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Figure 3. Phylogenetic analyses of LUJV. Phylogenetic relationships of LUV were inferred based on full L (A) and 5 segment nuclectide
sequence (B), as well as on deduced amino acid sequences of L {C}, NP (D), Signal/G2 (E) and G1 (F) ORF's. Phylogenies were reconstructed by
neighbor-joining analysis applying a Jukes-Cantor model; the scale bar indicates substitutions per site; robust boostrap suppert for the positioning of
LulV was obtained In all cases (>98% of 1000 pseudoreplicates). GenBank Accession numbers for reference sequences are: ALLV CLHP2472
(AY216502,- AY012687); AMAV BeAn70563 (AF512834); BCNV AVAQ070039 (AY924390, AY922491), AO060209 (AY216503); CATV AVAD400135
(DQBG5244], AVAD400212 (DQB65245); CHPV 810419 {EU, 260464, EU260463); CPXV BeAn119303 (AY216519, AF512832); DANV 0710-2678
(EU136039, EU136038); FLEV BeAn293022 (EUG27611, AF512831); GTOV INH-95551 (AY353024, AF485258), CVH-960101 (AY497548); IPPYV
DakAnB1£8d (DQ328878, DQ328877) JUNV MC2 (AY216507, D10072), XJ13 (AY358022, AY358023), CbalV4454 (DQ272266); LASV LP {AF181853),
803213 (AF181854), Weller (AY628206), AV (AY179171, AF246121), Z148 {AY628204, AY628205), Josiah (U73034, J043204), NL {AY179172, AYI79173)
LATV MARU10924 (EU627612, AF4BS259); LCMV Armstrong (AY847351), ARMS3b (M20869), WE (AFQ04519, M22138), Marseille12 (DQ286932,

DQ286931), M1 {AB261991); MACV Carvallo (AY619642, AY619643), Chicava {AY624354, AY624355), Mallele (AY610644, AY619645), MARU222688
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(AY922407), 9530537 (AYS71955) MOBYV ACAR30BOMRCSPZ (DQ328876, AY342390); MOPV AN20410 (AY772169, AY772170), Mozambigue
(DQ328875, DQ328874); NAAV AVD1240007 (EU123328); OLWV 3220-1 {AY216514, U34248); PARV 12056 (EU627613, AF485261); PICV (K02734),
MunchiqueCoAn4763 (EF529745, EF529744), AN3739 (AF427517); PIRV VAV-488 (AY216505, AF277659); SABV SPH114202 (AY358026, U41071); SKTV

AVD1000090 (EU123328); TAMV W10777 (EU627614, AF512828); TCRV (J04340, M20304); WWAV AV9310135 (AY924395, AF228063).

dok10.1371/journal.ppat.1000455.9003

In summary, our analysis of the LUJV genome shows a novel
virus that is only distantly related to known arenaviruses. Sequence
divergence is evident across the whole genome, but is most
pronounccd in the G1 protein encoded by the S segment, a region
implicated in receptor interactions. Reassortment of S and L
segments leading to changes in pathogenicity has been described
in cultured cells infected with different LCMV strains (69], and
between pathogenic LASV and nonpathogenic MOFV [70]. We
find no evidence to support reassortment of the LUV Loor §
genome segment (Figure 3A and 3B). Recombination of
glycoprotein sequence has been recognized in NW. arenaviruses
[14,16,33,34,71-73), resulting in the division of the complex into
four sublineages: lineages A, B, C, and an A/recombinant lincage
that forms a-branch of lineage A when NP and L sequence is
considered {sec Figure 3C and 3D), but forms an independent
branch in between lineages B and C when glycoprotein'sequence
is considered {see Figure 3D). While recombination cannot be
excluded in case of LUJV, our review of existing databases reveals
no candidate donar for the divergent GPG sequende.” To our
knowledge is LUJV the first hemorrhagic fever-associated
arenavirus from Africa identified in the past 3 decades. It is also
the first such virus originating south of the equator (Figure 1). The
International Committee on the Taxonomy of Viruses (ICTV)
defines species within the Armevires genus based o association
with a specific host, geographic distribution, potential to cause

human disease, antigenic cross. reactivity, and protein sequence
similarity to ather species. By these criteria, given the novelty ofits
presence in southern Africa, capacity to cause hemorrhagic fever,
and its genetic distinction, LUJV appears to be a new species.

Materials and Methods

Sequencing

Clirical specimens were inactivated in TRIzol (liver tissue,
100 mg) or TRIzol LS (serum, 250 ul) reagent (Invitrogen,
Carlshad, CA, USA} prior to removal from BSL-4 containment.
Total RNA exwracts were treated with DNase 1 (DNA-free, Ambion,
Augstin, TX, USA) and cDINA generated by using the Superscﬁpt it
system (Invitrogen) and 100-500 ng RNA for reverse transcription

primed with random octamers that were linked to an arbitrary,

defined 17-mer primer sequence [74]."The resulting cDNA was
treated with RNase H and “then randomly amplified by the
polymerase chain reaction (PCR; [75]); applying a 9:1 mixture of a
primer corresponding to the defined 17-mer sequence, and the
random octamer-finked 17-mer primer, respectively {74]. Products
> 70 base pairs (bp} were selected by column purification’ (MiriElute,
Qiagen, Hilden, Germany) and ligated to specific linkers for
sequencing on the 454 Genome Sequencer FLX (454 Life Sciences,
Branford, CT, USA} without fragmenmtion of the cDNA
(19,76,77]). Removal of primer sequences, redundancy filtering,

Figure 4. Schematic. of conserved protein motifs, Conservation of LUJV amine acid motifs with respect-to all other {(green highlight), to OW
(yellow highlight), or to NW (blue highlight) arenaviruses is indicated; grey highlight indicates features unique to LUJV. Polymerase motifs pre-A
(Ly1az) A (N1agsh B (Myz13), € (Lazas), D {Qraesh and E {Cyaee) 2re indicated for the L ORF; potential myristoylation site Gy, the RING motif Haa/Cre and
potential late domains YXXL an PSAP are indicated for the Z ORF; and myristoylation site G;, posttranslational processing sites for signalase (5s0/5¢a)
and S1P cleavage (RKLM,;,), CIL epitope {l3}, zinc finger motif P415/Gaaq, as well as conserved cysteine residues and glycosylations sites {Y} are
indicated for GPC. * late domain absent in NW viruses and DANV; { PSAP or PTAP in NW viruses, excep? in PIRV and TCRV (OW viruses: PPPY); # G in
all viruses except LCMV (=A) | D in NW clade A only; § conserved with respect to OW, and NW clade A and C: HD, hydrophobic domain; TH,
transmembrane anchor.

doi10.1371/journal ppat. 1000455.9004
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and sequence assembly were performed with software programs
accessible through the analysis applications at the GreenePortal
website (http://156.145.84.111/Tools).

Conventional PCRs at CU were performed with HotStar
polymerase (Qjagen) according to manufacturer’s protocols on
PTC-200 thermocyclers (Bio-Rad, Hercules, CA, USA): an
enzyme activation step of 5 min at 95°C was followed by 45
cycles of denaturation at 95°C for 1 min, annealing at 55°C for
1 min, and extension at 72°C for i to 3 min depending on the
expected amplicon size. A two-step RT-PCR. protocol was also
followed at CDC using Invitrogen’s Thermoscript RT at 60
degrees for 30 min followed by RNase H treatmnent for 20 min.
‘¢DNA was amplified using Phusion enzyme with GC Buffer
(Finnzymes, Espoo, Finland} and 3% DMSO with an activation
step at §8°C for 30 sec, followed by the cycling conditions of 98°C
for 10 sec, 58°C for 20 sec, and 72°C for 1 min for 35 cyclesand a
5 min extension at 72°C, Specific primer sequences are available
upon request. Amplification products were run on 1% agarose
gels, purified (MinElute, Qjagen), and directly sequenced in both
directions with ABI PRISM Big Dye Terminator 1.1 Cyde
Scquencing kits on ABI PRISM 3700 DNA Analyzers (Perkin-
Elmer Applied Biosystems, Foster City, CA).

Sequence analyses

Programs of the Wisconsin GOG Package (Accelrys, San Diego,
CA, USA) were used for sequence assembly and analysis; percent
sequence difference was calenlated based on Needleman-Wunsch
alignments {gap open/extension penalties 15/6.6 for nucleotide and
10/0.1 for aa alignments; EMBOSS [78]), using a Per script to
iterate the process for all versus all comparison. Secondary RNA
structure predictions were perfoxmcd with the web-based version of
mifold (http:/ /mfold.bisinfo.rpi.edu); data were exported as .t files
and layout and annotation was done with CLC RNA Workbench
(CLC bio, Arhus, Denmark). Protein topology and targeting
predictions were generated by employing SignalP; and NefNGlyc,
TMHMM (http:/ /www.cbs.dtu.dk/services), the web-based ver-
sion of TopPred (http://mobyle.pasteur.fr/ cgi-bin/portal py*form
=toppred), and Phobius (http / /phaobius.sbesu.se/). Phylogenetic
analyses were performcd usmg MEGA software [79]
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Supporting Information

Figure S1 ' Phylogenetic tree based on deduced Z amino acid
sequence. In contrast to phylogenetic trees obtained with the other
ORFs {Figurc 2), poor bootstrap support (43% of 1,000
pseudareplicates) for the branching of LUV off the LCMV clade
was obtained with Z ORF sequence. For GenBank accession
numbers sce Figure 2.

Found at: doi:10.1371/journal. ppat.1000455.5001 (0.44¢ MB TIF)

Figure $2 Pairwise sliding-window distance analysis of GPC
sequence. LUJV and members of the OW (LASV, MOPYV,
IPPYV, LCMV, DANV) and NW (GTOV, CPXV, BNCV,
PIRV, OLVV, SABV, MACV) arenavirus complex were

aa step; 80 aa window).
Found at: doi:10.1371/journal.ppat. 1000455.5002 (4.2t MB TIF)

Table S1 Pairwise nuclectide and amino acid differences
between LUV and other OW and NW arenaviruses. ¥ NAAV,
North American arenavirus. 1 Values <30% {amino acid) or
<<33% (nucleotide) are highlighted in green.

Found at: doi:10.1371/journal. ppat.1000455s003 (0.20 MB
DOC)
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Link Liungan virus associated with intrauterine fetal death in humans (Sweden)
inks €
Donations Ljunga'n.virus_ (genus Parechovirus,, family Picomaviridae ) has
. beén shown to cause fetal death and malformations in laboratory mice.
About ProMED-mail

The virus now has been associated with intrauterine fetal deaths in
humans based on both laboratory and epidemiological evidence, This
virus was isolated from one_ of its wild rodent reservoirs, the bank
vote { Myodes glareolus ), near the Ljungan River in central Sweden
{1, 2). Ljungan virus also has been identified in wild rodents in the
USA (3, 4). Ljungan virus is related to cardioviruses, picomaviruses
which also have rodents as their main reservoir hosts.

Cardioviruses and their role as potential human pathogens recently
were discussed on ProMED — see ProMED archive refs. below.

Studies with laboratory mice showed that more than half of the dams
infected with Liungan virus during pregnancy and then exposed to
stress gave birth to pups that died during the perinatal period (5).
Malformations of the central nervous system, including hydrocephaly
[water on the brain] and anencephaly [lack of brain], were seen in

- some of these offspring.

Recent studies in Sweden found Ljungan virus in placenta and tissue
from human cases of intrauterine fetal death (IUFD) using both
immunaohistochemistry and real tims RT-PCR (6, 7). Placentas from
normal pregnancies have been used as controls and found to be Ljungan
virug—negative, An intriguing association between the incidence of
IUFD and eyslic rodent density has been observed. Ljungan virus also
was found in one IJFD case in the United States. ’
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