
genetic sequences has a fundamental role in the study of a virus
with high sequence variability, such HRSV. This methodology
could also be used for genome sequencing of other RNA viruses.

A33 Respiratory syncytial virus group B evolutionary trends in the
attachment (G) glycoprotein in Kilifi, Kenya, 2003–2015
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Respiratory syncytial virus (RSV) attachment (G) protein mediates
virus binding to cells and is a target for human neutralising anti-
bodies. Understanding its evolutionary patterns is relevant to de-
sign of vaccines or antiviral therapy. RSV group B genotype BA,
characterised by a sixty-nucleotide duplication, was first detected
in 1999 in Buenos Aires, Argentina, and has since been spread
and become the globally dominant RSV B genotype. BA viruses
were first detected in Kilifi, coastal Kenya in 2003 and soon
achieved high prevalence, replacing all other RSV-B genotypes.
We present in detail, evolutionary patterns of the genotype BA G
protein from>600 BA viruses obtained during twelve successive
RSV epidemics in Kilifi. Phylogenetic analyses revealed extensive
diversification of the BA genotype viruses into multiple geneti-
cally distinct variants (�58), some of which persisted locally
across sequential epidemics while others were re-introductions
into the community. The most recent common ancestor dated
back to 1990, and the mean evolutionary rate over their G ectodo-
main region was 6.51�10�4 substitutions/site/year (95 per cent CI
5.65–7.42�10�4). Demographic analysis demonstrated two main
phases: an early rapid expansion and subsequent seasonal fluc-
tuations of BA populations. Putative positive selection was de-
tected in six codon sites, all located in the second hyper-variable
G protein region. Nucleotide substitutions introducing alternative
termination codons were observed resulting in up to five different
protein lengths. Two potential N-glycosylation sites were con-
served in 89.3 per cent sampled viruses while eight other sites
were detected in a small proportion of the viruses. Further, four
codons tended to revert to previous states over successive epi-
demics, an indication of adaptive mechanism for immune eva-
sion. These results provide insights into the local genotype BA
viral evolutionary dynamics and highlight the importance of con-
tinuous molecular surveillance to inform on changes in proteins
that may be important to vaccine design.

A34 Spread and evolution of respiratory syncytial virus A
genotype ON1, coastal Kenya, 2010–2015
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In February 2012, the novel respiratory syncytial virus (RSV)
group A, genotype ON1, was detected in Kilifi County, coastal
Kenya. ON1 is characterized by a seventy-two-nt duplication
within the highly variable G gene (encoding the immunogenic
attachment surface protein). Cases were diagnosed through sur-
veillance of pneumonia in children at the county hospital.

Analysis of epidemiologic, clinical, and sequence data of RSV-A
viruses detected over five RSV seasons (2010/2011 to 2014/2015)
indicated the following: 1) replacement of previously circulating
genotype GA2 by ON1, 2) an abrupt expansion in the number of
ON1 variants detected in the 2014/2015 epidemic, 3) recent accu-
mulation of amino acid substitutions within the ON1 duplicated
sequence, and 4) no clear evidence of altered pathogenicity rela-
tive to GA2. The study demonstrates the public health impor-
tance of molecular surveillance in defining the spread, clinical
effects, and evolution of novel respiratory virus variants.

A35 Molecular epidemiology of respiratory viruses

Y. Chen,1 and G. J. Smith1,2

1Programme in Emerging Infectious Diseases, Duke-NUS Medical
School, Singapore and 2Duke Global Health Institute, Duke
University, NC, USA

Respiratory viruses cause a high burden of disease worldwide.
The attributed morbidity and mortality is especially high in in-
fants and young children with lower respiratory tract illness. In
contrast to influenza virus, little is known about the circulation
patterns of other pathogens that commonly cause respiratory
disease in humans, such as respiratory syncytial virus and the
human parainfluenza viruses. The recently proposed source-
sink and globally migrating metapopulation models have im-
proved our understanding of circulation patterns of influenza
virus. We thus aim to investigate the molecular evolution of
non-influenza respiratory viruses and understand their geo-
graphical transmission dynamics by sequencing viruses and
combining them with sequences from public databases.
Temporal phylogenetic trees are then inferred within a
Bayesian framework to characterise the evolutionary and popu-
lation dynamics of these viruses. Finally, we use phylogeo-
graphic methods to infer global migration patterns. For human
parainfluenza virus 3 (HPIV-3), our preliminary analysis indi-
cates that multiple virus lineages co-circulate globally and re-
gionally, with introductions into specific locations that are
followed by expansion and endemic circulation within each
given location. We find that the HPIV-3 phylogeny displays geo-
graphical structuring that may be related to regional outbreaks.
However, HPIV-3 can also be transmitted globally as reflected
by the inter-mixing of different geographical locations.

A36 Circulating strains of human respiratory syncytial virus
in Belgium during six consecutive respiratory seasons
(2011–2017)
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Human respiratory syncytial virus (HRSV) is the most common
cause of acute respiratory infection in young children. HRSV be-
longs to the Pneumoviridae family within the order of the
Mononegavirales and can be divided into two subtypes: HRSV-A
and HRSV-B. The two subtypes co-circulate during the annual
HRSV season, which occurs between November and March in
Belgium. The aim of this study was to determine the circulating
HRSV subtypes and genotypes between the seasons of 2011–2012
to 2016–2017. With this information, we intend to understand the
temporal phylogenetic relationships better between the circulat-
ing strains over the six seasons. Between October 2011 and
February 2017, 1,272 HRSV positive patient samples from the
University Hospitals of Leuven were collected. In order to
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determine the subtype of HRSV in each sample, we performed vi-
ral RNA extraction and qPCR. Additionally, we sequenced the hy-
pervariable ectodomain of the glycoprotein (G) gene for both
subtypes of HRSV. The G-gene is one of the targets of neutralising
antibodies and is therefore under constant immunological pres-
sure to incorporate mutations. The G-gene has been shown to be
the most divergent between HRSV-A and HRSV-B subtypes. The
annual HRSV epidemic in Belgium occurred every year in winter,
with a median onset in November (week 44, SD 1.9) and median
end in March (week 5, SD 2.4) of the following year. Out of 1,944
HRSV positive samples at the University Hospitals Leuven, 1,199
(62 per cent) were subtyped. The overall prevalence of both sub-
types of HRSV is similar, with 530 (27 per cent) and 487 (25 per
cent) positive samples for HRSV-A and HRSV-B respectively over
the six years. Nineteen samples (1 per cent) were positive for both
subtypes. Both subtypes of HRSV co-circulated, with HRSV-B
dominance in the 2013–2014 season and HRSV-A dominance in
the 2014–2015 season. With 81 per cent of all positive samples,
children under the age of six were the most vulnerable group.
Genotyping of the G-gene indicated that genotypes GA2 (HRSV-A)
and GB13 (HRSV-B) were the dominant strains in seasons 2011–
2012 until 2014–2015. Previous studies of the circulation of HRSV
in Belgium showed co-circulation of both subtypes, which is con-
firmed in our data from 2011 to 2017. Apart from an HRSV-B dom-
inance in 2013–2014 and an HRSV-A dominance in 2014–2015, the
prevalence of both subtypes was similar. Young children (<6)
were more likely to suffer from an infection with HRSV. However,
age was not related with the infecting subtype. The genotype
dominance has shifted over the past twenty years: from GA5 and
GB13 between 1996 and 2006 to GA2 and GB13 between 2006 and
2011. The latter were the dominant strains in other parts of the
world and were still the most prevalent circulating strains in
Belgium between 2011 and 2015.

A37 Genome sequencing, genetic characterization, and vaccine-
match analysis of influenza B virus detected in hematopoietic
stem cell transplant recipients (HSCT), an overview from 2010
to 2017
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Due to its segmented genome, influenza viruses can exchange
gene segments during replication within a host cell and form a
huge diversity of strains, which constitute the basis for viral
pathogen evolution and maintenance. Consequently, every year
epidemiologists deal with new virus variants that cause sea-
sonal outbreaks of influenza and represent a challenge to vac-
cine production and influenza control. Therefore, sequencing
segments of the influenza virus is essential to anticipate the im-
pact of infection on the community. In the last three years, an
earlier pattern of influenza virus circulation was observed,
starting in late summer and peaking in winter. In addition, an
increase in influenza B episodes was noted. Hence, in this study,
we aim to perform phylogenetic analysis on whole genome of
influenza B virus detected in HSCT recipients at Amaral
Carvalho Hospital (ACH) and follow the genetic evolutionary
pattern and antigenic variability of viral strains to evaluate the
occurrence of adaptive changes in the influenza B genome.
Respiratory viruses (RV), including influenza B, are major causes
of morbidity and mortality in HSCT recipients. At Amaral
Carvalho Foundation, RV control policies include respiratory
symptom surveillance followed by RV detection in nasal wash
(NW) samples by indirect immunofluorescence assay. One

aliquot of NW sample is routinely stored for back up or for fur-
ther studies. Positive influenza B samples identified from 2010
to 2017 will be selected and subsequently subjected to whole-
genome sequencing using next-generation sequencing. For
whole-genome sequencing, total RNA will be extracted by using
QIAamp Viral RNA Mini kit (Qiagen, Hilden, Germany). cDNA
will be prepared using SuperScript method as manufacturers in-
structions (Invitrogen, Carlsbad, CA, USA) and finally processed
by Illumina sequencing following four main steps: 1) library
preparation; 2) cluster generation 3) sequencing, and 4) data
analysis. This advanced molecular gene detection shows ge-
netic variations among different influenza virus particles in a
single sample and will allow us to characterize and understand
how influenza B viruses are evolving and mutating. In addition,
we will investigate the match between the viruses detected and
the vaccine strain in the corresponding year of diagnosis.

A38 Prevalence and evolution of avian H1 subtype influenza A
viruses in Southern China
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H1 subtype influenza A viruses were the causative agents for
three major pandemics in the last century, and have been circu-
lating in human and pigs for decades. However, the natural reser-
voirs of H1 subtype avian influenza viruses (AIVs) are aquatic
birds, which could provide highly diversified candidates for
avian-to-mammalian transmissions. Currently, most of the avian
H1 sequences in public database are contributed by surveillance
of North American wild waterfowl, with only a very small
amount from Europe and Asia, implicating a surveillance gap.
How H1 AIVs persist in the gene pool and interact with other line-
ages or subtypes of AIVs remains unclear. Based on long-term
surveillance conducted in seven provinces in southern China
during the 1970s and from 2001 to 2013, we identified 351 H1 AIVs
out of 556,122 samples (0.06 per cent) from wild birds, domestic
ducks, geese, chickens, and minor poultry. This only accounted
for 0.77 per cent of the influenza positive samples. No H1 AIVs
were isolated from terrestrial poultry and 83.5 per cent of the H1
AIVs were isolated from domestic ducks. About 252 avian H1 iso-
lates were selected for NGS sequencing and 148 non-mixed H1
genomes were obtained. Preliminary phylogenetic analysis re-
vealed that the majority of the H1 AIVs belonged to the large
monophyletic Eurasian avian gene pool clade, with frequent reas-
sortments with other subtypes of influenza viruses. Of the 148 H1
AIVs analyzed, 64 genotypes were identified. Despite the low
prevalence of H1 AIVs, which may restrict their chance of inter-
species transmission, we discovered a superior mammalian in-
fectivity of H1 AIVs compared with other subtypes including H2
to H10, except H5 and H8. Taking the complicated regional poul-
try farming system and live poultry marketing into consideration,
the H1 viruses might be able to reassort with other viruses and
generate advantageous variants to cause outbreak in human and
other mammals, as exemplified by the case of H7N9. Early identi-
fication of emerging H1 AIVs with inter-species transmission po-
tential requires continuous surveillance and monitor on the gene
flow and evolutionary patterns of these viruses.

A39 Genetic diversity of the hepatitis C virus NS5B gene during
HIV/HCV co-infection
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