ARENAVIRUS IN FATAL TRANSPLANT-ASSOCIATED DISEASES

 Table 1. Characteristics of the Organ-Transplant Recipients,
Interval between
Recipient Organ Transplantation
No. Age Diagnosis Transplanted Clinical Course and Death
yr days
1 63 "End-stage renal failure due to Kidney  Fever, sepsis, encephalopathy, 36
polycystic kidney disease acute tubular necrosis, graft re-
jection, radiographic evidence
of chest infiltrates
2 64 Decompensated cirrhosis and Liver Fever, confusion, encephalopathy 30
hepatocellular cancer due with myoclonus, chest infil-
to hepatitis C infection trates
3 44 End-stage renal failure due to Kidney ~ Fever, graft rejection, intraabdom- 29
polycystic kidney disease inal hematomas and effusion,
o transplant nephrectomy, en:
cephalopathic illness

VIRAL ISOLATION AND ANALYSES

Kidney tissue from Recipient 1 was homogenized
in phosphate-bufféred saline, centrifuged to pel-
let cellular debris, filtered, and used to inoculate
Vero EG6 cells. The cells were monitored daily by
means-of dight microscopy for cytopathic effect
and by means of RI-PCR for the presence of are-
navirus nucleic acid in supernatant. Monolayers
of cells showing cytopathic effects that were also
positive for arenavirus nucleic acid were fixed
with buffered 4% paraformaldehyde for indirect
immunofluorescence and immunohistochemical
microscopy and with buffered 2.5% glutaralde-
hyde for thin-section electron microscopy. Rabbit
polyclonal antiserum against Old World arenavi-
ruses, including LCMV, was used as the source of
primary antibodies for immunohistochemical
analysis. Secondary antibodies were alkaline phos-
phatase—conjugated goat antibodies against rab-
bit IgG.* Immunohistochemical assays were also
performed with the use of formalin-fixed, paraf-
fin-embedded tissue sections obtained from the
liver and kidney of Recipient 1.

Virus-infected and noninfected (control) Vero
EG cells were fixed with methanol; Serum speci-
mens from the donor, from the recipients, and
from 100 randomly chosen control recipients of
solid-organ transplants were applied to the fixed
cells followed by fluorescein-labeled antihuman
1gG or IgM secondary anubodles

COMPLETE GENOME SEQUENCING
AND PHYLOGENETIC ANALYSES

RNA extracted from the liver in Recipient 1 was
used as a template to clone and sequence the L and
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S segments of the virus. The gene fragments ob-
tained by means of pyrosequencing were used to
design specific PCR primers; thereafter, consen-
sus primers were designed on the basis of align-
ments of other arenavirus sequences with the use
of the SCPrimer program.1*

The L-and S segments were assembled and se-
quenced as a series of overlapping genetic frag-
ments. Evolutionary distances between the assem-
bled segments were computed with the use of the
Poisson correction method and expressed in units
of amino acid substitutions per site in relation-
ship to arenavirus L, glycoprotein precursor, and
nucleoprotein amino acid segments in the Gen-
Bank database with the use of the MEGA pro-
gram.*? The percentage of replicate trees in which
taxa clustered together in the bootstrap test (1000
replicates) is shown next to the branches. All posi-
tions containing alignment gaps and missing data
were eliminated only in pairwise sequence com-
parisons (see Fig. 1a, 1b, and 1c of the Supple-
mentary Appendix, available with the full text of
this article at www.nejm.org). The nucleotide and
amino acid homologies of each of the arenavirus
genes (Z, L, GPC, and NP) to LCMV (the closest
comple'tely sequenced relative) are shown in Ta-
ble 2. The sequences are deposited in GenBank
(accession numbers EU136038 and EU136039).

RESULTS

RNA from tissue from Recipi_ent 2, who had re-
ceived a liver, and Recipient 1, who had received
a kidney, was pooled and amplified for unbiased
high-throughput sequencing,’ yielding 103,632 se-
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quence fragments. The sequences recovered ranged
in size from 45 to 337 nucleotides, with a mean
length of 162. Sequences derived from the ampli-
fication primer and highly repetitive sequences
were eliminated, yielding a net of 94,043 sequenc-
es. These sequerices were processed with thesuse
of algorithms that subtract vertebrate sequences,
. assemble contiguous sequences, and compare the
residual nucleotide and deduced amino acid se-
quences in all six potential open reading frames
with ‘motifs represented in databases of microbes.
At the nucleotide level, sequence data were
uninformative; however, BLASTX analysis of the
deduced protein sequence revealed 14 fragments
that wete consistent with Old World arenaviruses

(12 S-segment and 2 L-segment fragments) shar- '

ing the closest relationship to LCMV.

Primers were designed for RI-PCR cXpeﬁnients
to detect viral RNA in clinical specimens, assess
the similarity of viral sequences ameong individual

“organs and recipients, and extend the viral se-

quence needed to facilitate characterization. Viral
RNA was present in a total of 22 of 30 speci-
mens of tissue, blood, or cerebrospinal fluid from -
all three transplant recipients (Table 3). The se-
quence was identical in all specimens, a finding
that was consistent with the introduction of a sin-
gle virus into all the rempxents '
Fresh-frozen kidney tissue from Recipient 1 was
homogenized and used to inoculate cultures of
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ARENAVIRUS IN FATAL TRANSPLANT-ASSOCIATED DISEASES

Vero E6 cells. A cytopathic effect was observed only
in the first passages; thereafter, morphologic char-
acteristics did not differ between infected and
control cells. Indirect immunofluorescence assays
with the use of polyclonal antibodies against
arenaviruses and LCMV showed cytoplasmic dis-
tribution of viral antigen. Immunostaining of vi-
ral antigens was also seen in infected cells by
means of an indirect immunoalkaline phosphatase
technique (Fig. 2A). Quantitative RT-PCR assays
showed increasing concentrations of viral nucleic
acid with serial passage. Examination of infected
Vero EG cells by means of thin-section electron
microscopy revealed extracellular particles with
morphologic features that are characteristic of
arenaviruses (Fig. 2B).

Immunofluorescence assays for serum antibod-
ies that are reactive with infected Vero E6 cells
revealed virus-specific IgM and IgG antibodies
in the donor that were consistent with acute in-
fection. Plasma and serum specimens from Re-
cipient 2 that had been collected at two time points
19 days apart (11 days and 30 days after trans-
plantation) were available for analysis. Virus-spe-
cific IgG and IgM antibodies were detectable only
at the second time point, consistent with sero-
conversion.

Immunohistochemical analysis of specimens
of the liver (Fig. 3A) and kidney (Fig. 3B) obtained
from Recipient 1 showed focal immunostaining
of arenavirus antigens. PCR surveys of 100 ar-
chived serum or plasma specimens from solid-
organ transplant recipients who were not linked
to the cluster and who had undergone transplan-
tation in the same city and during the same time
period revealed no evidence of infection with this
pathogen.

The 3301-nucleotide S-segment and 7215-nu-
cleotide L-segment sequences were cloned from
the kidney of Recipient 1 by means of PCR and
sequenced. Phylogenetic characterization was lim-
ited by the paucity of available sequences deposited
in public databases; nonetheless, L- and S-segment
analyses were consistent with the presence of a
new arenavirus. Whereas sequences in the mucleo-
protein and glycoprotein genes on the S segment
were closest to the LCMV strain LE'® and M1
and M2 jsolates** (Table 2, and Fig. 1b and 1c of
the Supplementary Appendix), the L-segment se-
quence indicated a closer relationship to Kodoko.
virus. Strain LE was isolated in France from an
infected fetus. M1 and M2 were isolated in Japan

‘Homol ogies.o _

& New Arenavirus

LCMV Strain

Homology

Gene Accession No.
Amino Acid Nucleotide
percent
GPC AB261990 M2 94 86
NP AB261990 M2 97 87
DQ286932. Marseille 12 82 79
z DQ286932 Marseille 12 79 72

* LCMYV denotes lymphocytic choriomeningitis virus.

from wild mice. Kodoko virus was recently isolated
in Africa from wild mice (Fig. 1a of the Supple-
mentary Appendix).!* Reassortment is well de-
scribed in arenaviruses and could account for
differences in phylogenetic relationships based on
L- and S-segment sequences. However, reassort-
ment cannot be implicated without a complete
genomic sequence for the viruses used in these
phylogenetic analyses.

DISCUSSION

Two clusters of transmission of arenavirus
through solid-organ transplantation have been
reported.* In each cluster, recipients linked to a
single donor died of an unexplained infectious
disease 9 to 76 days after transplantation. In nei-
ther cluster did the donor have a history of acute
infectious disease or evidence of infection by PCR
or serologic analysis; however, in one cluster, a
pet hamster that had recently been introduced
into the donor’s household was found to be in-
fected with the same virus that was detected in
the recipients. LCMV was implicated after the re-
sults of viral culture and electron microscopy
triggered specific immunohistochemical and mio-
lecular tests for arenaviruses.

In our cluster, a new arenavirus was first de-
tected through unbiased high-throughput sequenc-
ing. Thereafter, the infection was confirmed by

‘means of culture, electron microscopy, and spe-

cific immunohistochemical and serologic tests.
As in the other two reported clusters of trans-

plantassociated transmission, we detected no viral

nucleic acids in the donor and found no history
of acute infectious disease; however, the presence
of IgG and IgM antihodies confirmed recent in-
fection. We were also unable to obtain any infor-
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Interval between Transplantation .
Specimen and Collection of Specimens Viral RNA Antibody Titer
days copies/ml of RNA extract
Donor _
Serum o - ND 1:80 IgG, 1:20 IgM
Spleen - "0 ND NA
Pancreas 0 ND - NA
Recipient 1 (kidney transplant)
Plasma 0 ND <1:10 IgG, <1:10 IgM
Plasma _ 27 889,200 - NP
Plasma : 33 614,300 NP
Cerebrospinal fluid 33 ‘ ) ‘ 5,500 NP
Plasma - 35t 1,000,000 NP
Urine ' 35t 88,000,000 NA
Heart © 35¢ 33200 . NA
Spleen 35¢ . 52,600 NA
Liver C 17 2,362,800 NA
Lung IsF 498,600 NA
Cérebrospinal fluid 35¢ 63,700 NP
Serum 35¢ 1,440,400 <1:10 15G, <1:10 IgM
Brain ' 35 16,600 , NA
Rectal swab 35¢ 623,200 : NA
Nasal swab o 35§ 55,400 NA
Axillary swab st ND . T NA
Kidney ' 35¢ 7 ' 85,900 . NA
‘Recipient 2 (l:i\/‘er transplant) ‘ ] ) ' o
Plasma .12 121,900 <1:10 IgG, <1:10 igM
Mouthswab 24 ; 457,000 NA. : ;
Brorichoalveolar lavage 19 1,163,400 NA |
Cerebrospinal fluid 2 ND NP
Plasina ’ 24 346,200 NP
Serum 314 ~ 347,600 1:40 IgG, 1:20 IgM
Recuplent 3 (ladney transplant) - . » » v
Serurm . - =235 " ND <1:10 1gG, <1:10 IgM
S_e_rum e -0 ND - NP
§erum- ot R ‘24 - 415,500 . NP
Serum S 28 565,100 " <1:10 1gG, <1:10 igM

* NA denotes not: apphcable, ND not- detected and-NP. not performed.
1 Spectmens were (obtained after death.. .

mation indicati’ﬁg’tha'tfhedbnbr hiad been exposed ~ where such exposute may have occurred in a -
to rodents; hbWéve'r, his: history of recent travel rural area. - :

suggests that he may have been infected before =  Although we have not fulﬁlled Koch’s postu-
returnmg to Australxa from southern Europe lates; evidence implicating this new virus in-the
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ARENAVIRUS IN FATAL TRANSPLANT-ASSOCIATED DISEASES

outbreak of infection among patients who received
transplants is compelling. All three recipients re-
ceived organs from the same donor and died
within days of one another after febrile illness.
Identical viral sequences were obtained from all
the recipients. The virus is new and was not de-
tected in 100 organ recipients who were not linked
to this cluster. The results of serologic analysis of
specimens obtained from the donor were consis-
tent with recent infection, and seroconversion was
observed in one recipient.

Unbiased high-throughput sequencing has been
used to characterize complex mixtures of micro-
flora in environmental contexts?®; we have shown
that this strategy can be used to address a sus-
pected ouithbreak of infectious disease. Its use in
the context of investigating a cluster of cases of

acute disease associated with organ transplanta-
tion facilitated the rapid implication of a new
arenavirus not detected by other methods. This
technique may prove useful as a new tool in the
identification and surveillance of pathogens in
chronic as well as acute disease.
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P04.101
Devilopment of a Standardised Approach to Assess the Effectiveness of Current
and Yew D ination Yechnologies against TSE Agents

HespMJR; Kirby, E; Dickinson, J; Dennis, M; Cormwall, M; Raven, NDH; Sutton, JM
Health¥Protection Agency, Research, UK

Backgrognd: The development of inactivation methods for Transmissible spongiforft
encephalgpathies (TSEs) is an urgent requirement in relation to the potential for
iatrogenic {ransmission of variant Creutzfeldt Jakob Disease (vCJD). The evaluatigh of
the effectivi of such methodologies requires a highly sensitive and specific asay
or a combintition of assays. With current cellular and biochemical based assays £till in
developmentythe bioassay remains the accepted approach to assess effectiyeness;
however, carelul matching between the TSE strain and hast species is requiregfto help
ensure that theyyisks are appropriately evaluated with regard to vCJD transmision.

Aims: The projdct aims to develop a robust system to assess propbsed TSE
inactivation techfplogies focusing on a mode! using the TSE strain,/BSE-301V,
designed to mimicithe key features of possible vCJD transmission via gbntaminated
surgical instruments} The dynamic range of the mode! was detenmined uging a titration
series of infectivity Yhich in the first instance was ‘tested’ using § conventional
autoclave based proce
Methods. BSE-301V infgcted mouse brain homogenate, previously tfrated to x10° 1D
per gram, was dried Ynto the surface of surgical steel sutyre wires using a
standardised process. Wjres were implanted i.c. into VM micef and monitored for
clinical symptoms for up t§ 550 days.

Results: For the wire-based &
from groups across a 6-18
transmission rates fell below 40%, suggesting that the use
Data will be presented comRaring the surface bound. fitration results with the
equivalent in-solution titration series. The ongoing resultsffrom the decontamination
studies will also be presented in Yelation to the titration dgta generated.

e observed in animals
dilutions below 1073
range is around 4-logs.

tration series clinical symptoms w
g dilution range, however,

Conclusions: Methods have been egtablished to ensure A consistent exposure of wires
to the decontamination process with no further manfpulations of the carriers post
processing. Using this protocol a titkation seties has feen established for BSE-301V
on surgical steel that potentially covdgs a 4-log rangk. The use of these protocols to
evaluate novel prion decontamination Ynethods will pe discussed.
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Femtograms-Detection of PrPSc
Synthesized RNA-Aptamer
Nagata, T"; Yokoyama, T Sekiya, S*/Nishikawa, S{ Noda, K'

'National Vetarinary Assay Laboratgly, Japan; 2Nafipnal Institute for Anlmal Health,
Japan; *National institute of Advancg¢d Industrlal Scierkge and Technology (AIST), Japan

Biologjcal Samples using Chemically

_For the safety of biological produdts, it is one of our maj§r concerns to reduce the TSE-
risk of cattie-blood derived matgfials such as serum and plasma. For the detection of
possibly contaminated abno isoform of prion protkin (PrPSc) in the biological
samples, it is indispensable t$ develop a highly sensitik PrP detection procedure.
Here, we have developed ary aptamer-beads PrP-concenfation procedure by using
RNA-aptamer 60-3 which bigds to recombinant mouse PrP With high affinity (Kd = 5.6
nM) (1).

The RNA-aptamer 60-3 wlas chemically synthesized employing a novel ANA synthetic
method with a 2'-O-(J-cyanoethoxymethyl) protecting grokp (2), with 2’0OMe-
pyrimidine modificationfor RNase resistance, and conjugated blotin. The aptamer
was then bound to sffeptavidin-coated magnetic beads (60-3 §ptamer-beads) and
used for pull-down agfays. The pulled-down PrPSc was analyzed ky Western blotting.

The 60-3 aptamer-feads demonstrated the enrichment of PrPSc fjom the 20-milion
times diluted scriipie-infected mouse brain (50m! of 50ng brainy equivalent /ml).
Comparing to phbsphotungstic acid (PTA) concentration method, th§ ‘60-3 aptamer-
beads revealed fmore than 100 times efficiency in concentrating PAPSc spiked in
bovine serum. Joreover, the 60-3 aptamer-beads showed binding abily to PrPSc in
highly dituted BSE-infected bavine brain.

The present Aptamer-beads pull-down procedure enables us to.\perform a
femtogramg-detection of PrP. The procedure was also proven to be applicaljje to BSE-
PrPSc. The present aptamer-beads system could serve as a resource ¥p
removal golumn and serum prion assays, and potentially achieve the safe
blood dgrived biological products.
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Has vCJD been Transmitted by H
Counting

ts? 20 Years and

Eoster. P :
Scottish National Blood Transfusion Service, Protein Fractionation Centre, UK

The diagnosis of vCJD in a patient whose plasma had previously been used in the
preparation of blood plasma products by the NHS led to the decision in 1998 that the
preparation of plasma derivatives from UK-donor plasma should cease as a
precautionary measure. Since then, plasma products have either been manufactured
by the NHS, using plasma purchased from the USA and Eurape, or purchased directly
from commercial companies.

It is now known that donations from 11 individuals, later diagnosed with vCJD, had
been included in the preparation of a total of 175 batches of different plasma products
that were released for use batween June 1987 and Saptember 1998. No cases of vCJD
have been associated with these products, although 20 years have elapsed since the
first impficated batches were released for use. This contrasts with 3 instances of
probable transmission of vCJD by red cells in which symptoms of vCJD developed in
recipients 6.5 years, 7.8 years and 8.3 years after transfusion.

‘ There are a number of possible explanatlons for the apparent absence of transmision

prion-

150

by plasma products.

(1) Prion infectivity was not present in the donated plasma.

(2) Prion infectivity was present in the donated plasma but not in the manufactured
products, due to dilution or removal of infectivity by the manufacturing process.

(3) Prion infectivity was present in manufactured product(s) but has not resulted in
clinical symptoms of vCJD because of elther a prolonged incubation period or a lack
of suceptibility in recipients.

The methods used for the manufacture of blood plasma products by the Scott! e
National Blood Transfusion Service have been examined to determine the extent’
which removal of prions might have occurred. These experiments indicate a posstblé )
overall prion reduction of 2.7 logs for intermediate-purity factor VIii concentrate (Z8),
3.0 logs for intermediate-purity factor IX concentrate (DEFIX), 5.8 logs for thrombin,
6.2 logs for fibrinogen, 26.5 logs for immunoglobulin, 7.4 logs for high-purity factor IX
concentrate and 211.5 logs for albumin.
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Surviyal of Prion Proteins in Environmental Matrices

Maluquyr de Motes, C*; Torres, JM?;, Pumarola, M®; Girones, R!
"University, of Barcelona, Spain; *Centro de Investigacién en Sanidad
IAutonomolg University of Barcelona, Spain

imal, Spain;

Several publicMions have suggested the environment as g possible route of
transmission, espagially for sheep scrapie and cervid Chronic Wasting Disease {CWD).
The role of the en ent as a reservoir for these disordegf is difficult to prove and
faces a considerable Ygck of information. In this work, diffrent methodologies hav~
been developed to eValuate the survival and inagfivation of TSE agents®
environmental matrices. ot

Different siaughterhouse and Uspan sewage samp)és were spiked with diverse strains
of either scrapie or BSE agents\and kept undgf controlied conditions for extended
periods of time. Aliquots of evdfy experipfent were sequentially coflected and
concentrated according to a methoddlogy gpfecifically selected for each type of matrix.
Sensitivity of the methods developed éstimated among 2-10 pg of infected tissue.
PrPres was finally detected by westery/Oipt. Films were then transformed into digitat
pictures, signal intensities were quarngified aQd regression models were computed.

According to the results obtaineg|
all the environments studied
among mouse-passaged

scrapie agei showed higher stability than BSE in
owever, no sighjficant differences were abserved
sgpApie strains and sheel, scrapie. The regression models
provided 190 and 199 vajdes (times of incubation Ngcessaries for 80% and 99%
reduction of PrPres levelé). In urban sewage, i.e., 199 wis estimated as about 50 and
22 days for scraple gfid BSE respectively. In general, the effect of the matrix was
clearly observed in dll the experiments, showing up to a 6-§ fold higher reduction of
PrPres lavels in cgfmparison to PBS controls.

As some of thd inocula were titrated in terms of infectious doses, W§ approximated the
decay of PjPres levels to the reduction of infectivity for both agents. I slaughterhouse
wastewajér, i.e., two-log reduction was observed for both agents afteN30-35 days of
incubasion. Data on infectivity will be confirmed by a series of bioassay dgperiments.
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