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Abstract

2011, 2012, and 2013, respectively.

vaccine development.

Background: Human respiratory syncytial virus (HRSV) is the main viral cause of severe lower respiratory tract
disease in infants and young children. The aim of this study was to describe for the first time the genetic variability
of HRSV in Cameroonian patients living in Yaounde for three consecutive epidemic seasons.

Methods: HRSV-positive nasopharyngeal samples detected in children less than 15 years in Yaounde were
collected from September 2011 to December 2013. Semi-nested RT-PCR, sequencing, and phylogenetic analyses of
the second hypervariable region of the G gene were performed.

Results: A total of 57 HRSV-positive samples were collected during the study period. Among these, 46 (80.7%)
could be amplified in the G gene. HRSV group A (HRSV-A) and group B (HRSV-B) co-circulated in this population at
174 and 82.6%, respectively. HRSV-A strains clustered in the NA-1 genotype while HRSV-B strains clustered in the
BA-9 genotype. HRSV-A strains accounted for 33.3% (2/6), 4.3% (1/23), and 29.4% (5/17) of the viruses isolated in

Conclusions: This study reports molecular epidemiology data of HRSV in Cameroon for the first time. Additional
studies are required to clarify evolutionary patterns of HRSV throughout sub-Saharan Africa to support antiviral and

Keywords: Cameroon, Genetic characterization, Human respiratory syncytial virus, Molecular epidemiology

Background

Human respiratory syncytial virus (HRSV) is the major
viral cause of bronchiolitis and pneumonia in infants
and young children worldwide. On the basis of a meta-
analysis, Nair and his colleagues found an incidence of
33.8 million (95% CI, 19.3 to 46.2) cases of acute lower
respiratory infections associated with HRSV each year
in children under 5 years [1]. About 66—199 thousand
deaths were recorded in this meta-analysis. A total of
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91% of hospitalizations and nearly all deaths (99%)
were registered in developing countries. According to
the recent classification of the International Commit-
tee on Taxonomy of Viruses, HRSV belongs to the
family Pneumoviridae and a genus Orthopneumovirus
[2]. This virus is an enveloped negative-sense single-
stranded RNA virus. Its genome is non-segmented and
counts about 15,200 nucleotides. The envelope con-
tains two main surface glycoproteins: the attachment
protein (G) and the fusion protein (F), which are re-
sponsible for the attachment and viral entry into the
host cell, respectively. The F protein is relatively con-
served while the main differences between HRSV-A

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s41182-018-0088-7&domain=pdf
http://orcid.org/0000-0003-3112-6370
mailto:njouom@pasteur-yaounde.org
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Kenmoe et al. Tropical Medicine and Health (2018) 46:7

and HRSV-B are located on the G proteins. The latter
has a length varying from 282 to 321 amino acids (AA)
according to the genotypes and contain a cytoplasmic
domain, a transmembrane domain, and an ectodomain.
Cytoplasmic and transmembrane domains are con-
served while the ectodomain has two hypervariable re-
gions (HVR1 and HVR2), separated by a highly
conserved central segment comprising the 13 amino
acids (AA 164-176) receptor binding site [3, 4]. Due to
its high variability, the HVR2 domain represents the
main target for evolutionary and molecular epidemi-
ology studies of HRSV [5-15]. Two major groups of
HRSV (HRSV-A and HRSV-B) have been distinguished
based on molecular and serological techniques [16].
Each subgroup is further categorized into genotypes
based on the nucleotide sequence variation within the
third hypervariable region of heavily glycosylated G-
glycoproteins. There are 14 genotypes for RSV-A
(GA1-7, SAA1, NA1-4, CB-A, and ON1) and 29 ge-
notypes for RSV-B (GB1-5, SAB1-4, URU1-2, CB-1,
CB-B, BA-C, THB, and BA1-14) [5, 6, 9, 17-29].
Despite huge efforts, no approved vaccine is available
for the prevention of HRSV infection [30]. Neverthe-
less, more than 60 vaccine development programs are
under various stages, and some of them could be used
in the near future. Additional studies on HRSV genetic
variability will support the development of new vac-
cines. To date, characterization of HRSV strains into
groups and genotypes has not been performed in many
African sub-Saharan countries [31, 32]. An initial study
in Cameroon showed that HRSV circulated in the rainy
season from October to December at 5.7% in outpa-
tients with influenza-like illness visiting influenza sur-
veillance centers in 2009 [33]. We have recently shown
that HRSV was the second most common respiratory
virus (13.3%) after human adenovirus in children hospital-
ized in Yaounde, Cameroon [34]. We examine here the
genetic variability of the second hypervariable region of G
gene (HVR2) of HRSV strains detected during three con-
secutive epidemic seasons (2011-2014) in Cameroonian
children.

Methods

HRSV samples

In this study, 822 nasopharyngeal swabs were
screened for HRSV. The samples included 436 in-
patient and 386 outpatients recruited from September
2011 to October 2014 in the pediatrics unit of the
“Centre Hospitalier d’Essos” in Yaounde, Cameroon.
Fifty-seven HRSV-positive nasopharyngeal swabs col-
lected from September 2011 to December 2013 were
included in the current study. The median age of
study participants was 13 months IQR [6-21.5]. The
age of patients ranged from 1 month to 4 years. The

Page 2 of 8

female/male ratio was 1.1 (30/27). Samples included
47 (82.5%) inpatients and 10 (17.5%) outpatients.
Samples were submitted to the “Centre Pasteur du
Cameroon” as part of influenza surveillance in
Cameroon and the IMMI (Institut de Microbiologie
et de Maladies Infectieuses) project. Written informed
consent was obtained from the parents or guardians
of all children enrolled in the study. The procedures
of the original study were evaluated and approved by
the National Ethics Committee and the Ministry of
Public Health of Cameroon.

RNA extraction, HRSV G gene amplification, and sequencing
RNA was extracted from HRSV-positive nasopharyn-
geal swabs as previously described [34], and the
HRSV G gene was amplified by using semi-nested
RT-PCR with primers targeting the HVR2 region of
the G gene [10, 35]. The RT-PCR reaction was per-
formed with the SuperScript® III One-Step RT-PCR
System (Thermo Fisher Scientific, Carlsbad, CA,
USA) following the manufacturer’s instructions.
Briefly, 5 pL of extract was added to 45 pL of PCR
reaction mixture containing ABG490 forward and
F164 reverse primers. The primer ABG490 corre-
sponds to the positions 497-519 of the G gene se-
quences of the A2 reference sequence (M11486). The
primer F164 is located at positions 164—186 nucleo-
tides of the F gene sequences on reference strain A2.
A semi-nested amplification reaction was then per-
formed with Taq DNA Polymerase (Thermo Fisher
Scientific, Carlsbad, CA, USA) according to the man-
ufacturer’s instructions. Briefly, 2.5 pL of the DNA of
the RT-PCR was added to 45 pL of PCR reaction
mixture containing forward primers [AG655 for
HRSV-A and BG517 for HRSV-B] and F164 reverse
primer. The primer AG655 is at positions 655-674
of the G gene of the A2 reference strain and BG517
at the positions 517-538 of the reference strain
CH18537 (M17213). Fragments amplified in the
semi-nested PCR were bi-directionally sequenced by
Sanger method using BigDye Terminator v3.1 Cycle
Sequencing kit (Thermo Fisher Scientific, Foster City,
CA, USA). Sequencing was done on Applied Biosys-
tems 3500 Series Genetic Analyzers. The primers
used for sequencing were the same as those used for
the semi-nested PCR.

Sequence alignment and phylogenetic tree construction

The phylogenetic analysis was performed on the
HVR2 region of the HRSV genome. Sequences from
this study and those from other countries have been
aligned using the Clustal W algorithm in MEGA software
version 6 [36, 37]. The best substitution model was deter-
mined using MEGA-6. A phylogenetic tree was
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constructed with the maximum likelihood method under
the Hasegawa-Kishino-Yano model with the site hetero-
geneity gamma model for HRSV-A and Tamura-Nei
model with the site heterogeneity gamma model for
HRSV-B. The robustness of the tree was evaluated using
1000 bootstrap resampling. The phylogenetic analysis was
performed using MEGA software version 6. Potential
N-glycosylated sites (NXT, where X is different from
proline) and O-glycosylated sites have been predicted
using NetNGlyc 1.0 and NetOGlyc 4.0 Server, respect-
ively. The O-glycosylated sites were predicted using a
score > 0.5 [38]. Positively and negatively selected sites
on the HRV2 fragment were identified using single-
likelihood ancestor counting (SLAC), random effects
likelihood (REL), and fixed effects likelihood (FEL)
methods [39]. Selective pressure analysis was per-
formed on the Datamonkey website interface. The level
of significance was chosen at 1%. The nucleotide se-
quences of this study were submitted to GenBank and
registered with the accession numbers KU928193 to
KU928238.

Results

HRSV genotyping

A total of 57 HRSV-positive samples were included in
this study. HRSV-positive samples from this study
were detected during the rainy season from September
to December. Forty-six (80.7%) samples could be amp-
lified and sequenced in the G gene including 6 in 2011,
23 in 2012, and 17 in 2013. The mean cycle thresholds
of amplified samples were significantly lower than un-
amplified ones (23.9+5.1 vs 31.9+54; p<0.001).
HRSV-B (82.6%) predominated on HRSV-A (17.4%) in
this study (Table 1). Distribution of HRSV groups var-
ied according to the epidemic season: In 2011, HRSV-
A represented 33.3% (2/6) and HRSV-B 66.7% (4/6). In
2012 and 2013, HRSV-B predominated on HRSV-A
strains. HRSV-B accounted for 95.7% (22/23) and
70.6% (12/17) of strains detected in 2012 and 2013, re-
spectively. HRSV-A strains clustered in the NA-1
genotype while HRSV-B strains clustered in the BA-9
genotype (Figs. 1 and 2). BA-9 genotype was further
classified into two sub-branches that were labeled as
subtypes BA-9a and BA-9b. BA-9a and BA-9b were de-
tected in the 2011/2012 and 2012/2013 epidemic sea-
sons, respectively. Of the 46 samples successfully

Table 1 Distribution of respiratory syncytial virus genotypes in
Yaounde, Cameroon, 2011-2013

2011 2012 2013 Total
HRSV-A (NAT) 2(333) 1423) 5(294) 8 (174)
HRSV-B (BA9) 4 (66.7) 22 (95.7) 12 (70.6) 38 (82.6)
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amplified and sequenced, 82.6% (38/46) were hospital-
ized patients while 17.4% (8/46) were ambulatory pa-
tients. The majority (89.5%, 34/38) of hospitalized
patients were infected with HRSV genotype BA9
(Table 2).

Analysis of deduced amino acid sequences

The HVR2 of 8 NA-1 strains of this study was
aligned with the NA-1 genotype from other countries
and with the reference strain A2 (M11486) (Fig. 3).
Unfortunately, we were able to retrieve only a few
sequences from African countries, as data are scarce.
Five NA-1 nucleotide sequences of this study had a
premature stop codon (Q298Stop) that resulted in a
sequence of 64 amino acids. The substitutions
N237D, S269T, P274L, P286L, P289S, P292S, R297K,
and Q298stop, previously reported as specific to NA-
1 genotype [5, 12, 21, 35, 40], were also found in the
NA-1 sequences of the current study. The HVR2 of
38 BA-9 strains of the present study were aligned
with sequences from other countries and the
BA4128/99B reference sequence (Fig. 4). Thirty-six
BA-9 nucleotide sequences of this study had a
nucleotide mutation that led to the occurrence of a
premature stop codon (Q313Stop), resulting in a
sequence of 100 amino acids. Two remaining
Cameroonian  sequences [CMR/2012/V-4772 and
CMR/2013/V-4982] have a length of 106 amino acids
due to a mutation that has led to the replacement of
the BA4128/99B stop codon by glutamine at position
316. As previously described, substitutions K218T
and S247P were specific to all BA-9 genotypes [28].
BA-9 genotype-specific mutations, T270I, V271A, and
H287Y, reported by previous studies were also re-
corded during this work [6, 12, 14, 23, 35]. 1281T
and P291L mutations previously attributed to BA-9
subgroup genotype were specific to BA-9a and BA-9b
subgroup sequences, respectively [13]. The variation
K233I, Q284R and P291L reported as specific to BA-
13 genotype, was noted only in the Cameroonian se-
quences of the BA-9b genotype of this study [25].
Two sequences of the BA-9b genotype had four
specific mutations: P231S, K233T, P238R, and S309P.
It should be noted that the P231S change had
previously been identified in BA-10 HRSV genotype
[5, 40].

Analysis of glycosylation pattern and selective pressure

Potential N-glycosylated sites are illustrated by light
dashed rectangles in Figs. 3 and 4. The NAl
Cameroonian strains showed four predicted sites of
N-glycosylation. The first site is located at position
237 with respect to reference strain A2. One
Cameroonian sequence has lost this glycosylation site
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Fig. 1 Phylogenetic trees of HRSV-A strains detected in Cameroon from 2011 to 2013. Multiple sequence alignment was performed with Clustal
W. The unrooted trees were generated based on nucleotide sequences of the C-terminal HVR2 region of the G gene using the maximum likelihood
method under the Hasegawa-Kishino-Yano model with the site heterogeneity gamma model in MEGA version 6. The scale bars represent the
frequency of nucleotide substitutions, and the numbers at the nodes of the branches are the values determined for the bootstrap resampling after
1000 iterations. Only bootstrap values > 70% are presented. The reference sequences from different continents, obtained from GenBank, are identified
from left to right with accession numbers, names of the strain, countries, and genotypes. Current study strains are identified from left to right by CMR
(Cameroon), the year of detection, and the laboratory number. The sequences of Cameroon are marked with triangle, circle, and square for the year

JX198112-Ref strain Long
o AF233917-isolate NY108-GA-1
93— AF065257-strain CH34-GA1.

93— KC297292-strain BJ/30318-NA-3.
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2011, 2012, and 2013, respectively. The groups/genotypes assigned to branches are at the right after the bars

due to the substitution N237D. The third N-glycosyl-
ation site is located at position 273. The two
remaining N-glycosylation sites shared by all
Cameroonian sequences were located at positions 251
and 294. Two putative N-glycosylation sites (AA 296
and 310) have been identified within HRSV-B
Cameroonian strains. The BA-9b genotype showed
one additional N-glycosylation site located at residue
230. This additional N-glycosylation was due to the
specific K233T substitution for this genotype. The
number of serine and threonine residues, probably O-
glycosylated, was 48 for HRSV-B and ranged from 2
to 4 for HRSV-A. In the HVR2 region of the G gene
for HRSV-B Cameroonian strains, five sites under
positive selection were found at positions 1200, L219,
T270, V271, and H287. Four sites under negative

selection were located at P216, L252, P295, and T302.
HRSV-A sequences of this study have not been
analyzed for sites under selective pressure due to
their low number.

Discussion

We performed molecular characterization of the HVR2
region of the G gene for HRSV sequences collected from
Cameroonian patients in Yaounde, Cameroon. This
study was carried out during three epidemic seasons,
from September 2011 to December 2013. As previously
described in Cameroon, the HRSV detection was ob-
served during the major rainy season from September to
December [33]. This seasonality of HRSV is also consist-
ent with that reported in Gabon and the Central African
Republic, two Cameroonian neighboring countries [41,
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Fig. 2 Phylogenetic trees of HRSV-B strains detected in Cameroon from
2011 to 2013. Multiple sequence alignment was performed with Clustal
W. The unrooted trees were generated based on nucleotide sequences
of the C-terminal HVR2 region of the G gene using the maximum
likelihood method under the Tamura-Nei model with the site
heterogeneity gamma model in MEGA version 6. The scale bars
represent the frequency of nucleotide substitutions, and the numbers at
the nodes of the branches are the values determined for the bootstrap
resampling after 1000 iterations. Only bootstrap values > 70% are
represented. The reference sequences from different continents,
obtained from GenBank, are identified from left to right with accession
numbers, countries, years of virus collection, and genotypes. Current
study strains are identified from left to right by CMR (Cameroon), the
year of detection, and the laboratory number. The sequences of
Cameroon are marked with triangle, circle, and square for the year 2011,
2012, and 2013, respectively. The groups/genotypes assigned to
branches are at the right after the bars

42]. Because of a low viral load, we were not able to
amplify some HRSV samples (19.2%; 11/57) in this study.
This result is similar to those reports in other studies (7,
8, 11, 43]. Unlike the global trend recorded from 2011 to
2013, HRSV-B group predominated on HRSV-A in this
study [44]. All HRSV-B viruses of this study were clus-
tered with BA-9 with specific duplication of 60 nucleo-
tides in the HVR2 domain. As observed in several other
studies, these BA-9 were classified into two subgroups
referred as BA-9a and BA-9b [12, 13, 25, 43]. A similar
duplication of 72 nucleotides to that of BA genotype was
also reported by Eshaghi et al., in Canada in 2010 for the
ON-1 genotype, a member of the HRSV-A group [21].
The ON1 genotypes with GA2 and GA5 were predomin-
ant genotypes worldwide from 2011 to 2013 while we
found only the NA1 genotype in this study [32, 44—46].
The NA1l and BA-9 genotype were also reported in
South Africa and Senegal [32, 47]. The N-glycosylation
sites N237, N251, N273, and N294 previously reported in
the HRSV-A genotype NA1 were also observed in the se-
quences of the current study [5, 13, 19, 21-23, 35]. As
previously reported, N-glycosylation sites specific for
HRSV-B N296 and N310 were observed in all sequences
of this study [5, 13, 15, 19, 22, 23, 35, 40]. An additional
N-glycosylation site, N230, was observed in the BA-9b
sequences reported in this work because of the P231S
mutation. This additional site has also been reported for

Table 2 Distribution of respiratory syncytial virus genotypes
according to hospitalization status in Yaounde, Cameroon,
2011-2013

Total Inpatients Outpatients p value
NA-1 8 4 (50) 4 (50) <0.01
BA-9 38 34 (89.5) 4(10.5)

Data are numbers, and the percentages are in parentheses
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BA-10 genotype sequences [5, 40]. The acquisition of this
additional N-glycosylation site in the BA-9b genotype
described in this study could further confer to them a se-
lective advantage. Indeed, it has been shown that varia-
tions in the carbohydrate side chain of the G protein may
contribute to a change in antigenicity of genotypes
through activation or inhibition of binding of specific
antibodies [48]. As previously reported, analysis of site-by-
site selective pressure in the HVR?2 region of the G protein
in HRSV-B Cameroonian strains showed five positively
selected sites (1200, L219, T270, V271, and H287) and
four sites negatively selected (P216, L252, P295, and
T302) [10, 26, 47]. This selective pressure can be
explained by the antigenicity of the hypervariable C-

terminal region of the G gene that contains multiple
epitopes recognized by neutralizing antibodies [49, 50].

Conclusion

The current study provides for the first time data on
HRSV genotypes circulating in Yaounde, Cameroon.
Genetic characterization of HVR2 of HRSV G glycopro-
tein, a target for many vaccines under development,
indicated that two HRSV subtypes (NA-1 and BA-9) co-
circulated during this study. This study also points out
the importance of carrying out other studies in limited-
resource countries such as Cameroon where data remain
scarce.
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Fig. 4 Alignment of deduced amino acid of the second hypervariable region of the G gene from the sequences of HRSV-B. The alignments are
presented in reference to BA4128/998 prototype strain (AY333364, positions 213-321). Potential N-glycosylation sites (NXT/S, where X is not
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named from left to right by CMR (Cameroon), year of detection, and lab number
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