
A new SIV lineage was identified in Allen’s swamp monkeys
(Allenopithecus nigroviridis). Three new STLV-1 subtypes were
identified in Allen’s swamp monkeys (Allenopithecus nigroviri-
dis), blue monkeys (Cercopithecus mitis), red-tailed guenons
(Cercopithecus ascanius schmidti), and agile mangabeys (Cercocebus
agilis). SIV and STLV prevalences varied according to species
and geographic region. Our study illustrates clearly, even on a
small sample size from a limited number of geographic areas,
that our knowledge on the genetic diversity and geographic dis-
tribution of simian retroviruses is still limited, and that humans
continue to be exposed to relative high proportions of infected
NHP bushmeat.
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Bovine leukemia virus (BLV) is the etiological agent of the enzo-
otic bovine leucosis. The BLV transcriptional promoter is lo-
cated in 50 long terminal repeat (LTR), which is composed of the
U3, R, and U5 regions. One of the limiting factors in the study of
BLV is the lack of sequence data in relation to geographical ori-
gin of strains and the potential effects of genetic variability on
virus infectivity and disease progression. We would like to ad-
dress this question by analysing LTR variability of BLV variants
isolated from emerging cases of infection, recorded in already-
cured herds. Our hypothesis is that the genetic variability in the
LTR sequences of these isolates can be associated with tran-
scriptionally down regulated provirus variants. DNA samples
were isolated from PBLs of sixty cattle serologically positive for
BLV, which were classified as a newly infected animals in herds
having BLV free status. Additionally, twenty-five archival DNA
samples were collected from East European countries: Poland,
Russia, Ukraine, Moldova, and Croatia, representing endemic
cases of BLV infection. Fusion PCR was developed and used for
amplification of 531-bp fragment corresponding to the full
length BLV LTR. Amplified fragments were sequenced and se-
quences were aligned using Muscle. The following steps of phy-
logeographic analysis were performed: (1) creation of trait
information for the sequences, different molecular clock mod-
els, tree priors and parameters for the MCMC chain, (2) compu-
tation of Bayesian Markov chain Monte-Carlo simulations of 100
million steps in BEAST, (3) creation of a maximum clade credi-
bility (MCC) tree in TreeAnnotator, (4) creation a Google Earth
file of the MCC tree using SPREAD. The Shimodaira–Hasegaewa
(SH) test was used to simultaneously compare sets tree topolo-
gies based on the partial env gene and LTR sequences.
Comparative analysis of eighty-five sequences and sequences
available from GenBank allowed the analysis of a new muta-
tions in Geneious Pro 5.3. Sequence analysis of the BLV variants
from new infections revealed 96.4 to 99.5 per cent homology,
when compared to the archival DNA samples. Detailed analysis
of LTR sequences showed ninety-one different mutations dis-
persed mainly along U3 and U5 regions. Out of these mutations,
thirty-three were located in regulatory elements: Ebox1, TRE2,
CRE2, Ebox2, NF-kB, PU Box, GRE, Ebox3, TATA Box, CAP site,
DAS, and IRF binding site. The phylogenetic analysis of full
length LTR sequences revealed the existence of three main
groups (G1–G3) distinguished into two to five subgroups.
Analysis of sequences belonging to G3 group and those from
certain subgroups of G1 and G2 groups showed that they com-
prise distinct sets of BLV variants, which evolved separately.

The topology of the phylogenetic maximum likelihood tree
based on the env gene was in general similar to that of the max-
imum likelihood tree topology based on the LTR sequences.
However, full matching between both trees was not been seen
and revealed some conflicting nodes, according to the results of
the SH test. In addition, information about the location of each
sample was assigned to each sequence, and a discrete phylo-
geographic analysis was performed. A posterior probability dis-
tribution of trees was summarized as an MCC consensus tree
with posterior probabilities of geographic areas plotted at inte-
rior nodes. The final tree was then visualized in FigTree soft-
ware and the KML file successfully visualized geographical
migration of BLV variants in Poland and neighboring countries.
The phylogenetic analysis of LTR-related sequences analysed in
this study revealed that they can be classified into major clades.
LTR sequences were suitable to perform phylogeographic analy-
sis of BLV variants circulating in Poland. This analysis can be an
alternative to env gene based phylogenetic methods. Detailed
analysis of LTR sequences showed ninety-one point mutations
dispersed mainly along U3 and U5 regions of the LTR. About
thirteen of these mutations were located within promotor con-
tained in the U3 region of BLV and these could be associated
with diminished transcriptional activity.
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Equine infectious anaemia virus (EIAV) is the aetiological agent
of equine infectious anaemia (EIA), a notifiable disease within
the EU and to the OIE. In Great Britain, EIA cases were reported
in 1975–1978; then followed a disease-free period until 2010–
2012, when six positive animals were identified. As a member of
the family Retroviridae and genus Lentivirus, EIAV shares the
lentiviral trait of considerable genetic variation which has ham-
pered development of molecular diagnostics. In addition, there
is a lack of publically available sequence data, hence our inten-
tion was to conduct molecular characterisation of the British
cases. A combination of Sanger and next-generation sequencing
(NGS) was employed in order to determine viral sequences.
Using Sanger sequencing only small genomic fragments could
be recovered, hence efforts were refocused on NGS.
Phylogenetic analysis and evaluation of sequence diversity of
the British sequences were assessed using the MEGA5 software.
Full-genome sequences were obtained from symptomatic cases
in 1975, 2010, and 2012. Phylogenetic analysis of these se-
quences revealed that each British case formed its own branch
on the tree as did sequences from America, China, Ireland, and
Japan. Almost an equal distance was observed between each of
the isolates, with nucleotide homology of 75–79 per cent.
Nucleic acid identity of the full-genome sequences varied be-
tween individual genes and ranged from 46 per cent (P9) to 98
per cent (protease). EIAV’s variable nature made the use of pri-
mer walking sequencing strategies laborious, whereas attaining
full genome via NGS was relatively straightforward. However, it
is not without its problems as significant viral load is required
to overcome the high host background typical of clinical extrac-
tions rendering sequencing of asymptomatic cases problematic.
As the British asymptomatic cases provided limited or no se-
quence, investigation is ongoing into strategies to elucidate
these sequences. Currently EIAV diagnosis relies solely on
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serological testing; increased genetic information from diverse
sources should enable PCR design that will reliably detect a
wide range of strains thus facilitating diagnosis and epidemio-
logical analysis of outbreaks.
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The use of next-generation sequencing for discovery of viruses
has yielded vast amounts of known and putative viral reads.
The computational analysis of the reads, however, is quite a
challenge, in particular the classification of reads to viral taxa.
This is illustrated by the many computational tools that have
been devised and new tools that appear monthly. These provide
opportunities for other researchers, but the large numbers
make it hard for virologists to pick a tool that suits their own
study. To facilitate this choice and guide users to through the
forest of computational pipelines, we have surveyed publica-
tions describing fifty tools, inventoried their approaches and
scored their methods, user-friendliness, validation, and other
performance criteria for diagnostics, outbreak source tracing, vi-
rus discovery, and virome profiling. The tools have variable
approaches to the classification of viral reads, but they all rely
on searching (i.e., homology (44/50 pipelines) and composition
search (8/50)) through reference databases (e.g., nucleotide
databases, protein databases, or virus-specific databases). Some
pipelines include quality control/pre-processing of reads (23/
50), filtering non-viral reads (20/50), and de novo assembly (18/
50) before the search, and checking and correcting classifica-
tions with phylogenetic or statistical methods after the search
step (8/50). Furthermore, some are tailor-made for particular
studies; others are more generally applicable. Few tools provide
a graphical user interface, and when they do they are often on-
line, which increases the ease of use. Reported runtimes vary
greatly—from several minutes per sample to days; newer tools
are often faster than old ones. Moreover, some tools have been
validated in wet-lab experiments or compared to other tools
with in silico benchmark tests. The overview of pipelines is pre-
sented on the COMPARE website (https://compare.cbs.dtu.dk/in
ventory#pipeline). A decision tree is provided separately to help
virologists with any level of bioinformatics expertise select suit-
able analysis tools. The next step will be to benchmark the most
promising tools with the COMPARE and VIROGENESIS projects
to better assess their performance for diagnostics and surveil-
lance studies.

A65 Mitochondrial DNA studies of Lisbon immigrants from
Portuguese speaking African countries

A. Amorim,1,2,3,4 A. Afonso Costa,1,5 C. Vieira da Silva,1 T. Ribeiro,1

M. J. Porto,1 N. Taveira,3,6 and T. Fernandes4

1Instituto Nacional de Medicina Legal e Ciências Forenses,
Portugal, 2Faculdade de Ciências da Universidade de Lisboa,
Lisboa, Portugal, 3Instituto Superior de Ciências da Saúde Egas
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Since the end of the 1970s, Portugal has had an important role
in migratory movements, becoming a destination for immi-
grants of a wide range of nationalities, mainly from African
countries. According to PORDATA, until the end of 2014 there

were �40,000 immigrants from Cape Verde, 20,000 from Angola,
18,000 from Guinea-Bissau, and 3,000 from Mozambique living
in Portugal, and of those, >80 per cent live in the Lisbon region.
This may be one of the main contributors to genetic variation of
Lisbon residents in the present and the future. Mitochondrial
DNA (mtDNA) has features that make it desirable for forensics,
namely, high copy number, lack of recombination, and matrilin-
eal inheritance. These features are also important in evolution-
ary and population studies. We aim to characterize mtDNA
diversity in immigrants from Portuguese Speaking African
Countries (PALOP) living in Lisbon and their potential contribu-
tion to genetic variation of Lisbon population. Blood samples
were collected from 439 PALOP immigrants living in Lisbon, of
which 173 immigrants from Angola, 103 immigrants from Cape
Verde, eighty-three immigrants from Mozambique and eighty
immigrants from Guinea-Bissau, from January 2000 to
December 2016. The control region of the mtDNA was amplified
using two pairs of primers—L15971/H016 and L16555/H639, and
sequenced by BigDye Terminator v.3.1 Cycle Sequence (AB).
Sequenced products were detected in a sequencer Genetic
Analyzer 3130 (AB). Finally the results were analysed by
Sequencing Analysis v.5.2 software and also compared with
Revised Cambridge Reference Sequence (rCRS) using SeqScape
v.3 (AB) software. The haplogroups were determined based on
Phylotree, build 17. Genetic distances and other genetic parame-
ters were calculated with Arlequin software ver.3.5 and ana-
lysed and represented with PhyML 3.0. For each sample, the
complete sequence of the control region was obtained.
The comparison of the sequences obtained with the rCRS,
among the 439 analysed individuals, allowed the identifi-
cation of 319 different haplotypes, corresponding to 164 dif-
ferent haplogroups distributed by ten macrohaplogroups.
Macrohaplogroup L was the most common with 386 haplotypes
followed by U with fifteen haplotypes, H with twelve haplo-
types, M and T with six haplotypes, K with five, R with four, X
and J with two and HV with one. PALOP’s immigrants presented
a high number of unique haplotypes, most of them belonging to
macrohaplogroup L, originating from sub-Saharan regions of
Africa. This macrohaplogroup is uncommon in European and
Portuguese populations. Consistent with this, phylogenetic
analysis showed the establishment of two distinct groups, one
composed of the Portuguese population and another of the
African populations. In comparing the different immigrant pop-
ulations living in Lisbon, the genetically closest community to
the Portuguese population is Mozambique and the furthest is
Cape Verde, followed by Guinea-Bissau and Angola. Our results
show that the PALOP immigrants living in Lisbon are genetically
heterogeneous. The increase in genetic diversity in Lisbon due
to immigrants from PALOP countries may have a major impact
on haplotypic and allelic frequencies, on which all forensic and
medico-legal investigations are based.
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