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Detectlon and Charactertzation of Lujo Virus, 2 New Hemorrhagic Fever-

Domain declarstion which stipulates that, once placed in the pubiic

introduction

Membtrs of the genus Arenavirus, comprising currenty 22
recognized species (http://www.i line.org/virusT: Y.
asp?version=2008), are divided into two ca.mplcxu based on
scrolégic, genetic, and geographic relationships (1,2): the New
World (NW) or Tacaribe complex, and the Old World (OW) or

ic chors -

Tuti d fon b

disease suggests long y adap the agent
and its host [1,13~16]). Whereas NW ‘arenaviruses are ‘lsso‘cla‘led
with rodents in the Sigmodontinas subfamily of the family Wal,
OW arenaviruses arc_associated with rodents in the Murinae
subfamily of the family Muridac, . )
- Humans are most frequently infected through contact with
infected rodent excreta, commonly via - inhalation of dust or
lized virus ini ials, or ingestion of i

Lassa-Lymphocy g pl Lhn.! L " ‘ t'he
ubiquitous arenavirus type-specics bmphoglu ¢Iga.mw|.almg-m virus
(LCMYV; (3]). The RNA genome of arenaviruses is bi-segmented,
comprising & large-(L) and a small (S) segment that cach ches fqr
. two proteins in ambisense coding strategy {4,5). De!pl‘te this
coding strategy, the Arenaviridae are classified together with the
families Orth iridee and Bunyaviridae as scg d single-
strand, negative sense RNA viruses. ’
The South American hemorrhagic fever viruses Junin UUNY;
- [6,71), Machupo (MACV; [8]), Guanarito (GTOV; [9]) and Sabia
virus (SABV, [10}), and the Afican Lassa virus (LASV {11]), are
restricted to bisafety level 4 (BSL-4) containment due to their
associated aerosol infectivity and rapid onset of severe discase.
With the possible éxception of NW Tacaribe virus (TCRV; [12)),
which has been isolated from bats {Artibas spp), individual
arenavirus species are commonly transmitted by specific rodent
species wherein the capacity for persistent infection without overt
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nated foods [13); however, wransmission may also occur .by
inoculation with infected body fluids and tissue transplantation
[17-19]. LCMV, which is spread by the ubiquitous Mus musculus as
host species and hence found world-wide, causes symptoms in
humans that range from asymptomatic infection ‘or mild febrﬂe
liness to meningitis and encephalitis [13). LGMYV infection is only
rarely fatal in petent adults; b , infection during
pregnancy bears serious risks for mother and child and frcc'guqndy
results in congenital abnormalitics, The African LASV, which has
its reservoir in rodent species of the Masiomys genus, causes an
estimated 100,000~500,000 human infections per year in West
African countries (Figure 1). Although Lassa fever is typically sub-
dlinical of associated with mild febrile dlness, up to 20% of cases
may have severe systemic disease culminating in' fatal

{20,21]. Three other African arenaviruses are not known to cause
human disease: Ippy virus (IPPYV; -[22,23]), isolated from

May 2009 | Volume 4 | issue 5 | e1000455

Ancanthis spp. and Mobala virus (MOBV; [24]) isolated from
Praomys spp. in the Central African Republic (CAR); and Mopcia
virus (MOPV) that like LASV is associated with members of the
genus Mastomys, and was reported from Mozambique {25) and
Zimbabwe (26, although antb dy studies suggest that MOPV

and LASV may also circulate in CAR [27] where the geographies
of these viruses appear to overlap (Figure 1). Up 10 present, there
have been no published reports of severe human disease associated
with arenaviruses isolated from southern Afri

In September 2008 an outbreak of unexplained hemorrhagic
fever was reported in South Affica [28]. The index patient was
airlifted in eritical condition from Zambia on September 12 10 a
clinic’ in Sandton, South Africa, after infection from an

identified source. S dary - infecti were gnized in a
paramedic (case 2) who atténded the index case during air transfer
from Zambia, in a nurse (case 8) who attended the index case in

. the intensive care unit in South Aftica, and in'a member of the -

hospital staff (case 4) who cleaned the room after the index case
died on September 14. One case of tertiary infection was recorded
in 2 nune {case 5) who attended case 2 after his transfer from
Zambia to Sandton on September 26, one day before barrier
nursing was implemented: The course of disease in‘cases | through

4 was fatal; case 5 received ribavirin'tr n and r d.
detailed description of clinical and epidemiologic data, as well as
i histological and PCR asialyses that ind; d the p

of an arenavirus, are reported in 2 parallel communication
(Paweska et al, Emerg. Inf, Dis, submitted), Here we report

detailed genctic:analysis of this novel arenavirus,

Results/Discussion

Rapid identification of a novel pathogen through
unbiased pyrosequencing :
RNA extracts from two post-mortem kiver biopsies {cases 2 and
5) and one serum sample {case 2) were independently submitted
for unbiased high-throughput pyvosequencing. The libraries
yielded ‘between 87,500 and 106,500 sequence reads, Alignment
of unique ‘singl and bled g seq to the
GenBank database (hllp://www.mbi.nin‘:.nih.gov/P bank) us-

A New Pathogenic Arenavirus. from Southern Africa

[29]) indicated g ly 5.6 kilob (kb) of

sequence distributed along arenavirus genome scaffolds: 2 kb of §

g q in two frag , and 3.6 kb of L segment

" sequence in 7 fragments (Figure 2). The majority of arenavirus.

sequences were obtained from serum rather than tissue, potentially

reflecting lower levels of competing cellular RNA in random
amplification reactions, .

of appr

Full genome characterization of a newly Identified
arenavirus C

Sequence gaps b the aligned fragments were rapidly
filled by specific PCR amplification with primers designed on the
Ppyrosequence data at both, CU and CDC. Terminal sequences
were added by PCR using 2 universal arenavirus primer, targeting
the conserved viral termini (5-CGC ACM GDG GAT CCT
AGG C, modified from [30]) combined with 4 speciic primers
_positioned near the ends of the 2 genome segments, Overlapping
primer sets based on the draft genome were synthesized to

facilitate q lidation by conv ! dideoxy quéncing
The lated data led a classical ar irus g
structure with a bj d genome ding in an’ ambi

strategy two open reading frames (ORF) scparated by an
intergenic stem-loop region on eich segment (Figure 2) (GenBank |
Accession numbers F]952384 and FJ952385).

Our data represent geno: q directly obtained .from
liver biopsy and serum {case 2), and from cell culture isolates
obtained from blood at CDG (case | and 2), and fom liver
biopsies at NICD (case 2 and 3). No sequence differences were

ed b virus d d in primary clinical material and

virus isolated in cell culture at the two facilities. In addition, no

hanges were d d b cach of the viruses derived from

these first three cases. This lack of sequence variation is consistent

with the epidemiologic data, indicating an injtial natural exposure

of the index case, followed by a chain of nosocomial transmission
among subsequent cases, '

Lujo virus (LUIV) is a nove! arenavirus .
Phylogenetic trees constructed. from ful L or'S segment

nucleotide sequence show LUJV branching off the root of the
OW arenaviruses, and suggest it represents'a highly novel genetic
lineage, very distinct from previously characterized virus species
and clearly scparate from the LCMV lineage (Figure %A and $B).
No evidence of genome segment reassortment is found, given the’
identical placement of LUV relatie to the other OW
nruuviru.mbucd'on'S:hdL g leotide seqq In
addition, phylogenetic analysis of each of the individusl ORFs
reveals. similar. phylogeneti tree topologies. A phylogenetic tree
constructed from deduced L-polymerase amino .acid {aa) sequence .
also shows LUJV near the root of the OW areriaviruses, distinet .
from characterized species, and scparate from the LCMV branch
{Figure 3C). A distant reltionship to OW arenaviruses may also
be inferred from the analysis of Z protein sequence (Figure S1).
The NP gene sequence of LUJV differs from other arenaviruses.
from 36% (IPPYV) 10 43% (TAMYV) at the nucleotide level, and
from 41% (MOBV/LASV) 1o 55% (TAMV).at the aa leve] (Table
S1). This degree of divergence is considerably higher than both,
proposed cut-off values. within (< 10-12%), or between (>21.5%)
OW arenavirus species [31,32], and indicates a unique phylo-
genitic position for LUV (Figure SD). Historically; phylogenetic
assignments of arenaviruses have been based on portions of the NP

. gene [1,38), because this is the region for which most sequences

ing the Basic Local Alignment Search Tool {blastn’ and blastx;

]@: PLoS Pathogens | www.plospathogens.org

arc known, However, a3 more g _ have b
ilable, analyses of fulllength GPC sequence have revealed
id of possible relati hips b OW and NW
2 May 2009 | Volume 4 [ Issue § | e1000455 *
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iruses, MOBV, MOPV, and IPPYV (blue) have not been Implicated In human disease; LASV

{red) can cause hemorthagic fever, The“orlgln}of the LUV index and secondary and tertlary cases linked in the 2008 outbreak are indicated in goid.

Figure 1, graphi ol. African
dok10.1371/journal ppat.1000455.9001
iruses not Jed by NP seq alone [34). B Gt

d nhvl .

[41], which interacts with the clathrin adaptor protein 2 (AP2)

plex [42]. A TsgiOl-interacting motif, PeoSAP, is found in °

sequences are difficult to align some have p P

" analyses by combining the GPC signal peptide and the G

sequence for phylogenetic analysis [16]. We included in our
analysis the chimeric signal/G2 sequence (Figure SE) as well as the
receptor binding G1 portion (Figure 3F); both analyses highlighted
the novelty of LUJV, showing an almost similar distance from OW
as from NW viruses. ’

Protein motifs potentially relevant to LUJV biology
Canonical poly domains pre-A, A, B, C, D, and E (35-
37) are well conserved in the L ORF of LUJV (256 kDa, pl = 6.4;
Figwe 4). The Z ORF (10.5 kDa, pl=9.3) contins two late
domain motifs like LASV; however, in place of the PTAP motif
found in LASV, that mediates recognition of the tumor

LUJV in position of the second late domain of LASV, PPPY,

which acts as a Nedd4-like ubiquitin ligase recognition motif [43].
The RING motif, containing conserved residue Wy [¢4), and the
conserved myristoylation site Gy are present (4547} (Figure 4).
The NP of LUJV (63.1 kDa, p! = 9.0) contains described 32 ruotifs
that resembic mostly OW iruses (48], indluding a cytotoxi
T-lymphocyte (CTL) epitope: reported in LCMV (GVYMGNL;
{49)), corresponding to Gy VYRGNL in LUJV, and a potential
antigenic site reported in the N-terminal portion of LASV NP
(RKSKRND; {50)), corresponding to RgKDKRND in LUJV
(Figure 4). .

. The GPC -precursor (52.3 kDa, pl=9.0) is cotanslationally
cleaved into the long, wable signal peptide and the mature
g G1 and G2 [51-54]. Based on analogy to LASV

susceptibility gene 101, Tsgl0] (38], involved in lar protein
sorting (39,40], LUJV bas a unique Y;;REL motif that matches
the YXXL motif of the retrovirus cquine infectious anemia virus

'@ PLoS Pathogens 1 www.plospathogens.org
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{55 and LCMV [56), signalase would be predicted to cleave
between Dgg and Ssg in LUJV. However, aspartate and arginine

May 2009 | Volume 4 | tssue 5 | €1000455 o
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residues in the —1.and —3 positions, :
(=3, 1)-rule [57]; thus, clesvage may occur between Syg.and S as
predicted by the SignalP algorithim. The putative. 59 a2 signal
peptide of LUJV displays a conserved G, implicated in myristoyla-

respectively, violate the.

" tion in JUNV [58], however, it is followed. in LUJV by a non-

motif reported in JUNV [65] (Figure 4). G2 contains 6 potential
glycosylation sites, including' 2. strictly conserved sites, 2 semi-
conserved sites Nygs (abseot in LCMVs and Dandenong virus;
DANV [19]) and Nyg; {absent in LATV), and 2 unique sites in the
predicted cytoplasmic tail (Figure 4). Gl is poorly conserved

standard valine residye in position +4, bling non-
glycine residues found in Oliveros virus (OLVV [59]) and Latino
virus (LATV; hup://www2.ncid.cde.gov/arbocat/catalog-listing.
asp?ViruslD = 263&51 = 1). Conservation s also observed, for aa
residues Py, (except Amapari virus; AMAV (60]), Eq [61)(except
Pirital virus; PIRV {62]), and Nag in hydrophobic domain 1, as well
as Iy KGVFNLYKoSG, identified as a CTL epitope in LCMV
WE (IyKAVYNFATCG; [63)) (Figore 4. - - '
Anslogous to other arenaviruses, SKI-1/SIP deavage C-
terminal of RKLMgy, is predicted to separate mature G1 (162
a3, 18.9 kDa, pI=6.4) from G2 (233 aa, 26.8 kDa; pl=9.5)
[52,53,64]). G2 appears overall well conserved, indluding the

- strictly conserved cysteine residues: 6 in the luminal domain, and 3

in the cytoplasmic tail that are included in a comerved zinc finger
:@ PLoS Pathoge [wm-lv'. ath mg
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highly divergent-from the Gl of the other. arenaviruses, and
shorter- thani that of other arcaaviruses. LUJV G1 contains 6
potential glycosylation sités in positio parable to -other
arenaviruses, including a conserved site NgsHS (Figure 4), which is
shifted by ane aa in 2 motif that otherwise -aligns well with OW
srenaviruses and NW arcnavirus clade A and C viruses, There is
no di ble homology to other irus Gl seq that

would point to usage of onc of the two identified arenavirus -
veceptors;  Alpha-dystroglycan (4-DG) [66] that binds OW -

arenaviruses LASV and LCMV, and NW clade C viruses OLVV-
and LATV [67], or ‘transferrin receptor- | (TYR1) that binds
pathogenic NW arcnavituses JUNV, MACV, GTOV, and SABV
(68) (Figure §2- + - ' o

.

May 2009 | Volume 4| Issue'S | €1000455

among arenaviruses (16}, and G1 of LUJV is no exception, being -
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Figure 3. Phyl i ty of LUJV. Phyl latlonships of LUIV were inferred based on full L {A) and S segment nucleotide
sequence (8), as well as on deduced amino acid sequences of L (Q), NP (D), Signal/G2 (£) and G (F} ORF's. Phylogenies were reconstructed by
nelghbor-joining analysis applying a Jukes-Cantor model; the scale bar indicates substitutions per site; robust boostrap suppont for the positioning of
LUV was obtained in all cases (>98% of 1000 pseudoreplicates). GenBank Accesslon numbers for reference sequences are: ALLY CLHP2472
(AY216502,- AY012687); AMAV BeAn70563 (AF512834); BCNV AVAQ070038 {AY924390, AY922491), ADO60D209 (AY216503); CATV AVA0400135
(DQ865244), AVA0400212 (DQ865245); CHPV 810419 (EU, 260464, EU260463); CPXV BeAn!19303 (AY216519, AFS12832); DANV 0710-2678
(EU136039, EUN36038); FLEV BeAn293022 (EU627611, AF512831); GTOV INH-95551 (AY358024, AF485258), CVH-960101 (AY497548); 1PPYV
DakAnB188d (DQ328878, DQ328877); JUNV MC2 (AY216507, D10072), XJ13 (AY358022, AY358023), ChalVd454 (DQ2722665; LASV LP (AF181853),
803213 (AF181854), Weller (AY628206), AV (AY179171, AF246121), Z148 (AY628204, AY628205), Josiah (U73034, J043204), NL [AY179172, AY179173);
LATV MARUI0924 (EU627612, AF485259); LCMV Armstrong (AY847351), ARMS3b (M20869), WE (AF004519, M22138), Marseille12 (DQ286932,
DQ286931), M1 {AB261991); MACV Carvallo (AY619642, AY619643), Chicava (AY624354, AY624355), Mallele (AY619644, AY619645), MARU222688
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(AY922407), 9530537 (AY571959); MOBV ACAR308OMRCSP2 (DQ328876, AY342390); MOPV AN20410 (AY772169, AY772170), Mozambique
(DQ328875, DQ328874); NAAV AVD1240007 (EU123329) OLW 3229-1 (AY216514, U34248); PARV 12056 (EU627613, AF485261); PICV (K02734),
MunchiqueCoAnda763 (EFS29745, EF529744), AN3739 (AF427517); PIRV VAV-488 {AY216505, AF277659); SABV SPH114202 {AY358026, U1071); SKTV
AVD1000090 (EU123328); TAMV W10777 (EU627614, AFS12828); TCRV (J04340, M20304); WWAV AV9310135 (AY924395, AF228063).

doi:10.1371/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

* pronounced in the G1 protein encoded by the S segment, a region

plicated in p Reassortment of § 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 MOPV (70); We
find no evidence to support reassortment of the LUV Lors
genome -segment (Figure 3A and 3B). Recombination of
glycoprotein seq has been gnized in NW. iruses
[14,16,33,34,71-73], resulting in the division of the complex into
four sublincages: lineages A, B, C, and an A/recombinant lineage
that forms a-branch of lineage A when NP and L sequence is
considered (see Figure 3C and 3D), but forms an independent
branch in between bineages B and C when -glycoprotein'sequence
is considered (see Figure 3D). While' recombination cannot be

human disease, antigenic cross reactivity, and protein sequence
similarity to other species. By these criteria, given the novelty of its

presence in southern Africa, capacity to cause b agic {ever,

and its genetic distinction, LUJV appears to be a new species.
Materials and Methods

Sequencing .

Clirtical - specimens were inactivated in TRlzol (liver tissue,
100 mg) or TRIzol LS (serum, 250 W) reagent (Invitrogea,
Carlsbad, CA, USA) prior to removal from BSL-4 containment.
Total RNA extracts were treated with DNase 1 (DNA-free, Ambion,
Austin, TX, USA) and cDNA generated by using the Superscript II
system (Invitrogen) and 100-500 ng RNA for feverse ranscription

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

excluded in case of LUJV, our review of existing databases reveals
no candidate donor for the divergent GPC sequence To our
knowledge is LUJV the fint hemorrthagic  fever-associated
arcnavirus from Africa identified in the past 3 decades. It is also
the first such virus originating south of the equator (Figure 1). The
I ional C i on the T: y of Viruses (ICTV)
defines species within the Arenasirus genus based on association
with a specific host, g hic distributi ial to cause

ETap h P

GPC

poly chain ion (PCR; (75]); applying a'9:1 mixture of a
primer corresponding to the defined 17-mer sequence, and the
rendom octamer-linked 17-mer primer, respectively [74]. Products
>70 base pairs (bp) were selected by column purification (MisiElute,
Qiagen, Hilden, Germany) and ligated to specific linkers for
sequencing on the 454 Genome Sequencer FLX (454 Life Sciences,

Branford, CT, USA) withow fragmentation of the : cDNA -

{18,76,77]). Removal of primer sequences, redundancy filtering,

Figure 4. Schematic.of conserved protein mogifs. Conservation of LUV amino acid’ motifs with respectt all othet (gr&n'hlghlbhﬂ, wWOW .

(yellow highlight), or to NW {blue highlight} arenaviruses Is indicated; grey highlight indicates features unique to LUNV. Polymerase motifs pre-A
(Lysaa), A (Nizos), B (Misss), € (Lisas)h D (Quzes), and E (Cya90) 27¢ Indicated for the L ORF; potential myristoylation site Gy, the RING motif Hye/Cpe, and

potential late domains YXXL an PSAP are indicated for the Z ORF; and

site Gy, p [ ng sites for sig (S30/Sed).

and SIP cleavage (RKLM;z1), CTL epitope (ly;), Zinc finger motll Py;o/Goss, as well as conserved cysteine residues and glycosylations sites (V) are
indicated for GPC. * late domain absent in NW viruses and DANV: 1 PSAP o PTAP In NW.viruses, except 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, hydrophoblc domaing TM,

transmembrane anchor,
dok10.1371/Journal ppat 1000455.g004
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and seq bly were performed with soft prog
accessible through the analysis applications at the GreenePortal
website (htp://156.145.84.111/Tools). :
Conventional PGRs at CU were performed with HotStar
polymerase (Qjagen) ding to facturer’s p Is 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 dehaturation at 95°C for 1 min, annealing at 55°C for
1 min, and extension at 72°C for | to $ min depending on the
pected amplicon size, A tv p RT-PCR protocol was also
folowed at CDC using Invitrogen's Thesmoxcript RT at 60
degrees for 30 min followed by RNase H treatment for 20 min.
DNA was amplified using Phusion enzyme with GC Buffer
{Finnzymes, Espoo, Finland) and 3% DMSO with an activation
step at 98°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 2
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 seq d in both

A New Pathogenic A irus from Southern Africa

Supporting Information . .
Figure §1 " Phylogenctic tree based on deduced Z amino acid
In .

to phyl trees obtained with the other

PHYI0R

ORFs (Figure 2), poor bootstiap support (£3% of 1000

" was obuained with Z ORF

plicates) for the branching of LUJV off the LCMV dlade
For GenBanl :

numbers sec Figure 2.
Found at: doi:10.1371 /journal.ppat. 1000455.5001 (0.4 MB TIF

" Figure §2 Pairwise sliding-window distance analysis of GPC

sequence, LUJV and members of the OW (LASV, MOPV,
IPPYV, LCMV, DANV) and NW (GTOV, CPXV, BNCV,

PIRV, OLVV, SABV, MAf
,compared using LASV NL (A) or GTOV CVH (B) as query (10

CV) arenavirus complex were

aa stép; 80 aa window). .
Found at doi:10.1371 /journal.ppat. 1000455.5002 (4.21 MB TIF)
Table S1 Pairwise nucleotide and amino acid differences

b,

directions with ABI PRISM Big Dyc Terminator 1.1 Cydle
Sequencing kits on ABI PRISM 3700 DNA Analyzers (Perkin-
Elmer Applied Biosystems, Foster City, CA).

‘Sequence analyses .

. Programs of the Wisconsin GCG P: {Accelrys, San Diego,

CA, USA) were wsed for seq bly and analysis; percent
on Needleman-Wunsch

sequence difference was calculated based
lig {gap open/ ion penalties 15/6.6 for nucleotide and
10/0.1 for aa alignments; EMBOSS [78}), using = Perd scTipt to
iterate the process for all versus all comparison, Secondary RNA
predictions were performed with the web-based version of

miold (http://mfold.bioinfo.rpi.edu); data were exported a3 ct files
and layout and annotation was done with CLG RNA Workbench
(CLG bio, Actius, Denmark).” Protein topalogy and targeting
predicions were generated by emplaying SignalP; and NetNGlyc,
- TMHMM (hrp://www.cbs.diu.dk/services), the web-based ver.
sion of TopPred (huep:/ /mobyle. pasteur £/ cgi-bis/portal.py?form
=toppred), and Phobius (http://phobius.sbe su.se/). Phylogenetic

lyses were perfi d wiing MEGA software [79]. " -

References

1. Bowen MD, Peers GJ, Nichol ST {1897) Phylogenetic smalysis of the

- Nwmpmdmmwm&m&uMn

"udummwwmwa:m-n&

2 Nauuy.AC.Hiu.CLWmDM,de:RnAP.GmH.aaL
{2001) Alipahy viru: a wewly grized | ¢ viridae) from

bicolor and cocornys paricola) in northeastem peru,

.S, Armwwrong C, Lillie RD {1934) Experk lymphocyde choriomenirigic of
mlcyuudnleqududby-vh-mmﬂhﬁdiao{hl”&&
Lovls encaphalicis epidemic. Public Healdy Rep 49: 1019-1027, "

Asperin DD, Romanowsi V, Galiruki M, Bishop DH (1984) Sequencing studics
of pichinde arenavirus § RNA indicate & novel coding strategy, sn ambiscnsc
viral S RNA. J Virol 52: 897-904. .

>

LUJV 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/jouma.l.ppat.1000455.:003 .{0.20 MB
DoC) : ‘

Acknowledgments

We are grateful to the Outbreak Control and Investigation Tearns in South
Africa and Zambia, and to Cathy Roth and the WHO GOARN network
for their help and support We thank Robert Serge, Jeffrey Hui, Alla
Tashmukhamedova, and Katrina Ciraldo for technical assistance, and
Phenix-Lan Quan for data analysis and critical comments,

Author Contributions

Conceived and designed the experi
experiments: TB JTP LKM SKH GP MLK JW, Analyzed the data: TB

: TB WIL Performed the

LKM SKH CS GP MLK ME STN WIL Contributed reagents/
materials/snalysis tools: JTP CS JW BS ME. Wrote the paper: TB JTP

‘BS STN WIL.

. BuddcySM,GnahJ(l’70)h—fw¢.lm_vinnd'uugofmnfmmwm

Africa, !.bolllienlndMMoﬁMﬁmNn]TmMcdHu 19;
680691, ) ..
Downs WO, Anderson CR; Spence L, Altken THG, Greenhall AH (1963)
Tm:hﬁmnm-jqulnhwdhnhﬁheuhuwwlwin
Trirﬂd.d,Wmlndi:AanmpMdHy' 12: 640-646.

. Buchmeier M, de Is Torre JC, Peters GJ (2007) Arenaviridse: the viruses and

theic replication. In: Knipe DM, Howley PM, ech. Fields Virology, Phiadzlphia,

PA, USA: Wetter Kinwer Lippincon: Willisms & Willins, pp 1791-1827. .

Puthorst CF, Bowen MD, Ksinzek TG, Roflin PE, Nichol ST, et l. {1996)
son o Wi "

American arcnavinus, Virology 224: 14120,

L

. Selvato MS, Shimomaye EM (1989) The completed sequence of lymph yic -
. s virs reveals 2 unique RNA sructure and a gene for a zinc
finger peotein, Virology 173: 1-10, -
M&Gmym,RuMH&FﬂﬂrbM.Dch&mMﬂlL
{1938) [Concerning the epidemic ouibreak in Junin.}. Dia Med 30: 2300-2301,
LT Ml,MdJ,Wﬁt\eﬂMDIHMA,B-W:O»JG.:!:L(!SSQ)'
Virosis b gics del Noroeste B Ori fon Medica 8: 303-311.
8. Johnion KM, Wicbenga NH, Mackenaic RB, Kuns ML, Tuuraso NM, e1.al
(l%s)VmMuhuﬁwnkuCnud'Hﬂwrhquwhﬂdiﬁ;
Proc Soc Exp Biol Med 118: 113-118,
S-hl.de“-na'auN,Tuth,Rbo—Hm.R,SMpeMn|L(|99l)
Vincrodsn hermorrhagic kver, Lances 338; 10331036, .

"

18, Cobmbra TLM, Nawar ES, Buranini MN, de Sowas LTK; Ferreira 1B, et al.

.(lmﬂwmwhhﬂ.hm”!:”l-!n

?@37!057'".,|9-,' gens.org 7
59

15. Hugor JP, Gonzales JP, Denyy ' {2001) Evoluton of the Ol Waorld
idas and their rodent host: faed it

by doscent? Infect Genet Bvol 15 13-20, .~
_Charrel RN, do Lamballerie X, Emonet S {2008) . Phylogeny of the genus

or

Opin Microbiol 11: 362-368.

. " Fischer SA, Graham MB, Kvehnert MJ, Kotton CN, Srinivasan A, et . (2006)
orh By oy oo ¢ et

T o phocy g ving by organ
N Engt ] Med 354: 2235-2249, ’ :

. Amman BR, Paviin BI, Altarino CG, Comer‘JA, Erickson BR, et al..{2007) Pet

rodents and fatal lymphocytic choriomeningits in transplane patients, Emerg
Infoct Dis 1% 718-725, . )
PlladuG,DmceJ,DnLTunT,Bili:hC.ﬂlL(ZOOB)Amnmmv&nninx
cluster of fatal transplant-asociated diseases. N Engl J Med 358: 991-998.

. region: an overview. ] Vector Bome Dis 44; 1-11,

. May 2009 | Volume 4 | Issue 5 | e1000455 "

Ogbu O, Ajuluchukwa E, Uncke CJ 2007) Lama fover in West Afiican sub-

Khan SH, Goba A, Chu M, Roth C, Healing T, ¢t al. {2008) New oppornitics St

for ficld research on the pathogencsis and treamnent of Lassa fever. Antiviral Res

78 103-118.

22. Swancpoe) R, Leman PA, Shepherd AJ, Shepherd SP, Kikcy MP, ctal, (1985) 52

Identfication of Ippy as a Lasa-fever-relsted virus, Lances ): 639,

23. Meunier DY, McCormick JB, Georges AJ, Georges MC, Gonzalez JP {1985)
Comparison of Lassa, Mobala, and Ippy vicus reactions by immunofiworescence 83,
tost. Lancet : 873-874, .

24. Gonaalez JP, McCormick JB, Saluzzo JF, Herve JP, Georges A, t al. (1983) An
srenaving. solated from wild-caught rodents (Pramys specics) in the Central
African Republic, Intervirology 19 108-112. 54,

25. Wulff H, Mclntosh BM, Hamncr DB, Johnion KN,I (1977) lsclation of an
arenavirus closcly related to Lassa ving from aatalensis in south-cast $5.
Alrica, Bull World Health Organ 55: 441444, )

26. JothM,lebrP.UﬁwULTmﬁO(lWl)R:mﬂyo{-h-l- - 86
related arenaving in Zimbabwe. Am ] Trop Med Hyg 30: 1251-1298.

2. Georges AJ, Gonaalez JP, AbdubWshid S, Sahuzeo'JF, Meunicr DM, etal.  $1.

(1985) Antibodies to Lassa and Lassa-ike virises in mon and mammals in the

Central African Republic. Trans R Soc Trop Med Hyg 79: 7!-?9. 58,

21,

- 28, National Instimire for Communicable Diseases

(2008) Arenavirus otnbreak,
South Africa, Communicable Discases Communique 7: }-3. hege/ Feewwonicd.

acza, N .
29. Aluchul SF, Gish W, Miller W, Myers EW, Lipman D (1990) Basic local
alignment search tool. ] Mol Biol 215: 403410, 0.
30. Clegg JC, Wilson SM, Oram JD (1991} Nucieotide sequence of the § RNA of
hnn\dnu(l‘ﬁgerhnmh)mdwnp-nﬁwmdpidmvimp\e
products. Virus Res 18: 151-164, 6).

Genetic diversity among Lasia virm srains, J Virol 74: 6992-%
32. Emonet S, Lemasson J}; Gonaslez JP, de Lamballeric X, Charrel RN (2006) 62,
Phylogeny and cvolution of old world arcaaviruses. Virelogy 350: 251-257,
33, Bowen MD, Prien CJ, Nichol ST {1996) The phylogeny of New World
(Tacaribe complex} srenavinues. Virslogy 219: 285-290. * - Lo
34, Albarine CG, Posik DM, Ghiringhelki PD, Lozino ME, Romanowski V (1998)
Arenavirus phylogeny: s new insight. Virus Genes 16: $9-46. i .
35. Poch O, Ssuvaget I, Delarue M, Tordo N (1989) Identification of four conserved 64,
mod§ among the RNA-dependent polymerase encoding elements, EMBO J 8;
3857-3874. : . )

31, Bowen MD, Rollin PE, Ksaxck TG, Humad ‘HL, Bawsch DG, et al. {2000)
~7004,

36. Delsrue M, Poch O, Tardo N, Moras D, P(1990) An stiempt to unify the - 65,
) 461-467.

soucture of polymerases. Proteln Eng 8; .
37. Maller R, Poch O, Delarve M, Bishop DH,’ M (1994) Rift Valley fover

virus L mgment correction of the sequence and h role of 3 66.
Identificd regions in RNA-depend: h J Gen Virol 750
6 13451352, . . )

38, Perez M, Craven RC, de Ia Torre JC (2008) The small RING finger protcin Z 67,

drives arenaviru ing: implications for antiviral strategics. Proc Nagd Acad
Sci U S A 100: 1297812583, N .

39. Garrus JE, von Séhwedler UK, Pornidlos OW, Morham SG, Zavizs KH, e al, 63,
(2001) Tsg10} and the vacuoler, peotein sorting pathway are esents! for HIV.1
budding, Cell 107: 55-65. .

40. VerPlank L, Bowamr F, LaGrasss TJ, Agresu B, Kikonyogo A, et al. (2001} 69.
Jugat phocy gitls vi genicity
‘MW&MI&M-MLRNAWLJVNS&W#M.

Tig10l, s homologue of 1 it ing (E2) enzymes, ‘binds the L

domain in HIV type | Prs5(Gag): Proc Nail Acad Sl U S A 98: 77247729,

Puller BA, Parent L], Wills JW, RC (1997) Equine Infectows anemis 0.

virus udlizes & YXXL motif within the late asscmbly domain of the Gog p9 .

prosein, J Virol 71: 6541-6546. .

42, Puffer BA, Watkins SC, Montelara RC (1998) Equing infectious anemis virus 7n,
Gag polyprotein late domain recruits cchular AP-2 adaprer protein .
complexes during virion sssembly. J Virol 72: 10218-10221. 2,

43, Suub O, Dho §, Henry P, Correa ], Ishllawa T, et ok, {1996) WW domains of
Nedd¢ bind o the proline-rich PY motifs in the epithelial Na+ channel deleted
in Liddie's syndrome, EMBO J.15: 257)-2380,  ° 3.

#4. Joszeiro CA, Wing §S, Huang H, Leverson JD, Homter T, ex al. (1989 The

© | tyrosine kinwse negative regulstor ¢-Chl as » RINGuype; E2-dependent

ainprosen Teoe Sch
45. Perer M, Groemwald DL, de s Torrs JG (2004) Myristoplation of the RING
finger Z prowcin is cxsential for arcnevirus budding. ] Virel 78: 11843-11448, 7,

4,

' 4. Sﬂ\ckch.MnbA,MS.Mb‘&lapO.ﬂdMThmho(‘
i i of the

in the

Lass virus mavix prowin Z,

Virol } 3: 83. .
47, Capd AA, Perei M, Burke E, Kunz S, Buchmeier MJ, ¢t al. {2007} Arcnavirus

z cin amoclation i 2 myrissaylation but not funcional RING or

late domains. ] Virol §1; 9451-9460. o " 7.

48. Gonzalez JP, Bowen MD, Nichol ST, Rico-Hesse R (1996) Genetic
characterization and phylogeny of Sebia virus; an emergent pathogen in Brazil,
Virology 221: $18-32¢. . -

49, Whiron JL, Tishon A, Lewicki H, Gebhard J, Cook T, et al. {1989) Mokcular
analyies of & fivc-amino-acid eytonaxic T-dymphoeyte (CTL} cpitope: an
mmunodominant region which induces nonreciprocal CTL crom-reactiviey. 78
J Virol 65; 43034310, . . ‘

30. Gonzalez )P, Sanchex A, Rko-Heme R {1995 Mokowlar phylogeny of .
Guanasio vin, an cimerging arcnaviras affecting bumans. Am ] Trop Med
Hyg 5% 1-6. ’

-@ PLoS Pathogens | www.plospathogens.org 8

60

S s-1igs.

A New Pathogenk A irus from Southem Africa

Lenz O, wr Meulen J, Klenk HD, SeHAh'NC. Garien W (200!)'.l'hc Lamavins
in procursor GP-C i proteolytieally by subdlase SKI-1/
SIP. Proc Nad Acsd 5¢i, U § A 98: 1270i-12705.
Beyer WR, Popplau D, Garien W, von Lacr D, Lonz O (2003} Endoprotcolytic
peocesing of the lymphocytc Chorkomeningis vies giycoproscn by the
subdlase SKI-1/SIP. ] Virel 77: 2866-2872.
Rajek JM, Lee AM, Nguyen N, Spiropouiou CF, Kunz § (2008) Sie 1 protease
s required for proseolytic processing of the glycuproxcina of the South American
hemorthagic fever viruses Junin, Machugo, and Guanarito, J Vird 82
6045-6051,
Bums JW, Buchmeicr M) {1991) Protein-procin. Interactions in tymphocytic
choriomeningitis virus, Virology 183; 620-629. - .

’M&WO.M:R«T.GMWMSWP‘QW“WM

ghyooprotein GP-C oxhibis an unusual length. FEBS Len $38: 203-206.
JW, Buchmeier MJ (1993 Glycop of the o In:
sdes,oﬁmNmﬂrldmeYwhHmuumnU-dm
MMMG(DW)HWMHWMWW.JW
Blol 17%: 243-251. " i . X
York J, Romanowski V, L M, Nunberg JH (2004) The signal poptide of the
Junin ¢ glycop is myrisoy and forms ap’esscndial
subunk of the matwre G1-G2 complex. ] Virol 78; 10783-10792. .

.M)@,MQ.MWJN,NW&T[I”S)OMW:W

srenavinis from Argentina. Virology 217: %62-366, *

Finheiro FP, Shope RE, de Andrade AHP, Bensabath G, Cacios GV, ¢t al. -
(l&ﬁG)anpi,lmvlnuoﬁMTaacib:mfmndmllndmhld‘,
Amaps Territory, Brazil. Proc Soc Exp Bio! Med 122: 531-535, .
VukJ.,NwhmJHMMdhubkknﬂM&d)udnmm
envolope glycoprotein in pH-depend fmion, J Virol 80:

Pulhorst CE, Bowen MD, Salas RA, de Mantione NM, Duno G, et al. (1997)
bohu‘onmdchllluarhtbne{pirblvin-,.mvdydmdm:'
American arenavins. Am J Trop Med Hyg 35548553, .

Pacher H, Moskophidis D, Rohrer U, Burki K, Héngarmer H, e ol (1990)
Viral escape by selection of cytotaxic T coll-resbtant virw varians in vivo.
Narure 346: 629633, . . .

Lenz O, ter MeulenJ, Feldmann H, Kionk HD, Garten W (2000) 1deatification
ol s novel consensus sequence at the shze of the. Lassa vins giycoprocsin.
J va‘l,N: 1141841421, s ’ )
YM,MMJHMAWM‘ o ,domain s essendal for
mmamrmwjmhmmmmjm
81: 13385-13391. . o
Cao W, Henry MD, Borrow P, Yamada H, Elder JH, et al. (1998) Identificson
of lycan as & receptor for lympl i¢ choriomeningitls virw and -
Lasa fever virus. Science 282; 20792081, .
SWG'.MS.MMP&C“MKP.OMMBMNW

vwmmmmqmmmawxwmua&m.

dysroglycan as i najor receptor. J Viral 76: $140-5146 o
WT:in& Abnhu-',]ésﬂmpwbu CF, Kui;:JH, Nguyea- D, et al.
(2007) Trmnsfervin recepror 8 cellular recepior for New World hacmorihagic
fver arenaviruses. Nature 446: 92-96, | S
Riviere ¥, Ahmed R, Southern FJ, Buchmeicr 1], Oldstone MB (1985) Genctic
mapping of lymph chorls ingitis virus pach - virulence in

Lukashevich 1S, Panerson J, Carrion R, Mashkoff D, Ticer A, et al, (2005) A live
nm%hhkwmwmdhnmdm” .
viraser: ] Virol 79: 1393413942, N - .

WM,MMRMH@MWWWM
mmumwmnuw. ’

MM.*WM&NMGPMI)'WWHWW
ﬁmmmﬂcﬁdmhmmhaﬁonm.fwhm
viruses fasnily Arensviridac), Virology 283: 161166, .
MRN,PMMMH.F\MCF.KWIR,&MI,&ILM

scgment m
recombination, Biochcin Blophys Res Commun 296

Palacics G, Quan PL, Jabado QJ, Conlan 8, Hirschberg DL, et ol {2007)
W?mwwmwwmdm Emerg
foct % 73-81. . ’ ) . )
Saikd RK, Scharf §, Faloona F, Mullis KB, Hora GT, et al (1985) Enzymatic
.Wwdwummwmumw
wwwum&mzu!wls& :
Mwﬂ:M.%M,NmW&W&M}&ndmm
Whnﬂeoﬁbvimedhi‘hdaﬂqpko&nmmNm“h
3$76-380, )

. CaFostcr DL, Conlan S, Holmes EC, Palacios G, Evans JD, e al. 2007} A
. m;mmmumhmmmwmm.&m

318: 283-287, .
Rice P, Longden 1, Blewshy A (2000) EMBOSS: the Enropesn Molccular
iclogy Open Software Sute, Trends Genet 16: 276-277,

Kumar S, Tamura K, Nei M (2004) MEGAS: Inregrated sofiware for Molccutar
MWMM:MWMHWWBM& .
150-163. - . -

May 2009 | Volume 4 | Issue 5 | €1000455



19

29

B 21

_EXE BRHE #ngss

"wmﬁ%fﬂ%@&

#weEs B-QATR FERLEDRX S eomnmm
200942528 L E /B

- & ® % %

Mo L wY BRSO AERE

.W%ﬁ(m%%)

- ProMED-mail, 20090129.0400
Bl Es Y BRRE AYx—F

mgsmﬁﬁﬂ;

hi-,;
TDUA AL,

o, ZOHITiE,

F‘iﬁf—i :1/11/74/1/;(2):!: Fk?al)".’u-'{-aﬁﬂ“ﬁﬁitl\_ﬂﬁﬁbfb‘é EDTFBERT,

1/ﬂ/74wx(AV:¢4WZE‘E:WT?4NXﬂ)H %ﬁﬁv?xkkwrﬁﬁm%tﬁﬁﬁ%ﬂ Toen TDMBEHEIRS
moENTV3, W%?—&&U{Q+Q’J7~—5’m6 DYANAHE H-.?al)‘é%al’i}i‘“ﬁﬁth_ﬂaél,rhé LR &

| A DA R, *@osrmmmum‘rweaeénrwa ¥/, ﬂ&&:ﬂﬁﬁ%i&ﬁi&?‘émv;,fz“v
/r/vxE-(’t:x/l/-)v»f/vzli&ﬂée?bxbéténn\é .
EBRAT YA COWETH, BRPIE MLz WKERL, Abrxicss éhtﬁ}ﬁﬂ)éﬁﬁuhmﬁﬁﬁﬂ\.&f& L

RY =T U COREOHRT, FENBIRECH 7 b b OBER CBEIC 11 REMBICEOTEER Y T 5
A4 PCR (‘_J:o'CJ-/ﬁ/O/(/l/Zz)x&lﬁént, ayYvig—g LIcEEER ORI 1 '74/1/241&81 Shizho
't,%sWﬁﬁﬁto%xtﬁmm&ﬂﬁﬁoﬁﬁtmﬁkﬂ%baﬁ@mabanrwa KEOFERIBRIEL I 23
b“Cb\ :L/if/'?/(/lzx:bxvss@én'tb\éa

ER EOERRRRE -

e L
zax—T/qZS&*BDJ/ﬁ/JIIOﬁU\_E BIoarsxz3 (FEBREREXO—8) PoRES T,

KBFUERBEIIE & > - EHRERDOBEHRBH LT 2 bk,

SHED & 33 D

BRELEOER . . SEDORE

Sk bﬁéﬁf“ﬂol&ﬁkﬁﬁ) Kﬁ‘l@fﬁfﬁtﬂ)ﬁiﬁ%&
BoTh&i,

) MedDRA/J ver.11.1

Bl

— & A K

OARBET AT L2 QARBET AT I, QARBT AT 125, DARBI 0T Y >, OBBAT S MBARE /17 ) >, OF

BALBCAREI BT Y | QBRANKEARE S 0T Y x, .%ﬂﬁﬁ)\ﬁf&ﬂ:7ﬂ TA Y C, QBB DBEERFVIR T, .
@ﬁiﬁﬁﬁAmﬂiﬁ@%KE% DERARERARLE /0T Y | @ HBs ARE/ 7YY, @haviy, @747V 25
HEXMAF, @%ﬁﬁﬂﬁ/x? YFhurErIl, @ERY IVIIARES T Y VBN QARFETATIvx QARBT AT Ik
BERAT S NBARES 07 Y ox, QEBAMBEEBXEF S, ORBRGAT ./-’;" torerm

ﬂiﬁ!%( %%)

7

| OBBT A7 20 “ERT. OBETALT S 25 “(LHE . OALET LTSS HelBE” +. @ B Hrv—say

CRMMEY DT Y > “Laf”. ORM~=0Y— 1, @==8ix, @EHATF 2 FC2,500 Hifr, @227 727 hF, ®/ <7 k
M. @75 F55 B 250 W, @~ b=, @ koo vy “Lhl. @HLE 1, BT v AG Lo b, BersTary,
@TNT 2 v 20%4L T+, @7’/1«7’ v 5%fLlmE+, QRES T Y @/ /0 FFx, @7’/11:! v P 1500 N A

| sseRoRm

| EIATILNARY A VR, KD T AGRNA £Hilk L LTH D, HE 22~300m Tx2Nm—FEHRR, £ ALY

’ :L/if./?zf/vztxﬁﬁ‘é/\lx:x'7/(/1/7\Eli 903)6t:1/1/’)"7411’?‘ﬂ”3ﬁ‘73 12T, flilck FAL Iy LABRL TS,

NAPERBE L BT T 5, SR L LTERT 505 mhgmﬁﬁ&ﬁaﬁsnrwa W%%@B&%“F;ﬁf‘kbnz
¢m#&¥mmkﬁbﬁ¢éhrwa ZUHGANATFRXIDOHESA TS, S@id i,
*Bf%ﬂ*&i:/ﬁu74/1/10)&[&@%%&;@1”6@&1%0 bt MRS FEMR LT AEMICELIZEENRH D O TR, HIC.
TAARBEHBHZRBAL TV L LTS, FROMETRIII/T Y /- ADETR, S/ AARERSBIESH 3V EMBATERED
EEO§&6'7»(/1/15%92&(}2:?%&1&»#&l,'cwsmt‘ JANAIY T 5. /xz»m#éna EBETEOD VANRRE - FE
{EZhEE, fma#ﬁﬁﬁiﬁlo74»1&3116?%&0&‘%&&1‘6%4 Fo4y (EERE 1047 B ERR 11458 A 30.8H) 1 I, U
YL NAETHOA AR (BVDV), ﬁfiiﬁkﬁ?rfzvx (PRV), 7 Z oL (PPV). ABRO A LA (HAV) E7-125
DIFRTA - (EMCV) 2EFAGAARE LT, 74WZ7UtXAJT—Va/%%mL FHEToTV5, SEEE L
AL AR, x/«n—wyh‘ﬂ BEOEEEILTFAILARE LTI HAV £ 142 EMCV 2334345 :E2 60505, E
BV F—2a ORI, *ﬁloﬁﬁIﬁbunaoofrwzmﬁﬁ RECHREET ST L EBERL TV D, . ThETI
$ﬂklbl/ﬁ/?4wz®ﬂ%@ﬂ¢%mﬁw
u_twﬁszb lkﬁuzt:/ﬁ/?/(/vxkiﬂ‘biﬁf%%:w%Lrb\b&%x%.

SRR T >TL stfzu \



-

'

FOR INFECTIOUS DiSBASES

Neigion

" Home
. Subseribe/Unsubsoribe

Search Archives
Amome;mnu !
Reoalle/Alsrts
Calendar of Events
Mas of Outbreaks
Submit Info

FAGs

Who's Who

" Awards

Citng ProMED—maif
Unks .

Donations

" About ProMED-mal

INF2008-009

about ISID | membership | programs | publications | resources | 13th 1C101 site map

=R

Arghive Number 200901280400
Published Date 28-JAN-2008

Subjoo'. PRO/AH/EDRD Ljungan virus, intrsuterine fetal desth - Swoden

LJUNGAN VIRUS, INTRAUTERINE FETAL DEATH - SWEDEN

A ProMED-mail post

<htto://www.promedmail.org>.

" ProMED-mail is a program of the

Intsmational Society for Infectious Disssses
<http:/ Zwwyw.igid org>

Date: Wed 28 Jan 2009

From: Bo Nikd <boniklasson@medeelibioluy.se>-

Liungan virus associated with imnuurinu fotal death in huminl {Sweden)

Lpunnn virus (genus _Parechovirus_ family Picomaviridas ) has -

beén shown to cause fotal death and maiformations in laboratory mice.
The virus now has been associated with intrauterine fetal deaths in
humans based on both laborstory and epidemiological evidence. This
virus was Isolated from one. of its wild rodent reservoirs, the bank
vole (Myodes garsolus_), near the Liungan River in central Sweden
{1, 2). Ljurigan virus also has been identified in wild rodents in the
USA (3, 4). Ljungan virus is related to cardioviruses, plr.omcvruut
which also have rodents as th-u' main reservoir-hosts.

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

Studies with laboratory mice showed that mors than half of the dams
infacted with Ljungan 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 anencaphaly [lack of brain], were seon in

* somae of these offspring.

Recent studies in Sweden found Ljungan virus in placenta and tissus
from human cases of intrauterine fetal death (IUFD) using both
immunohistochemistry and real time RT~PCR (8, 7), Pllcqnnt from
normal pregnancies have baen used as eonu'olt and found to be Ljungan
virut—muﬁvo An intriguing iati the incid .
WFD and cyclic rodent density has been observed. Ljungen virus ulao
was found in one IUFD case in the Umu suw
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Bo Nikdasson,

Professor

Uppsala University .
<boniklasson@medeellbiol.uy se> o

[The genus Parschovirus_is one of the 9 genera comprising the
family Picomaviridae,_ and inchudes 2 species, Human parechovirus_
and Ljungan virus, According to Virus Taxonomy (The Eighth Report
of the I jonal Committae on T: of Viruses), the human
panuhovmnu replicate i n the respiratory and Qastrointestinal -
tracts. Infection is particularly prevalent in young children butis .
probsbly mostly asymotomatic. In addition to respiratory infections
“and diarrhea. infections of the central nervous systam have een .
reported ionally. The oy hology may be unusual in including
changes in granularity snd chromatin distribution in the nuoleus when
viewsd by the electron microscope, Isolates of Ljungan virus sppear
to infact predominantly rodents, The predicted protein sequencss of
parechoviruses are highly divergent, with no protein having & greater
than 30 percent level of identity compared with comesponding
protsing of any other member of the family ,Picmvlﬁdn_, The

American and Swedish isolates of Ujungan virus show some divergence.

*Prof Nikd has indi ‘ihatholau.kn(
coihboum to pursue theses observations in greater depth. Anyons
with an intsrest or involvement in the field should contact Prvfu"cr
Niklagson directly. sk
~ Mod.CP)

' [see atso:
. 2008,

Cardioviruses, human. (02): global presence W
Cardioviruses, human: 1nvenort29_0_&QﬂJ_Q.zm
1998

Mwurdatu rodent vactor - Sw.den 12980720,137))"
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ProMED-mail makes every effort to. verify: the reports.that
are posted. but. the. accurdcy and complsteness of the

/ and of any or opinions’ based - -
ﬂvmon are not guarantesd. The reader assumes all risks in
using information posted or archived by ProMED-mail, ISID
ind its’ sssociatad service. providers shall notbe held
responsible for ervors or omissions or held liable for any
damages incurred a3 a result of use or reliance upon postod

+ or archived Material.
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