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Abstract oBJECTIVES This study investigated the molecular epidemiology of respiratory syncytial virus (RSV)
among febrile children with acute respiratory tract infection in Ghana, Gabon, Tanzania and Burkina
Faso between 2014 and 2017 as well as the evolution and diversification of RSV strains from other
sub-Saharan countries.

METHODS Pharyngeal swabs were collected at four study sites (Agogo, Ghana: n = 490; Lambaréné,
Gabon: n = 182; Mbeya, Tanzania: #n = 293; Nouna, Burkina Faso: # = 115) and analysed for RSV
and other respiratory viruses using rtPCR. For RSV-positive samples, sequence analysis of the second
hypervariable region of the G gene was performed. A dataset of RSV strains from sub-Saharan Africa
(2011-2017) currently available in GenBank was compiled. Phylogenetic analysis was conducted to
identify the diversity of circulating RSV genotypes.

RESULTS In total, 46 samples were tested RSV positive (Ghana n = 31 (6.3%), Gabon n = 4 (2.2%),
Tanzania 7n = 9 (3.1%) and Burkina Faso 7 = 2 (1.7%)). The most common RSV co-infection was
with rhinovirus. All RSV A strains clustered with genotype ON1 strains with a 72-nucleotide
duplication and all RSV B strains belonged to genotype BAIX. Phylogenetic analysis of amino acid
sequences from sub-Saharan Africa revealed the diversification into 11 different ON1 and 22 different
BAIX lineages and differentiation of ON1 and BAIX strains into potential new sub-genotypes,
provisionally named ON1-NGR, BAIX-KEN1, BAIX-KEN2 and BAIX-KEN3.

coNCLUSION The study contributes to an improved understanding of the molecular epidemiology of
RSV infection in sub-Saharan Africa. It provides the first phylogenetic data for RSV from Tanzania,
Gabon and Burkina Faso and combines it with RSV strains from all other sub-Saharan countries
currently available in GenBank.
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Introduction

Respiratory syncytial virus (RSV) is a major pathogen of
acute respiratory tract infection (RTI) and the leading
cause of hospitalisation with severe bronchiolitis and
pneumonia among infants and young children [1, 2].
Globally, the annual incidence of RSV-related episodes of
acute lower RTI amounts to over 33 million among chil-
dren under 5 years, of whom around 10% require hospi-
tal care [3, 4]. Mortality estimates directly or indirectly
attributable to RSV vary between 59,600 and 199,000
deaths per year, with almost all occurring in resource-
limited settings [3, 4], where RSV testing is not routinely
performed. In temperate regions, annual RSV epidemics
peak during the winter months, whereas in tropical cli-
mate zones the peak occurs during the rainy season [3,
6]. The majority of hospital admissions due to acute
lower RTI is observed among children below 2 years of
age with RSV being the main pathogen [7]. Accordingly,
almost all children have been infected with RSV at least
once by the age of 2 years [8]. In older children and
adults, reinfections are associated with milder disease
indicating that RSV induces only partial immunity [9].

RSV is divided into two major subgroups: RSV A and
RSV B [10]. Strain variation is thought to contribute to
the ability of RSV to cause frequent reinfections [11].

The main differences between RSV A and RSV B are
found in the attachment (G) glycoprotein [10]. The glyco-
protein is able to accommodate drastic changes with the
emergence of new variants. Diversity occurs mainly in
the two hypervariable regions of the ectodomain which
are separated by a highly conserved 13-aa length domain
[12]. Sequencing of the second hypervariable region of
the G protein has been widely used to further subdivide
subgroups RSV A and RSV B into genotypes. In 1998,
Peret et al. established a classification of different geno-
types based on the analysis of the variability of the RSV
G gene [13]. To date, 11 RSV A genotypes [13-17] and
more than 30 RSV B genotypes [13, 15, 18-27] have
been described based on phylogenetic analysis of nucleo-
tide sequences.

In the past two decades, the most drastic changes and sub-
sequent emergence of new genotypes have been attributed
to a nucleotide duplication within the G glycoprotein [28].
In 1999, a new RSV B genotype (BA) emerged in Buenos
Aires, Argentina, containing a 60-nt duplication in the sec-
ond hypervariable region of the G gene [29]. In the follow-
ing ten years, the BA genotype spread worldwide, largely
replaced previously described RSV B genotypes and differ-
entiated into fourteen sub-genotypes BAI-XIV [26, 30-32].
During the 2010/11 winter season, a novel RSV A genotype
ON1 with a 72-nt duplication has been reported in Canada

for the first time [17]. In later RSV epidemics, ON1 spread
worldwide and is today the dominating RSV A genotype
[30-33]. In line with the diversification of the BA genotype,
a differentiation of ON1 into different virus strains can be
observed [31,34].

Little is known about the molecular epidemiology and
the emergence of novel viral strains of RSV in sub-Saha-
ran Africa. Although in Kenya and South Africa, exten-
sive molecular analysis of RSV strains was performed
[20, 31, 35-45], only few other sub-Saharan countries
conducted singular studies [35, 36, 46-49].

For the present study, respiratory samples from chil-
dren presenting with fever and clinical symptoms of acute
RTI were collected at study sites in Mbeya and Matema,
Tanzania, Agogo, Ghana, Lambaréné, Gabon and
Nouna, Burkina Faso and analysed for RSV and other
respiratory viruses. We investigated the genetic diversity
and patterns of co-circulating RSV genotypes in sub-
Saharan Africa by analysing all RSV G gene sequences
from the region available in GenBank.

Methods
Study sites and patients

In order to gain more information about the epidemiol-
ogy of febrile illnesses in children in Africa, a study group
of the German Center for Infection Research (DZIF)
rolled out a series of ‘fever without source’ (FWS) studies
at African partner sites in Mbeya and Matema, Tanzania,
Agogo, Ghana, Lambaréné, Gabon and Nouna, Burkina
Faso. Depending on the individual symptoms of the
patients, a variety of clinical samples and systematic clini-
cal data were collected. The present study focusses on a
subset of patients with respiratory symptoms from whom
pharyngeal swabs were collected to analyse the viral
causes of acute RTI with particular focus on the molecu-
lar epidemiology of RSV infection. The diagnosis of acute
RTI was made if the patient presented with symptoms or
showed clinical signs of an upper (rhinitis, pharyngitis,
tonsillitis and otitis) or lower (pneumonia, bronchitis and
bronchiolitis) respiratory tract infection. All FWS study
sites used standardised questionnaires collecting demo-
graphic and clinical information of the study patients.

In Mbeya and Matema, Tanzania respiratory samples
from 293 (sub)febrile children were collected in coopera-
tion with the Ludwig-Maximillian University (LMU)
Munich/Germany, the NIMR-Mbeya Medical Research
Center (NIMR-MMRC) Mbeya/Tanzania, and the Ger-
man Army Institute for Microbiology.

In Nouna, Burkina Faso the FWS study was performed
in cooperation with the University Hospital of
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Heidelberg/Germany (UKHD) and the Centre de
Recherche en Santé de Nouna/Burkina Faso (CRSN). A
total number of 115 pharyngeal swabs from (sub)febrile
children with acute RTI admitted to the outpatient
department and paediatric ward of the district hospital of
the Boucle du Mouhoun region were collected.

In Lambaréné, Gabon the FWS study was conducted
in collaboration with the Institute for Tropical Medicine
of the University of Tiibingen/Germany (ITM-EKUT) and
the Centre de Recherches Médicales de Lambaréné/
Gabon (CERMEL) [50]. A total of 182 (sub)febrile chil-
dren with acute RTI admitted to the outpatient depart-
ment and paediatric ward of the Albert Schweitzer
Hospital Lambaréné were included in the study.

In Agogo, Ghana the FWS study was performed in col-
laboration with the Bernhard Nocht Institute for Tropical
Medicine (BNITM) Hamburg/Germany and the Kumasi
Centre for Collaborative Research in Tropical Medicine
(KCCR) Agogo/Ghana [51]. A total number of 490 (sub)
febrile children with acute RTI admitted to the Agogo
Presbyterian Hospital were recruited.

An overview of inclusion criteria per study site as well
as the total number of recruited patients with acute RTI
is shown in Figure S1.

Multiplex polymerase chain reaction (PCR) for
respiratory pathogens

For PCR analysis of respiratory samples from Tanzania and
Burkina Faso, RNA was extracted from pharyngeal swabs
using the QIAamp® viral RNA mini kit (Qiagen, Hilden,
Germany) according to the manufacturer’s protocol. Ampli-
fication and detection of viral RNA were performed with
the multiplex real-time PCR kit (FTD respiratory pathogens
21, Fast-track diagnostics, Luxembourg) on a LightCycler®
480 instrument II (Roche, Mannheim, Germany). This assay
identified the viral pathogens RSV A/B, influenzavirus A, B,
H1NT1; rhinovirus, coronavirus NL63, 229E, OC43, HKUT;
parainfluenzavirus 1-4; human metapneumovirus A/B; boca-
virus; adenovirus; enterovirus and parechovirus as well as
mycoplasma pneumoniae. Samples from Ghana and Gabon
were analysed using an in-house multiplex PCR protocol
identifying RSV A/B, influenzavirus A, B, rhinovirus, coron-
avirus NL63, 229E, OC43, HKU1; parainfluenzavirus 1-4;
human metapneumovirus A/B; adenovirus; enterovirus; and
parechovirus.

Sequencing and phylogenetic analysis

For sequencing and identification of RSV genotypes,
extracted RNA of RSV-positive samples from all four
study sites was initially reverse transcribed and cDNA was

synthesised using random hexamer primers. Subsequently,
PCR targeting the second hypervariable region of the G
gene was performed using primer pairs as described by
Peret et al. [13]. Nucleotide sequences detected in this
study were deposited in GenBank (http://www.ncbi.nlm.
nih.gov) under accession numbers MT862896-MT862910.
In order to investigate the genetic diversity of circulating
RSV genotypes in sub-Saharan Africa, we downloaded
RSV A and RSV B G gene sequences detected in sub-Saha-
ran African countries between 2011 and 2016 (deposited
in GenBank as of 22 July 2019). An overview of the
retrieved datasets can be seen in Table S1. Multiple
sequence alignments and phylogenetic analysis of the sec-
ond hypervariable region of the G gene were conducted
using the Clustal W 1.6 method of MEGA software ver-
sion 7 [52]. Phylogenetic trees were generated using the
maximum-likelihood method and bootstrap values with
1,000 replicates were calculated to evaluate confidence
estimates. Pairwise nucleotide distances were calculated to
compare the differences within genotypes of subgroup
RSV A and RSV B using MEGA software version 7 [52].
Alignments of sub-Saharan African RSV A and RSV B
strains were compared to references strains from GenBank
to identify amino acid substitutions. At least three
sequences sharing at least two signature mutations were
defined as a new lineage.

N-/O-Glycosylation and positive and negative selection
sites

Putative N-glycosylation sites were predicted if the
encoded amino acid sequence was aspargine-Xaa-thre-
onine/serine (N-X-T/S), where Xaa was not a proline and
accepted if the glycosylation potential was >0.5 in NetN-
Glyc 1.0 server [53]. O-glycosylation was determined
using the NetOGlyc 3.1 server and sites were predicted
using a G-score >0.5 [37]. To identify codons under posi-
tive or negative selection among globally emerging ON1
and BAIX strains, positively and negatively selected sites
were estimated by use of the Datamonkey Web server
(http://www.datamonkey.org) [38]. A consensus of four
methods [39] was used to calculate synonymous (dS) and
non-synonymous (dN) rates per codon of the amino acid
alignment.

Statistical analysis of epidemiological factors

Demographic data and the patients’ baseline characteris-
tics were summarised per study site using descriptive
statistics (Stata/IC15.0; TX, USA). Group comparisons
were performed using x> or Fisher’s exact test for cate-
gorical variables and by Student’s ¢-test or Wilcoxon

812 © 2021 The Authors Tropical Medicine & International Health Published by John Wiley & Sons Ltd
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rank-sum test for continuous variables, as appropriate. P-
values < 0.05 were considered statistically significant.

Ethical approval and patient confidentiality

The Ethical Committee of the University of Heidelberg/
Germany approved the overall study (S-267/2016). Fur-
thermore, FWS studies were also approved by local ethi-
cal committees.

Results

Characteristics of children with acute respiratory tract
infection

In Table 1, the basic demographics, admission findings
and leading clinical diagnosis of children with acute RTI
are summarised. The slightly varying inclusion criteria
are reflected in the composition of the respective study
cohorts. It is important to note that the study cohort in
Tanzania comprises mainly outpatients, whereas all other
study sites recruited mainly hospitalised patients. The
median age of children with acute RTI was 2 years (IQR
1.0-3.8) for Burkina Faso, Gabon and Ghana, whereas
children from Tanzania had a median age of 4.3 (2.8—
6.8) as the study recruitment started above the age of

1 year. The most common primary diagnosis was malar-
ia, followed by acute RTI. Most patients with primary
respiratory diagnoses presented with symptoms of a
lower respiratory tract infection.

Detection of respiratory viruses and clinical signs of RSV
infection

A total number of 1,080 respiratory samples were col-
lected from children who presented with acute RTI and
molecular analysis for multiple viral pathogens was per-
formed. The results are summarised in the lower part of
Table 1. RSV was detected in a total of 46 patients.
Common co-infections with RSV were rhinovirus (Tanza-
nia # = 3/9; 33.3% and Ghana 6/31; 19.4%), enterovirus
(Tanzania n = 2/9; 22.2% and Ghana »n = 6/31; 19.4%)
and adenovirus (Burkina Faso 7 = 1/2; 50.0% and Ghana
n = 3/31; 9.7%).

In Tanzania, RSV-positive children showed a shift to
younger age groups (P = 0.022) compared to RSV-nega-
tive children, with the majority of RSV-positive tested
patients in the age group 2-5 years, and no child older
than 5 years. The majority of all RSV-positive children
(n = 8/9; 88.9%) suffered primarily from a respiratory
tract infection, with 66.7% (n = 6/9) being affected by
an upper respiratory tract infection.

In Burkina Faso, both RSV-positive children were hos-
pitalised with lower respiratory tract infection without
fever but with signs of respiratory insufficiency such as
tachypnoea.

In Gabon, RSV-positive children were in median
1.7 years old. All RSV-positive children suffered from a
lower RTI and 3 of 4 showed signs of respiratory insuffi-
ciency.

In Ghana, RSV-positive patients were in median
10 months old and thus significantly younger than RSV-
negative patients (median 2.0 years; P < 0.0001). Most
RSV-positive children from Ghana (80.7%) primarily suf-
fered from an acute RTI (RSV-negative children: 33.3%;
P < 0.001) and also significantly more frequently from a
lower RTI than RSV-negative children (P = 0.008). RSV-
positive children also showed significantly more signs of
respiratory insufficiency (P = 0.01) such as tachypnoea
(P = 0.038), thoracic retractions (P = 0.005) and nasal
flaring (P = 0.003). All RSV-positive children were
admitted to hospital. They remained in hospital for a
median duration of 3 days (IQA 3-5 days).

Phylogenetic analysis of studied sequences

PCR analysis of all respiratory swabs from Burkina Faso,
Tanzania, Gabon and Ghana detected 46 RSV-positive
samples. Of these, the second hypervariable region of the
RSV G gene was successfully sequenced for 36 samples
and the RSV strains could therefore be assigned to RSV
subtypes and genotypes. More than half of the RSV
strains belonged to the subtype RSV A (n = 21/36), the
rest belonged to the subtype RSV B (n = 15/36).

All RSV A strains clustered with strains of the ON1
genotype and formed three clusters in the phylogenetic
tree, all around known international and sub-Saharan
Africa ON1 reference sequences retrieved from GenBank
(Figure 1a).

All RSV B strains belonged to the sub-genotype BAIX
(n = 15) of genotype BA and formed a total of three clusters
around known international and sub-Saharan Africa BAIX
reference sequences retrieved from GenBank (Figure 1b).

Patterns of circulating RSV genotypes in sub-Saharan
Africa

A total of 1,004 RSV sequences (RSV A: n = 553; RSV
B: n = 451) were derived from GenBank from 5 different
countries (Kenya, South Africa, Ghana, Cameroon, Nige-
ria). For further phylogenetic analysis of RSV strains in
sub-Saharan Africa, we selected RSV A genotype ON1
and RSV B genotype BAIX sequences in order to com-
pare these with our studied sequences.

© 2021 The Authors Tropical Medicine & International Health Published by John Wiley & Sons Ltd 813
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Table | Basic demographic and clinical diagnosis characteristics and analysis of respiratory samples of the study cohorts in Tanzania,

Burkina Faso, Gabon and Ghana

Tanzania Burkina Faso Gabon Ghana
n=293 n =115 n=182 n =490
Demographic characteristics
Age in years, median (IQR) 4.3 (2.8-6.8) 1.7 (0.9-2.8) 1(1.0-5.3) 2.0 (1.1-3.6)
Age group, n/N (%)
0-6 months n.a. 13/115 (11.3) 14/182 (7.7) 34/490 (6.9)
>6-24 months 45/293 (15.4)" 61/115 (53.0) 76/182 (41.8) 217/490 (44.3)
>2-5 years 140/293 (47.8) 32/115 (27.8) 41/182 (22.5) 175/490 (35.7)
>5 years 108/293 (36.9) 97115 (7.8) 51/182 (28.0) 64/490 (13.1)
Gender, #/N (%)
Male 127/293 (43.3) 63/115 (54.8) 101/182 (55.5) 266/490 (54.3)
Female 166/293 (56.7) 52/115 (45.2) 81/182 (44.5) 224/490 (45.7)
Admission findings
Weight in kg, median (IQR) 15.3 (12.6-20.8) 8.0 (6.6-10.8) 12.0 (9.2-17.4) 10.9 (8.5-13.5)°
Temperature in °C, median (IQR) 38.3 (37.7-39.2) 38.7 (38.2-39.2) 38.9 (38.4-39.6) 39.0 (38.5-39.5)*

Fever > 38.5 °C, n/N (%)
Clinical signs, n/N (%)
Cough
Wheezing
Pulmonary rales
Dyspnea
Tachypnea
Retractions
Nasal flaring
Leading clinical diagnosis, n/N (%)
Non-respiratory
Respiratory
Upper RTI
Lower RTI
Course of disease
Hospital stay in days, median (IQR)*
Mortality, n/N (%)
Analysis of respiratory samples, 7#/N (%)
At least one viral pathogen detected
RSV
Influenzavirus A
Influenzavirus B
Parainfluenzavirus
Metapneumovirus
Rhinovirus
Coronavirus
Parechovirus
Adenovirus
Enterovirus
Bocavirus

132/192 (45.2)
212/293 (
8/117 (6.
110/117 (94 0)
(3.8)

7 )

11/293
n.a.
n.a.
n.a.

48/280
232/280
118/280
114/280

17.1)
82.9)
42.1)
40.7)

n.a.
n.a.

159/293
9293
27/293
39/293
17/293
43/293
23/293
11/293
2/293
20/293
8/293
3/293

4.2)
)
)
3)
)
7)

N
3.1
9.2
13.

5.8
14.

7.9
3.8
0.7
6.8
2.7
1.0

)
)
)
)
)
)

70/114 (61.4)

78/115
4/115
66/115

(67.
(3.
(
25/115 (
(
(7.
(8.

)

8
5)
57.4)
21.7)
90/115 (78.3
9/115 (7.8)
7)

10/115

)

85/115 (7
30/115 (2

(73.9)

(26.
1/115 (0.

(25.

9
1)
9)

29/115 (25.2)
3 (2-5)

15/114 (13.2)

14/115
12/115
6/115

127/181 (70.2)

170/182 (93 4)
5/176 (2.
44176 (25 0)
53/180 (29.4)
139/174 (79.9)
23/182 (12.6)
40/180 (22.2)
129/182
53/182
4/182
49/182

70.9)
29.1)
2.2)

26.9)

5 (4-6)

382/488 (78.3)

366/488
13/483
60/486

(75.
(2.
(
49/488 (
(
(
(

)

0
7)
12.4)
10.0)
292/489 (59.7)
73/488 (15.0)
90/488 (18.4)
312/490 (63.7)
178/490 (36.3)
48/490 (9.8)
130/490 (16.5)
3(2-5)
7/484 (1.5)

300/490
31/490
32/490
13/490
38/490

(61.
(6.
(6.
(2.
(7.
16/490 (3.
(2
(6.
(0.
(1
(1
(0.

)

100/490
32/490
3/490
971490
76/490
0/490

)

2
)

)

)

)

)
4)
)

)
8
5)
)

3
5
7
8
3
0.
5
6
9.
S.
0

Categorical variables are reported as #/N (%) with N as total number of available observations per variable and continuous variables
as medians with 25%-75% interquartile range.
IQR, interquartile range; n.a., not applicable/available; RSV, Respiratory Syncytial Virus; RTI, respiratory tract infection.
'Tanzania recruited children 12 months and older only.

2Calculated for 292/293 patients.
3Calculated for 485/490 patients.
*Calculated for 488/490 patients.

*Duration of hospital stay was calculated for patients who stayed at least 24h in hospital care (Burkina Faso » = 105, Gabon n = 163,

Ghana 7z = 480).
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Figure | Phylogenetic trees of RSV A and RSV B strains from Ghana, Gabon, Tanzania and Burkina Faso (studied sequences). Phylo-
genetic trees for nucleotide sequences of RSV A (a) and RSV B (b) strains were constructed with maximum-likelihood method with
1,000 bootstrap replicates using MEGA 7 software. RSV strains from Ghana, Gabon, Burkina Faso and Tanzania are indicated by their
country code followed by their strain identification number. The number of identical strains is indicated in brackets after the strain
identifier. Reference strains representing known genotypes were retrieved from GenBank and included in the tree (labels include acces-
sion number). The genotype assignment is shown on the right by brackets. Prototype strains (M11486 for subgroup A and M17213 for
subgroup B) were used as outgroup. Bootstrap values greater than 70% are indicated at the branch nodes. The scale bar represents the

number of nucleotide substitutions per site. cl. = cluster.

The phylogenetic tree based on amino acid (aa)
sequences of RSV A genotype ONT1 strains comprised 21
studied sequences from Ghana and Tanzania and 345
ON1 sequences retrieved from GenBank from Kenya,
South Africa, Nigeria and Ghana (Figure 2a). The RSV A
tree formed five clusters (a-e). Nigerian sequences from
GenBank formed cluster d, here named ON1-NGR,
which was supported by a bootstrap value of 87% and
P-distances of 0.011.

The phylogenetic tree based on amino acid (aa)
sequences of RSV B genotype BAIX strains comprised 15
studied sequences from Ghana, Gabon, Burkina Faso and
Tanzania and 255 BAIX sequences retrieved from Gen-
Bank from Kenya, South Africa, Nigeria, Cameroon and
Ghana (Figure 2b). The RSV B tree formed five clusters
(a-e). Cluster d was the most heterogenous cluster with
P-distances of 0.041 and the three sub-branches BAIX-
KEN1, BAIX-KEN2 and BAIX-KEN3 supported by boot-
strap values of 82%, 91% and 74% and with P-distances
of 0.005, 0.01 and 0.006, respectively. In cluster e, stud-
ied sequences from Gabon and Tanzania formed a sub-
branch with GenBank sequences from Nigeria.

Evolution and diversification of RSV strains in sub-
Saharan Africa

Comparison of the deduced amino acid (aa) sequences of
the compiled dataset of in GenBank available ON1
strains from sub-Saharan Africa including FWS study
sequences (n = 345+21) revealed different patterns of sig-
nature amino acid substitutions summarised in 11 lin-
eages being distinct from the original strain (Figure 3). A
total of four amino acid sequences were identical to the
ON1 reference strain with identical nucleotide sequences
or synonymous nucleotide substitutions. Further 19
strains had unique non-synonymous substitutions or did
not fulfil the criteria of a separate lineage.

The analysis of the deduced amino acid (aa) sequences
of the compiled dataset of in GenBank available BAIX
strains from sub-Saharan Africa including FWS study
sequences (7 = 255+15) revealed different patterns of sig-
nature amino acid substitutions summarised in 22

lineages being distinct from the original strain (Figure 4)
[20]. A total of two sequences were identical to the BAIX
reference strain with identical nucleotide sequences or
synonymous nucleotide substitutions. Further 87 (32.2%)
strains had unique non-synonymous substitutions

(n = 74; 27.4%) or did not fulfil the criteria for their
own lineage (n = 13; 4.8%).

To identify positively and negatively selected sites in
the ON1 and BAIX datasets from Sub-Saharan Africa,
four and three different models were used, respectively. A
codon site was considered as positively or negatively
selected if a consensus of two or more models was
reached (Tables S2 and S3). The mean non-synonymous/
synonymous substitution rate ratio (dN/dS) was 0.817 for
ON1 and 0.723 for BAIX strains.

Discussion

This study investigated the molecular epidemiology of
RSV infection among febrile children with acute RTI in
Ghana, Gabon, Tanzania and Burkina Faso between
2014 and 2017 as well as the evolution and diversifica-
tion of RSV strains from other sub-Saharan countries col-
lected between 2011 and 2016 and retrieved from
GenBank. The data contributes to an improved under-
standing of the molecular epidemiology of RSV infection
in sub-Saharan Africa. Our study provides the first phylo-
genetic data for RSV from Tanzania, Gabon and Burkina
Faso and combines it with RSV strains from all other
sub-Saharan countries currently available in GenBank.
The investigation of respiratory samples from children
with acute RTI from the study cohort showed RSV to be
an important representative of viral pathogens. In line
with previous findings, all RSV-infected children were
under 5 years old [8, 47] and in Ghana RSV-positive
children were significantly younger than RSV-negative
children. The most severe primary infection with RSV
usually occurs during the first year of life [8]. Reinfec-
tions, on the other hand, usually lead to a milder clinical
picture and thus less frequently to hospitalisation [40].
RSV-infected children also suffered more frequently
from a lower RTI than RSV-negative children and were
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Figure 2 Phylogenetic trees of RSV A and RSV B strains from sub-Saharan Africa (including GenBank data set). Phylogenetic trees for
amino acid sequences of RSV A (a) and RSV B (b) strains were constructed with maximum-likelihood method with 1,000 bootstrap
replicates using MEGA 7 software. RSV strains from Ghana, Gabon, Burkina Faso and Tanzania are indicated by their country code
followed by their strain identification number and the year of isolation. GenBank strains from sub-Saharan Africa are indicated by their
country code followed by their accession number and the year of isolation. The number of identical strains is indicated in brackets after
the strain identifier. Reference strains representing known genotypes were retrieved from GenBank and included in the tree (labels
include accession number). The genotype assignment is shown on the right by brackets. Prototype strains (M11486 for subgroup A and
M17213 for subgroup B) were used as outgroup. Bootstrap values greater than 70% are indicated at the branch nodes. The scale bar
represents the number of amino acid substitutions per site. cl. = cluster.
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Figure 3 Alignment of deduced amino acid sequences of the second hypervariable region of the G gene of RSV A ON1 strains from
sub-Saharan Africa. Alignments are shown relatively to the sequence of the ONT1 strain first described from Canada (GenBank acces-
sion number JN257693). Strain identifier of studied sequences are shown in bold with the number of identical amino acid sequences in
brackets. GenBank sequences are summarised by one exemplary strain per lineage. The amino acid positions correspond to positions
211 to 322 of the G protein of the prototype strain A2. Identical residues are indicated by dots, asterisks indicate the position of stop
codons. Boxes frame the 23 amino acid duplication. Signature coding mutations are underlined. Grey shading highlights predicted N-
glycosylation sites. Unfilled circles indicate predicted O-glycosylation sites of the Canadian reference ON1 strain; potential O-glycosyla-
tion sites of sub-Saharan strains are indicated by black dots. Lineages and corresponding clusters from the phylogenetic tree are shown

on the right by brackets. cl. = cluster.

usually hospitalised. RSV infections are the most com-
mon cause of hospitalisation of infants and young chil-
dren with respiratory infections [1-4, 41-43].
Hospitalisation rates and duration differ depending on
the study population, region and time of study and corre-
late with the children’s age and with risk factors for a
severe course of the disease [7, 40, 44].

Besides malaria, acute RTI is the most frequent cause
of febrile illness in Africa [45, 54]. All patients included
in this study suffered from clinical symptoms of respira-
tory infections, whereas only in Tanzania respiratory
infections were the most common primary diagnosis. In
Burkina Faso, Ghana and Gabon, malaria was the most
common primary reason for consultation, and the
affected children only suffered of secondary respiratory
symptoms. In contrast, the majority (50% in Gabon) of

RSV-positive patients at all study sites were primarily
affected by respiratory infections.

More than half of the studied RSV sequences from
sub-Saharan Africa belonged to the subtype RSV A
(n = 21/365 58.3%). The novel RSV genotypes ON1 and
BAIX were the only circulating genotypes in our study
population.

Similarly, more than half of the RSV sequences from
GenBank belonged to the subtype RSV A (n = 553,
55.1%). The majority of the GenBank RSV B sequences
could also be assigned to the BAIX sub-genotype of the
BA genotype (n = 270/451; 59.9%). These findings are in
line with recent studies from other parts of the world that
confirm ON1 and BAIX to be the globally predominating
RSV genotypes [28, 31, 55]. The phylogenetic analysis of
RSV A (ON1) and RSV B (BAIX) amino acid sequences
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Figure 4 Alignment of deduced amino acid sequences of the second hypervariable region of the G gene of RSV B BAIX strains from
sub-Saharan Africa. Alignments are shown relatively to the sequence of the BAIX strain first described from Japan (GenBank accession
number HM459878). Strain identifier of studied sequences are shown in bold with the number of identical amino acid sequences in
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on the right by brackets. cl. = cluster.

from sub-Saharan Africa revealed 11 different ON1 and
22 different BAIX lineages with characteristic signature
amino acid substitutions.

With bootstrap values >70% and pairwise nucleotide
distances <0.07, cluster ON1-NGR (cluster d) of ON1
strains and the three sub-clusters BAIX-KEN1, BAIX-
KEN2 and BAIX-KEN3 of BAIX cluster d strains from
sub-Saharan Africa formally fulfilled the criteria for the
definition of new RSV genotypes [15]. As these clusters
were only supported by a total number of seven (ONT1)
and four to thirteen (BAIX) strains, respectively, this
observation has to be confirmed in further studies. How-
ever, these findings could be a first trend of differentia-
tion of RSV genotypes ON1 and BAIX into further sub-
genotypes.

The majority of identified ON1 and BAIX lineages
were confined to one area of isolation, whereas some lin-
eages were also found in several countries. These data

suggest that different lineages of RSV evolve and circulate
both locally as well as globally by introduction of new
lineages into distinct communities. While ONT1 strains
had a stable G protein length of 321 amino acids, the
length of the BAIX G protein was more variable with
either 312 or 319 amino acids. Genetic alterations such
as amino acid substitutions can cause antigen variation
and might therefore provide a survival advantage to viral
strains by evasion of host immune response [56-60]. Gly-
cosylation of the C-terminal end of the G protein affects
the expression of epitopes, either hiding or unmasking
them from antibody recognition [6, 61]. ON1 strains
from sub-Saharan Africa showed a total of three addi-
tional putative O-glycosylation sites in the duplicated
region when compared to the ON1 reference strain.
BAIX strains from sub-Saharan Africa also showed an
increased number of predicted O-glycosylation sites when
compared to the BAIX reference strain, including one
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O-glycosylation site located in the duplicated region (aa
position 270). Positively selected codons can represent an
evolutionary advantage and amino acid substitutions of
these codon sites may predict which emerging strain vari-
ant will predominate in future epidemics.

A total of three positively and eight negatively selected
sites were identified for genotype ON1 and five positively
and eleven negatively selected sites were found for genotype
BAIX strains. Only one of the positively selected sites of
ON1 (codon site 250) that were found in this study have
been described previously [31, 62-64], whereas four of the
BAIX positively selected sites have already been identified in
previous studies (amino acid positions 219, 267, 270, 287)
[64-66]. The overall mean non-synonymous/synonymous
substitution rate (dN/dS) was 0.817 for ON1 and 0.723 for
BAIX strains, indicating a rather purifying selection rather
than a positive selection [36, 67].

Conclusions

Patterns of circulating RSV genotypes provide valuable
information about the geographical spread, transmission
dynamics and the pathogenicity of RSV strains. Especially
in resource-poor settings, further surveillance of circulat-
ing and newly emerging RSV genotypes in combination
with corresponding clinical data is needed to understand
their full implications.
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