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Abstract: Human respiratory syncytial virus (HRSV) is a main cause of hospital admission for
lower respiratory tract infection. In previous studies from Saudi Arabia, higher prevalence of the
NAT1 genotype in group A was observed from Riyadh and Taif. This study recruited respiratory
cases from Jeddah during January to December, 2017. RSV represented 13.4% in the recruited cases
with 64% of them belonging to group A and 36% to group B. All group A cases in this study
were ON1 type characterized by duplication of 72 nucleotides, 24 amino acids in the C-terminal
in the second hypervariable region of the G gene. In addition, for group B all of the cases were
clustered under BA9, which had uniquely characterized as duplication of 60 nucleotides in the
G protein. Our sequences showed similarity with earlier sequences from Saudi Arabia, Kuwait,
Thailand, South Africa, Spain, the USA and Cyprus. Some amino acid substitutions in the investigated
sequences would cause a change in potential O-glycosylation and N-glycosylation profiles from
prototype ON1. The predominance of the ON1 and BA9 genotype of RSV-A in Jeddah compared to
previous Saudi studies showing predominance of the NA1 genotype for group A. This difference in
genotype prevalence could be due to fast spread of the ON1 genotype worldwide or due to the flux
of travelers through Jeddah during hajj/Jumrah compared to Riyadh and Taif. This shift in genotype
distribution requires continuous surveillance for genetic characterization of circulating respiratory
infections including RSV. These findings may contribute to the understanding of RSV evolution and
to the potential development of a vaccine against RSV.
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1. Introduction

Human respiratory syncytial virus (HRSV) is the most common viral infection that induces
acute lower respiratory tract infections (ALRTIs) in children, elderly people and immune-suppressed
patients [1-3]. It is also one of the main causes of hospital admission due to severe acute lower
respiratory infection (ALRI) [3]. The recurrences of HRSV infection are known throughout life,
particularly in children less than 5 years of age [2]. It causes mild to severe illness such as pneumonia
and bronchiolitis [1]. A systematic review and meta-analysis [3] for RSV studies in young children
from January 1995 to June 2009 estimated that 33.8 million cases of RSV associated with ALRI
occurred worldwide in children younger than 5 years (22% of ALRI cases), with 3.4 million who had
severe RSV-associated ALRI needing hospital admission in 2005. They also estimated 66,000-199,000
RSV-associated deaths among children less than 5 years old. They concluded that the incidence and
mortality can vary substantially from year to year in any one setting [3].

Human RSV belongs to the Pneumovirus genus of the Paramyxoviridae family, now the genus
Orthopneumovirus in the Pneumoviridae family. It is an enveloped, non-segmented virus with
negative-sense, single-stranded RNA. The genome size is around 15.2 kb and encodes for 11 proteins:
NS1,NS2, N, P, M, SH, G, F, M2-1, M2-2, and L [2]. The attachment glycoprotein (G protein) is the
major variable region used to study the genetic diversity of HRSV within and between their genotypes.
The hypervariable regions located in ectodomain at the C-terminal end of G protein [1]. Based on
genetic variations in G protein, HRSV is divided into two groups: group A which is categorized into
14 genotypes (GA1 to GA7, SAA1, CB-A, NA1 to NA4 and ON1) and group B which is subdivided into
a further 27 genotypes (BA1 to BA12, BA-C, SAB1 to SAB4, GB1 to GB4, URU1 to URU2, CB-B, CB-1,
BA-CCB and BA-CCA) [2,4]. The subtype ON1 of RSV-A was first identified in Canada in December of
2010 and was reported to contain a unique duplication of 72 nucleotides in the second hypervariable
region of the G gene [5] and it may be spreading rapidly and replacing the NA1 subtype in many
countries such as Saudi Arabia, South Korea, Italy, Germany, Bulgaria, Croatia and China [6-13].
A similar duplication was reported in the variable region around 60 nucleotide of the G protein of the
BA subtype of RSV-B in 1999 in Argentina [14].

The lack of available vaccines increases the circulation of RSVs every season, which induce mild
to serious disease in children and elderly adults. Although the virus was first isolated in 1956, there are
currently no safe and effective vaccines licensed for human use. The development of novel prevention
and treatment strategies should be considered a priority [3]. The G gene is under constant pressure
from RSV-specific neutralizing antibodies because it induces a protective immune response. This has
made the G gene of RSV a part of several candidate vaccines [15].

In Saudi Arabia, a study from Riyadh with a sample collected in 2007-2008 showed that about
59% of the positive RSV cases was of group A that clustered within the NA1 genotype where 41% of
samples were group B under the BA clade [16]. Another study also from Riyadh in 2014 [6] showed
the co-circulation of RSV genotypes in children less than 5 years of age. Phylogenic analysis showed
that 77% of the subjects clustered with group ARSV in the NA1 (80.95%) and ON1 (19.05%) genotypes
and 23% of the subjects clustered with group B viruses in the BA9 genotype with duplication in the
hypervariable region in the G gene in the ON1 group and BA group.

This study adds more information to the limited data on the diversity and typing of the
HRSV in Saudi Arabia. Better understanding of the extent, diversity and evolution of HRSV in
Jeddah, Saudi Arabia, will give more insight into the molecular characters within a global context.
The importance of this study comes from the reporting of strains circulating in Jeddah due to its
geographical location as a travel hub connecting millions of pilgrims who come to visit the holy places
in Makkah and Al-Madina all year round. The travel of pilgrims in and out of Jeddah plays a major role
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in the spread of infectious diseases inside the city and hence the region, as well as to the home countries
of the pilgrims. The data generated from this study is expected to provide better understanding of the
virus evolution and movement in and out of the country.

2. Materials and Methods

2.1. Inclusion and Exclusion Criteria

The recruited subjects included respiratory infection patients hospitalized at the intensive care unit
of King Abdulaziz University Hospital between January and December of 2017 without discrimination
of age and gender. The only exclusion criteria was the refusal of the patient to participate in the study.

2.2. Sample Collection

Samples were sent to the Special Infectious Agents Unit for routine diagnosis of the respiratory
infectious agents. Ethical approval was obtained from the Unit of Biomedical Ethics in King Abdulaziz
University hospital (approval number 290-17). Samples included upper and lower respiratory tract
specimens (nasopharyngeal swab (NP), throat swab (TS) and sputum (S5)).

2.3. Molecular Detection of Respiratory Viruses

Total nucleic acids (NA) were extracted from clinical samples using a MagNaPure Compact
Nucleic Acid Isolation Kit I (Roche, Germany) in which 400 puL of respiratory specimens were used and
eluted in 100 pL according to the manufacturer’s instructions. The detection of respiratory syncytial
virus (RSV) and other respiratory pathogens was routinely performed using a Fast-Track Diagnostics®
Respiratory 33 Kit (Fast-track Diagnostics, Luxembourg), according to the manufacturer’s instructions,
on Applied Biosystems® 7500 Fast (Applied Biosystems, Foster City, CA, USA). All positive samples
were kept at —80 °C for further molecular analysis.

2.4. Virus Isolation

RSV positive clinical specimens (100 uL) were filtered and inoculated on human cervix epithelial
adenocarcinoma HelLa cells seeded in 24-well plates in 1.5 mL of Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine serum (FBS) (Gibco, Gaithersburg, MD, USA).
The samples were incubated with the HeLa cells for 1.5 h with rocking every 15 min. Next, 1.5 mL
of maintenance medium was added to each well and incubated at 37 °C, 5% CO,. Cytopathic effect
(CPE) was observed daily for 10 days and then cells were scraped and medium with cells (virus-cell
suspensions) were collected, aliquoted and stored at —80 °C. The isolated virus was used for whole
genome sequencing of RSV-A.

2.5. Whole Genome Sequencing and Typing of RSV

For RSV typing, the extracted viral RNA from positive RSV samples were reverse transcribed into
cDNA, using SuperScript™ III Reverse Transcriptase (Invitrogen, Carlsbad, CA, USA) using 10 uL of
total RNA with 1 pL of 2 uM deoxyribonucleotide triphosphates (ANTPs), 1 uL nuclease free water
and 1 pL of 10 uM random dodecamer (12N), heated at 65 °C for 5 min on a Mastercycler® Pro S
(Eppendorf, Ocala, FL, USA) and quickly chilled on ice for at least 5 min. Next, 4 uL of First-Strand
Buffer (5x), 1 uL of 0.1 M dithiothreitol (DTT), 1 uL of 40 U/uL RNasin® PLus RNase Inhibitor
(Promega, Madison, WI, USA) and 1 pL of 200 U/uL SuperScript III Reverse Transcriptase were added to
the mixture, followed by incubation at 25 °C for 5 min, 50 °C for 60 min and 70 °C for 15 min.

RSV subgroup A and B typing were performed by amplifying the G gene with subgroup-specific
primers according to Xia et al. for type A [17] and Runan et al. for type B [18]. The amplicon products
were 1320 bp and 868 bp for subgroups A and B, respectively. The bands with the correct size were excised
from the agarose gel and purified using a QIAquick® Gel Extraction Kit (Qiagen, Hilden, Germany)
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following the manufacturer’s protocol. The full length of the RSV-A genome was covered by sequencing
13 overlapping PCR fragments according to Rebuffo et al. [19].

All PCR products, either for RSV-A typing or whole genome sequencing, were sequenced using
an ABI Prism Big Dye Terminator Cycle Sequencing Kit v3.1 on an ABI 3500 Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA) in both directions. The cycle sequence product was purified
using Sephadex® with 0. 45 um MultiScreen-HV.

Genome assembly and phylogenetic analysis was performed using MEGA 7 (v.7, Pennsylvania
State University, University Park, PA, USA) and Geneious R09 software [20]. The prediction of potential
N-glycosylation (Asn-X-Ser/Thr, where X is any amino acid (AA) except proline) and O-glycosylation
sites (Ser or Thr) in G-protein was performed using NetNGlyc 1.0 [21] and NetOGlyc 3.1 [22].
The sequences of deduced amino acid in the G protein of RSV-A group were compared to the prototype
strain of RSV-A ON1 genotype from Canada (GenBank accession number JN257694) wherein the G
protein of the RSV-B group were compared to the prototype strain of BA genotype from Argentina
(GenBank accession number AY333364).

3. Results

3.1. The Characterization and Prevalence of RSV in Respiratory Samples

A total of 834 clinical samples were collected between January and December 2017. Samples were
routinely tested using the FTD 33 respiratory pathogens kit. Respiratory pathogens were identified
in 74% of the total number of samples. Among them 84 (13.4%) were positive for RSV. The mean
age for RSV patients was 8.33 years +17.9 (<1 month—69 years). The majority of RSV-infected cases
(71.4%) were under 1 years old, as seen in Table 1, with males representing 54.8% of patient. Among the
positive RSV cases, 59.6% were admitted to the emergency room then released without hospitalization,
and 68.4% of cases were younger than 1 years old (Table 1).

Table 1. Demography of respiratory syncytial virus (RSV) positive samples.

Frequency N (%)
<1 year 60 (71.4)
Age 1-7 years 9 (10.7)
>7 years 15 (17.9)
F 36 (42.9)
Gender M 48 (57.1)
January 17 7 (8.3)
March 17 2 (24)
September 17 2(24)
Month October 17 2(2.4)
November 17 28 (33.3)
December 17 43 (51.2)
ER 57 (67.9)
ISO 3(3.6)
Ward MIC 1(1.2)
PICU 23 (27.4)

N: number of infected cases; (%): within the brackets represents the percent of cases.

Amplification of the G gene was successful in 50 of the RSV positive samples using RSV-A
type-specific primers targeting the G gene. The resulting PCR products were subjected to DNA
sequencing. Type-specific PCR identified group A RSV in 32 samples (64%) and group B RSV in
18 (36%) of the RSV positive samples. (Figure 1). The generated sequences were submitted to the
GenBank database and were given the accession numbers MN434097-MN434127 for RSV-A and
MW019650-MW019667 for RSV-B.
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Figure 1. The age distribution of human respiratory syncytial virus (HRSV) groups in the recruited cases.

3.2. Phylogenetic Analysis of RSV

Phylogenetic analysis of the generated sequences for the 31 RSV-A positive samples with other
reference sequences from GenBank showed that all samples clustered with the ON1 genotype.
This genotype is characterized by the insertion and duplication of 72 nucleotides and 24 amino acids, in
the C-terminal end in the second hypervariable region of the G gene (Figure 2). The duplication starts
after nucleotide 847 in the G gene (position numbers refer to the RSV-A isolate, accession no. HRU39662).
This duplication in the G gene was found in 27 samples. The overall average of pairwise distance
of variation in the G gene between the reported Saudi samples and the ON1 prototype reference
was 0.073.

The results of phylogenetic analysis for the 18 RSV-B samples showed that they belong to the BA
genotype, specifically the BA9 genotype (Figure 3). All of the sequences had insertion of 60 nucleotides
after position 719, and a deletion of CCAAAA was also observed at the position 475 (P159 & K160) in
all RSV-B samples (nucleotides position numbers refer to the RSV-B position, accession no. AY333364).
The overall average of pairwise distance of variation in the G gene between all of RSV-B samples and
other references including the prototype was 0.09.
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Figure 2. Phylogenetic analysis of G-gene of RSV group A in Jeddah, Saudi Arabia (2017). Saudi sequences
in this study are labeled with a red square and reference strains are labeled as accession number-country-year
of isolation; Saudi reference strains isolated in 2014 are labeled with a blue diamond and those isolated in
2014-2016 are labeled with a blue circle; the Riyadh samples isolated in 2008-2009 are labeled with an
inverted triangle and Taif samples are labelled with a blue triangle Phylogenetic trees were constructed
using the neighbor-joining method after being aligned with CLUSTALW using MEGA 7.
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Figure 3. Phylogenetic analysis of the G gene of RSV group B in Jeddah, Saudi Arabia (2017).
Saudi sequences in this study are labeled with a red square and reference strains are labeled as accession
number-country-year of isolation; Saudi reference strains isolated in 2014 are labeled with a blue diamond
and those isolated in 2014-2016 are labeled with a blue circle; the Riyadh samples isolated in 2008-2009
are labeled with an inverted triangle and Taif samples are labelled with a blue triangle. Phylogenetic trees
were constructed using the neighbor-joining method after being aligned with CLUSTALW using MEGA 7.
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3.3. Amino Acid Sequence Analysis of the G Gene

The length of the G gene protein in most of the investigated ON1 strains in this study was 322aa
with a TGA as a stop codon similar to the prototype ON1 strain from Canada. Four samples had a
different stop codon (TAA) and were 312 amino acids long. One sample had a missing amino acid (L)
at position 314 and another sample was missing two amino acids (SS) at position 316 and 317, so their
lengths were 321 and 320, respectively. Comparing ON1 amino acid sequences in this study with
the prototype ON1 strain in the duplicated region, we observed amino acid changes in the following
positions: L298P in 19, L274P in 18 samples, Y304H in 16 samples, L310P in 11 samples, V303A in
10 samples, E271D\K in 8 samples and E262K in 7 samples. The nucleotide and amino acid sequences
variability between our sequences and the ON1 prototype are shown in Table 2 and Figure 4.

In addition, the BA strains in RSV group B in this study showed variations in the protein length of
the G gene due to the site of the stop codon. The G gene of three samples of this group had a TAA as a
stop codon with a length of 313 amino acids, which is 3 amino acids shorter than the prototype BA
strain from Argentina (316 amino acids), and one sample had a G gene 292 amino acids long with a
TAG stop codon as in the prototype. Two samples had a TAG stop codon and a longer protein (319 or
320 amino acids) than the prototype due to the addition of three or four amino acids. We were not able
to obtain a full-length G gene for 11 samples, which were missing between 12 and 34 amino acids at the
end of the gene. More than 30 mutations in the sequences were identified in the G gene when compared
to the prototype strain. All RSV-B samples had the same three substitutions, K218T, L223P and S247P,
except one sample that did not have the mutation at position 247 in the duplicated region. All samples
had a mutation at position 270, 14 samples had the substitution T2701I, while other mutations (T270L,
T270K and T270F) where detected individually in each different sample. There was also an amino
acid change for the valine at the position 248 in 17 samples. 1281T substitution was detected in 16 BA
strains in this study while I281N and I1281K were detected in one sample each. At site 287, most of the
samples (ten samples) had H287Y substitutions. The nucleotide and amino acid sequences variability
between our sequences and the BA prototype are shown in Table 3 and Figure 5.

Table 2. The nucleotide variation between the RSV-A Jeddah strains and the ON1 prototype.

Sequence ", . ON1 Variant Amino Acid Codon .
lill ame Position Site Nucleotide Nucleotide Change Change Protein Effect

910 U C YtoH UAU to CAU Substitution
653 M A XtoQ CMA to CAA Substitution
908 U C Vito A GUC to GCC Substitution
704 C T Ttol ACC to ATC Substitution
958 A G Tto A ACA to GCA Substitution
617 C A PtoQ CCA to CAA Substitution
821 U C LtoP CUA to CCA Substitution
893 U C LtoP CUA to CCA Substitution
JN257694- 929 U C LtoP CUA to CCA Substitution
Canada-2011 941 U C LtoP CUA to CCA Substitution
742 C A Ltol CUC to AUC Substitution
401 A T Ktol AAA to ATA Substitution
728 U G ItoS AUC to AGC Substitution
784 G A EtoK GAG to AAG Substitution

69 G A CUG to CUA None

369 G A GAG to GAA None

717 U C ACU to ACC None

840 U C UAU to UAC None

945 U C UCU to UCC None
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Figure 4. The sequences alignment of deduced amino acid in the second hypervariable region of the G protein of he RSV-A group for the ON1 strain are shown to
correspond to the prototype strain of ON1 from Canada (GenBank accession number JN257694). The positions of the amino acids correspond to 213-320 of the G
protein. Dots indicate identical residues, and asterisks indicate the position of stop codons. Boxes frame the 24 amino acid duplicated region.
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Table 3. The nucleotide variation between the RSV-B Jeddah strains and the BA prototype.

Sequence o, . BA Variant Amino Acid Codon .
l\cllame Position Site Nucleotide Nucleotide Change Change Protein Effect
30 G A AAG to AAA None
177 C T CUC to CUT None
276 C A AUC to AUA None
283 U C YtoH UAC to CAC Substitution
286 C T LtoF CUU to TUU Substitution
329 U C LtoP CUC to CCC Substitution
334 A G Tto A ACC to GCC Substitution
339 A G ACA to ACG None
349 U C YtoH UAC to CAC Substitution
375 U C CCU to CCC None
422 G C RtoT AGA to ACA Substitution
427 AC TCT TtoS ACCto TCT Substitution
490 CCAAAA PKtono — CCA AAAto Deletion
Amino Acid no codon
525 C T UUC to UUT None
591 U C AAU to AAC None
612 C T ACC to ACT None
614 18] C ItoT AUA to ACA Substitution
636 C T CCC to CCT None
663 A C CCA to CCC None
668 A C KtoT AAA to ACA Substitution
671 U C LtoP CUA to CCA Substitution
683 18] C LtoP CUG to CCG Substitution
695 C A TtoN ACC to AAC Substitution
702 C T AUC to AUT None
732 C T ACC to ACT None
754 U C StoP UCA to CCA Substitution
776 C T Ttol ACA to ATA Substitution
824 C T Ttol ACU to ATU Substitution
AY333364- 827 U C Vio A GUGtoGCG  Substitution

Argentina-1999 831 C T CUC to CUT None
857 U C ItoT AUC to ACC Substitution
870 C T UCC to UCT None
874 C T HtoY CAC to TAC Substitution
927 C T UCC to UCT None
948 C T UCC to UCT None
952 C T Truncation
955 AAA CTC KtoL AAA to CTC Substitution
956 AA CT KtoT AAA to ACT Substitution
959 ucC AG LtoQ CUC to CAG Substitution
959 ucC CA LtoP CUC to CCA Substitution
961 UAG GTC Extension
962 AG CA Extension
964 U A
965 C A
965 C T
966 AU TG
968 A C
968 A G
969 U C
970 G T
971 C A
971 C T
972 U A
972 U G
973 U G
974 A T
975 G A
975 G T
976 U A
978 A T
979 uucC AAA




Genes 2020, 11, 1323 11 0f 19

111121121211 1113312122122 113113121121231 1211313121233 1131211312111 1111111111 11131111111

0000000001 1111111112 2222222223 3333333334 44444449445 55555555%5¢
1234567690 1234567390 1234567890 12345€7890 12345€7890 1234567890
AY333364-Argentina-1999 PSKQLTITTIPP IYINSATISP NIKSETHHIT AQTKGRIITP TQNNKPSTKP RPKNPPKEPK
0068-RSVB-Jeddah-2017 eeeePAees o eeeeSTeSut tevencnnes sencnns
0188-RSVB-Jeddah-2017 eeesPRoe. JHoooo «e0.ST.S. .
1277-RSVB-Jeddah-2017 PReee (Hovornoer tetnecnnne ceens T.5 .
1357-RSVB-Jeddah-2017 eePlAies JHuetiiiier seiiiniens caeen T.5
1548-RSVB-Jeddah-2017 B O T T T.5
1622-RSVB-Jeddah-2017 Peleee cHeveooooe sovecccene oovne 1.5
1680-RSVB-Jeddah-2017 O - S L T.S
1779-RSVB-Jeddah-2017 eessP.A... JH. eeeeeTeSer tiniiinnnn
1820-RSVB-Jeddah-2017 ..E.P.A... .H. eeeeST.Fee seeveoN.ee
1826-RSVB-Jeddah-2017 L - S TeSee teevcennnns
1836-RSVB-Jeddah-2017 PRoes JHeotd TR tiiiinnnee eens T.5
1840-RSVB-Jeddah-2017 P.A... ..5T.S
1845-RSVB-Jeddah-2017 Peleee cHeveoroor cococcncne ooces T.5
1907-RSVB-Jeddah-2017 Pleee cHevevooor voceccnene osees T.5
1970-RSVB-Jeddah-2017 .P.A.. T....TIS
1971-RSVB-Jeddah-2017 eeeePlReee Hevroener ceneeee ees.ST.S R bl B ..
1977-RSVB-Jeddah-2017 ..N.P.A...
1995-RSVB-Jeddah-2017 .P.A...

K¥711304-Riyadh-Saudi Arabia-201¢ -
K¥71130S-Riyadh-Saudi_Arabia-201¢ -
K¥71130é-Riyadh-Saudi_Arabia-201¢ -

K¥711307-Riyadh-Saudi_Arabia-201¢ -
KY711308-Riyadh-Saudi Arabia-201¢ -
KU726061-Riyadh-Saudi Arabia-2014 -
KU726062-Riyadh-Saudi_Arabia-2014 -
KU72¢063-Riyadh-Saudi Arabia-2014 -

KU726064-Riyadh-Saudi_Arabia-2014 -
KU72606S-Riyadh-Saudi_ Arabia-2014 -
KC791¢9S-Riyadh-Saudi_Arabia-200¢
KC791€697-RSVB-Riyadh-Saudi-2009

KC791696-Riyadh-Saudi_Arabia-200%

JE714708-Riyadh-Saudi Arabia-2009 ....P.....
KC791€94-Riyadh-Saudi_Arabia-2008
JE714707-Riyadh-Saudi_Arabia-2008 eosePecesee

0000000001 1111111112 3 3333333334 444944994945 5555555556 cccccecee? 7777777778 gss88888889

1234567890 1234567890 12 0 1234567890.1234562890 12345628 A2345£28380 1234562850 1234567890
AY333364-Argentina-199¢9 KPINKPPIKT ERDISTSQST VLDITISKHI ERDISTSQST VLDITISKHI IQQQSLHSIT
0068-RSVB-Jeddah-2017 = ..eceecces cssccne T.. «.P.. eessesPucs ou T IR IA. oo T.o ..
0188-RSVB-Jeddah-2017 . FI A.
1277-RSVB-Jeddah-2017 «.I AP
1357-RSVB-Jeddah-2017 .IA.
1548-RSVB-Jeddah-2017 .IA.
1622-RSVB-Jeddah-2017 .IA. -
1680-RSVB-Jeddah-2017 .o A
1779-RSVB-Jeddah-2017 .IA.
1820-RSVB-Jeddah-2017 PL A.
1826-RSVB-Jeddah-2017 IAP
183é-RSVB-Jeddah-2017 AP

1840-RSVB-Jeddah-2017
1845-RSVB-Jeddah-2017
1907-RSVB-Jeddah-2017
1970-RSVB-Jeddah-2017
1971-RSVB-Jeddah-2017
1977-RSVB-Jeddah-2017
1995-RSVB-Jeddah-2017
K¥711304-Riyadh-Saudi Arabia-201¢
KY¥71130S-Riyadh-Saudi_Arabia-201¢
¥71130€é-Riyadh-Saudi_Arabia-201¢
KY¥711307-Riyadh-Saudi_Arabia
¥711308-Riyadh-Saudi_Arabia
KU72€0€1-Riyadh-Saudi_Arabia
726062-Riyadh-Saudi_Arabia-2014
726063-Riyadh-Saudi Arabia-2014
7260€4-Riyadh-Saudi_Arabia-2014
72606S-Riyadh-Saudi_Arabia-2014

oy .

B b b DT e

Y
4
Y
Y
Y
Y
Y
Y.

Sada 2222 IS TR 2

e e e R e e e e e e e R N N s R I

R R R R R R R R R R R R R

KC79169S-Riyadh-Saudi_Arabia-200¢ .o
KC791 -RSVB-Riyadh-Saudi-2009 Yeoo
KC791696-Riyadh-Saudi_Arabia-200¢ aia s Y ePs
JE714708-Riyadh-Saudi_Arabia-200¢ D S N Y...
KC791€94-Riyadh-Saudi_Arabia-2008 eel Recevcond coceee Y...

cesecscns IAN...... L cccce Y...

4707-Riyadh-Saudi_Arabia-2008

(B)

Figure 5. The sequences alignment of deduced amino acid. (A) The deletion part in our samples.
(B) The deduced amino acid in the second hypervariable region of the G protein of the RSV-B group for
the BA strain shown to correspond to the BA prototype strain from Argentina (GenBank accession
number AY333364). The positions of amino acids correspond to 213-320 of the G protein. Dots are
indicated for identical residues, and asterisks indicate the position of stop codons. Boxes frame the
20 amino acid duplicated region.
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3.4. N- and O-Glycosylation Site Analysis in Amino Acid Sequence

Analyzing the N-glycosylation sites showed three to eight sites in the investigated RSV-A
sequences. Only one of them (at aa 85, NTT) was conserved among all the sequenced samples and was
reported in the prototype ON1. The N-glycosylation sites at aa 103(NLS), 135(NTT) and 237(NTT)
were found in all except three sequences. The change of amino acid threonine at position 320 into
alanine (T320A) caused the loss of a potential N-glycosylation site in 10 samples. There were three
unique substitutions that led to the gain of possible N-glycosylation sites (Q127N, T198N, S315N) in
three different samples, whereas for the investigated RSV-B sequences, two to four N-glycosylation
sites were predicted in the sequences of the samples. Two of them (at AA 81 and 86, NHT and NIT)
reported in the BA prototype were conserved among all samples. At residues 296 and 310 (NST) were
found in seven and five of our sample sequences, respectively. The amino acid substitution S/N at
position 265 caused a gain of potential N-glycosylation site in one sample (NTS). Two samples had
substitutions (K278N) that led to a gain of possible N-glycosylation sites (NHT).

The number of O-glycosylation sites in the investigated RSV-A sequences varies from 52 to 86.
All the 10 potential O-glycosylation sites reported in the prototype ONI1 strain in the duplication
region (threonine at 264, 268, 269, 281 and 282 and serine at 267, 270, 275, 277 and 283) were also found
in the strains from this study except for three different samples due to substitution at S267P in one
sample and T281A in two samples. Two samples showed amino acid substitution Q261T, which was
not found in the prototype ON1 strain and gave rise to an additional potential O-glycosylation site,
whereas for RSV-B, the number of O-glycosylation sites varies from 27 to 34. Before the duplication
region there were three residues common with the BA prototype at site numbers 228, 232 and 236.
In the duplication region, there were two sites at 260 and 266.

3.5. Full Genome Sequence

In this study, the whole genome of RSV-A from a clinical specimen was sequenced. The full
genome was 15,225 bp in length including a 72 nucleotides duplication in the C-terminus of the G
gene. From these, 11 open reading frames encoded viral proteins for the NS1, NS2, N, P, M, SH, G, F,
M2-1, M2-2 and L genes. The similarity of amino acid sequences with other reference sequences from
GenBank (Figure 6) ranged from 99.032% to 99.220%, and the GC content was 33.4%.
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Figure 6. Phylogenetic analysis of full genome RSV group A in Jeddah, Saudi Arabia (2017).
Saudi sequences in this study are labeled with (e) and reference strains are named as accession
number-country-year of isolation. A phylogenetic tree was constructed the using neighbor-joining
method after being aligned with the CLUSTALW using MEGA 7.

4. Discussions

Respiratory syncytial virus (RSV) is the most common pathogen causing LRTIs among children
and older adults in Saudi Arabia and worldwide [23-25]. RSV was reported to have the highest
infection rate (97.4%) among the total viral agents in Saudi patients under 2 years of age with associated
signs and symptoms of ARTIs between January 2013 and December 2014 [26]. A large study from
South Africa (with 13,664 patients) between February 2009 to May 2012 showed that RSV was detected
in 16% of the recruited subjects with more than 50% of them below 4 years of age [27]. G protein in the
RSV is responsible for the virus attachment to the ciliated cells of the host airways and mediates virus
adherence [28]. Therefore, G protein is the target for neutralizing antibodies but because of its high
genetic variability and higher numbers of glycosylation sites it gives the virus the ability to evade the
immune system and delay antigen recognition [29].

In this study, we report the genetic diversity of the G gene of RSV-A and B as well as the first full
genome sequence of RSV-A from Jeddah, Saudi Arabia. We also compared the generated sequences
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with other sequences in GenBank to identify the genetic relatedness of the local isolates to the other
reported isolates worldwide.

RSV was detected in 13.4% of the recruited positive respiratory cases using real-time RT-PCR;
71.4% of the RSV positive cases were children less than one year old, which is in accordance with
surveillance studies performed in other parts of the world [30]. Group RSV-A was predominant with
64% among positive RSV cases. Similar predominance of RSV-A over RSV-B was reported earlier in
Saudi Arabia, Germany, Thailand, South Africa, Spain, USA, France, Cyprus and Kuwait [6,8,31-37].

Phylogenetic analysis (Figure 2) showed that all of the RSV-A samples enrolled in this study
clustered with strains of the ON1 genotype, which contains the largest duplication in the G gene,
first reported in 2010 in Ontario, Canada [5], which is in accordance with other recent studies
(2017-2019) from Lebanon, Iran, France, Vietnam, Egypt, Mexico and Spain that showed the
predominance of the ON1 genotype, indicating the rapid spread of the ON1 strain in different
parts of the world [25,30,33,35,38-40]. Two studies performed in Riyadh, Saudi Arabia, showed the
predominance of the NA1 strain of RSV-A in 2008 and 2012. One study performed in 2008 showed that
the NA1 strain was the predominant genotype (90.9%) in the Riyadh region with no incidence of the
ON1 strain [41], while the other study [6], also performed in Riyadh, in 2012, showed the first incidence
of the ON1 genotype, but the NA1 genotype was still the predominant genotype (82.6%). Saudi strains
from Taif (2019), reported by Al Aboud et al. [42], for samples collected in 2012, belong to the NA1
genotype (6/13, 46.15%), ON1 (5/13; 38.46%) and GA5 genotype (2/13; 15.38%). Recent sequences
retrieved from GenBank (accession numbers MH388029 to MH388042) for samples collected from
Riyadh, Saudi Arabia, between 2014 and 2016, showed 14 RSV-A samples of the ON1 type, but the
work was not published, and we have no prevalence data on this study.

Collectively, these data show the rapid emergence of ON1 in Saudi Arabia from 0% in 2008 to
17.4% (Riyadh) and 38.46% (Taif) in 2012 and an uncertain dominance in 2014-2016 (sequence data
only) and the predominance of ON1 in this study. The predominance of the ON1 genotype in this
study compared to the previous studies conducted in Saudi Arabia could be either due to the rapid
spread of the ON1 genotype over the years from its first identification in 2010 and spread all over the
world or due to the difference in the sample collection time between our study and the previous studies.
The third possible explanation is the different sample collection sites (Riyadh and Taif vs. Jeddah) as
Jeddah is a travel hub for pilgrims coming from all over the world to visit the Holy places in Makkah
and Madinah, which makes the city more susceptible to exposure to more diverse infectious agents,
including respiratory infections, with the flux of pilgrims entering through the city.

Phylogenic analysis showed that the sequences of the investigated samples in this study clustered
with several lineages of the ON1 clusters (Figure 2). Nine of the samples clustered with sequences from
Saudi Arabia isolated in 2016, Lebanon (2015) and the USA (2013) and were close to isolates from Italy
(2013) and Philippines (2012). Ten samples grouped with isolates from Saudi Arabia (2015), China (2015),
the Philippines (2012), Spain (2012), the USA (2013), Jordan (2012), Russia (2014) and Kenya (2012).
Five samples clustered with isolates from Austria (2016) and Spain (2014, 2015). Four samples grouped
with isolates from Saudi Arabia (2015), Thailand (2011), the USA (2012, 2013), China (2012, 2015),
Russia (2014), Spain (2012, 2014) and the Netherlands (2013). The sequences of two samples grouped
with isolates from Saudi Arabia (2016), Spain (2012, 2013), Egypt (2015), Kenya (2012), Argentina (2016),
China (2014, 2015), Austria (2013), South Africa (2013), Cuba (2012), Peru (2012) and the USA (2012,
2013). One sample grouped with isolates from Germany (2012), Saudi Arabia (2015), China (2013),
the USA (2015), Jordan (2013), Argentina (2016) and Kenya (2014). Another sample grouped with
isolates from South Korea (2011), Spain (2013, 2014), Saudi (2014), Kenya (2012), South Africa (2012),
Argentina (2016) and China (2012) [6,9,25,32-34,38,42-51].

The full genome sequence for the RSV1-A isolate from this study had a genome of 15,225 nucleotides
long. It showed similarity to prototype ON1, except for six amino acid substitutions at L115P, [189K,
E263A, S5267P, L274P and L314P. The substitutions L274P, L298P, Y304H and L310P are expected
to have a considerable effect on the pathogenicity and immune reaction of the virus as they are
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located nearby the antigenic site (AA265-273), as reported by Cane [52]. The amino acid analysis
for RSV-A in the 24 AA duplicated region revealed that most samples (28 samples) contained
three AA substitutions (L274P, L298P and Y304H) that were described also in strains from several
countries in different years including Saudi Arabia (KU726088, KU726087, MH388036, MH388041,
MK182714-16,18,09), Wuerzburg (JX912364), Germany (JX12364), Italy (KC858245, KC587959) and
Japan (AB808774, AB808757). L310P substitution was also found in the duplicated region of isolates
from Saudi Arabia (KU726088, KU726087, MH388036, MH388038, MH388041, MK182714-16,18,09),
Japan (AB808774), India (AB808757) and Kenya (KF246641). Sequences from Saudi Arabia collected
in 2014-2016 (GenBank accession numbers MH388031, MH388034, MH388038) only matched the
L274P and L298P substitutions from our study. AA substitution at position E262K was seen in
isolates from Lebanon (MG793382), Saudi Arabia (MH388033), South Africa (KC476746, HG711628-29),
Germany (KF391432), Brazil (KU5812173) and Malaysia (JX256945, JX256955, JX256965). The amino
acid substitution V303A was detected in 10 of our RSV group A samples and wasalso seen in
isolates from Italy (KC858245), Croatia (KC587959), Saudi Arabia (MH388031, MH388036, MH388041,
MK182714-16,18,09) and India (KF057865).

Some amino acid substitutions would cause a change in the potential O- and N-glycosylation
profile from the prototype strain as from the ON1 Canadian RSV-A prototype virus. Some of these
changes led to the loss of N-glycosylation sites such as S105P, T137K, T239A and N318T, which were
found in three different samples, and T320A existed in 10 samples, while other changes caused gain in
N-glycosylation sites such as Q127N, T198N and S315N. These amino acid changes were also found
in many other strains from Kenya, Italy, India, Germany, Austria, Jordan, the USA, China, Egypt,
Lebanon and New Zealand. These AA variations leading to the change in N- and O-glycosylation sites
might enable the ON1 strain of RSV-A viruses to escape the immune system, as the polysaccharides
play a masking role for the G protein, which prevents the antibodies from recognizing the virus [29].

For all RSV group B samples (Figure 3), phylogenetic analysis showed that they belonged to the
BA strain, which was first detected in 1999 in Buenos Aires with 60 nucleotide duplication starting
after residue 791 at the C-terminal in the second hypervariable region in the G gene [53]. All RSV
group B samples belonged to BA9 strain. The BA9 genotype was also reported from other studies in
Riyadh; the first study reported the detection of the subgroups BA4, BA7, BA10 and CB-Bin in samples
collected in two winter seasons 2007-2008 and 2008-2009 [16]. The second Saudi study reported that
all samples collected in 2014 belonged to BA9 [6]. The sequences of the BA9 strain from this study
clustered with the sequences form Saudi Arabia, the Philippines, Thailand, Japan, China, Argentina,
India, New Zealand and Brazil.

The deletion of CCAAAA nucleotides in all samples of RSV-B in this study caused the deletion of
two PK amino acids, which was also reported in Saudi [6,16] and other countries in different isolation
years, such as in Belgium with GenBank accession number AY751087, Saudi Arabia (JF714707, JE714708,
KC719696), China (KT781360-82), the USA (KU950467/82), Jordan (KX655648), New Zealand (KX765906),
the UK (KY249667), the Philippines (LC311362, LC311394), Japan (LC324679), Argentina (MG839547),
Thailand (KC342333) and Australia (MH760729) [4,16,42,43,54,55]. Substitution at residue 254 T/I was
found in 13 sample sequences from this study and was also found only in the Saudi samples in the
2016 study. The change of T/N at position 227 detected in 7 samples from this study was not found in
other Saudi strains, causing the gain of a potential N-glycosylation site. The further mutations that
were identified in the duplicated region of BA and ON1 genotypes indicate the gradual accumulation
of mutations with time.

Anti-G broadly neutralizing monoclonal antibodies (bnmAbs) neutralize the virus and reduce the
pathogenesis and the viral loads in both prophylactic and post-infection animal models. Its development
as a vaccine had been held back due to heterogeneous N- and O-glycosylation in the highly-variable
mucin-like regions and lack of information correlating a specific molecular structure with biological
activity. This raises the importance of the molecular epidemiological data generated in this study and
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others that may help to provide more information about the mutation patterns of RSV, which could
guide vaccine design and antiviral drug development.

We were not able to compare the full N- and O-glycosylation profiles between the Jeddah strain
(N-glyco.: 4-8, O-glyco.: 52-86) and Riyadh strain (N-glyco.: 34, O-glyco.: 29-77) as the sequences
reported from Riyadh were shorter and they were only focusing on the second hypervariable region.
The clustering of Jeddah sequences with strains from different regions of the world indicates the
possible introduction of a wide distribution of RSV isolates with visitors to the city from all over
the world.

5. Conclusions

In this report, we have identified the full genome of RSV-A from Saudi Arabia for the first time
and showed the genetic diversity of RSV in Jeddah at the time of the study compared to earlier studies
in Saudi Arabia. The current study adds to the gap in knowledge about the genetic investigation
of the virus in this geographically important part of the county. The international flux of travelers
through Jeddah during hajj and umrah seasons as compared to Riyadh and Taif increases the chance of
introducing new RSV strains and genotypes. Results from this study showed the predominance of the
ONI1 genotype of RSV-A and BA-9 genotype of RSV-B in Jeddah for the year of study as compared to
the previous studies in Saudi Arabia that showed high prevalence of the NA1 genotype of RSV-A and
other genotypes of RSV-B. Genetic characterization of the circulating respiratory infections including
RSV is very crucial for the healthcare authorities to be able to take the needed preventive and treatment
measures in combating these respiratory pathogens and for the scientific community to increase the
background data to help in vaccine and antiviral development.

Author Contributions: Conceptualization, E.LA. and S.A.E.-K.; methodology, H.A.A.-S.; validation, E.LA. and
S.A.E.-K,, formal analysis, S.A.E.-K,; investigation, N.A.K., RM.K. and A.A.A ; resources, E.I.A.; data curation,
S.A.E.-K. and H.A.A.-S; writing—original draft preparation, H.A.A.-S. and S.A.E.-K.; writing—review and editing,
H.AA-S,SAE-K,ELA,MAK,TAK and ] M.Y; supervision, T AK., ELA. and ] M.Y,; project administration,
E.LA. All authors have read and agreed to the published version of the manuscript.

Funding: This study did not receive any funds.

Acknowledgments: The authors acknowledge the generous charitable donation from the late Sheikh Ibraheem
Ahmed Azhar in the form of reagents and supplies as a contribution to the scientific research community.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Yu, X.; Kou, Y.; Xia, D.; Li, J.; Yang, X.; Zhou, Y.; He, X. Human respiratory syncytial virus in children with
lower respiratory tract infections or influenza-like illness and its co-infection characteristics with viruses and
atypical bacteria in Hangzhou, China. J. Clin. Virol. 2015, 69, 1-6. [CrossRef] [PubMed]

2. Ogunsemowo, O.; Olaleye, D.O.; Odaibo, G.N. Genetic diversity of human respiratory syncytial virus
circulating among children in Ibadan, Nigeria. PLoS ONE 2018, 13, e0191494. [CrossRef] [PubMed]

3. Nair, H.; Nokes, D.J.; Gessner, B.D.; Dherani, M.; Madhi, S.A.; Singleton, R.J.; O'Brien, K.L.; Roca, A.;
Wright, PE,; Bruce, N. Global burden of acute lower respiratory infections due to respiratory syncytial virus
in young children: A systematic reviewand meta-analysis. Lancet 2010, 375, 1545-1555. [CrossRef]

4. Fan, R, Fan, C; Zhang, ].; Wen, B.; Lei, Y.; Liu, C.; Chen, L.; Liu, W.; Wang, C.; Qu, X. Respiratory syncytial
virus subtype ON1/NA1/BA9 predominates in hospitalized children with lower respiratory tract infections.
J. Med. Virol. 2017, 89, 213-221. [CrossRef] [PubMed]

5. Eshaghi, A,; Duvvuri, VR Lai, R.; Nadarajah, ].T.; Li, A.; Patel, S.N.; Low, D.E.; Gubbay, ].B. Genetic variability
of human respiratory syncytial virus A strainscirculating in Ontario: A novel genotype with a 72 nucleotide
G gene duplication. PLoS ONE 2012, 7, e32807. [CrossRef]

6. Ahmed, A.; Haider, S.H.; Parveen, S.; Arshad, M.; Alsenaidy, H.A.; Baaboud, A.O.; Mobaireek, K.F,;
AlSaadi, M.M.; Alsenaidy, A.M.; Sullender, W. Co-Circulation of 72bp Duplication Group A and 60bp
Duplication Group B Respiratory Syncytial Virus (RSV) Strains in Riyadh, Saudi Arabia during 2014.
PLoS ONE 2016, 11, e0166145. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.jcv.2015.05.015
http://www.ncbi.nlm.nih.gov/pubmed/26209367
http://dx.doi.org/10.1371/journal.pone.0191494
http://www.ncbi.nlm.nih.gov/pubmed/29360861
http://dx.doi.org/10.1016/S0140-6736(10)60206-1
http://dx.doi.org/10.1002/jmv.24619
http://www.ncbi.nlm.nih.gov/pubmed/27358012
http://dx.doi.org/10.1371/journal.pone.0032807
http://dx.doi.org/10.1371/journal.pone.0166145
http://www.ncbi.nlm.nih.gov/pubmed/27835664

Genes 2020, 11, 1323 17 of 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Cui, G.; Zhu, R; Deng, J.; Zhao, L.; Sun, Y.; Wang, F; Qian, Y. Rapid replacement of prevailing genotype of
human respiratory syncytial virus by genotype ONT1 in Beijing, 2012-2014. Infect. Genet. Evol. 2015, 33, 163-168.
[CrossRef]

Tabatabali, J.; Prifert, C.; Pfeil, J.; Grulich-Henn, J.; Schnitzler, P. Novel respiratory syncytial virus (RSV)
genotype ON1 predominates in Germany during winter season 2012-13. PLoS ONE 2014, 9, e109191.
[CrossRef]

Pierangeli, A.; Trotta, D.; Scagnolari, C.; Ferreri, M.; Nicolai, A.; Midulla, F; Marinelli, K.; Antonelli, G.;
Bagnarelli, P. Rapid spread of the novel respiratory syncytial virus A ON1 genotype, central Italy, 2011 to
2013. Eurosurveillance 2014, 19, 20843. [CrossRef]

Kim, Y.-].; Kim, D.-W.; Lee, W.-].; Yun, M.-R.; Lee, H.Y.; Lee, H.S.; Jung, H.-D.; Kim, K. Rapid replacement of
human respiratory syncytial virus A with the ON1 genotype having 72 nucleotide duplication in G gene.
Infect. Genet. Evol. 2014, 26, 103-112. [CrossRef]

Korsun, N.; Angelova, S.; Trifonova, I.; Voleva, S.; Grigorova, I.; Tzotcheva, I.; Mileva, S.; Alexiev, I;
Perenovska, P. Predominance of ON1 and BA9 Genotypes of Respiratory Syncytial Virus (RSV) in Bulgaria,
2016-2018. J. Med. Virol. 2020. [CrossRef] [PubMed]

Jagusic, M.; Slovic, A.; Ivancic-Jelecki, J.; Ljubin-Sternak, S.; Vilibi¢-Cavlek, T.; Tabain, I.; Forcic, D.
Molecular epidemiology of human respiratory syncytial virus and human metapneumovirus in hospitalized
children with acute respiratory infections in Croatia, 2014-2017. Infect. Genet. Evol. 2019, 76, 104039. [CrossRef]
Korsun, N.; Angelova, S.; Tzotcheva, I.; Georgieva, I.; Lazova, S.; Parina, S.; Alexiev, I.; Perenovska, P.
Prevalence and genetic characterisation of respiratory syncytial viruses circulating in Bulgaria during the
2014/15 and 2015/16 winter seasons. Pathog. Glob Health 2017, 111, 351-361. [CrossRef] [PubMed]

Trento, A.; Casas, 1.; Calderdn, A.; Garcia-Garcia, M.L.; Calvo, C.; Perez-Brefia, P.; Melero, ].A. Ten years of
global evolution of the human respiratory syncytial virus BA genotype with a 60-nucleotide duplication in
the Gprotein gene. J. Virol. 2010, 84, 7500-7512. [CrossRef]

Pretorius, M.A.; van Niekerk, S.; Tempia, S.; Moyes, J.; Cohen, C.; Madhi, S.A.; Venter, M.; SARI Surveillance
Group. Replacement and Positive Evolution of Subtype A and B Respiratory SyncytialVirus G-Protein
Genotypes from 1997-2012 in South Africa. J. Infect. Dis. 2013, 208 (Suppl. 3), S227-5237. [CrossRef]
Almajhdi, EN.; Farrag, M.A.; Amer, H.M. Group B strains of human respiratory syncytial virus in Saudi
Arabia: Molecularand phylogenetic analysis. Virus Genes 2014, 48, 252-259. [CrossRef]

Xia, Q.; Zhou, L.; Peng, C.; Hao, R.; Ni, K,; Zang, N.; Ren, L.; Deng, Y.; Xie, X.; He, L. Detection of respiratory
syncytial virus fusion protein variants between 2009 and 2012 in China. Arch. Virol. 2014, 159, 1089-1098.
[CrossRef]

Runan, Z.; Xuehui, G.; Zhiliang, W. Identification of subgroups of respiratory syncytial virus by reverse
transcription polymerase chain reaction. Chin. J. Pediatr. 1998, 9, 433-437.

Rebuffo-Scheer, C.; Bose, M.; He, J.; Khaja, S.; Ulatowski, M.; Beck, E.T.; Fan, J.; Kumar, S.; Nelson, M.IL;
Henrickson, K.J. Whole genome sequencing and evolutionary analysis of human respiratory syncytial virus
A and B from Milwaukee, WI 1998-2010. PLoS ONE 2011, 6, €25468. [CrossRef]

Kearse, M.; Moir, R.; Wilson, A.; Stones-Havas, S.; Cheung, M.; Sturrock, S.; Buxton, S.; Cooper, A.;
Markowitz, S.; Duran, C.; et al. Geneious Basic: An integrated and extendable desktop software platform for
the organization and analysis of sequence data. Bioinformatics 2012, 28, 1647-1649. [CrossRef]

Gupta, R.; Jung, E.; Brunak, S. Prediction of N-Glycosylation Sites in Human Proteins. 2004. Available online:
http://www.cbs.dtu.dk/services/NetNGlyc (accessed on 26 October 2020).

Julenius, K.; Melgaard, A.; Gupta, R.; Brunak, S. Prediction, conservation analysis, and structural
characterization of mammalian mucin-type O-glycosylation sites. Glycobiology 2005, 15, 153-164. [CrossRef]
Albogami, S.S.; Alotaibi, M.R.; Alsahli, S.A.; Masuadi, E.; Alshaalan, M. Seasonal variations of respiratory
viruses detected from children with respiratory tract infections in Riyadh, Saudi Arabia. J. Infect. Public Health
2018, 11, 183-186. [CrossRef]

Etemadi, M.R.; Sekawi, Z.; Othman, N.; Lye, M.-S.; Moghaddam, FY. Circulation of human respiratory
syncytial virus strains among hospitalized children with acute lower respiratory infection in malaysia.
Evol. Bioinform. 2013, 9, 510999. [CrossRef] [PubMed]

Comas-Garcia, A.; Noyola, D.E.; Cadena-Mota, S.; Rico-Hernandez, M.; Bernal-Silva, S. Respiratory syncytial
virus-A ONI1 genotype emergence in central Mexico in 2009 and evidence of multiple duplication events.
J. Infect. Dis. 2018, 217, 1089-1098. [CrossRef]


http://dx.doi.org/10.1016/j.meegid.2015.04.025
http://dx.doi.org/10.1371/journal.pone.0109191
http://dx.doi.org/10.2807/1560-7917.ES2014.19.26.20843
http://dx.doi.org/10.1016/j.meegid.2014.05.007
http://dx.doi.org/10.1002/jmv.26415
http://www.ncbi.nlm.nih.gov/pubmed/32779756
http://dx.doi.org/10.1016/j.meegid.2019.104039
http://dx.doi.org/10.1080/20477724.2017.1375708
http://www.ncbi.nlm.nih.gov/pubmed/28948867
http://dx.doi.org/10.1128/JVI.00345-10
http://dx.doi.org/10.1093/infdis/jit477
http://dx.doi.org/10.1007/s11262-013-1030-z
http://dx.doi.org/10.1007/s00705-013-1870-9
http://dx.doi.org/10.1371/journal.pone.0025468
http://dx.doi.org/10.1093/bioinformatics/bts199
http://www.cbs.dtu.dk/services/NetNGlyc
http://dx.doi.org/10.1093/glycob/cwh151
http://dx.doi.org/10.1016/j.jiph.2017.06.001
http://dx.doi.org/10.4137/EBO.S10999
http://www.ncbi.nlm.nih.gov/pubmed/23641140
http://dx.doi.org/10.1093/infdis/jiy025

Genes 2020, 11, 1323 18 of 19

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Mejias, A.; Ramilo, O. New options in the treatment of respiratory syncytial virus disease. J. Infect.
2015, 71, S80-S87. [CrossRef] [PubMed]

Taleb, S.A.; Al Thani, A.A.; Al Ansari, K.; Yassine, H.M. Human respiratory syncytial virus: Pathogenesis,
immune responses, and current vaccine approaches. Eur. . Clin. Microbiol. Infect. Dis. 2018, 37, 1817-1827.
[CrossRef]

Gimferrer, L.; Vila, J.; Pifiana, M.; Andrés, C.; Rodrigo-Pendas, J.A.; Peremiquel-Trillas, P.; Codina, M.G.;
CMartin, M.D.; Esperalba, ].; Fuentes, E; et al. Virological surveillance of human respiratory syncytial virus A
and B at a tertiary hospital in Catalonia (Spain) during five consecutive seasons (2013-2018). Future Microbiol.
2019, 14, 373-381. [CrossRef]

Thongpan, I.; Mauleekoonphairoj, J.; Vichiwattana, P.; Korkong, S.; Wasitthankasem, R.; Vongpunsawad, S.;
Poovorawan, Y. Respiratory syncytial virus genotypes NA1, ON1, and BA9 are prevalent in Thailand,
2012-2015. Peer] 2017, 5, €3970. [CrossRef] [PubMed]

Valley-Omar, Z.; Muloiwa, R.; Hu, N.-C.; Eley, B.; Hsiao, N.-Y. Novel respiratory syncytial virus subtype
ON1 among children, Cape Town, South Africa, 2012. Emerg. Infect. Dis. 2013, 19, 668. [CrossRef]
Calderén, A.; Pozo, E; Calvo, C.; Garcia-Garcia, M.; Gonzalez-Esguevillas, M.; Molinero, M.; Casas, I. Genetic
variability of respiratory syncytial virus A in hospitalized children in the last five consecutive winter seasons
in Central Spain. . Med. Virol. 2017, 89, 767-774. [CrossRef] [PubMed]

Schobel, S.A.; Stucker, KM.; Moore, M.L.; Anderson, L.J.; Larkin, E.K.; Shankar, J.; Bera, ].; Puri, V.; Shilts, M.H.;
Rosas-Salazar, C. Respiratory Syncytial Virus whole-genome sequencing identifies convergent evolution of
sequence duplication in the C-terminus of the G gene. Sci. Rep. 2016, 6, 26311. [CrossRef] [PubMed]
Gaymard, A.; Bouscambert-Duchamp, M.; Pichon, M.; Frobert, E.; Vallee, J.; Lina, B.; Casalegno, ] .-S.; Morfin, F.
Genetic characterization of respiratory syncytial virus highlights a new BA genotype and emergence of the
ONI1 genotype in Lyon, France, between 2010 and 2014. J. Clin. Virol. 2018, 102, 12-18. [CrossRef]
Panayiotou, C.; Richter, J.; Koliou, M.; Kalogirou, N.; Georgiou, E.; Christodoulou, C. Epidemiology of
respiratory syncytial virusin children in Cyprus during three consecutive winter seasons (2010-2013):
Age distribution, seasonality and association between prevalent genotypes and disease severity.
Epidemiol. Infect. 2014, 142, 2406-2411. [CrossRef]

Madi, N.; Chehadeh, W.; Asadzadeh, M.; Al-Turab, M.; Al-Adwani, A. Analysis of genetic variability of
respiratory syncytial virus groups A and B in Kuwait. Arch. Virol. 2018, 163, 2405-2413. [CrossRef]
Abdel-Moneim, A.S.; Soliman, M.S.; Kamel, M.M.; El-Kholy, A.A. Sequence analysis of the G gene of
hRSVA ONT1 genotype from Egyptian children with acute respiratory tract infections. J. Med. Microbiol.
2018, 67, 387-391. [CrossRef]

Abou-El-Hassan, H.; Massaad, E.; Soudani, N.; Assaf-Casals, A.; Shaker, R.; Khoury, M.L.; Ghanem, S.;
Karam, M.; Andary, R.; Saito, R. Detection of ON1 and novel genotypes of human respiratory syncytial virus
and emergence of palivizumab resistance in Lebanon. PLoS ONE 2019, 14, e0212687. [CrossRef]
Malekshahi, S.S.; Razaghipour, S.; Samieipoor, Y.; Hashemi, EB.; Manesh, A.A.R.; Izadi, A.; Faghihloo, E.;
Ghavami, N.; Mokhtari-Azad, T.; Salimi, V. Molecular characterization of the glycoprotein and fusion protein
in human respiratory syncytial virus subgroup A: Emergence of ON-1 genotype in Iran. Infect. Genet. Evol.
2019, 71, 166-178. [CrossRef]

Almajhdi, EN.; Farrag, M.A.; Amer, H.M. Genetic diversity in the G protein gene of group A human respiratory
syncytial viruses circulating in Riyadh, Saudi Arabia. Arch. Virol. 2014, 159, 73-81. [CrossRef] [PubMed]

Al Aboud, D.; Al Aboud, N.M.; Al-Malky, M.I.; Abdel-Moneim, A.S. Genotyping of Type A Human
Respiratory Syncytial Virus Based on Direct F Gene Sequencing. Medicina 2019, 55, 169. [CrossRef] [PubMed]
Auksornkitti, V.; Kamprasert, N.; Thongkomplew, S.; Suwannakarn, K. Theamboonlers, A.;
Samransamruajkij, R.; Poovorawan, Y. Molecular characterization of human respiratory syncytial virus,
2010-2011: Identification of genotype ON1 and a new subgroup B genotype in Thailand. Arch. Virol.
2014, 159, 499-507. [CrossRef]

Goya, S.; Valinotto, L.E.; Tittarelli, E.; Rojo, G.L.; Jodar, M.S.N.; Greninger, A.L.; Zaiat, ].J.; Marti, M.A;
Mistchenko, A.S.; Viegas, M. An optimized methodology for whole genome sequencing of RNArespiratory
viruses from nasopharyngeal aspirates. PLoS ONE 2018, 13, e0199714. [CrossRef]

Zou, L.; Yi, L.; Wu, J.; Song, Y.; Huang, G.; Zhang, X.; Liang, L.; Ni, H.; Pybus, O.G.; Ke, C. Evolution
and transmission of respiratory syncytial group a (RSV-A) viruses in Guangdong, China 2008-2015.
Front. Microbiol. 2016, 7, 1263. [CrossRef]


http://dx.doi.org/10.1016/j.jinf.2015.04.025
http://www.ncbi.nlm.nih.gov/pubmed/25922289
http://dx.doi.org/10.1007/s10096-018-3289-4
http://dx.doi.org/10.2217/fmb-2018-0261
http://dx.doi.org/10.7717/peerj.3970
http://www.ncbi.nlm.nih.gov/pubmed/29085762
http://dx.doi.org/10.3201/eid1904.121465
http://dx.doi.org/10.1002/jmv.24703
http://www.ncbi.nlm.nih.gov/pubmed/27696460
http://dx.doi.org/10.1038/srep26311
http://www.ncbi.nlm.nih.gov/pubmed/27212633
http://dx.doi.org/10.1016/j.jcv.2018.02.004
http://dx.doi.org/10.1017/S0950268814000028
http://dx.doi.org/10.1007/s00705-018-3881-z
http://dx.doi.org/10.1099/jmm.0.000699
http://dx.doi.org/10.1371/journal.pone.0212687
http://dx.doi.org/10.1016/j.meegid.2019.03.026
http://dx.doi.org/10.1007/s00705-013-1792-6
http://www.ncbi.nlm.nih.gov/pubmed/23884633
http://dx.doi.org/10.3390/medicina55050169
http://www.ncbi.nlm.nih.gov/pubmed/31137571
http://dx.doi.org/10.1007/s00705-013-1773-9
http://dx.doi.org/10.1371/journal.pone.0199714
http://dx.doi.org/10.3389/fmicb.2016.01263

Genes 2020, 11, 1323 19 of 19

44.

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

Prifert, C.; Streng, A.; Krempl, C.D,; Liese, J.; Weissbrich, B. Novel respiratory syncytial virus a genotype,
Germany, 2011-2012. Emerg. Infect. Dis. 2013, 19, 1029. [CrossRef] [PubMed]

Otieno, ].R.; Kamau, E.M.; Oketch, ].W.; Ngoi, ] M.; Gichuki, A.M.; Binter, §.; Otieno, G.P; Ngama, M.; Agoti, CN,;
Cane, P.A. Whole genome analysis of local Kenyan and global sequences unravels the epidemiological and
molecularevolutionary dynamics of RSV genotype ON1 strains. Virus Evol. 2018, 4, vey027. [CrossRef]

Khor, C.-S.; Sam, I.-C.; Hooi, P-S.; Chan, Y.-E. Displacement of predominant respiratory syncytial virus
genotypes in Malaysia between 1989 and 2011. Infect. Genet. Evol. 2013, 14, 357-360. [CrossRef] [PubMed]

Choudhary, M.; Anand, S.; Wadhwa, B.; Chadha, M. Genetic variability of human respiratory syncytial virus
in Pune, Western India. Infect. Genet. Evol. 2013, 20, 369-377. [CrossRef]

Ezzeddine, A.; Soudani, N.; Lee, C.K.; Dbaibo, G.; Elbahesh, H.; Zaraket, H. Complete Genome Sequence
of an ON1 Human Respiratory Syncytial Virus Strain Isolated in Lebanon in 2015. Genome Announc.
2018, 6, €00316-18. [CrossRef]

Malasao, R.; Okamoto, M.; Chaimongkol, N.; Imamura, T.; Tohma, K.; Dapat, I.; Dapat, C.; Suzuki, A.;
Saito, M.; Saito, M. Molecular characterization of human respiratory syncytial virus in the Philippines,
2012-2013. PLoS ONE 2015, 10, e0142192. [CrossRef]

Cane, P. Molecular epidemiology and evolution of RSV. Perspect. Med. Virol. 2006, 14, 89-114.

Trento, A.; Galiano, M.; Videla, C.; Carballal, G.; Garcia-Barreno, B.; Melero, J.A.; Palomo, C. Major changes
in the G protein of human respiratory syncytial virus isolates introducedby a duplication of 60 nucleotides.
J. Gen. Virol. 2003, 84, 3115-3120. [CrossRef]

Zlateva, K.T.; Lemey, P; Moés, E.; Vandamme, A.-M.; Van Ranst, M. Genetic variability and molecular evolution
of the human respiratory syncytial virus subgroup B attachment G protein. J. Virol. 2005, 79, 9157-9167. [CrossRef]
Okamoto, M.; Dapat, C.P.,; Sandagon, A.M.D.; Batangan-Nacion, L.P; Lirio, I.C.; Tamaki, R.; Saito, M.;
Saito-Obata, M.; Lupisan, S.P.; Oshitani, H. Molecular characterization of respiratory syncytial virus in
children with repeated infections with subgroup B in the Philippines. J. Infect. Dis. 2018, 218, 1045-1053.
[CrossRef] [PubMed]

Di Giallonardo, F; Kok, J.; Fernandez, M.; Carter, I.; Geoghegan, J.L.; Dwyer, D.E.; Holmes, E.C.; Eden, J.-S.
Evolution of human respiratory syncytial virus (RSV) over multiple seasons in New South Wales, Australia.
Viruses 2018, 10, 476. [CrossRef]

Fedechkin, S.0.; George, N.L.; Wolff, ].T.; Kauvar, L.M.; DuBois, R.M. Structures of respiratory syncytial
virus G antigen bound to broadly neutralizing antibodies. Sci. Immunol. 2018, 3, ar3534. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3201/eid1906.121582
http://www.ncbi.nlm.nih.gov/pubmed/23735287
http://dx.doi.org/10.1093/ve/vey027
http://dx.doi.org/10.1016/j.meegid.2012.12.017
http://www.ncbi.nlm.nih.gov/pubmed/23305888
http://dx.doi.org/10.1016/j.meegid.2013.09.025
http://dx.doi.org/10.1128/genomeA.00316-18
http://dx.doi.org/10.1371/journal.pone.0142192
http://dx.doi.org/10.1099/vir.0.19357-0
http://dx.doi.org/10.1128/JVI.79.14.9157-9167.2005
http://dx.doi.org/10.1093/infdis/jiy256
http://www.ncbi.nlm.nih.gov/pubmed/29722817
http://dx.doi.org/10.3390/v10090476
http://dx.doi.org/10.1126/sciimmunol.aar3534
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Inclusion and Exclusion Criteria 
	Sample Collection 
	Molecular Detection of Respiratory Viruses 
	Virus Isolation 
	Whole Genome Sequencing and Typing of RSV 

	Results 
	The Characterization and Prevalence of RSV in Respiratory Samples 
	Phylogenetic Analysis of RSV 
	Amino Acid Sequence Analysis of the G Gene 
	N- and O-Glycosylation Site Analysis in Amino Acid Sequence 
	Full Genome Sequence 

	Discussions 
	Conclusions 
	References

