetic analysis of G protein gene sequences has

Table 1. Studies conducted on RSV in Saudi Arabia from 1991 to 2018.
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revealed complex circulation patterns of RSV. Both the
antigenic groups of RSV may circulate within the same
season in a particular community with one or two
dominant genotypes that are replaced by other
genotypes in subsequent seasons [31].

RSV has been described as an important pathogen
of ARI from Saudi Arabia, the largest country in the
Middle East. We have compiled eighteen different
reports on RSV infection published during last 25 years
(1993 to 2018) in the present review. The search criteria
for literature review include PubMed search with RSV
and Saudi as keywords and the google search for back
references. The last search was done on March 2018.
These studies included both ARI and ALRI patients in
the paediatric age group less than 5 years of age.
Fourteen of these studies were carried out in Riyadh,
the capital of Saudi Arabia and one each at Abha [32],
Al-Qassim [33], Najran [34] and Jazan [35] (Tablel).
The present report aims to summarize all these studies
in the form of a comprehensive review to highlight the
importance of RSV in this region.

RSV prevalence in Saudi Arabia

There is a paucity of information on the actual
disease burden of RSV from Saudi Arabia. Limited
hospital based investigations of ARI have been carried
out in some cities of Saudi Arabia (Figure 1) and RSV
was identified as one of the important viral pathogen in
all the studies (Figure 2). In most of the studies, RSV

. Samples  Virus positive RSV Method (DFA/cultl.lre/
S. No Study site (year) o RSV A, B (%) prevalence ELISA/PCR/real time Genotypes Reference
tested (%) o
(%) PCR)
1 Riyadh (1991-92) 127 70 (55%) 69 (98.6%) 54.3 DFA/culture - [36]
2 Riyadh (1992-93) 485 74 52 70.2 DFA/culture - [37]
3 Riyadh (1993- 96) 1429 522 (37) 413 (79) 28.9 DFA/culture - [38]
4 Riyadh (1993-96) 256 73 (28.5) 73 (28.5) 28.5 - - [39]
5 Abha, (1997-2001) 51 45 (88.2) 18 (40) 352 DFA/ELISA - [32]
6 Riyadh (1999-2003) 4575 884 (19.3) 884 (19.3) 19.3 DFA - [40]
7 Al-Qassim (2003-04) 282 128 (45.4) 128 (45.4) 453 DFA - [33]
8 Riyadh (2006-07) 10,617 883 (8.3) 733 (83) 6.9 DFA/culture - [41]
9 Riyadh (2007-08) 200 70 (35) gg&g; ‘318 gg 35 N geriT;: glff gene) - [48]
10 Riyadh (2007-08) 489 144 (29) RSV-1(3) 0.2 PCR - [42]
11 Riyadh (2008-09) 175 39 (22.4) RSVA-23 (59) 13.1 Sequencing (G gene) GA2 (NA1) [46]
12 Riyadh (2008-090 175 39(22.4) RSVB-16 (41) 9.1 Sequencing (G gene) BA [56]
13 Najran (2012-13) 135 33 (24) Rs;/\'?;g g)]) 244 RT-PCR - [34]
14 Riyadh (2008-09) 174 117 (67) RSV-39 (22.4) 224 RT-PCR - [45]
15 Riyadh (2014) 130 28 (21.5) ];SS\QAé_Z; ((1%2)) 21.5 Sequencing (G gene) T\EI;AAI 612591)’ [57]
16 Jazan (2013-14) 182 75 (41.2) ];gylg:g gg; 6.5 Microarray - [35]
17 Riyadh (2013-14) 4611 1115 (24%) RSV-1086 (97.4) 23.5 DFA - [7]
18 Riyadh (2014-15) 2266 1013(44.5%) RSVA- 124(12) 14.8 Real Time PCR - [44]

RSVB- 212(21)

930
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and other viruses have been identified by classical
methods of viral detection, i.e. immunofluorescence
assay, cell culture or ELISA (Table 1).

Prevalence of RSV

Respiratory ~ viruses  were  identified by
immunofluorescence assay in 62% of the 127 children
hospitalized with ALRI in Riyadh during 1991- 1992.
Fifty four percent of the cases were positive for RSV
[36]. Another study included ALRI patients less than 2
years of age and detected RSV in 70% of the samples
by DFA and culture [37]. RSV accounted for 79% of
the ALRI cases (less than 5 years of age) in hospitalized
children in another study from Riyadh during 1993-96
[38]. A total of 1429 clinical samples were screened for
respiratory viruses by immunofluorescence assay/ or
cell culture in this study. RSV (29%) was the most
common viral pathogen detected followed by PIV-3
(3%), Influenza A (1.6%) and Influenza B (1%) and
adenovirus (1%) by immunofluorescence assay in
children hospitalized with ARI in Riyadh during 1993
to 1996 [39]. Immunofluorescence assay and ELISA
was used by another investigator to detect RSV in 40%
of the 51 children admitted for ALRI from Abha during
1997-2001 [32]. Study conducted in Riyadh has shown
19% of RSV prevalence during 1999-2003 [40]. In a
study from Al-Qassim, RSV was detected in 128 (45%)
of the 282 samples collected from children admitted to
a hospital with ALRI by direct immunofluorescence
assay during 2003-04 [33]. In another investigation
from Riyadh, RSV was identified in 7% of the ARI
cases by immunofluorescence assay [41]. A study
conducted in Riyadh has shown RSV co-infection with
hMPV in 29 viral infected samples [42]. RSV was
detected in 95.5% of the ALRI cases in a recent study
from Riyadh [43]. Al-Ayed and colleagues also
conducted a study in Najran and found 33 RSV (24%)
in 135 ARTIs [34]. A study from Riyadh has shown
high percentage of RSV (97.4%) among the total 1115
ARTI viral infected samples [7]. Investigation at Jazan
by Abdulhaq and colleagues [35] showed low
percentage (13.6%) of RSV prevalence in 75 positive
viral infected samples (Figure 2). A recent study
conducted in Riyadh analysed 2266 paediatric patient
NPAs/swabs with real-time PCR. The maximum RSV
cases (29%) were reported in winter season of 2014-15
[44]. The prevalence of RSV ranged between 0.2% to
54% with an average of 22.8% (Figure 3).

Age wise distribution of RSV
Many investigations have reported the age
distribution of children enrolled for the RSV surveys.

J Infect Dev Ctries 2018; 12(11):929-936.

Figure 1. Map of Saudi Arabia showing the regions where RSV
studies are conducted (red star) and not conducted (green star)
followed by year of collection of the samples. The map was
created and edited in Microsoft PowerPoint. Maps are obtained
online (http://www.presentationmagazine.com/world-maps-
vector-editable-507.htm). Insert-World map showing position of
Saudi Arabia (green).
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The maximum RSV infections were reported in patients
less than 6 months of age (31-56% of the positive cases)
[32,45-47]. Other investigations have reported
maximum RSV infection (54-70%) in children less than
1 years of age [7,33,34,48]. These reports have
concluded that most of the RSV infections in the
pediatric age group occurred in less than one year age
group. Such reports of higher prevalence of RSV in
lower age group are also available from different

4 Najran

RSV studies conducted/reported

RSV studies not
conducted/reported

Figure 2. Number of total viral infections, total RSV infections
and RSV-A and RSV-B infections reported in different studies
from Saudi Arabia. Eighteen studies conducted correspond to the
references in table 1.
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geographical regions [5,9]. However, the study
conducted by Abdulhaq and colleagues include patients
of all ages and they also found high prevalence of RSV
in lower age group (< 15 years) [35].

Gender distribution of RSV

Many studies have reported the gender distribution
of positive RSV cases. Most of the studies have
reported that males (25-63%) were more commonly
affected by RSV as compared to females [34,35,44-48].
This probably is due to the fact that airways of male
children are narrower than female counterparts leading
to more frequent RSV infections [49-51]. Male
predominance of RSV infections is also described from
other countries [52-55]. However, Albogami and
colleagues reported approximately equal distribution of
RSV among male (30%) and female (32%) in Riyadh
[7].

Thus, it is evident that most of the RSV studies were
reported from the capital i.e Riyadh and one each from
Abha, Qassim, Najran and Jazan (Table 1). Therefore,
Additional data is needed from other regions of the
country to determine the overall nationwide prevalence
and true disease burden of RSV in Saudi Arabia.

Seasonal distribution of RSV

RSV causes seasonal infection as the outbreaks are
reported during winter season in areas with temperate
and Mediterranean climate and during rainy season in
tropical/sub-tropical  regions [8,9,56]. Different
investigations from Saudi Arabia have suggested that
most of the RSV infections are reported during winter
months from this region [7,8,39,44,45].

Figure 3. RSV prevalence in different studies from Saudi
Arabia.
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Clinical symptoms associated with RSV infection

RSV infections are presented with rhinorrhea,
cough, sore throat and fever. In Saudi Arabia, RSV
infections were most commonly associated with
bronchopneumonia (57%) or bronchiolitis (55%) [33].
Other investigations reported 80-88% of bronchiolitis
due to RSV in children less than 6 months of age
[32,38]. Another study also confirmed that RSV was
mostly associated with bronchiolitis in the pediatric
patients from this region [37].

Molecular epidemiology of RSV

RSV has been demonstrated as important viral
pathogen of ARI in Saudi Arabia but inadequate data is
available on molecular epidemiology of RSV from the
largest country in the Middle East. A few investigations
have identified RSV in the clinical samples using rapid
and more sensitive methods of detection such as PCR
and real time PCR. An investigation from Riyadh
identified RSV by RT-PCR for N and F gene [48].
Thirtyfive percent (70/200) of the samples were
positive for RSV by PCR, among which 57% were
group A and 43% were group B RSV. Almajhdi and
colleagues have carried out molecular and phylogenetic
analysis of RSV strains collected from pediatric
patients (1 month to 3 years of age) with ARI symptoms
from Riyadh during 2007/08 and 2008/09 in two
different studies [46,57]. Twenty two percent of the
samples (39) were positive for RSV of the 175 samples
tested by RT-PCR in a study from Riyadh [46]. Group
A RSV was detected in 59% (23/39) and group B in
41% (16/39) of the positive samples. RSV was more
prevalent in patients of less than 6 months of age with
infection being more prominent in males than in
females. An additional study from Najran identified
RSV in 33 (24%) of the 135 ARI patients of less than 5
years of age that were analyzed by RT-PCR during
2012- 2013 [34]. In a recent study from Riyadh RSV
was reported in 39 (22%) of the 174 samples collected
from children less than 5 years of age during 2008-09
tested by real time PCR [45].

The comprehensive study of  molecular
characterization of group A and B Saudi strains of RSV
was recently reported by our group from Riyadh [58].
We identified RSV by RT-PCR for the G protein gene
in 27% (35/130) of the hospitalized children (less than
five years of age) with ARI symptoms from Riyadh
during 2014. This study further revealed that group A
RSV was predominant (27/35[77%]) as compared to
group B (8/35[23%]) in this region. Further, such
elaborate studies on characterization of circulating
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strains from different regions are needed to define the
disease burden due to RSV in Saudi Arabia.

Two more studies conducted from Riyadh, reported
the prevalence of RSV in clinical samples. RSV was
highly predominant (97.4%) in 1115 viral positive
samples in Riyadh [7]. Another study analyzed 2266
pediatric patient NPAs/swabs with real-time PCR in
Riyadh and found 29% of RSV prevalence in winter
season of 2014-15 [44]. From Jazan region, the RSV
prevalence was 16% and group B RSV was
predominant [35] (Table 1).

Co-infection with other respiratory viruses
Co-infection of RSV with other respiratory viruses like
influenza, parainfluenza, adenovirus, hMPV and
coronaviruses has been described in many
investigations. Such mixed infections may increase the
risk of severe disease as described previously [59,60].
In Riyadh, co-infection of RSV with influenza A was
reported in 12 (11.4%) of the samples [45]. Another
study described co-infection with hMPV, rhinovirus
and human coronavirus in 9 (6.7%) of the patients [34].
Other investigations from regions of Saudi Arabia
reported detection of various respiratory viruses like
influenza A and B, parainfluenza 1, 2 and 3
enteroviruses and adenovirus along with RSV in the
clinical samples [32,35,38,39,45]. A recent study
reported the multiple viral infection with the RSVA
(6.7%) and RSVB (7.8%) [44].

Phylogenetic analysis of group A and group B RSV

Very few studies have been carried out on
characterization of circulating strains of RSV in Saudi
Arabia. Characterization of RSV strains in these studies
have been done by phylogenetic analysis using the
study strains and GenBank sequences from different
geographical regions. Almajhdi and colleagues have
carried out phylogenetic analysis of group A and group
B RSV strains from Riyadh in two different studies
[46,57]. In the first study, the investigators analyzed
circulating group A RSV strains [46]. The phylogenetic
analysis of complete G gene sequences of the 10 group
A RSV strains clustered within GA2 genotype. The
majority of the study strains belong to the NA-1 subtype
of the GA2 genotype. In another investigation, the same
group worked on characterization of group B RSV
strains from Saudi Arabia [57]. All the six group B
strains clustered with the rapidly expanding BA
genotype.

A comprehensive phylogenetic and molecular
analysis of RSV strains was carried out by our group in
a recent study from Riyadh [58]. Phylogenetic analysis

J Infect Dev Ctries 2018; 12(11):929-936.

clustered group A strains in the two genotypes i.e ON1
and NA1. All the group B study strains clustered in the
BA genotype [58]. Interestingly, 26% of the positive
samples clustered in the RSV genotypes with
duplication in G protein gene i.e. ON1 and BA. Four
and five strains were reported for the ON1 and BA
genotypes respectively. This is the first study that
described co-circulation of 72bp duplication group A
(ON1) and 60bp duplication group B (BA) genotype
from the largest country in the Middle East.

Molecular analysis of RSV strains

The molecular characterization of the Saudi strains
was done by analysis of mutations, selection pressure,
entropy and N-/O-linked glycosylation sites in a few
investigations [46,57,58].

Mutation analysis

The second hypervariable region of the G protein
for both the groups of RSV of Saudi strains were used
for the mutational analysis. Many amino acid mutations
have been identified in both the groups of Saudi RSV
strains as compared to the prototype strains [21,25]. All
the NA1 and ONI1 Saudi strains were predicted to
encode for 297 and 321 amino acids respectively that
are similar to the respective prototype strains. One
common mutation at a position of 260 amino acid
(N260S) was identified in the NA1 genotype that has
been reported in two different publications [46,58].
Furthermore, all the BA Saudi strains had predicted
length of 312 amino acids with three common
mutations at K218T, L223P and S247P as compared to
the prototype strain [25].

Selection pressure

The analysis of selection pressure of the group A
and group B Saudi strains revealed low ratio of dN/dS
(non-synonymous to synonymous mutations) [58],
suggesting that codons in this region of G gene are
relatively conserved as described earlier [61].
Additionally, a few positively selected sites have been
reported that indicate towards stochastic process of
evolution of this region [18]. One particular positively
selected amino acid at a 274 position in the ONI
genotype has been linked to the antibody escape
mutants of RSV [18,62].

Entropy analysis

Shannon entropy analysis of the group A and group
B Saudi strains revealed many variable sites suggesting
amino acid variation at these amino acid positions. Two
different amino acids at 274 and 219 positions in ON1
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and BA genotypes respectively, were identified to be
positively selected as well as had high entropy values
suggests variations at these positions [58]. The amino
acid at 274 position was also reported to be positively
selected in RSV strains from Philippines [17]. Further
detailed site directed mutagenesis analysis on these two
amino acids would determine their role in viral life
cycle and pathogenesis.

Glycosylation site analysis

It has been postulated that N- and O-linked
glycosylation of the G protein contribute to the
antigenic variation in RSV thus assisting the virus in
host immune evasion [63]. At least two N-linked
glycosylation sites have been predicted for all the Saudi
RSV strains belonging to each of the three genotypes
that are reported from this region i.e. NA1, ONI and
BA. Further, serine and threonine residues are the
potential O-linked sugar acceptors. Many such serine
and threonine residues (3- 37) were reported in the
second hypervariable region of G protein from Saudi
strains [46,57,58]. Some Saudi strains showed
additional glycosylation sites which may further
contribute to antigenic variation in RSV [46,57,58].

Conclusions

In conclusion, RSV is an important causative agent
of ARI in Saudi Arabia. This is the first and
comprehensive review of RSV infections from Saudi
Arabia during last 25 years from 1993 to 2018. RSV
investigations were mostly carried out in Riyadh, but
epidemiological investigations should also be initiated
at other geographical regions of the country. The
survellence will provide valuable information of RSV
prevalence in different climates and ethnic populations.
Identification of the appropriate risk factors for the
infection especially in the infants will enrich our
understanding on the menace on this viral infection.
Molecular characterizations of Saudi strains in some
recent investigations have revealed the identification of
NATL, ON1 and BA as the circulating genotypes in this
region. Correlation of the disease severity with
infecting viral genotype as well as the numerous
climatic and genetic factors are other aspects that can
be perused in the future studies. Therefore, additional
elaborate  clinical, virological and molecular
surveillances in both hospital and community settings
are needed to define the true disease burden and
evolutionary dynamics of RSV from the largest country
in the Middle East.

J Infect Dev Ctries 2018; 12(11):929-936.
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