Table 1. Differences between Chapare virus and its closest

species of arenavirus

Flexal

*Complete nucleotide segments only

SComplete amino acid sequences only

“Complete segment or gene sequence is not available for one or both wmses
doi:10.1371 jounal.ppat. 1000047 tom

were desigﬂed for the L polymerase gene on the L segment
(L4160F, GCA GAR TTY AAA TCI AGA TT; L4393R, CCR
TYI ASC. CAR TCT ITI ACA TG; 14292F, GAT CAT TCI
RTY GCI AAT GG; L4841R, CAI ATl CCT ATA AAI CCW

GAT G) [19] and the glycoprotein gene on the 5 segment

'(GPB784, GAC RTG CCW GGI GGI TAY TG; GP1126-, TAC
"CAA AAT TTG TGT ART TRC ART AIG 'G; GP1153+, CCT )
TAY TGY AAY TAC ACI AAA TTT TGG T, GP1396-, ATG

TGY CTR TGI GTI GGL AW).

Reverse Transcnptmn (RT) was done using 2.5 pE of RNA ina
25 gL total reaction volume and AMV RT {Promega Bioscierces,
San Luis Obispo, CA) at 42°C for 1 hr. Subsequent PCR
“amplification using FastStart Taq DNA Polymerase with GC-rich
solution {Roche) was performed using 5 1. of the completed RT
reaction in a 25 BL reaction volume with the following cyclmg .
condifions: 2 min at 95°C, (36 cycles of 1 min at 95°C, 1 min'at
45°C, 2 min at 72°C), and a final elongation of 10 min at 72°C.
Resulting DNA products were visualized and purified-using a 1%,
. agarose gel, and the Qiagen Gel Extraction Kit (Qiagen, Valencia,”
CA). PCR. products were sequ'enccd directly {without cloning)
using the corresponding primers in a BsgDye Terminator v3.1
reaction on a 3100 Genetic Analyzer. (Applled ‘Biosystems, Foster

City, CA). Sequence was further analyzed using chuenchcr {Gene

Codes Corporation, Ann Arbor, MI)."

i

Complete Genome Ampiiﬁcatlon & Analysis _
To obtain.full length sequence for each segment, alignments of

all New World arenavirus complete genomes were used to design

primers for the conserved regions (available upon request). The full-
length 5 segment was generated following the Thermoscript RT-
PCR system’s directions (Invitrogen, Carlsbad, CA) and using the
19C primer T10). Reverse transcription was conducted at 53°C,
- while ‘the ‘PCR profile was the same as_stated above with an
increased extension time of 4 minutes.

Different fractions of the full-length L RNA were amphﬁed
using 2-step or l-step RT-PCR protocols and following the
manufacturer recommendations. Briefly, cDNA was synthesized in
the first approach using 10 P of purified RNA, specific primers,
dNTPs and Superscript III (Invitrogen) in 20 pl reactions.
Amplification reactions were done using 5 pl of <DNA, specific

'® PLoS Pathogens | M.plospathogens.org

38

relative,.Sabid, are similar to differences between other distinct .

virus " Nucleotide® Amino Acid®
sk, Sségfent L segment’
Chapare to 26 30
Sabid
; x5-37 n LS A

= . - . 2 : E LT e
Machupo o 31-32 33 32-33 19-20 2728 21
Tacaribe .

32 T 28-3

Parand to 29 nfa® nfa
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. | Table 2. Differences among strains of the same species of

arenavirus -

N‘ucl_eotide'

Virus Amino Acid®

G
e

Allpahuayo

b
Catarina 9 “nfa

2
'Y
R T R N R

Whitewater 0.4 . nfa .
Arroyo

*Complete nucleotide segments only

bComplete amino acid sequences only

“Complete segment or gene sequence is not avallab!e for more than one strain
doi10.1371joumal.ppat. 1000047, t002

primers, dNTPs and Platinum Taq DNA polymerase Hagh
Fidelity (Invitrogen) in 50 ul, leactlons Alr.emauvely, 1-step
RT-PCR were performed using 5 pi of RNA, dNTPs and the L
enzyme blend provided by the SuperScript III One-Step RT-PCR
System with Platinum Taq High Fidelity (Invitrogen) it a 50 pl
reactions. Amplification reactions were analyzed in TBE/agarose
gels and DNA bands purified using QIAquick 'Gel Extraction Kit

" ~(Qjagen). Sequencing reactions were done as described above. )

Phylogenetic Analysis

All fuil length § and L segmcnt sequences aval.lable in Genbank
were used to compute pairwise uncorreéted genetic distances using .
PAUP 4.0b10 {Sinauer Associates) for the following viruses:
Allpahnayo, Amapan Chapare, Flexal, Guananto, Junin, Ma- -
chupo, Parana, Pichindé, Pirital, Sablé. Taczmbc, Tamiami, and
Whitewater Arroyo. - o

A representative subeset of full length sequences (omm.mg
multiple near identical variants of the same virus) were included in
a Bayesian phylogenetic analysis. Sequence alignments were done
with ClustalX [20] with manual adjustments and phylogenetic

- analysis was done with MrBayes3.1.2 [21] usmg the GTR+I+G

‘model &1 2 runs of 500,000 genefations using the sequence of
Pichindé virus as t.hc outgroup . .

Supportmg Informatlon

Table S1 Amino ac1d distances for complctc Land Z genes and
nucleocapmd and glycoprotein, genes of the Ncw World arenavi-

. ruses
. Found at: dm 10. 137I/Journal ppat 1000047. 5001 (0 34 MB EDE)

Acknowledgments

“T'hé authiors would like to thank Debbie L. Cannon 'and_]cr'mifcr B. Oliver
for wechnical assistance, and Dr. Serena Reeder for her excellent assistance
with the phylogenetic analysis presented in this work.

- Author. ContributionsA ]

Conceived and designed the experiments: CA-JO SN. Performed -_thc
experimens: BE CA JC. Analyzed the data: B RA PB EV CA jV JC PR
‘IT'K JO SN. Contributed reagents/ matcrials/analysis tools: SD RAPB EV

April 2008 | Volume 4 | Issue 4 | 1000047 -



S segment 1.00 Guanarito ™
1.00 Amapari
Cupixi
Maru249121
100, 1.00 Mailele | pachubo
1061~ Chicava P
1.00t Carvallo
1.00 1.00 1.00 Romero '
.00 XJ13 Junin
0_9—2 - 107 Candid1 )
Tacaribe
u — Chapare
1.00 - Sabia
——Latino .
1.00 L— — Oliveros
1.00 Catarina
0.98 - 0.8_3,._‘:._—-— Whitewater Arroyo
1.00 —— Tamiami
‘ — Bear Canyon
- 1.00 Parana _
1,00 1,00 mima
0.2 : Allpahuayo
L segment. : __:G uanarito
T Amaparl
L ————— Cupixi
. Chicava
_ |:|_1.00
100 Carvallo Machupo
i ;7 Maltele .
1.00 1100
: ‘ XJ13
L Ithandld‘I Junin
1.00 Romero
1.00 1.00 Tacarlbe
——r::"“a*’a‘e
Sabia
Oliveros :
B e Whitewater Arroyo
10— Tamiami
‘ Bear Canyon
1.00 .
Pirital
0.99 : Pichinde )
0.3 |—-_— Allpahuayo

<

Chapare Virus from Bolivian HF Case

‘W—LY—’LYJ‘

|

Figure 2. Phylogenetic analysis of the complete S and L RNA segments of New World arenaviruses. Complete 5 and L segments for New
World arenaviruses were analyzed by Bayesian inference of phylogeny (MrBayes3.1.2) using the sequence of Pichindé virus as the outgroup. Multiple
strains are grouped with small brackets and large brackets group the arenavirus Clades: A, A/Rec, B, and C. The Genbank accession numbers for the §
segment analysis include; Allpahuayo (AY012686), Amapari (AF485256), Bear Canyon (AY924392), Catarina (DQB65245), Chapare (EU260463), Cupixi
tAFS12832), Flexal (AF485257), Guanarito (NC_DD5077), Junin [AY619641, NC_DDS0B1, AY746353), Latino [AF512830), Machupao (AYS24208, AYE19645,
. AY924202, NC_005078), Oliveros {LU34248), Parana {AF485261), Pichindé (NC_006447}, Pirital (NC_005894), Sabia (NC_006317), Tacaribe (NC_004293),
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Tamiami (AF485263), and Whitewater Arroyo (AF485264). The Genbank accession numbers used for the L segment analysis indude: Allpahuayo
{NC_010249}, Amapari {AY924389); Bear Canyon (AY924390), Chapare (EU260464), Cupixi [NC_010252), Guanarito (NC_005082), Junin (NC_005080,
AYB19707, AY619640), Machupe {AY624354, NC_005079, AY619644), Oliveros (NC_010250), Pichindé (NC_006439), Pirital (NC_005897), Sabia
(NC_006313), Tacaribe (NC_004292), Tamiami (AY924393), and Whitewater Arroyo (AY924395).

doi:10.1371/journal.ppat.1000047.g002
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An active haemovigilance programme characterizing the safety
profile of 7437 platelet transfusions prepared with amotosalen
photochemical treatment
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i’

Vox gﬁﬁgﬁiﬂﬁ Background An active haemovigilance programme was implemented to survey
adverse events (AE) associated with transfusion of platelets photochemically treated
with amotosalen and ultraviolet A {PCT-PLT). The results of 5106 transfusions have
already been reported. ‘Here we report the results of an additional 7437 PCT-PLT
transfusions. ' '

Methods The focus of this_-ungoirig haemovigilance programme is to documnent all
AFs associated with PCT-PLT transfusion. Data collected for AFs include: time of event
after starting transfusion, clinical descriptions, vital signs, results from radiographs
and hacterial cultures, event severity (Grade 0-4) and causal relationship to PCT-PLT
transfusion. .

Results One thousand four hundred patients (mean 60 years, range 1-96) received
PCT-PLT transfusions. The majority of the patients {53-4%) had haematology-oncology
diseases and required conventional chemotherapy (44-8%) or stem cell transplantation
(8-6%). Sixty-eight PCT-PLT transfusions were associated with AE. Acute trapsfusion
reactions {ATR), classified as an AE possibly related, probably related, or related to
PCT-PLT transfusions were infrequent (n = 55, 55{7437 = 0-7%) and most were of
Grade 1 severity, Thirty-nine patients (39/1400 = 2-8%) experienced one or more ATRs.
The most frequently reported signs/symptoms were chills, fever, articaria, dyspnoea,
nausea and vomiting, Five AEs were considered severe (= Grade 2); however, no
causal relationship to PCT-PLT transfusion was found. Repeated exposure to PCT-PLT
did not increase the Jikelihood of an ATR. No cases of transfusion-related acute lung
injury and no deaths due to PCT-PLT transfusions were reported.
Conclusions Routine transfusion of PCT-PLT is well-tolerated in a wide range of
. patients. ATRs related to PCT-PLT transfusion were infrequent and most were of mild
revised 24 December 2007,

accepted 24 December 2007, severity. _
published online 30 Januory 2008 Key words: PCT, plateleis, haemovigilancg, safety, INTERCEPT.
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Introduction

INTERCEPT Blood System™ uses a photochemical treatment
methodology [PCT: amotosalen plus ultraviolet A {UVA}
light] to inactivate viruses, bacteria, protozoa, and leucocytes
in platelet (PLT) and plasma compeonents. The PLT system
received CE Mark registration in Europe in 2002. Several
centres in Belgium, Spain, Norway and Italy began routine
production of PCT-PLT in 2003. An active hacmovigilance
programme was immediately implemented to prospectively
collect information on PCT-PLT transfusions administered
to patients in routine clinical settings. Prior to CE Mark
registration, the safety data of PCT-PLT were primarily
obtained from controlled clinical trials with a limited number
of patients and predetermined clinical and safety end-points
[1-3). The postmarketing haemovigilance programme pro-
vided a means to extend the characterization of the safety
prafile of PCT-PLT in routine use and in 4 broad patient
population. The results of the first 5106 PCT-PLT transfusions
have already been reported [4]. With additional ¢entres in
Belgium, Spain and France starting with the routine production
of PCT-PLT, the database of this haemovigilance programme
has been expanded [5].

In March 2007, the Canadian Blood Services and Héma-
Quebec erganized a consensus conference to provide recom-
mendations and guide decision-making about new pathogen
inactivation technologies [6]. The panel, consists of nine
healthcare professionals and members of the public, stressed
the importance of postmarketing surveillance studies in the
introduction of new technologies for blood safety. The panel
recommended that specific studies should be mandated by
the regulatory authorities and supported by the manufacturers
and/or the blood suppliers. Postmarketing surveillance for
adverse reactions to pathogen inactivation products should
be linked to the national haemovigilance systems if possible.
Depending on the new pathogen inactivation technologies
implemented, specific additional surveillance outcomes
may be identified. The panel also suggested that chronically
transfused patients might serve as an ideal surveillance
populatiun to identify long-term toxicities of pathogen-
inactivated products.

The active haemovigilance programme described in this
study is in concordance with these recommendations:
Although this programme is not directly linked to a specific
country haemovigilance system nar designed to replace any
existing haemovigilance system, the format of data collec-
tion is modelled after the data collection format of the French
haemovigilance system for documentation of transfusion
incidents {71. The focus of the current programme is on all
adverse events (AE), serious or non-serious, occurring after
the start of PCT-PLT transfusion. Following the recent report
of 5106 PCT-PLT transfusions [4], here we report the resulis
of an additional 7437 transfusions of PCT-PLT. .

Materials and methods

General study design

This was a prospective observational active haemovigilance
study. The objective of this study was to document the
transfusion safety profile for approximately 7500 PCT-PLT
components prepared with the INTERCEPT Blood System™
for platelets (Cerus Europe BV, Leusden, the Netherlands).
These comiponents were prepared in three centres in Belgium
(CTS UCL Mont Godinne, CTS Brabant-Hainaut and AZ
Sint Jan AV), three centres in France (EFS-Alsace, EFS-
Auvergne-Loire and EFS-Bretagne), and one centre in Spain
(CHEMCYL. Valladolidj and administered to thrombocytopenic
patients under standard clinical practice in hospitals. There
were no randomization requiremeats, no inclusion criteria
and no exclusion criteria of patients other than the need
to receive a platelet transfusion. Baseline demographical
information was collected on all study participants. Patients
were assigined a centre-specific study number to preserve
anonymity.

Patients who received transfusions of PCI-PLT were moni-
tored for any AEs after the start of cach platelet transfusion,
which is consistent with European Haemovigilance Network
recommendations for surveillance of AE to transfusion of
labile blood components, and with those of national trans-
fusion services [7,8]. However, in this study, reporting was
obligatory for all PCT-PLT transfusions in each participating
clinical site. A transfusion report was required for each PLT
transfusion regardless of whether or not an AE occurred. In
case of occurrence of an AE, additional clinical and biological
information was callected to allow diagnosis and assessment
of causality and severity. The data in the final database
were anonymous and were reported on a per-transfusion
basis as well as on a per-patient basis. Transfusions associdted
with serious AEs were reported in greater detail.

Study report forms

The report form used for this baemovigilance programme
was developed on the basis of haemovigilance report forms
already in use. Information was collected in several broad
categories: patient demographic/diagnosis data, platelet com-
ponent characteristics, fransfusion events and documentation
of all AEs following transfusion. An acute transfusion reaction
[ATR) was defined as an AE possibly related, probably related,
or related to a PCT-PLT transfusion.

AEs were graded for clinical severity within the following
categories: Grade 0, isolated dysfunction without clinical or
biological manifestaticn; Grade 1, absence of immediate or
long-term life-threatening effects; Grade 2, long-term life-
threatening cffects; Grade 3, immediate life-threatening
effects; and Grade 4, death. For each transfusion, the following

© 2008 The Authoris)

Journal compiladon © 2008 Blackwel) Publishing Lid., Vor Sanguinis (2008} 94, 315-323

43



Haemovigilance of phoiochemical treated plateleis 317

signs, symptoms and specific clinical syndromes were
evaluated: fever, chills, cardiac arrhythmia, hypotension,
itching, urticaria, skin rash, jaundice, pulmonary oedema, hron-
chospasm, dyspnoea, respiratory distress, nausea, vomiting,
lower back pain, chest pain, abdominal pain, and shock.
Aqy other findings could be entered as free text including
refractoriness to platelet transfusion and transfusion-related
acute lung injury. The following available clinical signs were
recorded before and after each transfusion: temperature,
blood pressure and heart rate. Abnormal clinical laboratory
values, results of diagnostic procedures (chest X-ray) and
bacterial cultures from  patient and blood component
sources were recorded when associated with an AE following
a PCT-PLT transfusion.

Preparation of platelet components

Platelet components were collected by apheresis or from
whole blaod-derived buffy-coat procedures according to each
centre’s standard operating procedures. Volumteer donors
were screened and tested for transfusion-transmitted
pathogens according to each centre's standard operating pro-
cedures in compliance with respective national regulations.

All components were lencocyte reduced, either by fltration

(Sepacell PLS-5A, Asahi Biomedical, Tokyo, Japan} or process
leucodepletion {Amicus Cell Separator, Fenwal, La Chatre,

France; Haemonetics MCS+, Haemonetics, Braintree, MA,

USA). Platelet components containing 2-5 to 6-0 X 10" platelets
were suspended in approximately 35% plasma and 65%
InterSol™ (Fenwal) and prepared with amotosalen {noninal
final concentration 150 pm) and a 3 J/cm® UVA light treatment
(320-400 nim) according to the manufacturer's instructions
for use (Cerus Europe BV). After treatment, PCT-PLTs were
stored up to either 5 or 7 days under temperature-cantrolled
conditions {22 % 2 °C) before release for transfusion
depending on country-specific regulations. PCT-PLYs were
transfused before the expiration period of 5 days in France
and Spain or 7 days in Belgium. PCT-PLTs were not cultured
for bacterial contamination prior to release, and PCT was
used in place of y-irradiation for prevention of transfusion-
associated graft-versus-host disease in all sites except EFS-
Bretagne and EFS-Auvergne-Loire.

Platelet transfusion

PCT-PLT camponents for transfusion were ordered according
to standand indications within each institution, The investi-
gator was requested 1o report all AEs occurring after starting
transfusion without time limitation. The severity of each AE
(Grade O to 4) and the relationship of each AEs to the preced-
ing platelet transfusion were assessed by the investigator.
Serious adverse events were reported in greater detail with a
narrative for each event.
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Statistical analyses

All statistical analyses, summary tables and data listings
were generated using SAS® version 8-2, The primary assess-
ment of safety was the proportion of ATR for the transfusions
reported. The safety profile of PCT-PLY transfusions included
information -on: the number of PCT-PLT transfusions by
patient; the patient population profile; the characteristics of
the PCT-PLT transfused, and the characteristics of the AE
following platelet transfusion.

Data were analysed on a per-transfusion basis as well as
on a per-patient basis. Al PCT-PLT transfusions administered
to a patient were included in the full analysis population,
whether or not an AE was ohserved. Data were summarized
for each paranicter using descriptive statistics (mean, standard
deviation, median, and range).

Statistical tests were performed for the exploration of risk
factors only (multivariate logistic regression at 10% signifi-
cant level). The variables included in the analysis are patient
gender, age, previous transfusion history, type of platelet
concentrate, y-irradiation, antigen-matching and primary
diagnosis. Variables with descriptive statistics were tested for
Pvalucs und odds ratio. The number and proportion (60} of
transfusions with one or more AEs were summarized overall,
by sericusness and by relationship to platelet transfusion.
Carresponding 95% confidence intervals (Cls) were calculated.

The non-survival analysis method is a univariate analysis
of the numhber of transfusions received before the first
occurrence of an AB. Only patients with at least one AE were
considered in this analysis.

Resulis

Distribution of transfusions

A total of 7437 PCT-PLT {ransfusions were documented
between May 2005 and January 2007 and constitute the full
analysis population. The distribution of transfusion reports
were: 3057 (41-1%) from CTS UCL Mont Godinne, 2048
(27-5%) from EFS-Alsace, 899 {12:1%) from CTS Brabant-
Hainaut, 572 (7-7%) from EFS-Auvergne-Loire, 440 (5-9%)
from AZ Sint Jan AV, 381 (5-1%) from CHEMCYL, and 40
(6-5%) from EFS-Bretagne.

Patient demographics

A total of 1400 patients underwent transfusion (Table 1}. The
majority of the patients were niale (61-3%) and the nican age was
60 years (range < 1-96 years). Haematology—-oncology diseases
treated by chemotherapy (44-8%) and stem cell fransplantation
{8-6™) constituted 53-4% of the primary diagnoses and
therapies among the transfused population. A significant
number of patients receiving platelet transfusion (17-200)
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