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Introduction

Members of the genus Arenavirus, comprising currently 22
recognized species  (http://www.ictvonline.org/virusTaxonomy.
asp?version=2008), are divided into two complexes based on
serologic, genetic, and geographic relationships [1,2): the New
World (NW) or Tacaribe complex, and the Old World (OW) or
Lassa-Lymphocytic choriomeningitis complex that includes the
ubiquitous arenavirus type-species Lymphooytic choriomeningitis virus
(LCMYV; (3]). The RNA genome of arenaviruses is bi-segmented,
comprising a large (L) and a small (S) segment that cach codes for
two proteins in ambisense coding strategy [4,5). Despite this
coding strategy, the Arenaviridae are classificd together with the
familics  Orth indac and B irdae as scgmented single-
strand, negative, sensc RNA viruses. .

The South American hemorrhagic fever viruses Junin (JUNV;
[6,7]), Machupo (MACYV; [8]), Guanarito (GTOV; [9]) and Sabia
virus {SABV, {10]), and the African Lassa virus (LASV {11}), are
restricted to biosafety level 4 (BSL-4) containment due to their
associated acrosol infectivity and rapid onset of severe discase.
With the possible exception of NW Tacaribe virus (TCRV; [12]),
which has been isolated from bats (Anttbeus spp.), individual
arenavirus specics are commonly transmitted by specific rodent
species wherein thescapacity for persistent infection’ without overt
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discase suggests long evolutionary adaptation between the agent
and its host [1,13~16). Whercas NW arcnaviruses are associated
with rodents in the Sigmodontinae subfamily of the family Cricetidae,
OW arenaviruses are associated with rodents. in the AMuringe
subfamily of the family Muridae. '

Humans are most frequently infected through contact with
infected rodent excreta, commonly via inhalation of dust or
acrosolized virus-containing materials, or ingestion of contami-
nated foods [13]; however; wansmission 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 febrile
iliness to meningitis arid encephalids [13]. LCMV infection is only
rarely fatal in immunocompetent adults; however, infecton during
pregnancy bears serious risks for mother and child and frequendy
results in congenital abnormalities, The African LASV, which has
its reservoir in rodent species of the Mastomps 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 or associated with mild febrile illness, up to-20% of cases
may have severe systemic disease culminating in fatal ou
[20,21]. Three other African arcnaviruses are not known to cause
buman discase: Ippy virus (IPPYV; .[22,23]), isolated from

May 2009 | Vélume 4 | Issue 5 | 1000455
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Arvicanthis sPp- and Mobala virus (MOBV; [24]) isolated from

" Praomys spp. in the Central African Republic (CAR); and Mopcia

vinis (MOPV) that like LASV is associated with members of the
genus Mastormys, and was reported from Mozambique {25] and
Zimbabwe {26], although annbody studics suggest that MOPV
and LASV may also circulate in CAR [27] where the geographies
of these viruses appear to overlap (Figure 1). Up to present, there
have been no published reports of severe human disease associated
with arenaviruses isolated from southern Africa.

In September 2008 an outbreak of unexplained hemorrhagic
fever was reported in South Africa [28). The index patient was
airlifted in critical condition from Zambia on September 12 to a
clinic in Sandton;, South Africa, after infection from an
unidentfied source. Secondary infections were rccog'nizcd ina
paramedic (case 2) who attended the index case during air transfer
from Zambia, in a nurse (case 3) who attended the index case in
the intensive care unit in South Africa, and in a member of the
hospita) stafl (case 4) who cleaned the room after the index case
dicd on September 14. One casc of tertiary infection was recorded
in a nurse (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 discasc in cases | through
4 was fatal; case 5 rcceived ribavirin treatment and recovered. A
detailed description of clinical and cpidemiologic data, as well as
immunohistological and PCR analyscs that indicated the presence
of an arenavirus, arc reported in a parallel communication
(Paweska ct al., Emerg. Inf. Dis., submitted). Here we report
detailed genetic analysis of this novel arenavirus.

Results/Discussion

Rapid identification of a novel pathogen through

-unbiased pyrosequencing

RNA extracts from two post-mortem liver biopsies (cases 2 and
3) and-one serum sample (casc 2) were independently submitted
for unbiased high-throughput pyrosequencing. The libraries
ylcldcd between 87,500 and 106,500 sequence reads. Alignment
of unique singleton and assembled contiguous sequences to the

A New Pathogenic Arenavirus from Southern Africa

[29]) indicated coverage of approx)matcly 5.6 kilobases (kb) of
sequence distributed along arenavirus genome scaffolds: 2 kb of S
scgment sequence in two fragments, 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 ccllula.r RNA in random
amplification reactions.

Full genome characterization of a newly identified
arenavirus

Sequence gaps between the aligned fragments were rapidly
filled by specific PCR amplification with primers designed on the

pyrosequence data at both, CU and CDC. Terminal sequences
were added by PCR using a universal arenavirus primer, targeting
the conserved viral termini (3'-CGC ACM GDG GAT CCT
AGG C, modified from [30]) combined with 4 specific primers
posmoncd near the ends of the 2 genome segments. Overlapping
primer scts bascd on the draft genome were synthcsxzcd to
facilitate sequence validation by conventional dideoxy sequencing.
The accumulated data revealed a classical arenavirus genome
structure with a bi-segmented genome encoding in an ambisense
strategy two' open reading frames (ORF) separated by an
intergenic stem-loop region on each segment (Figure 2) (GenBank
Accession numbers FJ952384 and FJ952385).

Our data represent genome sequences directy, obtained from
liver biopsy and serum (case 2), and from cell culture isolates
obtained from blood at CDC (case 1-and 2), and from liver
biopsies at NICD (case 2 and 3). No sequence differences were
uncovered between virus detected in primary clinical material and
virus isolated in cell culture at the two facilitics. In addition, no
changes were detected between cach of the viruses derived from
these first three cases. This lack of sequence variation is ¢
with the cpidemiologic data, indicating an initial natural exposurc
of the index case, followed by a chain of nosocomial transmission
among subsequent cases.

Lujo virus-(LUJV) is a novel arenavirus

Phylogenetic trees constructed from full L or § scgment
nucleotide sequence show LUJV branching off the root of the
OW arcnaviruses, and suggest it represents a highly novel gcncuc
lineage, very distinct from previously characterized .virus species
and dlearly scparate from the LCMV lincage (F igure 3A and 3B).
No evidence of genome segment reassortment is found, given the
identical placement of LUJV relative to the other ow
arenaviruses based on S and L segment nucleotide sequences. In
addition, phylogcncuc analysxs of cach of the individual ORFs
reveals similar phylog tree topologics. A phylogenctic tree
constructed from deduced L-polymerase amino acid (aa) sequence
also shows LUJV near the root of the OW arenaviruses, distinct
from characterized species, and separate from the LCMV branch

{Figure 3C). A distant relationship to OW arenaviruscs may also -

be inferred from the analysis of Z protcin sequence (Fxgurc S).
The NP gene sequence of LUJV differs from other arenaviruses
from 36% (IPPYV) to 43% (TAMV) at the nucleotide level, and

, from 41% (MOBV/LASV) to 55% (TAMYV) at the aa level (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 LU_]V (Figure, 3D). Historically, phylogenetic
assignments of arenaviruses have been based on portions of the NP

gene {1,33), because this is the region for which most sequences

are known. However, as more genomic sequences have become

GenBank database (http://www.ncbi.nim.nih:gov/Genbank) us-
mg the Basic Local Alignment Scarch Tool (blastn and blasb.

';@'.’ PLoS Pathogens {* www.plospathogens.org
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tlable, lyses of full-dength GPC sequence have revealed
evidence of possible relationships between OW and NW
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Figure 1. Geographic distribution of African arenaviruses. MoBv, MOPV, and IPPYV (blue) have not been Imphcated in human dlsease. LASV .
(redy can cause hemorrhagic fever. The origin of the LUJV index and secondary and ternary cases linked in the 2008 outbreak are mdka!ed in gold

doi:10.1371/journal. ppat.1000455.g001

arenaviruses not revealed by NP sequence alonc [34]. Because Gl
sequences are difficult to align some have pursued phylogenctic
analyses by combining the' GPC signal peptide and the G2
sequence for phylogenetic analysis [16]. We included in' our
analysis the chimeric signal/ G2 sequence (Figure 3E) as well as the
receptor binding G1 portion (Figure 3F); both analyses highlighted
the novelty of LU_]'V, showing an almosl similar. distance from OW

- as from NW viruses,

Protein motifs potentially relevant to LUJV biology .
Canonical polymerase 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;
Figure 4). The Z ORF (105 kDa, pI=9.3} contains two latc
domain motifs like LASV; however, in place of the PTAP motif
found in  LASV, that mcdiates recognition of the tumor
susceptibility gene 101, Tsgl01 {38], involved in vacuolar protein
sorting {39,40], LUJV has a unique Y;;REL motif that matches
the YXXL motif of the retrovirus equine infectious anemia virus

@ PLoS Path

| www.plosp org . 3
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P

[41), which interacts with the dathrin adaptor protein 2 (AM)
complex {42]. A TsglOl-interacting motif, PgoSAP, is found in,
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 [44], and the

conserved myristoylation site Gy are’ present [45-47] (Figure 4)..
The NP of LUJV (63.1 kDa, pI = 9.0) contains described aa motifs
that resemble mostly OW arcnaviruses [48], including a cytotoxic
T-lymphocyte (CTL) cpitope reported in LCMV (GVYMGNL;
[49]), corresponding to GmVYRG_NL in LUJV, and a potential’
antigenic site reported in the N-terminal portion of LASV NP
(RKSKRND; [50), corrcspondmg to RgsKDKRND in LlUV
(Figure 4).

The GPC precursor (52.3 kDa, pI=9.0) is cotranslanonaﬂy ’
t_:lﬁvcd into the long, stable signal peptide and’ the mature -
glycoproteins Gl and G2 [51-54]. Based on analogy to LASV

. {55] and LCMV (56], signalasc would be predicted to cleave -

between Dsg and Ssg in LUJV. Howcver, aspartate and-arginine
" May 2009 | Volume 4 | Issue 5 | €1000455 -
- . 414 -
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Figure 2. LUJV g organization and p ial dary structure of intergenic regions. Open reading frames (ORF) for the
glycoprotein precursor GPC, the nucleoprotein NP, the matrix protein analog Z, and the polymerase L, and their orientation are indicated (A); blue
bars represent sequences obtained by pyrosequencing from clinical samples. Secondary structure predictions of intergenic regions {IR) for § (8, C) and
L segment sequence (D, E) In genomic (B, D) and antigenomic orientation (C, E) were analyzed by mfold; shading indicates the respective termination

codon {opal, position 1), and its reverse-complement, respectively,
dok:10.1371/journal.ppat.1000455.9002

residues in the —1 and —3 positions, respectively, violate the
(—3,~ 1)-rule [57]; thus, cleavage may occur between Ssg and Sgo as
predicted by the SignalP algorithm. The putatve 59 aa signal
peptide of LUJV displays a conserved Gy, implicated in myristoyla-
tion in JUNV [58], however, it is followed in LUJV by a non-
standard valine residue in position +4, rcsembling non-standard
glycine residues found in Oliveros virus (OLVV [59]) and Latino
virus (LATV; http://www2.ncid.cde.gov/arbocat/ catal og-listing.
asp?VirusID = 263&SI = 1). Conservation is also observed for aa
residues Py, (except Amapari virus; AMAV {60)), Ei5 [61](except
Pirital virus; PIRV [62}), and Nyg in hydrophobic domain 1, as well
as 155K GVFNLYK.0SG, identified as a CTL epitope in ECMV
WE (13, KAVYNFATCG; [63]) (Figure 4).

Analogous to other arenaviruscs, SKI-1/S1P cleavage C-
terminal of RKLMy,, is predicted to separate mature G1 (162
2a, 18.9 kD4, pl=6.4) from G2 (233 aa, 26.8 kDa, pl=9.5)
[52,53,64]. G2 appears overall well conserved, including the
strictly conserved cysteine residucs: 6 in the luminal domain, and 3
in. the cytoplasmic tail that arc included in a conserved zinc finger

@. PLoS Pathogens | www.plospathogens.org
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motif reported in JUNV [65) (Figure 4). G2 contains 6 potential
glycosylation sites, including 2 strictly conserved sites, 2 semi-
conserved sites Nags (absent in LCMVs and Dandenong virus;
DANY [19]) and Ngs2 (absent in LATVY), and 2 unique sites in the
predicted cytoplasmic tail (Figure 4). Gl is poorly. conserved
among arcnaviruses [16], and G1 of LUJV is no exception, being
highly divergent from the Gl of the other arenaviruses, and
shorter than that of other arenaviruses. LUJV G! -contains 6
potential glycosylation sites in positions comparable to other
arcnaviruses, including a conserved site NosHS (Figure 4), which is
shifted by onc aa in a motif that otherwisc aligns well with OW
arenaviruses and NW arcnavirus ‘clade A and C viruses. There is
no discernable homology. 10 other arenavirus G1 sequences that
would point to usage of one of the. two identified arenavirus
receptors; . Alpha-dystroglycan (a-DG) [66] that binds “OW
arenaviruscs LASV and LCMV, and NW clade C viruses OLVV
and LATV {67]; or wansferrin' receptor 1 (TIR1) that binds
pathogenic NW arcnaviruses JUNV, MACV, GTOV, and SABV
[68] (Figure §2). .

. May 2009 | Volume 4 | Issue 5 | e1000455
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LATV MARU10924 (EU627612, AF485259); LCMV Armstrong (AY847351), ARMS3b {M20869), WE (AF004519, M22138), Marseille12 (00286932:
DQ286931), M1 (AB261991); MACV Carvallo (AY619642, AY619643), Chicava (AY624354, AY624355), Mallele (AY619644, AY619645), MARU222688

#
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(AY922407), 9530537 (AY571959); MOBV ACAR308OMRC5P2 (DQ328876, AY342390); MOPV AN20410. (AY772169, AY772170), Mozambique
(DQ328875, DQ328874); NAAV AVD1240007 (EU123329); OLWV 3229-1 (AY216514, U34248); PARV 12056 (EU627613, AF485261); PICV (K02734),
MunchiqueCoAn4763 {EF529745, EF520744), AN3739 (AFA27517); PIRV VAV-488 (AY216505, AF277659); SABV SPH114202 (AY358026, U41071); SKTV
AVD1000090 (EU123328); TAMY W10777 (EU627614, AF512828); TCRV (J04340, M20304); WWAV AVS310135 (AY924395, AF228063).

- doi:10.1371/journal.ppat.1000455.g003

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 § segment, a region
implicated in receptor intcractions. 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 MOPV [70). We
find no evidence to support reassortment of the LUJV L or §
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 sublincages: lincages A, B, C, and an A/recombinant lineage
that forms a branch of lincage A when NP and L sequence is
considered (see Figure 3C and 3D), but forms an independent
branch in between lincages B and C when glycoprotein sequence
is considered (sec Figure 3D). While récombination cannot be
excluded in case of LUJV, our review of existing databases reveals
no candidate donor for the divergent GPC scquence. To our
krowledge 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
Intefnational Committee on the Taxonomy of Viruses (ICTV)
defines species within the Arenazirus genus based on' association
with a specific host, geographic distribution, potcntial to cause

human disease, antigenic cross reactivity, and protein sequence
similarity to other species. By these critcria, given the novelty of its
presence in southern Africa, capacity to cause hemorrhagic fever,
and its genetic distinction, LUJV appears to-be a hew species.

Materials and Methods

Sequencing

Clinical specimens were inactivated in TRlzol (liver tissue, -

100 mg) or TRIzol LS (serum, 250 pl) reagent (Invitrogen,
Carlsbad, CA, USA) prior to removal, from- BSL-4 containment.
Total RNA extracts were treated with DNase I (DNA-free, Ambion,
Austin, TX, USA) and cDNA gencrated by using the Superscript II

system (Invitrogen) and 100-500 ng RINA 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 amplificd by the
polymerase chain reaction (PCR; [75]); applying a 9:1 mixture of a
primer corresponding to the defined 17-mer sequence, and the
rardom octamer-linked 17-mer primer, respectively {74): Products
>70 base pairs (bp) were sclected by column purification (MinElute,
Qiagen, Hilden, Germany) and ligated -to specific linkers for

sequencing on the 454 Genome Sequencer FLX (454 Life Sciences, -
Branford, CT, USA) without fragmentation of the cDNA.

(19,76,77)). Removal of primer sequences, redundancy filtering,

it RFV ]
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' Figure 4. Schematic of conserved protein motifs. Conservation of LUV amino acid motifs with respect F(o all other (gregh highlight), to ow
(yellow highlight), or to NW (biue highlight) arenaviruses Is indicated; grey hightight Indicates features unigue to LUIV. Polymerase motifs pre-A
{Livazds A (Nyz09), B (My313), € (Lyzas), D (Quase), and E (Cy3g8) are indicated for the L ORF; potential myristoylation site Gy, the RING motif Hyy/Cye and

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

ylation site G, post

and S1P cleavage {RKLMy,), CTL epitope {13;), zinc finger motif Pas/Geaa 25 well as conserved cysteine residues and glycosylations sites (%) are
indicated for GPC. * late domain absent in NW viruses and DANV; 1.PSAP or PTAP in NW viruses, except in PIRV and TCRV (OW viruses: PPPY); # G in
alf viruses except LCMV (=A); $ D in NW clade A only; § conserved with respect 1o OW, and NW clade A and C; HD, hydrophobic domain; T™,

transmembrane anchor.
dok10.1371/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 (Qiagen) 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 435
cycles of denaturation at 95°C for 1 min, annealing at 55°C for
1 min, and extension at 72°C for 1 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 treatment for 20 min.
¢DNA was amplified using Phusion enzyme with GC Buffer

. (Finnzymes, Espoo, Firland) 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 cycles and a
5 min extension at 72°C. Specific primer sequences are available
upon request. Amplification products were Tun on 1% agarose
gels, purified (MinElute, Qjagen), and directly sequenced in both
directions with ABI PRISM Big Dye Terminator 1.J Cycle
Scquencing kits on ABI PRISM 3700 DNA Analyzers (Perkin-
Elmer Applied Biosystems, Foster City, CA).

Sequence analyses .

Programs of the Wisconsin GCG Package (Accelrys, San Diego,
CA, USA) were used for scquence assembly and analysis; percent
sequence difference was calculated based on N cdl -Wunsch
alignments (gap open/extension penalties 15/6.6 for nucleotide and
10/0.1 for aa alignments; EMBOSS [78]), using a Perl script to
iterate the process for all versus all comparison. Sccondary RNA
structure predictions were performed with the web-based version of
mfold (http://mfold bioinfo.rpi.cdu); data were exported as .ct 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 NetNGlyc,

TMHMM (http://www.cbs.dtu.dk/services), the web-based ver-
sion of TopPred (http:/ /mobyle.pasteur.fi/cgi-bin/portal.py?form
=toppred), and Phobius (hup://phobius.sbc.suse/). Phylogenetic
analyses were performed using MEGA software [79].
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150-163.
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Awards

Citing ProMED-mail

Links In the prefecture, about 657 cases of Oropouche fever have been reported

The Municipality of Mazagao (PMMZ) yesterday (4 [Aug 2009)) released

. a report of around 657 cases of oropouche’(virus]vinfection with

About ProMED-mail fever in the municipality in last '3 months. Of these, 29 were
{laboratoxy)] confirmed by the Instituto Evandro Chagas (IEC). The IEC
found that the disease.was caused by biting midges [_Culicoides_].

Donations

According to the secretary of health of Mazagao, Jose Monteiro, the

1st [disease] suspected was malaria followed by dengue, and only
afterward was orcopouche diagnosed by the IEC. The disease has not

been reported in Amapa for a long ‘time, The :ymptomﬁ are very similar

to those of dengue and malaria: fever, heqdache, generalized yalgia..
Biting midges, common in the region, are one of the vectors df the virus.

The 1st cases of oropouche fever appeared in March 2009; in April and
May this year there was an tremendous increase of notifications, more
than 600, in Mazagao Velho and Carvao localities. We are taking
several steps, such as a service for cleaning and spraying in the
city,. to eliminate the outbreak of the disease, said Jose Monteiro.

The oropouche virus is the 2nd most frequent cause of arbovirus fever
in Brazil. According to the Ministry of Health (MoH), about half a
million cases of fever have occurred in Brazil in the last 30 years,

there are records of events in Panama, Peru, Suriname and Trinidad and Tobag

Outbreaks of oropouche fever have been recorded only in the Amazon.
Global warming of the planet, deforestation and consequent
redistribution of insect vectors and animal reservoirs are some factors.

Communicated by:
ProMED-PORT -
<promed@promedmail.org>

[Mazagao is located next -to Mgnga, just to the southwest, near the
mouth of the Amazon River. Its population does not exceed 15 000
inhabitants, providing an incidence of 4380 fever cases per 100 000 -
inhabitants overall. Oropouche is a virus ‘of the Bunyaviridae family.
It was isolated for the 1st time in 1960. It is transmitted by
_Culicoides spp_ and is one of the most’ common causes of
, Undifferentiated fever in northern and central-west Brazil. The

v disease caused by the virus and essentially is benign, presenting no ..

great (health ox mortality) risk. - Mod.LJS]

113 R .
[oropouche fever cases have also occurred in ?gru,‘where it was

DY

2/2 R

init%ally confused with dengue virus infections (see the ProMED
archive below). Some recent reports of oropouche virus infections in
Brazil include:

Ref: Sporédic oropouche virus infection, acre, Brazil.
Emerg Infect Dis 15:348-50. .
<http://wew.pubmedcentral.nih.gov/srticlerender.fcqifartid=2657612>

Aythors: Bernardes-Terzian AC, de-Moraes-Bronzoni RV, Drumond BP, Da
Silva-Nunes M, da-Silva NS, Urbano-Ferreira M, Speranca MA, Nogueira ML. 20

Ref: Oropouche fever epidemic in Northern Brazil: epidemiology and
molecular characterization of isolates.

J Clin Virol, 44:129-33.
<http://www.journalofclinicalvirology.com/article/S1386~6532%2808%2900399-5
(abstract) )

Authors: Va§concelas HB, Azevedo RS, Casseb SM, Nunes-Neto JP, Chiang

JO, Cantuaria PC, Segura MN, Martins LC, Monteiro HA, Rodrigues SG,

anes MR, Vasconcelos PF. 2009.

A map showing the location of Mazagao in the Amazon River. delta can
be accessed at:
<http://www.maplundia.com/bza;il/amaga(mazaqao/sao-tome/reqister/>

A HealtéMap/ProMED-mail interactive map of Brazil can be accessed at:
<http://healthmap.org/pxomed/en?v=-10.8,—53.1,4> '
- Mod. TY]

{See also:

1995

Oropouche fever - Peru 19950329.0167
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uszngllnformation posted or archived by ProMED-mail . ISID
. and . its associated service providers shalivnbt be held
responsible for errors or omissions or held liable for any
damages incurred as a result of use or reliance updn posted
ox archived material.
*t***ﬁi*i—ﬁ.ﬁ**iii*it**tﬁit*t*tﬁiti_iQ’&iitt*tt*ﬁi*****t**t*'itﬁ
Become a ProMED-mail - *Premium ° ‘Subscriber at -
<http://www.isid.orq/ProMEDMail Premium,shtml> ’
i*b*ii**ﬁttit**ﬁk‘iﬁt**k*t**ti**-**i*t‘d****ﬁ*iiii****iﬁi**i*i&
Visit ProMED-mail's web site at <http://www.promedmail.org>.
Send -a;l items for posting to: gromed@gromedmail.drg'
(NOT to an individual moderator). If you do not give your °
full name and affiliation, it may not be posted. Send
ccmmand§ to subscribe/unsubscribe, get archi&es, help; .
etc. to: majo:domo@gxamedmail.org. For_assistance ffom a’

human being send mail to: gwner-promed@promedmail.org A .
T T T PP TV TP TTTerTrrrrrii

########-######H#########ﬁH#_###########H######N#H###H##

AMMJDMLUM@QM&LM;&
" 14th ICID | site map { ISID home
©2001,2009 Internatlonal Society for Infectious Diseases
All Rights Reserved.

) Read our privacy guidelines. : :
Use of th|§ web site and related services Is governed by the Terms of Service.

2 E
-



= ot . gy ) "R
3 ot . e e
: - < oW Yo YA oo ] K o N W R Wl
g ¥ It R M P P R R IR IR T
S X "R ® ﬁmﬁ&w.mmq;.Eﬁﬁﬂ.ﬂuﬁmw,aba,cm‘_ﬂa.:mmﬁ).
g 1 HE DUES IELRYNZREEtLnfelRtEE T rngY
S BE BEREsR e iCepsdrBEL EouER LR
A - Rl £ 208 S T I T IS 08 31 ST S
s 3 RBU BELELERCanc sEBO eRSeSEIASIERR o
— - 3 .s‘l..l- N -.*/ N -
i # o ) I %ﬁm%mwﬁﬁmmm»kmﬁﬁﬂ,t?ﬁﬂ%%%%hﬁ.xmww
g . Beau UolatoRrizalpyucigiiecaon oETAmse
K = ®2 L% uvﬁmmmuav:ﬁmmhnwwmm%\ .%&ﬁmmm,#ezwm‘,%
3 # : By g TXB%v/WV.T,.C (X3 2 %hﬁwml.uﬁﬁﬁ&nm[ﬂ,?
S Ho o i8S OnFExIBITLQdwm " BEKapR cRERICS T
R 2k B EE®E ZnlgrsSrlofiegcsc@nagtanRBEHUERES T
By %5 B oEETC NRRERENICENLCRRRIRETICERR CUfNgR
Mr: R FL BERR s wrENifrod] RS EipEc® VEHSLwsEd
an HERIB XKL pyEHB TN g PHe HEBZREKRES VLK ERE
N sopsxeasn 8y - BB R et i acuiiass
O ERWHEREO i dradrdmbaaNn oS U WBoRE S MR
= ; NyHm ) N mmR o &K o
5 : %u .mmmmmeWuﬁﬂm mm*,ﬁ.em&mm;mur#&t_/r : a
3 B YVEANRERRAD T2 W NRREREUH~EONREAND
~ B : ES oS E ERBEE v XAH NBEERE oL g0 sl
o4 = sl ed # >, FNe ajEcoco@Een gronwsPu
w B PRgEHB oMY ~d8 fh YT €L RAIBEVES L SRPRK
N | ShbgeEws WaeIETD DAM P AR BN W
~NH ® ne Een o KO BBSN rpdoSHRPAHI S8 FE
38 rriRsEsmigoeEesy Si-cEmepvuvESXalg
D ¥ FEOEO oK oRAwS By NEREHBRAB8UL BN Y2 “
=@ K FPEgTRrRUeEoRO Y L A SECRUKB AL TRYNRY
W R N AR T ERAARVRSRRE i A I n R @0 ARG S H N
B d ES2lsgumyrpdhmuBsso~Nudgrmdaorldrs sy
n % * B lRxc@ FeaAEBENIRERY K BCVRIRSVBRLEKE
1 ¥ D R B S ERTVEC R Spr ¥ E ke crarRday
& K g ¥YiRpimwsusmvE Efnf~coWrpidEmEos ol
R ® 2 mviﬁ.m,¥+mMLvLmao vm%amﬁaﬁﬁvmrr#ﬁ
B £ ' SR xgipgrsdbvrBg8y B gy PEBERRER™BORUC
e 8 BAW g O EBUFBCENAALKENE DY (EYEL SR NRIH .
W ER@ w0 RBriogc@gi N32LRORAE L KXPVUIHSHEHSERERXHE 0K
PR B Ro4BLB IR ARBENEXSYRY HESELVIXE L X0 3 B
s B BEE ks R A R dETEEoEEES 2 Y ,
v g o A DS 2 o R < s
of HE8Y FrEReE e RRr e A st Ue R RORSEBR A0

QY ‘G YIS ALUR BB T ANk - F Y v 6T
W OCTYURTER D CLUNAE ALY LA DLV G2
CEII& LPOTE T HO0S B8 11k "RINF TN
Y S ATTIR B OYRLN ) GAU AL KGNy "2
BUD CRILLA Y LHYNIC- SR BUH BRI LN W G AL
< 0@ TR

QAL QD THOTRERY S N E TWREREYS (BY) | MEYUIYSeHFHE s OfE AR H%REZVEET S
ESTOHE Y H ¥ CRENENBUIPLRUOE| TALV L EAAN KT LR EIBMIEE (- LAKAS)

HEOBRS BEOEITSH

, COXZICOILCINEEY
HEBTTUG | 5N IO TRERLE T LAV TE e TV LAV EDEITDAL BRI R Qofe TEA LAY U TS "X

SHEDIITC LB BN "R TR OURWY TN R E B S 2T TRV Y T T AU R Y2 [o ORI N G LR
2 TR 00 B LA E QR LYY ¥ B BIEY “1EAN) 20 BRSBTS B0 B 41 ATI68E 21977%

qw06/8G21 | @RI THE MBI T " @ FHED TTFGHOM WAUSTHEC YU RIS SR Y WAL R
FIRYGL S LA L s TE R R REO WR WY QWD A 00N SR TWA QA WD - RV TES T 20 BT s
08 301 | O A OBROT (2670 WWHTIREY SO URIL (T s QRPN WLRT LTEIY B R (LT

FE 040743 L7 LAl AP LT YU RE D DN LA 2 UG TG 5 L0072 ,ﬁ«Mv«%ﬂ@m%u_m\_;bk;xik:uf.n_n@ix\:wb.mw
W 3 “

0TS L L SR 2 R TR ) LA CAKGTBHUNT L) G 0 U O GRANTAT 1HTAD)
MO0 S LA LA M o g i O AN R @ TR < £ B B NS MR IR0 T BHRA (= L)
o \,MNMMMH% & QIO R YT AR O HE WG Yo YF T EOE T 0 W MRS Ve U @D R D DN A LAV T

@ , UYERCNLURVHLIINTZ

el wm

W T RFH IS SN RO T YN SR L0 R R R BT QY OB REY "1
EHESEHO R BUE R WSROI R EI YN TN (e LAk L BB DI LSS ) T2 00T TS IRE TR L
R EROTHY NEHRZYEETRECTRR (c ) Ll L FE) K%Vﬁk)h&.ﬂ:#bnﬁ&ﬁﬁﬁuxiwvﬂ&u\ﬁ@mﬁfoom
S = i DE A BN T F R BN T FNS QL N TRER L ) L KNV K F Lo TRE R O
%‘I@uwm:Ecm\wm.wNMMﬁ.mmw\,munihwlf& N
LS ., oo e T L e e
g u@”ﬂmm@w@m‘\_wwﬁ UNETOSHER) R it

BRI Y HIRES R

HEY ASLALRWY W —

e T2 'L 6002 _ e
MEFEEOS SROSTEDY | BEYE-# BEs RESR SREE

BREHFNE SBR¥EN WFEI
¥1 °N e EH B



No. 29

© AR SR 2-1

 EXLR BIRHs mEssR

SHROME

BECEDOER

BEBAO |HARTFHTIE, BEREOKRFRETRLAGEEL TS,
FAICRRAR S HbE Sk, FIR - FRBRMEORSRNESITE T AEROR

BIBERTF 7T~ [icswn B,

—

BB L 5, 28 00EM T 75X
pdd/msp2BIEFHRHER, B

OIS GO THRIBE NI LD Th.,

% | £
£ | oo
w5 —'D;Its K D
R e S HK
= g Im 5% S®WY
Bt 18 lgds SfE
: FEYCEE S 1
% Ev ZEE  SEs
& 8 lGEsa Hgo
L EEEE 229
¥ o QTEEgw
B g S GESSCHRYw
i’ R &
S Ol « = T DEmSITSES
og 1 ~{-K§m & %?%}Emw*‘g,\ ”
i DA oS ICBERLE
B | sE2% M AL DY
4=~ %Kie TERaSouy IR
m | Fgsk. | CERRSTEKTEE
W « mﬁ@miﬂ"‘lfﬁ oF gt ﬁqﬂn\)KL R
< | wEe e #&&gﬁwrhﬁmgm
| wetfr | gRUGERErsELE
® 2 RE G §+EQ%E¢§%§%%
S| BERES EnEa s SYEEVY
B XRS5 | Vo9 BumsHETe
® goEiglsnmgie
2 ek §4C gar sy
e WaN o 2eam <
m Q PED B I R ML b
40 ) K”-tﬁl&ﬁ:fﬁ&?ﬂqgk
LN S I E e
£ | teghelesnalt
I of § 008
o e BEED HEEREe
§ |Cxagg®NdEz .o
0 REERESTIRE el
HE |pEEuEsoTiRsTe
o ), 0N
¥ EEE @ﬁw%mﬁﬁbgggaw
2| =3E FUSENGEY I
12 g*% »‘K%“QI; 'p@‘s*‘lﬂe_ﬂ\
%‘ m‘;*@ lf\%@gﬁmﬁﬁgm&m“\
s Bz MNESSGSTgPaTHa
= HE® | SRE N ELIEN
b= -3 o «ngm:;&-@:
®| B LEgESzsiRgRey
i RUESHEERSSRed
= §§§$x§§@§¥m§§
BN ‘ crd
@ 3 %ﬁmih%gﬁﬁﬁﬁqg
@& | § [Sirirexzdgdfed
% | ¥ W [BrExh#aCSIRILE
I S B CRSURD R\ AEY
| E | g (EEEILEREMcUoy
S g |[ONUIISHHUTICE
& & b 3 TS B

12002~20034F 1”@ & R C B LR S g b v

224

O-171 FHEBPEIVEIANVY LTV VAR
B L ARt ERER LY RE L ERDESR

RUEEREAH

Owb i, FREX, HEBAE, H#L WM,
rH ¥

SH, R4122007 280 THE SN FHRBHEE
IYEYARIVETANABIBR T AT 4 M R)
BRI LB LAEREERL O THRET 5.
FEFE 3B RBYET 2007 £ 11 BCHIERITICT2E
M4 YFRY7 - XUBKBELL. REXBRIY
K&, MHHIHAL, BERDERRFROLHME
YLD UREE, BANEAS S B L R
ELHAEK THREAARKCHRE S MBEA >
TNVIVFFy MCTRETH o 720, &WEk, RS
RUES, HEEAL L LAERERKRL, MBI T
BROBL ORFEMBENHo IO YT VLY
TRIFEVHL L TOBEHBRRRELL REII
BA V7 Y YREBUBRE SO EERE, ® 1:88
HICTEILRRL, DREREBD Lo ®A,
ﬁ«wxﬁ&.mmﬁﬁﬁzbtwyv*74wxﬁ
BgETh ol EAHH L
v#74w1ﬁ®nvatwyvtﬁ4WXk:6
S LRI 2007 FCRERNT V- TIITH
BEhh SOV MARIYEY FEREEL TS
EEh, KPR OTEEIRRIATWS, B
RERETITEY LOEROEMIZ Lo/, &
ENENCEREERY AT IFRER L OBREL
HLTul, RS E L KA ERUEME £ 1t

BUMEEHRENMTDN, - ABETREYNICHE

FREBEh2Y, BONSEERETRETHo 22
XEAZERADERNTH DL L LICEBENICY 1 AB
DREJRCKIBELRETE TV, SHEIRA
EAKFEOSVHRTHATORMBETRELTS
Y, ERAPRROTEBLRREATHEIELS
BARRE L LTSRDIETORERBR SR HES
ETH5. bﬂxf ERM¢ Y7 vy FoRRER
EPTOBIEBLEL YINVEVH, FRA VTN
LY FBREORPERE LTOSBERIZ T
HEHERD. .

JRC2009T-041

0-172 BEROOFRBIIEL L 7F 75 X <]
2fEFIZOWT

BRERYK - ARKRHE - BED,

AR LR, :

EFHRER,

FRRAL PR,

BB, _

B SRS ST ST A 4 — B°, ,

B BREET R Y 1 VA 8 .

OXRAB", TERA® BFAE" mw
BE B0, ISEHS, REET, BASRY

BE, Y=L T MIBRERE R THRE

BIE (e b 7FH 7 I AvEE] FECKTHEE 2o TV

5. 4E, 2002~2003 £ - RAR T HALEM DGR

bR:BEHIBBZORFMHERIT L ECH, 2% 3

6 b7 ¥#7 9 X< (Anaplasma phagocytophilum :

T+7IXTEOERC B A FELTOTHEL
72 LB PFPFTIATET, I 14&IkADE

HAHE®RY & v F 7 (Rickettsia japonict Rj) DR

[
&

- Ap) KBR®Z pid/msp2 BETFIRBEN, T

ARRERTH o [HEF 161X Bt BR. 2003 .

FLASBL Y VCHORMIME 168 CHE

ELP. ARTOCHEEROS. £7 = ARAEE "
REHT, 1A 8 BICAMBICHA, BAMLEMR -
WOAB. AR, ARPOOMEE, BRTEBICH

LOROFERSH Y. WBCIEH, CRP L. BEFR

TR, AR MINO200mg/ H O Al Tk 4 ISRy

L. d¥ £5BRRLUEL, 1A17THREBRL,

LB OREBFETH CHo. 4H, BFELEHNS

Ap REFHRHEN, EFTF7IATRLBES

N (M2 3R B RAE 200268820 %

BXORMEREFUR 9A2BEREBLAX
HEMEV TAKR. AKRBC ORML, 2H0K

&5

%

#, AARRCHLOROBLES . WBCIER, .

CRP L#, "PSHIFMAERE. AB# MINO20Omg/
HOARTRARBL, BELREL, 9428
BE 40 REOEH»S Ap BETFL, RjBRET
PRESH, BEORSBIEALBFShE: 58

Vs FTEEYRIBETE, EFTFTILTES
FRTRETHL. [RLRRAFEEL : MOE, &
# (BRRLKX), NEXE (BERRNK), k..
#® (ROwRD). wERRy (*%9')—-79) Tl

F## (X))



JRC2009T-033
245

FOROE I pBORIRWE2H O : E
PO RPEAEH) SHNMYER -8 IR ESGNES SR B R
o 3 R v E . . .MC.. g 2T 2 B
BERRELEC.iLTaNcNE § B geEfrSEILERREgSLE
EERA Bl bt St PN L PLEL R
CEE TR SRR PR T e M S hE
- REENEIRS4 b Sty i . ingEEuTEesds@PRde
LEmoSRExg S 0c J XNy B B, P FlatR i e
cEER -y Epsanirme £y R IR ST el PSR foled
Bel Breafnsiil I 5 SR WS- P N
§  siiil.RaasiEyiess O S L LraEr LR
PIERESEXIERAU WY B % 5 PRNECRESNLRNED
2 2 ERrEscslELCRES(R Bog ¥ ¢ alavornal-SxZERRE ,
s pf BifEsEfiznaraii § g | ERERCREESNMEEoE
J , gEsRRC My B E B usdazg Py
Y} ;8 HSENSASBER 28"kl ik 4 § WOnBEgO RRE S (TE
g 98 RRTCExugisUnEiE 5 BE# 5 #n-mSOcmEgenigsdE
B Hp HEiRPEEoEgERR Ex % gEp * {i= sEECTRdRReng
S g b.&mm%%ﬂb&.@ w.l. v@wab g . = T SR .OMK% asR .Wﬁms.w“m -
§ P& phycomSiEsimieLLY g uxp T SEEarsiAETLN ERSs ]
8 i ESREZRESELIERL: L EpEYY GpgowisiiadreliEn T
VR RSB I B 3 ¥o & e RN BREY
W OMES HewomEORRpR SRE &0 R PrEXs S ZoohxSn¥@a=huESR
B Baro BrameocER¥nE . BRTRE YeO D RS Face M08l
C BB REbnWpERERSLRRMYE . 8 B g vERdpEdnReRioEany
» B Gub EEUEECRTRRMCINIES < BEEuE 3EREREE.TEslSiowel
2 PRIt T ST T b i x Eeg T wRIgapleBioe ighs
# % Ban caisSSEeiERBbanztis o BeB FUE BECNFESE4FSRES
] 3 HEHie g wE N n g g BouoRELR i E ;R RE
s B HHS HEORUSRX .&Mﬁzmi:/ s R REn BREYTEVEIFSEaLRALR
2 OM &~ BRoBE SromicSSELS) 5 Sa, 5 e EYRRLEESRE LR
& B, +HMEISFoT_ KRE R 2 grreE REBADErelfmgafRon]
£ - oY REWPEZIZR 0 o i1 PP E SO ONREOm W
g § HBE Wﬁmummumﬁmmno&M%ﬁf B EREBES u&mummm&uﬁMV CESTK <
¥ O® Fe BEEp R EEs ES o mTREY T #a85% mmmm&anwawmm BwRIR
LB T —ENAY 0 ] -k T B
5 + 8 8 m&mmmsmmwwmmm,mﬁmwm §E-8 pME<R NERRehan AR
BERE ;  GeEl BeEfigiriiiaRioss
] [ ] . N SPESoR/ . . TREEOTL CCHME OO RM
i I onf Zimcan<Bal § mRPYH EEkfgECSHES 2
s # BEQEVSOK 3 REZZE ofCRE cRE=ThERCRS
K .
@
AT " RCF D (&1 s&&%%@%@ M M%MWWWOAMM
. emviarcesivn| e Sl MR AR Y (92N
YR ST BRI (VIF10) ALNF B kst | e WL MBIV = (L0 e
QFOT S REOs U adoT ana e N NEAEM, Ry
HNHMOBMIB L DA S YN LIES 65 TP | g Tearm *@mpmmmevsﬂu_%ﬁ%%ewu%%
URKORS : AR T S 2 5 W O BB T QBT 21 258008
HEOXI I
SWITBY| 1372 ‘ o
it & | IHIRIDGLHDT WHTH O .
e e txvE o | BN e Ao Ay N L iy G it A i S A
UE E T S A e e D T ok B E AT T L L SLVNIB NG OFRIOT A2 21LYN
. T £ R IT AL MG o i
06/86 21 [ BIE H 0@ LWL G 1 ko T F R A H8:4;80022 LA E G RRT MINTYALRUTZRTE
THUTT S ot s | RO DB ST MBEI0 NN TR0y B Y YN LM GT IS
o I ket 4 Es_ag%gss%ﬁ&Mﬁ%&%mm@ﬁ@ew&m_@@wgmegm_wm«w,: E
T %0073 LAY L s | 2 ME S I G D B0 20 B M W OG- ¢ B3 L MBG 0 00000A4dISCy LREIG W [/ I %2 R BRIBY *S/ @ o
oz /8y 213K WG B 03 DE T YR T ,ﬂ*ﬁﬁﬂx\_ﬂy\mﬁw_@&ﬁw_&@.@ﬂma ﬁ;@N>mI@U U A A BN NGT @
TE9%02 73 LA L sl | BIHOTLA L LR BT TAGH *[4YAEH Qyﬂﬁwﬁﬁ&nﬁgg;m%m WA A K MGG 4T -
TR LA Ll S @AGTAND "M TAIH “MTATH “(%1€)4)or Ry é@@%@%ﬁé@%@&b%ENEI “IYASHGT B H W
02T LA L | YN AL R G IV 1INTHENME M) I Sk ol 67T [ 35 73 2 ) e
= w««_c__wwmmm%ﬁ@w%@ﬁi ,s%u;/\z:m@mu,u*mww% mm_“v@Lwmﬁ%mmmu*@waé@l@.%ﬂw@]@ﬁﬂA%hvx%&wE i
B (0 TRE xR mly PR F A2 304 £ D |
.m%mw%w%@%wﬂ w@nummmw?ﬁ@m%&ﬁ%%e@%__@@ﬁ@ww@wm:mm %m_wwgm °G CJUM Eﬂﬁ«%ﬁﬁ
<3 ENE o PALT EUEATR - N A i N ~ 2
SHTAPE MY N E MBS OETRC R IRE ¥ ,ﬁﬁﬁ%ﬂ%%mm%wﬂ%uw: "
(00T 4 Y o143 5 B BB WHO
¥H ‘B 108-82 AT 6002 LY B) TW0S/35" 2 I RA%SL A L0 Lokl | :
s (b9 B ) TH0S/BOTR %00 AY L1 Lok :
4:44\%« g . i o 3 =%
A s el T S AGET R et Ayt (FE3) 2¥m |
—_ WP WA SHHL Bl L (BEARY B0 s
AT LA LBETY 0L P
T RS ST "9 '600% HEWN
S5 EHROED3 - o
S| YROLTENY | BEYH-% B S8 RESE-SRIEE

¥ °N

- BEIMEE DHYWR T¥EH _
I-TE Y






