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Abstract
Background

Methods

were phylogenetically analyzed. 
Results

year of survey whereas during the second year, only GA1 and GA2 genotypes were detected. 
Conclusion
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Original Article 

Introduction

H uman respiratory syncytial virus (HRSV) infection is 
considered as one of the most dangerous and lethal 
respiratory infections in elderly individuals.1-3 HRSV is an 

important cause of seasonal respiratory tract infection among 
adult individuals and accounts for 25% of deaths attributed to 

infection. Reports from around the world indicate an HRSV-
associated mortality rate of about 26.5 cases per 100,000 persons 
per year in adults aged 65 years and above.4 A study in the USA 
on the consequences of pneumonia among elderly individuals 
estimated about 687,000 cases of hospitalization and 74,000 
deaths occurring annually, of which 2%–9% were due to HRSV.5

of the Paramyxoviridae family. This virus belongs to the 
Pneumovirus genus from the subfamily of Pneumovirinea.6,7 
HRSV virion contains a negative-sense, nonsegmented ssRNA 
genome, composed of 10 genes which encode 11 structural and 
nonstructural proteins.8,9 One of these proteins is attachment G 
glycoprotein, a type II glycoprotein and the most variable protein 
of the virion which is responsible for the differences between 
HRSV genotypes. The external domain of this glycoprotein 
contains two hypervariable regions both of which (especially the 
second region) are important in genetic variability and are widely 
used for HRSV molecular epidemiology.9 HRSV also is divided 
into two major antigenic groups A and B on the basis of reaction 
with monoclonal antibodies against the G glycoprotein.10,11 HRSV 
group A is subdivided to 11 genotypes including GA1-GA7, ON1, 
SAA1, NA1 and NA29,12,13

genotypes GB1-GB4, SAB1-SAB3, SAB4, URU1, URU2, BA1- 
BA12, and THB.9,14-22 Continuous variations occurring in amino 
acid sequence and glycosylation pattern of the G glycoprotein 
over time results in the virus’s evasion from the host’s immune 
responses and annual occurrence of re-infections and frequent 
epidemics.23-25 Therefore, determining the circulating genotypes 
in the community, as well as changes in G glycoprotein over 
consecutive years is of great importance. The present study is the 
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circulating genotypes of HRSV in this age group. 

Materials and Methods

Study population and sample collection
The present cross-sectional study was carried out using throat 

swab samples received from hospitals of Tehran, Hormozgan, 
Boushehr, West Azarbayjan, Ghom and Alborz provinces of Iran 
between October 2013 and March 2015. The target population of 

hospitals or outpatient centers due to acute respiratory infection. 
Throat swabs were taken from patients and placed in a virus-

ice packs and patient’s information sheets were transferred to a 
Styrofoam container and subsequently referred to the national 

from analysis and the remaining specimens were analyzed for 
HRSV infection. 

RNA extraction and cDNA synthesis  
Viral RNA extraction was performed on 225 throat swabs 

using high pure nucleic acid extraction kit (Roche Diagnostic, 
Manheim, Germany) according to the manufacturer’s instructions. 

enzyme of Moloney murine leukemia virus (M-MuLV) and 0.5 

Primer sequences and hemi-nested RT-PCR
In external step, GPA (nt 511-530, 5’- 

GAAGTGTTCAACTTTGTACC-3’) for subgroup A 
and GPB (nt 494-515, 5’-AAGATGATTACCATTTTG 
AAGT-3’) for subgroup B were applied as forward primers. 
Hemi-nested PCR step was performed using nRSAG (nt 
539-558, 5’- TATGCAGCAACAATCCAACC-3’) as 

forward primer. In both external and hemi-nested PCR steps, 
F1 (nt 3-22, 5’-CAACTCCATTGTTATTTGCC-3’) was used as 

26

included 5 min at 94°C followed by 30 cycles of 94°C for 30 sec, 

hemi-nested PCR. All conditions for this step were similar to the 
external step. Amplicons of external and hemi-nested PCR steps 
were 450 and 400 bps, respectively. Standard HRSV A2 strain as 
positive control and also negative control were used along with 
all clinical samples. Subgroup analysis was performed for both A 
and B subgroups using electrophoresis on 1.5% agarose gel and 

 

Sequencing
Sequencing was carried out using nRSAG and nRSBG internal 

forward primers of hemi-nested PCR and F1 as common reverse 

were sequenced in forward and reverse directions inside an ABI 
PRISM 310 genetic analyzer (PE Applied BioSystems Inc., 
Foster City, CA) using an ABI PRISM BigDye Terminator cycle 
sequencing ready reaction kit (PE Applied BioSystems Inc).

Phylogenetic analysis
The sequencing results of second hypervariable region of 

G protein gene of HRSV were aligned along with reference 
sequences from GenBank database using CLUSTAL W tool in 
MEGA6 software. Subsequently, phylogenetic analysis was 
performed using the neighbor-joining method in the mentioned 
software. Intragenotypic and intergenotypic pairwise distances 
were calculated by Kimura 2 parameters. All sequences were 
submitted to GenBank database and possessed accession numbers 
of KT347290-KT347296. 

Amino acid analysis
After phylogenetic analysis, aligned DNA sequences were 

translated to their corresponding amino acid sequences using 
MEGA6 software for highlighting probable mutations involved 
in HRSV immune evasion and disease burden. Amino acid 
sequences were also analyzed by two online glycosylation 
prediction tools including NetOGlyc 4.0 Server and NetNGlyc 

N-glycosylation sites, respectively.

Statistical analysis
IBM SPSS Statistics software version 22 was used for statistical 

analysis of data. We analyzed the relation between HRSV 
abundance and patients’ sex by Chi-square test. The relation 
between HRSV abundance and patients’ age was studied by 
t-test. Also, the relation of HRSV genotypes with patients’ sex 

distribution using Kolmogorov-Smirnov test, the relation of 
HRSV genotypes with patients’ age was analyzed using ANOVA 
test. P

Results

HRSV distribution and seasonality
A total of 225 throat swabs were examined in this study all of 

symptoms. Overall, 16 (7.1%) out of all samples tested positive 

circulating during the two-year study period. HRSV infection was 
distributed throughout the cold seasons and early spring during 
the study period but peaks of infection occurred during middle 
and late winter in February and March. In terms of geographical 
distribution, Tehran had 12 positive samples and four other 
cities including Varamin, Sardasht, Boushehr and Bandarabbas 
each had one positive sample. Among 16 HRSV positive cases, 
10(62.5%) were female and 6(37.5%) were male. Distribution of 
positive samples in three age groups including 60–70, 70–80, and 
80–90 years old consisted of 3(18.75%), 6(37.5%) and 7(43.75%) 
positive cases, respectively. Our statistical analysis showed 
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(P-value: 0.165) or sex (P-value: 0.164).

Phylogenetic analysis and genotype distribution
Genotypes isolated in our study included GA2 (4 isolates, 57%), 

GA1 (2 isolates, 29%) and BA9 (1 isolate, 14%). All of these three 
genotypes were co-circulating during the 2013–2014 cold seasons 
and GA2 genotype predominated in this period. During 2014–
2015 cold seasons, only GA1 and GA2 genotypes were circulating 
with similar frequencies with GA1 detected in mid-fall and GA2 
in mid-winter. The phylogenetic analysis results of group A and B 
isolates are shown in Figure 1 and Figure 2, respectively. From the 
four detected GA2 genotypes, two were isolated from 80–90 year 
old patients and the other two were isolated from patients aged 
70–80 years. Two detected GA1 genotypes were isolated from two 
patients aged 74 and 81 years. The BA9 isolate was from a patient 
with 80 years of age. From the four GA2 isolates, two were isolated 
from men and two were from women. Two GA1 isolates were also 
obtained from one man and one woman and the BA9 genotype was 

isolated HRSV genotypes and patients’ age (P-value: 0.964) or sex 
(P-value: 0.646).   

Amino acid and glycosylation pattern analysis
Our analyses revealed 3 amino acid changes which were common 

among all group A isolates. These conserved residues which 
may be under positive selective pressure included Leu215Pro, 

amino acid changes at positions 226, 233, 262, 265, 269, 280, 
286, 289, 290, 292, 293, 297, and 300. The results for group A 
and B isolates are shown in Fig. 3 and Figure 4, respectively. 
Three N-glycosylation sites (NXT, where X is not Pro) were 
found in group A isolates at amino acid positions 237, 251 and 
294. Moreover, two O-glycosylation motifs at amino acid position 
219 including TTKP in GA2 isolates and TTKS in GA1 isolates 
and also one common O-glycosylation motif as TTKP at position 
227 were detected which can be potential sites for extensive 
O-glycosylation of G glycoprotein. Also, we discovered one GA2 

In addition, in BA9 genotype three probable N-glycosylation sites 
at amino acid residues 228 (NPT), 276 (NHT) and 308 (NTT) 
we detected. Our analyses determined up to 39 O-glycosylation 
sites in BA9 isolate, three of which at positions 249, 283 and 284 
possessed O-glycosylation scores higher than 0.9.

Figure 1.

rates and bootstrap of 1000 replicates. The numbers cloe to nodes represent bootstrap values in percent. Our isolates are characterized by geographic 

strains are marked with black circles. Reference sequences of different genotypes have been characterized with access number followed by genotype 
name and are not marked.
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Figure 2. 

region, followed by group designation, year of detection and sample number and is also marked by a black square. Sequences used as reference for 
different genotypes are characterized with access number followed by genotype name and are not marked.

Figure 3. Aligned amino acid sequences of group A isolates in this study along with the Long strain as reference sequence (accession number: 
AY911262.1).

Figure 4. 
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Discussion

This molecular epidemiology study analyzed the second 
variable region of external domain of G gene product of HRSV 

between October 2013 and March 2015. From the 225 throat 
swab samples, 16 were positive for HRSV infection using hemi-
nested RT-PCR which led to 7.1% frequency estimation for 
HRSV. In an epidemiology study of viral respiratory infections 
in Switzerland, using RT-PCR, HRSV infection was detected in 
12% of upper respiratory specimens and 14% of lower respiratory 
specimens of elderly patients >65 years of age.27 A prospective 
study was performed on healthy working adults aged 18-60 
years, of whom 7% acquired HRSV infection during the study 
period.28 In another study, HRSV infection was investigated in 
two prospective cohorts including 608 healthy elderly individuals 
and 540 high risk adults and a hospitalized cohort of 1388 adults, 
among whom HRSV infection was detected using culture, RT-
PCR and serologic tests in 46 (7.56%), 56 (10.37%) and 142 
(10.23%) cases, respectively.29 

CTL immune responses play a critical role in HRSV clearance 
and recovery of patients,30-33 but in elderly adults, CTL responses 
become nonfunctional due to decreased naïve and functional T 
cells.34-37 As mentioned above in the results section, the distribution 
of positive samples in the three age groups (namely, 60–70, 70–80, 
and 80–90 years) was 18.75%, 37.5% and 43.75%, respectively. 
These data show that with increasing age in the population 

abundance, which may be due to impaired CTL response in this 

between HRSV abundance and age. Houspie et al. investigated 
the circulation of HRSV in Belgium using HRSV antigen test, 
RT-PCR and phylogenetic analysis. Their results showed that 
18.5% of all HRSV positive patients had an age of 13 months and 

HRSV frequency decreased with age.38 In another survey, Berginc 
and Prosenc reported that in hospitalized patients aged between 
3-64 years, the frequency of HRSV infection decreased with 
age (6.8%, 2.6%, 1.5%, and 2.7% in ages 3–6, 7–14, 15–19, and 

frequency increased again to 7.4%.39 A relation between HRSV 
abundance and age was reported by Pretorius et al. who showed 
that HRSV frequency decreased with age in patients with aged <1 
to >65 years old.40 In a prospective study about seasonal incidence 

found between HRSV incidence and age as incidence increased 
with patients’ age (124, 147 and 199 cases in patients 50-59, 60-

41 However, another survey 
showed that HRSV incidence among patients aged 3 weeks to 79 
years decreased with increasing age.14

The majority of our positive cases (62.5%) were female and 
the rest (37.5%) were male; however, despite the higher rate of 

et 
al.

41 According to our 

was higher in women compared to men (5 cases vs. 2 cases). 
Falsey et al. have reported almost similar results.29

HRSV group A was predominant in all seasons during our study. 

HRSV-A has been also shown to be the predominant group in 
several epidemics among adult and also pediatric populations. In a 

tested for HRSV by multiplex RT-PCR among whom 164 (12%) 
were infected with this virus. The mean age of HRSV positive 
cases in that study was 64.2 years and 62% of them were female. 
Seasonal incidence of HRSV group A and B was 80 and 74 cases 
per 10000 persons, respectively. For HRSV group A, seasonal 
incidence increased with patients’ age while for HRSV group B, 
there was not any uptrend for seasonal incidence, although overall 
the group B seasonal incidence was higher in upper ages.41 HRSV 
abundance of about 19% was reported by Ohno et al. among 
hospitalized children. In that study, 2150 nasopharyngeal swabs 
were tested using nested RT-PCR, with 65% of positive cases 
belonging to the HRSV group A and 35% to group B.42 Similar 
results were acquired for children in China where 15.8% of the 

females. Using multiplex PCR and real time RT-PCR, 63.9% and 

B, respectively.23 HRSV epidemic periods among children were 

(IFA) was used for both screening and subgrouping purposes in 
2885 nasopharyngeal aspirates from which 456 samples (15.8%) 
had a positive result for HRSV infection. Eighty out of all IFA-
positive cases were used for subgrouping and genotyping by RT-
PCR and sequencing. HRSV subgroups A and B were found in 58 
and 28 cases of analyzed samples, respectively.43 These studies 
indicate that application of a serological screening method prior to 
molecular methods like PCR, may enable us to improve the study 

Totally, 7 out of 16 positive samples (44%) were successfully 
sequenced in our survey which subsequently fell into GA1, 
GA2 and BA9 genotypes using phylogenetic analysis (Figure 1 
and Figure 2). Several other studies have also encountered this 
problem and failed to sequence a large number of their positive 
samples.44-46 This can be secondary to various reasons such as 
decrease in RNA concentration in the samples due to RNA 
degradation caused by inappropriate sample transport conditions, 
decreased viral load in the samples due to late referral of patients 

volume etc.

between detected HRSV genotypes and patients’ age or sex. 
Several studies have reported co-circulation of different HRSV 
genotypes from both A and B groups in the adult population. A 
nosocomial outbreak of HRSV infection was surveyed on in adult 

culture and RT-PCR, of whom 8 (17.8%) were HRSV positive. 
Six of HRSV infected patients were men and two were women. 
Seven out of eight HRSV positive samples were sequenced and 
genotyped of which six were genotype GB3 from HRSV group 
B and one was genotype GA5 from HRSV group A.47 In another 
study between 2011 and 2013, infection with novel HRSV ON1 
genotype was investigated in adult HCT recipients. Among 20 
HRSV infected adult HCT recipients aged 22–69 years, 14 (70%) 
belonged to the HRSV group A and 6 (30%) to the HRSV group 
B; also, 50% of their positive cases were male. Eighteen positive 
samples were sequenced and, after phylogenetic analysis, were 
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placed in 3 genotypes including ON1, NA1 and BA. Genotype 
frequency was 11 ON1 isolates, 2 NA1 isolates and 5 BA isolates. 
They also found no relation between HRSV genotypes and age or 
sex of the infected patients.48

There is no previous report on molecular epidemiology of 

performed in Iran have demonstrated the HRSV genotype 
circulation pattern among children and infants which can be 
representatives of HRSV genotype circulation pattern in Iran. 
From October to December 2009, the genetic diversity of G 
protein gene of HRSV was studied in Iranian children suffering 
from acute respiratory symptoms. Using RT-PCR, 24 (22.42%) 
out of 107 throat swab samples tested positive for HRSV infection 
among which 16 belonged to the HRSV group A and 8 to group 
B. GA1, GA2 and BA were the isolated genotypes in that study 
and GA1 was predominant.49 We also found these three genotypes 
in our study which may suggest a common source of infection 
and intermittent circulation of these genotypes between children 

mutations and glycosylation patterns we found in G glycoproteins 
of HRSV isolates from adult patients were similar to those were 
found in HRSV isolates from pediatric studies (discussed below). 
However, whether or not the circulating genotypes in children 
and the adults are exactly attributable to each other needs further 
investigations in comparative studies with more pervasive scales. 
Also in another survey between 2009 and 2013, 485 throat swabs 
taken from children were examined by RT-PCR from which 94 
(19.38%) were positive for HRSV. After phylogenetic analysis, 

group A and genotype BA from group B.50  
As mentioned above in the results section, GA2 had the highest 

frequency (57%) among detected genotypes and predominated 

characteristics of HRSV strains were surveyed among HSCT 
recipients and health care workers in a HSCT unit from April 2001 

genotype changed to SAB3 followed by SAB1 and GA2.51 An 
almost similar predominance pattern was reported in pediatric 
patients with an HRSV frequency of about 24%. HRSV A and 
B subgroups were found in 91.4% and 5.1% of positive cases, 
respectively and the remaining cases were co-infected with both 
subgroups. The only recognized genotypes included GA2 and BA 
and overall, the GA2 genotype predominated.52 Co-circulation of 

years was also reported by Moura et al.43

Considering the fact that the majority of nucleotide changes in 
G gene sequence lead to amino acid changes in its corresponding 
protein, it has been concluded that there is a positive selective 
pressure on this glycoprotein.53,54 Amino acid variations in HRSV 
group A, including Ser269Thr and Pro289Ser have been reported 
to be associated with the outcome of the HRSV disease.55 We also 
found these two amino acid substitutions in all GA2 genotypes 

It has been indicated that different glycosylation patterns 
occurring in group A and B viruses result in antigenicity variation 
between their genotypes and thereupon may help the virus to 
evade host’s immune responses.56 For group A isolates, we found 
three N-glycosylation sites (NXT, where X is not Pro) at amino 

acid positions 237, 251 and 294, two O-glycosylation motifs at 
amino acid position 219 including TTKP in GA2 isolates and 
TTKS in GA1 isolates and one common O-glycosylation motif 
as TTKP at position 227 which can be potential sites for extensive 
O-glycosylation of this glycoprotein. These glycosylation data 
are in agreement with several studies.23,57-59 We also discovered 

position 231 which was previously reported.57

Also in BA9 genotype, we detected three probable 
N-glycosylation sites at amino acid residues 228 (NPT), 276 
(NHT) and 308 (NTT), which are similar to the results reported 
by Tan et al.60

sites in BA9 isolate, three of which at positions 249, 283 and 284 
had O-glycosylation scores higher than 0.9. 

We should mention here that the present study was performed 
using only samples from some provinces of Iran which were 

Medical Sciences and is not representative of the overall HRSV 
prevalence and genotype distribution in Iran. The limitations 

studies, as well as the present study, represent a considerable 
prevalence for HRSV infection which requires more effective 
health care programs for both elderly and infant age groups. 
The majority of our positive samples belonged to the antigenic 
group A. Three genotypes including GA1, GA2 and BA9 were 

discovered genotypes were similar to those previously detected 
in pediatric population. Continuous studies should be carried out 
every year in order to survey and monitor the circulation pattern 

gathered information should be provided to health centers to take 
appropriate measures. In addition to its use in decision-making for 
health care purposes, this epidemiological information can be also 
useful for developing new HRSV vaccines.
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