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Abstract

Introduction: Respiratory syncytial virus (RSV) is the most common cause of acute respiratory infections in children younger than two years
but also produces infection in older children and even reinfection in people of any age, a characteristic related to the existence of different
infecting subtypes and genotypes. Although Colombia has established the surveillance of classical respiratory viruses, there is no information
about the RSV genotypes circulating in Colombian patients.

Methodology: A subgroup of 227 previously RSV positive respiratory secretion samples were taken from a nationwide surveillance study,
amplified and sequenced to define the circulation pattern of RSV subtypes and genotypes during 2000-2009 period in Colombia.

Results. RSV exhibited seasonal behavior with an A subtype more prevalent. Both RSV subtypes had low nucleotide variability. During the
study period, the GA2 and GAS genotypes from RSV subtype A and the BA genotype from RSV subtype B were found.

Conclusion. In this report, for the first time RSV genotypes circulating in Colombia were described, this information adds valuable information

about virus epidemiology helping to understand the RSV epidemic and prepare our country for the introduction of new vaccines.
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Introduction

Acute respiratory infections (ARI), one of the most
important public health concerns in the world, are
defined as a group of infections of the respiratory tract
caused by both bacterial and viral pathogenic agents.
Respiratory syncytial virus (RSV) is the most common
cause of mild and severe respiratory infections in
children younger than two years; however, the use of
confirmatory laboratory diagnostic is infrequent, which
leads to inadequate attention and antibiotic use and
wider spreading of annual outbreaks [1].

RSV belongs to the Paramyxoviridae family and the
Pneumovirus genus and has a lipid envelope and
negative-sense non-segmented RNA that encodes 11
proteins [2]. The envelope glycoprotein (G) is a type 1l
transmembrane protein involved in interactions with
target cell membrane receptors the highly sulfated
glycosaminoglycans such as heparin and chondroitin
sulfate [3]. According to the G gene sequence, RSV
could be differentiated into subtypes A and B as well as
the genotypes between them [4,5]. Most of the genomic
changes detected in clinical isolates are due to the lack
of fidelity of polymerase activity, which defines the
apparition of genotypes and subtypes [6]. In the RSV A

subtype, the GA1 to GA7, SAA1, NA1, NA2 and ONI1
genotypes have been identified, while in RSV subtype
B, in addition to twelve BA genotypes, GB1 to GB4,
SAB1 to SAB3, URUI and URU2 genotypes have been
described [7,8]. Subtypes A and B have 53% identity in
the G protein gene, but this identity is approximately
80% among genotypes of subtype A and 91% among
genotypes of subtype B [9,10]. It is unclear whether
strain variations can be involved in reinfections or
immune escape, and the importance of these genotypes
in the development of a vaccine remains uncertain.

Recently, in a nationwide sentinel study, we
reported that approximately 19% of respiratory samples
tested positive by immunofluorescence to some of the
main respiratory viruses. RSV was detected in a half of
them, mainly subtype A (66% of PCR-confirmed
samples), although there was an alternating annual
pattern of the A and B subtypes and most of the RSV-
confirmed patients were children under 5 years (85.3%)
[11]. Despite these findings, there is no information
about circulating genotypes in Colombia. Therefore, the
purposes of this study were to describe the RSV
genotypes and circulation patterns in a Colombian ten-
year sample collection period.
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Methodology
Sample collection and RSV subtype detection

This descriptive retrospective study was approved
by the Ethics Committee of the Instituto Nacional de
Salud of Colombia. During a nationwide respiratory
infection sentinel study, more than 7300 patient
secretion samples were collected in a ten-year period
(2000-2009) and evaluated by immunofluorescence
(Light Diagnostics Respiratory Viral Panel, Millipore,
Livingston, UK) to the seven most frequent viruses
(FluA, FluB, RSV, Parainfluenza 1, 2, 3 and AdV),
revealing that 1092 samples (14.8%) were RSV
positive. A subgroup of 227 samples, proportional to
those sent from each Department which contributed
with more than 1% of positive samples were randomly
selected. Final samples number was calculated using
the expected RSV prevalence at 95% confidence
interval. Bogota City, Caldas, Atlantico, Cundinamarca
and Tolima Departments contributed more than 83 per
cent of the collected samples (Figure 1), therefore these
regions were selected for genotyping study. Then, RNA
extraction (Qiamp Viral RNA Mini kit, Qiagen, Hilden,
Germany) and amplified by one-step RT-PCR (Qiagen
One-Step RT-PCR Kit, Valencia, CA, USA) following
the protocol reported elsewhere [12].

RSV genotyping and phylogenetics

From the subtype-confirmed samples, 37 samples
to be genotyped were chosen randomly from different
departments according their contribution, Atlantico 1,
Caldas 7, Tolima 3, Cundinamarca 2, and Bogota 24),
taking into account only the presence of at least one
sample from each year and counting on 2 to12 samples
selected from each one. RNA from the samples was
processed using hemi-nested RT-PCR to amplify and
analyze the second variable region of the G gene, as
previously reported [13]. Briefly, 500 ng of RNA was
amplified by RT-PCR using 0.2 uM of the ABG490 and
F164 primers. The products were amplified using the
F164 primer (reverse for both subtypes) and the AG655
and BG517 primers specific to the A and B subtypes,
respectively, which produced amplicons of 450-585 bp
for subtype A and 645 bp for subtype B. The purified
products were sequenced, and the chromatograms were
aligned in MEGA 6.06 software (Kumar, Stecher, and
Tamura 2015) [14]. Evolutionary relationships were
determined using Phylogeny.fr [15] to build
phylogenetic trees and using MUSCLE algorithm with
2000 bootstrap iterations. The evolutionary history was
inferred using the maximum likelihood method (ML),
and the distance matrix was calculated with Kimura's 2-
parameter evolution model. Comparisons to reported 19
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Figure 1. Geographic location of samples origin.

RSV-A and 18 RSV-B, nucleotide polymorphisms and
deduced amino acid sequence analysis were performed
with MEGA 6.06. Finally, haplotype networking to
each identified genotype was performed using Network
4.6.1.2 (http://www.fluxus-engineering.com)  to
evaluate the mutational steps and nucleotide differences
between isolates.

Figure 2. Temporal co-circulation pattern of respiratory
syncytial subtypes in Colombia by year (A) and cumulated by
month (B) during the 2000 — 2009 period.
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Figure 3. Phylogenetic tree of representative RSV subtype A
and 19 sequences of Colombian virus studied (asterisks) which
aligned with reference sequences of GA2 genotypes (n = 14) and
GAS genotype (n = 5). Confidence of the tree was verified by
2000 bootstrapping for 2000 times and values above 90%.
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Figure 4. Clustering of 18 Colombian RSV-B isolates (asterisks)
with reference strains where all of them grouped with BA
genotype. The genotype distribution was validated after 2000
bootstrap iterations using MUSCLE algorithm.
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Table 1. Respiratory syncytial virus subtypes circulating in Colombia provinces 2000 — 2009.

Province Genotyped samples Year (n) Accession number
Atlantico RSV-A (1) 2006 (1) MF372391
2001 (1) MF372401
2002 (1) MF372393
2003 (1) MF372402
RSV-A (10)
2004 (1) MF173103
Bogota 2006 (1) MF372394
2007 (5) MF372398, MF173104, MF372403, MF372395, MF372400
2005 (3) MF372414, MF372404, MF372405
RSV-B (14) 2007 (1) MF372406
2008 (10) MF372416, MF372421, MF372411, MF372412, MF372410,
MF372418, MF372419, MF372408, MF372415, MF372407
2000 (2) MF173101, MF173102
2001 (1) MF372397
RSV-A (6)
Caldas 2006 (1) MF372399
2007 (2) MF372392, MF372390
RSV-B (1) 2008 (1) MF372420
) RSV-A (1) 2009 (1) MF372396
Cundinamarca
RSV-B (1) 2008 (1) MF372413
. RSV-A (1) 2009 (1) MF173105
Tolima
RSV-B (2) 2009 (2) MF372417, MF372409
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Results

In this study, viral RNA was successfully amplified
from 181 out of 227 evaluated samples. The technique
allowed the simultaneous confirmation of RSV and
subtype. In 93 respiratory samples, the A subtype was
detected (51.4%), while the B subtype was less frequent
(45/181). Interestingly, 23.8% of the samples had both
A and B subtypes simultaneously, which was even
more frequent during the years 2000 and 2001, thus
hampering the genotype frequency evaluation (Figure
2A). The RSV A subtype was detected in all
departments, but the B subtype was not detected in the
Huila and Guaviare departments. RSV subtype
circulation showed alternating behavior, meaning that
when the frequency of the A subtype increased, that of
the B subtype decreased, as reported in many studies.
Independently of the viral subtype, March to May were
the months when RSV was most frequently detected in
samples; this is the rainy season in most Colombian
regions (Figure 2B).

RSV circulating genotypes

Nineteen RSV-A and eighteen RSV-B viral subtype
(n = 37) isolates were sequenced to determine the
circulating genotypes. In Table 1 are showed the
isolates and accession numbers of strains reported here,
which were genotyped based on clustering with
reference sequences of known genotypes. The RSV-A
subtype virus was grouped in the GA2 (n= 14) and GAS5
(n = 5) genotypes (Figure 3). All the viral isolates
belonging to the B subtype were grouped in the BA
genotype (Figure 4). These genotype distributions were
validated with bootstrap values above 90%.

The nucleotide identity between RSV-A subtype
sequences was 94.8% (25 nucleotide substitutions),
while that of RSV-B subtypes was 93% (49
substitutions), showing low genetic variability in both
cases. Evaluating the nucleotide diversity, there were
more transitions (17 changes) than transversions in A
subtype isolates, and the number of AG+GA and
TC+CT transitions were the same. In the case of the
RSV B subtype, transversions were more frequent (30
changes), AC+CA being the most frequent (Figure 5A).

The genotype of the RSV-A subtypes varied by
region and year. The GA2 genotype was found in all the
sampled regions, but not in years 2002, 2003, 2005 and
2008, while the GAS5 genotype was mainly found in
Caldas and Bogota during 2006 and 2007. The BA
genotype of the B subtype was mainly found in Bogota
(14/18) and in the year 2008, when it was the only virus
detected; this also occurred in the year 2005 (Figure
5B). Although we showed that multiple genotypes co-

J Infect Dev Ctries 2018; 12(12):1112-1118.

circulated within the same year, the BA genotype
entirely replaced the other genotypes when it appeared.

Deducing amino acid sequences in MEGA 6.06
software allowed us to identify in 2006-2009 RSV-A
subtypes the stop codon in the protein position 1857,
the same observed in those previously reported
(reference sequence JX015493.1) and different from
that found in 2000-2004 isolates with one additional
amino acid (position 1858) (Figure 6A). The results
showed that nucleotide differences were lower than
amino acid sequence differences, as has been described
in other studies [16,17]. A similar finding was observed
in genotype BA of RSV-B since late circulating strains
(2008-2009 period) had a premature stop codon at
position 1849 which generates a six amino acid shorter
protein than those found in 2005-2007 isolates that had
its stop codon at 1857 position, the same reported in
reference strains (Figure 6B)

Discussion
Most developing countries do not have data on
circulating RSV subtypes and genotypes; therefore,

Figure 5. A. RSV-A and RSV-B Colombian isolates had 94.8%
and 93% identity respectively in the second hypervariable region
of glycoprotein gene. There were more transitions than
transversions in RSV-A while in RSV-B subtype, transversions
were more frequent with a high number of AC+CA changes. B.
Circulation pattern of RSV genotypes by year, note the
alternating circulation of BA and GA2 genotypes and the
absolute circulation of BA genotype in 2008.
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monitoring is important to obtain the clinical and
molecular information necessary to help in control of
RSV respiratory infections and in the forecast of the
vaccine introduction. In this study, we reported, for the
first time, the RSV genotypes circulating in Colombia
and evidence of the circulation of multiple genotypes
with an annual pattern. Although, the majority of
samples were received from cities located in central
region and the capital City, we were able to find
different genotypes during the years of the study.
Bogota City hosts one fifth of Colombian population
and has a large respiratory illness surveillance program,
referring more than half of national samples, explaining
the large number of analyzed genotypes from this City.

Interestingly, in the first three years of the study, in
one-fourth of respiratory infections in which RSV was
confirmed, there was co-infection with the two RSV
subtypes, although the A subtype was the most frequent
in the studied samples from 2003 onward, reaching the
half of confirmed samples where one subtype was
detected. As has been reported, most RSV cases and
laboratory confirmations occur during the rainy season
in tropical countries such as Colombia [11]. The
findings show that there was an annual alternating
pattern of RSV subtypes, with one subtype
predominating and compelling the other to reduce its
frequency, due to the reduction of susceptible
populations or the absence of an immune-specific
response.

J Infect Dev Ctries 2018; 12(12):1112-1118.

Eleven genotypes of RSV-A have been described,
including the recently reported ONI1, and 23 RSV-B
genotypes have been described based on nucleotide
sequence analysis of the glycoprotein gene [7,8,18].
The A and B subtypes have approximately 53%
identity, but the identity between genotypes can be
higher than 80% in the A subtype virus and higher than
91% in the B subtype virus [9,10]. The findings in the
present work are consistent with this description;
nucleotide identity levels of 95% and 93% were found
to the RSV-A and RSV-B sequenced strains,
respectively.

The GA2 and GAS5 genotypes belonging to the A
subtype were the predominant strains circulating in
Colombia, as is the case in most countries [19-21].
Similarly, we detected only the BA genotype of the
RSV-B subtype. The BA genotype is the most
frequently detected in the world since its discovery in
1999, even displacing the other RSV-B genotypes, as
previously reported [4].

Circulating RSV strains in Colombia also have
alternative stop codons in the second variable region of
G, as evidenced in other studies [16,22]. Both viral
subtypes have stop codons, a characteristic putatively
involved in immune evasion or the annual re-infection
by RSV frequently detected in the same host [23]. The
alternative stop codons are one of the major
mechanisms used by RSV to avoid being recognized by
antibodies and generating escape variants. Due to a
premature stop codon 14 out of 18 BA genotypes are

Figure 6. Alignment of (A) 19 RSV-A and (B) 18 RSV-B deduced amino acid sequences by year. Conserved residues appear as black
squares with a dot. Non-synonymous changes are pointed out with the appropriate letter. Nucleotide changes leading to the apparition of

stop codons are presented with asterisks.
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six amino acids shorter than those circulating earlier
(2005-2007). In the work by Rueda et al., [24] the
isolated strains had a shift in the open reading frame due
to an adenine deletion near the C-terminus of the
glycoprotein, resulting in a second hypervariable
domain that was 11 to 42 amino acids shorter.

Many studies have confirmed that the premature
stop codons affect the antigenicity of the G protein
without modifying its entire function or its role in
infectivity. Truncated genes have been described in
both A subtypes [16] and with greater frequency in B
subtype viruses [25], evidencing that this mechanism is
important for generating genetic and antigenic diversity
[4,26] and contributing to shaping the immune response
in a defined population when changing the selective
pressure on each subtype. For example, this stop codon
apparition was used by the influenza A virus, which
modified the length of NSI without affecting its
function [27] in a similar way to that used by RSV.

There is little information about the molecular
epidemiology of circulating RSV in South America.
This study, in conjunction with those conducted in
Uruguay and Argentina, showed a wide degree of
variability in viral nucleotide and amino acid sequences
between the A and B subtypes. It is possible that these
differences result from selection pressure by the
immune system in our population, as previously
described [16,28]. This is the first report on RSV
genotypes circulating in Colombia and might help
elucidate seasonal epidemics and prepare our country
for the introduction of new vaccines.

Conclusion

The RSV circulation pattern had an annual
alternating behavior between A and B subtypes, most
frequently detected during the Colombian rainy season.
Based on nucleotide sequence analysis of the
glycoprotein gene, we found that GA2 and GAS5
genotypes of RSV A were the predominant strains and
out of eighteen RSV-B analyzed strains, the BA
genotype was the only one found. In this report, RSV
circulating genotypes were described for the first time
in Colombia, adding valuable information about virus
epidemiology helping to improve the understanding of
the RSV epidemic and preparing our country for the
introduction of new vaccines.

J Infect Dev Ctries 2018; 12(12):1112-1118.

Acknowledgements
This work was funded by Colciencias (Grant 210 451 928
989) and Vicerrectoria de Investigaciones, Universidad El
Bosque. VA had a Colciencias Young Researcher fellowship
supported also by Facultad de Odontologia of Universidad
Nacional de Colombia.

References

1. Mazur NI, Martinén-Torres F, Baraldi E (2015) Lower
respiratory tract infection caused by respiratory syncytial virus:
current management and new therapeutics. Lancet Respir Med
15: 888-900.

2. Borchers, AT, Chang C, Gershwin ME, Gershwin LJ (2013)
Respiratory syncytial virus — a comprehensive review. Clin
Rev Allergy Immunol 45: 331-379.

3. Tayyari F, Marchant D, Moraes T, Duan W, Mastrangelo P,
Hegele G (2011) Identification of nucleolin as a cellular
receptor for human respiratory syncytial virus. Nat Med 17:
1132-1135.

4. Trento A, Viegas M, Galiano M, Videla C, Carballal G,
Mistchenko S, Melero JA (2006) Natural history of human
respiratory syncytial virus inferred from phylogenetic analysis
of the attachment (G) glycoprotein with a 60-nucleotide
duplication. J Virol 80: 975-984.

5. Johnson P, Spriggs M, Olmsted R, Collins P (1987) The G
glycoprotein of human respiratory syncytial viruses of
subgroups A and B: extensive sequence divergence between
antigenically related proteins. Proc Natl Acad Sci USA 84:
5625-5629.

6. Otieno JR, Agoti CN, Gitahi CW, Bett A, Ngama M, Medley
GF, Cane PA, Nokes DJ (2016) Molecular evolutionary
dynamics of respiratory syncytial virus group A in recurrent
epidemics in coastal Kenya. J Virol 90: 4990-5002.

7. Venter M, Madhi S, Tiemessen C, Schoub B (2001) Genetic
diversity and molecular epidemiology of respiratory syncytial
virus over four consecutive seasons in South Africa:
identification of new subgroup A and B genotypes. ] Gen Virol
82:2117-2124.

8. Rebuffo-Scheer C, Bose M, He J, Khaja S, Ulatowski M, Beck
E, Fan J, Kumar S, Nelson MI, Henrickson KJ (2011) Whole
genome sequencing and evolutionary analysis of human
respiratory syncytial virus A and B from Milwaukee, W1 1998-
2010. PloS One 6: ¢25468.

9. Cane P, Matthews D, Pringle C (1991) Identification of
variable domains of the attachment (G) protein of subgroup A
respiratory syncytial viruses. J Gen Virol 72: 2091-2096.

10. Cane P (2001) Molecular epidemiology of respiratory syncytial
virus. Rev Med Virol 11: 103-116.

11. Barbosa-Ramirez J, Pulido-Dominguez P, Rey-Benito G,
Mendez-Rico J, Castellanos JE, Paez-Martinez A (2014)
Human respiratory syncytial virus and metapneumovirus in
patients with acute respiratory infection in Colombia, 2000 -
2011. Rev Panam Salud Publica 36: 101-109.

12. Coiras M, Pérez P, Garcia M, Casas I (2003) Simultaneous
detection of influenza A, B, and C viruses, respiratory syncytial
virus, and adenoviruses in clinical samples by multiplex
reverse transcription nested-PCR assay. J Med Virol 69: 132-
144.

13. Parveen S, Sullender W, Fowler K, Lefkowitz E, Kapoor S,
Broor S (2006) Genetic variability in the G protein gene of
group A and B respiratory syncytial viruses from India. J Clin
Microbiol. 44: 3055-3064.

1117



Avila et al. — Colombian circulating RSV genotypes

14.

15.

16.

17.

18.

19.

20.

21.

22.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013)
MEGAG6: Molecular Evolutionary Genetics Analysis version
6.0. Molecular Biology and Evolution. 30: 2725-2729.
Dereeper A, Guignon V, Blanc G, Audic S, Buffet S, Chevenet
F, Dufayard JF, Guindon S, Lefort V, Lescot M, Claverie JM,
Gascuel O (2008) Phylogeny.fr: robust phylogenetic analysis
for the non-specialist. Nucleic Acids Res 36: W465-469.
Garcia O, Martin M, Dopazo J, Arbiza J, Frabasile S, Russi J,
Hortal M, Perez-Brefia P, Martinez I, Garcia-Barreno B,
Melero JA (1994). Evolutionary pattern of human respiratory
syncytial virus (subgroup A): cocirculating lineages and
correlation of genetic and antigenic changes in the G
glycoprotein. J Virol 68: 5448-5459.

Galiano M, Palomo C, Videla C, Arbiza J, Melero J, Varballal
G (2005) Genetic and antigenic variability of human
respiratory syncytial virus (groups A and B) isolated over
seven consecutive seasons in Argentina (1995 to 2001). J Clin
Virol 43: 2266-2273.

Tabatabai J, Prifert C, Pfeil J, Grulich-Henn J, Schnitzler P
(2014) Novel respiratory syncytial virus (RSV) genotype ON1
predominates in Germany during winter season 2012-13.
PLoS ONE 9: ¢109191.

Agoti C, Mayieka L, Otienol J, Ahmed J, Fields BS, Waiboci
L, Nyoka R, Eidex RB, Marano N, Burton W, Montgomery
JM, Breiman RF, Nokes DJ (2014) Examining strain diversity
and phylogeography in relation to an unusual epidemic pattern
of respiratory syncytial virus (RSV) in a long-term refugee
camp in Kenya. BMC Infect Dis.14: 178.

Frabasile S, Delfraro A, Facal L, Videla C, Galiano M, de
Sierra MJ, Ruchansky D, Vitureira N, Berois M, Carballal G,
Russi J, Arbiza J (2003) Antigenic and genetic variability of
human respiratory syncytial viruses (Group A) isolated in
Uruguay and Argentina: 1993-2001. J Med Virol 71: 305-312.
Zhang Z, Xu W, Shen K, Xie Z, Sun L, Lu Q, Liu C, Liang G,
Beeler JA, Anderson LJ (2007) Genetic variability of group A
and B human respiratory syncytial viruses isolated from 3
provinces in China. Arch Virol 152: 1425-1434.

Martinez I, Dopazo J, Melero J (1997) Antigenic structure of
the human respiratory syncytial virus G glycoprotein and

23.

24.

25.

26.

27.

28.

J Infect Dev Ctries 2018; 12(12):1112-1118.

relevance of hypermutation events for the generation of
antigenic variants. J Gen Virol 78: 2419-2429.

Yamaguchi M, Sano Y, Dapat C, Saito R, Suzuki Y, Kumaki
A, Shobugawa Y, Dapat C, Uchiyama M, Suzuki H (2011)
High frequency of repeated infections due to emerging
genotypes of human respiratory syncytial viruses among
children during eight successive epidemic seasons in Japan. J
Clin Microbiol 49: 1034-1040.

Rueda P, Delgado T, Portela A, Melero A, Garcia B (1991)
Premature stop codons in the G glycoprotein of human
respiratory syncytial viruses resistant to neutralization by
monoclonal antibodies. J Virol 65: 3374-3378.

Martinez I, Valdes O, Delfraro A, Arbiza J, Russi J, Melero JA
(1999) Evolutionary pattern of the G glycoprotein of human
respiratory syncytial viruses from antigenic group B: the use of
alternative termination codons and lineage diversification. J
Gen Virol 80: 125-130.

Venter M, van Niekerk S, Rakgantso A, Bent N (2011)
Identification of deletion mutant respiratory syncytial virus
strains lacking most of the G protein in immunocompromised
children with pneumonia in South Africa. J Virol 85: 8453-
8457.

Parvin J, Young J, Palese P (1983) Nonsense mutations
affecting the lengths of the NSI nonstructural proteins of
influenza A virus isolates. Virology 128: 512-517.
Baumeister EG, Hiinicken DS, Savy VL (2003) RSV
molecular characterization and specific antibody response in
young children with acute lower respiratory infection. J Clin
Virol 27: 44-51.

Corresponding author

Jaime E. Castellanos, PhD

Facultad de Odontologia, Universidad Nacional de Colombia
Carrera 30 No. 45-03 Edificio 210, Oficina 301

Phone: 57-1-316 5555

Fax: 57-1-316 5660

E-mail: jecastellanosp@unal.edu.co

Conflict of interests: No conflict of interests is declared.

1118



	Introduction
	Methodology
	Sample collection and RSV subtype detection
	RSV genotyping and phylogenetics

	Results
	RSV circulating genotypes

	Discussion
	Conclusion
	Acknowledgements
	References
	Corresponding author


