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RUER-1

Pathogen and Leucocyte Inactivation for IBS/Therafiex®/Mirasol® Platelets : Bacteria
(BRI~ 9i80) ' . Gram-negative 1BS THF MIR BEF+FH
C. V. Prowse:Component pathogen inactivation:a critical review.Vox Sanguinis 2013; 104: 183-199 Escherichia coli >6.4 >4.0 4.4 -
Viruses Serratia marcescens >6.7 >4.0 4.0 4.0(FH91E)
Enveloped Viruses 1BS THF MIR BAGR+FH Klebsiella pneumonia : >5.6 4.8 2.8 -
HIV-1(cell associated) >6.1 - 4.5 - " Pseudomonas aeruginosa 4.5 >4.9 T >4.6. -
HIV-1 (cell free) >6.2. - 1.4 5.9 24.6 Salmonella choleraesuis >6.2 - o= -
Clinical isolate HIV-1 >3.4 - - - ' Yersinia enterocolitica >5.9 - 3.3 -
Clinical isolate HIV-2 52,5 - - - Enterobacter cloacae 5.9 >4.3 >2.0 -
Latent proviral HIV-1 All detectable*! - 4.5 -  Orientia tsutsugamushi >5.0 ~ >5.0 -
Hepatitis B >5.5 - (2.3) - (serub typhus)
Hepatitis C_ >4.5 - (3.2) - Gram-positive 1BS THF MIR BRI
HTLV-1 4.7 - - - : ’ Staphylococcus epidermidis  >6.6 . 4.8 4.2 3~5
HTLV-II 5.1 - - - ) Staphylococcus aureus 6.6 >4.8 4.0 ki
Cytomegaiovirus >5.9 _ _ _ ' Streptococcus pyogenes >6.8 - 2.2 -
(cell-associated) o : -
- " Listeria monocytogenes - >6.3 - - -
Cytomegalovirus . ol ) - ‘ .
(celi-free) All detectable (3'5) 1) - Corynebacterium minutissimum >6,‘3 - ’ — -
BVDV (HCV model) >6.0 - 5.8 . 19 . ’ Bacillus cereus (incl spores) 3.6 - - -
Duck HBV(HBV model) >6.2 - - - Bacillus cereus (vegetative) >6.0 4.3 1.9 - -
West Nile Virus . >6.0 5.4 >5.1 1.3 o Bifidobacterium adolescentis - 6.2 - - -
SARS-CoV >5.8 - — - Proprionobacterium acnes ‘ >6.2 . 45 >2.0 -
Chikungunya >6.4 - 21 1.7 ‘ Lactobacillus species >64 - - - - -
Influenza A virus H5N1 >5.9 - (>5) - Clostridium perfringens . >6.5 >4.7 - _
’ : (vegetative)
Dengue »5.0* 04* ‘
Spirochaete bacteria IBS THF MIR B&R+Fit
PRV 25" 2.8% - v
Treponema pallidum 6.8 N
Non-enveloped Viruses 1BS THF MIR BAR+FH (syphilis) :
Borrelia burgdorferi 6.8 . _

15

(Lyme disease)

" — : no data available

¥ :day 3(ERIRARBRAZE )DIR _
SREHFEERILER) . - 8ARth 744105 CFU/mLY
ERLE ... 8AR4RNUSEIRNY D4AIZ10° CFU/mLES
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BE Y XY BiE "RV ERCEEOMDR e

o [HMSHOMAE] ) o [R/34 U RERIC & DEHE] (BFT—4)
FRICHI1TS PCHOMEFROBEY XL 4FHEY OMBAI PC DR cRECBATREHEEShIBD S aureus (55~1400
REMS . BROIZERDH 2 MBITHFRS N DMEZ PC 5,400 &I= 1K CFU/ 1w ) & 2FTORAGHE LS (ARt 16 ZF)
t&hiz, ChRECROBEE S FERSELIESDOLALTHS, DPCIZARIRL Y LI-REROEHR,

e [Rulifgd ) R 4] day3 (H¥IEMBRER) ORB
FRENEHANT A TRIEERE S THIF TR, MRERPR Lt MR (FEERILER) .
10° CFU/ml. BAE 187 L A i — S 0 WA BEERS IR L 153, 8 A 7 &AM 10° CFU/mL Ak, 1 AR1% 10* CFU/mL
(ST #Kk :Relationship between bacterial foad, species virulence, and ERLE
transfusion reaction with transfusion of bacterially contaminated 8 Ak 4 EAEIERA I
platelets. Jacobs MR, Good CE, Lazarus HM, Yomtovian RA. Clin Infect #ho 4 AlX 10° CFU/mL R
Dis. 2008 Apr 15:46(8):1214-20.) . :

v ~ Serratia marcescens $ &V S. epidormidis =3 LT

HEHOBEBISH &5, —48IC 107 CFU/mL BLEIZA 2 S ERIZBE L 55, %, ¥4 Log DEBEABELTNS,

s ° [ﬁﬁiﬂ)ﬁﬂ’(‘ﬁﬁéhtﬁ% PC m¥AHE] o [MABERT—4] B
FBT, ZO6EMRNEDREE LS 1-FRPCIET ﬂﬁlf%é. 13 # 20 #kOME % 20~100 CFU// 3y Y ORBEET PC (2
FRESAORIFHMIL. P08 % dayd & UT=I8E  day2 OEFH 2 5. day3 (F L7 AMSEL R,

DARSEAL B) O S H B ATH ot ' ' ’ .
) - B OXXROBEN S MIEFEC LE-HOEELE
© 2007 fELiER. BMBRICKIRCHOREITAL, Pimirsk, AmBREGE RISAKDS L NUBOERBREFICENTHD &%
ZLTWS o kiomi., HREF<IME, RT7—YVTOERERRL., it {Fi+t=.
B&YHEHHME 1~2 BE<ARLTOA S IZL B L #RENS, (3CAR:A laboratory comparison of pathogen reduction
' ’ technology treatment -and culture of platelet
products for addressing bacterial contamination
concerns. Goodrich RP, Gilmour D, Hovenga N, Keil
SD. Transfusion. 2009 Jun: 49(6): 1205-16.)
‘@ Mirasol DBAIZK Y BEGFFEMNTEZRTCIEZN
M BEOEHHMAICEHERMICIEE & S5 MEITR
L EMFH Shéw’t‘ BRpEBRENETE
%o
2
33 . ] &
BT YR UREE HERCER{LERORR o
[EEERHERT) VRS &HT D FF—I=nTDRR]
® HBe ﬁ#%}i&&wﬁﬁu-; Y. ahib b HBY BBSIC & BMEEIEIE A (AR | 04,0000 E—/sSw D PC (< Mirasol ERILHE (LRV)
3&8bha, 2.3 Log) HHEATHE. 20 aU—/ikyFERY, Y
o SEULVESE! BITD 20 T—) NAT b S35 7=7 850 NAT (ID-NAT) ~B4T95F A RABHTDICHRET 5,
BTHY. V4 FOHOBMICEDBRLBLTHEAMBENS. B |0 —H, PCISEERDIINNABMNIDD <~ FIH 25,
EN0EMDT 1 > BN PC Iz & DRtk eE (TT]) OREBHD 609658 BNZ viral load DIEVEDH S EINEDETHEIZ
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Component pathogén inactivation: a critical review

C. V. Prowse
Edinburgh University, Edinburgh, UK

Background and Objectives Pathogen inactivation (P)-treated plasma and plate-
lets are increasingly becoming the products of choice, where licensed. This review
_summarizes the clinical evidence available for licensed component PI technologies
and red cell PI under development.

Materials and Methods Available literature on licensed technologies was
reviewed.

Vox Sanguinis

Results For the plasma and platelets technologies available, evidence for the inac-
tivation of most pathogens is good, except for certain nonenveloped viruses. Clini-
cal trials and haemovigilance programmes suggest the observed loss of potency is
of little clinical significance, with some technalogy-specific exceptions. Concerns
over adverse toxicological effects or neoantigen formation have not been confirmed
for currently licensed products.
Conclusion While platelet PI has been adopted te reduce bacterial contamination;

" the ability of Pl methods to replace testing for emerging bloodborne infections, or
as a substitute for selective pathogen testing, gamma-irradiation or even leucode-
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Introduction

Pathogen inactivation {PI) technology for fresh-frozen
plasma was described in 1991 (1] with techniques for
platelet and red cells (RBCs) developed more recently.
The amotosalen/UVA-based. INTERCEPT™ (IBS: Intercept
Blood System, Cerus Corporation, Concord, CA, USA)
- was CE marked for platelets in 2002. and 2006 for

plasma and is the most widely _adopted labile compo-

nent Pl Other technologxes for platelct and plasma Pl
have- since: emerged [2). This review summarizes the PI
technologiés for plasma and platelets, the concerns and
toxicology studies- associated with each, and their
impact on- pathegens and products, followed by the
clinical trial outcomes for each product. This is followed
by concluding remarks on ‘recent events and reguiatory
aspects, cost-effectiveness: and future prospects including
RBC PL

Correspondence: Christopher V Prowse, 15 Shore haad, Aberdour, Burnt-
island, Fife. KY3 OTU, UK ’
E-mail; olive.drummond @fineone.net

The potential of pathogen inactivation
for labile blood components

PI technology should ideally be inexpensive, kill a wide -
range of pathogens, with no toxicity or effect on product
potency. Countries are increasingly adopting plasma and
platelet PI because the benefits of a safer blood-supply out-
weigh the impact on component potency and viability
{3, 4]. To assess this balance, well planned in vitro and
clinical studies are essential.

- PI processing should reduce the need for addltlonal path-
ogen testing, minimize residual infectious risks’ (bacteria,
parasites, etc.) and remove the need for selective testing

{e.g. CMV serology) and processirg {e.8. gamma-irradia-

tion). It should also enable proactive protection of the blood
supply against emerging infections. .

Technical aptions

Table 1 lists current Pl technologies for labile blood com-
ponents. Most Pl technologies rely on targeting nucleic
acids (NA) to kill pathogens and inactivate white cells,
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Table 1, Technologics for Component Pl (licensed or in clinical development)

Compound/Technology

Product Company Trial/Licence Status
Platelets Cerus Amotosalen + UVA light” INTERCEI?F“ CE marked May 2002 (Class M)® (buffy coat & apheresis to 7d storage)
Platelets TerumoBCT Riboflavin £ UV tight® CE marked Oct 2007(class IB), (buffy coat & apheresis to 5d storage)
. Mirasof® : .
Platelets Macopharma UVC (254nm) fight Therafiex™ - CE marked 2009 fclass 118). At phase 11/t trial,
Plasma Cerus Amotosalen + UVA light! INTERCEPT™ CE marked Nov.2006 (Class NI}
Plasma TerumoBCT . Riboflavin + UV Light® CE marked Aug 2008{class 11B}
Mirasof® -
Plasma Macopharma_ Methylene blue + visible light® Therafiex®  CE marked 2001 {class HB), 2004 (itass W)™
Plasma Octapharma Solvent Detergent? Licensed 1598 (UK} (pogls)”
OctoPios®
Plasma vies ' Solvent Detergent? CE marked 2009 {Single donor or minipools} ’
(Colombier,Switzerland) .
Red Cell Cerus: 5$-303° Phase H) planned (redesign after 2003)
. INTERCEPT™ . .
Whole Blood TerumoBCT Riboflavin & UV light Trials on whole blood planned
Mirgsof® :
Whole Blaod  Cerus $-303 Under development:

“Photochemical method [S].

“French Nationat authorization (AFSSAPS; now ANSM) 2003, German national authorization (PEI) 2007, Swiss national authorization (Swissmedic} 2009.
“Photodynamic method. MB plasma processing isalso available for single donations of slasma on a contract basis via Grifols, Barcelona, Spain using the

original Springe technology (12, 15}

9French National authorization (AFSSAPS) 2006, German national aulhorlzanon {PEI) 2011, Swiss national authnnzatlon (Swissmedic) 2010.
“German national authotization 2611, Also produced by Grifols S.A. Barcelona, Spain

*Swiss national authorization (Swissmedic) 2008,
SChemical method.
“Alsa produced by Bordeaux CRTS, France.

The Mirasol® ‘ribofiavin plus UV technotogy is reported to use a range of UV wavtlv:ngms that extends from 265 to 370nm, across UVA, UVB and UVC

regions [6, 7).

CE marking by the medical devices directive class Iib route just requires declaration a product conforms to a standard, to which it is inspected. Class Il

requires regs y review of pre-clinical and clinical data to define how the product may be used.

VASIBLE

INTERCEP! L it
5 Mirasoy, &2 )it

Fig. 1 Comparison of Energy and Dose for Platelet and Plasma Pi Photoi-
nactivation Technologics. Due to the absorption spectrum of proteins and
rucleic acids shown, UV radiation is directly damaging 1o blood compo-
nents at high doses. This impact is progressively less for UVB, UVA and visi-
ble light. The range of wavclengths and dose of radiation used in Theraflex,
Mirasol, IBS and MB mcthods is shown at the bottom as the darker boxes.
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rendering the product incapable of causing graft-vs-host
disease (GVHD) or of generating the cytokines causing feb-
tile reactions. Additionally, leucocyte inactivation may
reduce patient alloi ization and comp} oF even
replace leucofiltration. The robustness of P technologies
and their effect on blood components differ significantly.
For photoinactivation, choice of dose and wavelength also
determine the extent of loss of blood component function-
ality (Fig. 1).

IBS technology for plasma and platelets uses a synthetic
psoralen, amotosalen, which after binding NA and only
upon activation hy UV-A light (320-400 nm; 3 J/cm?),
cross-links NA in an oxygen-independent manner (photo-
chemical reaction} {5, 9). Alernative photoinactivation
technologies for platelet and plasma (Mirasol® ‘riboflavin
plus UV TerumoBCT,Lakewood,Colorado) {6-11) or
plasma (methylene blue (MB) plus visible light, Macophar-
ma, Tourcoing, France) {12, 13] PI depend on the genera-
tion of reactive oxygen species [ROS) for their action

© 2012 The Authoris)
Vox Sanguinis © 2012 International Society of Blood Transfusion
Vor Sanguinis (2013) 104, 183-199
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(photodynamic reactions) {14, 15). ROS have a limited life
span reacting indiscriminately with adjacent molecules, MB
binds NA tightly focusing generation of ROS around NAs.
Miraso!® technology uses a broad-spectrum of UV (265-
370 nm: 100% of UVB, 20% of UVC and 60% of UVA

’ regions; 62 J/ml), the lower NA-binding of riboflavin

favouring ROS generation: in free solution. Theraflex®
(Macopharma, Tourcoing, France) relies on narrow band-
width UVC light (02 to 0.3 J/cm?, 254 nm) to achieve P
by formation of pyrimidine dimers in NA, while limiting
ROS-mediated side reactions {16, 17}.

P1 companies initially used proprietary additive sotutions
and apheresis machines. To encourage adoption, bags allow-
ing splitting into. two ynits {18), use of alternative platelet
additives [19), harvesting on different apheresis instruments
[26, 21}, platelet treatment in- 100% plasma (22, 23} and
freezing ptasma before PI{24] have beenvalidated.

SD treatment for plasma Pl inactivates lipid-enveloped
pathogens by physical disruption and cannot be used on
cetlular products [1, 25].

Concerns about pathogen inactivation and
how they have been addressed

Although cost and impact of PI on potency are issues, con-_

cern has focused on possible toxic effects and incomplete

P1, particularly for Jarge pool products, where failure could
result in multiple doses of infections product. This can he
addressed by screening donations for agents for which a Pl
technique is ineffective, as done for Hepatitis-A and
parvovirus-B19 for OctaPlas® {Octapharma AG, Lachen,
Switzerland). Most PI methods cannot inactivate bacterial
spores. However, Stérmer demonstrated two of three bacte-

_tia tested [B: subtilis and B. cereus, but not C. sporogenes}
emerge,.aﬁer incubation in blood components, from spores
into Pl-susceptible vegetative forms [26]. Similarly,
Schmidt ef al, [27, 28] reported IBS technology was elfec-
tive against a panel of bacteria at 100 or 1000 cfu per unit
in platelets obtained as buffy coats or by apheresis, excep-
tions being seen for two bacteria (K. preumonia, due to the
high-stock titre used in the study, and B.- cereus). Impor-
tantly, spore-forming B. cereus was inactivated in all units
at 100 CFU and at 1000 CFU for apheresis platelets. In any
case, Pl would prevent the vast majority of clinically signif-
icant bacterial complications.

Toxicological concerns should be- addressed prechm— ,
cally using in vifro and in vivo tests *[29, 30). Table 2
shows the tests used, within ICH guidelines, to study amo-
tosalen, 5-303, riboflavin and components treated with
them, and the observed safety margi'n where applicable: In
“the most relevant acute and - repeat-dose models, safety
margins of at least 100-fold (clinical dose vs maximum

Table 2 Toxicology Studics reported for 185 & Mirasol® P technologies (Safety Margins) (11,18,29-35)

Platelets [11, 29, 31, 34] ‘Plasma {11, 30, 34} . Red Cell {32]

Study Type . 185 Mirasol 1BS Mirasol 18S

Acute Toxicology v (>1120-fold} v v v v

Repeat Dose (1 monthj v ~ v v v

Repeat Dose (3 month) . v {>350-fold) v ¢ {>100-fold} ~ [

General Pharmacology v (>350-fold) ~ v (>100-foldj ~ v

Reproductive toxicology - v (>350-fold) ~ v {>100-fold) v v

Genotoxicity- v {>200-fold) v v (>50-fold) ~ ~

Carcinogenicity v (>350-fold) ~ v (>300-fold) o~ ~

Phototoxicity o .V [> 40-fold) ~ v (>200-fold) ~ ~

Neonatal toxicity (31, 34] - v [>48-fold) ~ v v ~

Absarption, distribution, metabolism, v -~ v v v

and excretion {ADME)

Qccupational Safety v v v v v

Ncuanliée«s 1, 33, 35) None detected None detected None detected None detected None Detected in revised
format {20mM glutathionc}

Tick marks show where the different study types have been for each type of (~ denotes the absence of published data). Safety mar-

gins are the ratio of the minimal toxic dose observed in the specified test refative the expected human exposure, using a treated biood preduct and are
shown in brackets. in many instances, the highest exposure was defined by the volume limits for the transfusion of a treated blood product. Additional

safety margins were obtained by the ion of the parent

in the same animat models. They are expressed relative to an esti-

mated clinical dose of 1 jg amotosalen/kg for 3 350 ml platelet unit or 4 ug/kg for a litre of treated plasma. For in vitro assays, margins are estimated
based on a final concentration of 1 ng amatosalen /ml (platelet) or 12 ng/mt (plasmaj in the product. For Mirasof products, doses given approximated to
human doses and were nontoxic so estimation of a safety margin is not appropriate. For riboflavin itself, the safety margin has been cstimated at 549-1299

1, 34).

© 2012 The Author(s)
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dose tested} were observed for amotosalen-treated blood
products, with margins ten times higher for amotosalen, as
it can be given at higher contentrations, [n the majority of
tests, no toxicity was observed at the highest doses tested.
Similar safety was observed for carcinogenicity and geno-
toxicity [29], with lower margins (>40} in the less clini-
cally relevant phototoxicity tests [29-31]. No evidence for
the formation of novel antigens by Pl was found for amo-
tosalen-treated plasma or platelets in preclinical studies-or
using .samples from patient. trials [33). Available data,
although less rigorous {Table 2), suggests a similar absence
of toxic effects and neoantigens for Mirasol® technology
[11, 34, 35).

Impact of processing on pathogehs and
product potency :

Table 3 summarizes Pt for the 1BS, Theraflex® and Mirasol®
platelet processes {11, 16, 18, 36, 37}. Similar data are
reported for "amotosalen-plasma and 5-303 processes
{22, 34). The extent of Pl is technology-specific [38]. Gen-
erally, Pl is effective against lipid-enveloped viruses, para-
sites and bacteria, but less so for nonlipid-enveloped
viruses and bacterial spores. The observed differences in P!
largely relate to:
(1) which nonlipid-enveloped viruses are susceptible to
inactivation, for example SD is ineffective against these,
{2) the ability of any sensitizers or radiation used to pene-
trate component or cells, for example MB is ineffective
on cellular pathogens due 'to its reduction to inactive
forms within cells.

When viral testing is in place, transfusion-mediated
infection only occurs during the window period where
viraemia is present but testing cannot detect the infection.
With low- to medium-titre pathogens {e.g. West Nile
Virus) Pl is well able to deal with residual risks {39, 40).
Where pathogen titres are high early after infection (e.g.
parvovirus B19) Pl capacity may be exceeded unless test-
ing is also in place and enables high titre units to.be dis-
carded. No NA-targeting P technology is effective against
prion diseases. There are two areas where inactivating high
titres of bacteria is important. Firstly, to cover higher loads
that may arise for rapidly growing species between coilec-
tion and processing (<18 h for buffy coat platelets). Sec-
ond to provide better assurance that no bacteria remain
after PL.

GvHD is currently prevented by gamma-irradiation of
selected units to completely inactivate feucocytes. There'is
a relatively narrow gap between the dose of radiation to
inactivate leucocytes and doses that damage RBC. P} -pre-
vents GvHD by-killing leucocytes with higher margins of
safety that are technology-specific [41, 42]. Pt can elimi-
nate CMV transmission [43) and reduce febrile reaction's by

29

inhibiting leucocyte cytokine production. As Pl is usually
adopted for all units, errors inherent in selective processing
(e.g. gamma-irradiation, CMV testing) are avoided and the
security and safety measures for gamma-irradiation would
no longer be needed (44},

Most plasma P| methods cause 20-30% loss of coagula-
tion factor VI, although fibrinogen and coagulation inhib-
itor content are more clinically relevant for single donor
plasma. Other coagulation factors are better retained [45),
although there are concerns over fibrinogen levels in MB
plasma {46). The US SD plasma process gave high losses of
protein S, antiplasmin and antitrypsin associated with
thrombosis in-liver t lant pati Such losses are less
for the OctaPlas® process [45].

Cellular product potency is initially assessed poststorage,
by diolabel studies in volt to determine
recovery and survival. Table 4 summarizes data for plate-
lets, demonstrating Pl methods result in some loss of cell
viability. For Mirasol® and IBS platelets stored 5 days,
results are close to the proposed FDA limit of 67% of fresh
platelet recovery and 58% of fresh survival {47, 48). The
relationship between in vive viability and increased glyco-
Iytic flux observed in both Mirasol® and IBS platelets
remains unclear {49).

Clinical studies and pharmacovigilance

Plasma components

Most plasma trials assess coagulation factors increments in
patients rather than using clinical end-points. They largely
reflect factor content, although changes in factor survival,
compared with literature values, were reparted. Compara-
tive kinetics after control and tesl transfusion in the same
individuals have not been undertaken. Table 5 lists the'clin-
ical studies [S0-64] for plasma. IBS plasma has the most
extensive preclinical and clinical assessment programme,
The TTP study had a clinical end-point (remission within
30 days) and found no difference vs standard plasmé in the

life-saving plasma-exchange therapy, although under-powered -

to demonstrate noninferiority [54]. There are very few ran-
domized clinica) studies of SD or MB plasma. Table 5 sum-
marizes these, along with seme observational studies.
A recent review covers these and further observational stud-
ies [45] but in general no difference was seen from standard

: FEP insuch studies (often under-powered) other than:

{1} many European services prefer use of OctaPlas for TTP
treatment given its safety record (virus transmission,
TRALI) {65), validation for prion removal and competi-
tive pricing,

(2} Three smali nonvandomized studies have suggested MB
plasma is less effective in TTP [62-64), despite reten-
tion of ADAMTS-13 [66).

© 2012 The Author(s)
Vox Sangmnw © 2012 International Society of Blood Transfusion
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Component pathogen ihactivation 187

Table 3 Pathogen and Leutocyte tnactivation for 18S/Theraflex®/Mirasol® Platelets} [1, 16, 18, Js-:ls]

Viruses Bacteria Parssites
Enveloped Viruses 1BS THF  MIR Gram-negative 1BS THF MIR 1BS THF MIR
HIVe1 >61 ~ 45 Escherichie coli 64 >40 44  Plasmodium folciparum  >6 ~ T332
“ {cell'associated) . {malaria} -
HIV-1 (cell free) 62 14 &9 Serratia marsescens >67 >40 40 Trypanozomoa cruzi >53 ~ 60
. {Chagas' disease)
Clinical isolate HIV-1 >3-4 ~ ~  Klebsiella pneumonia >66 48 28 Leishmania mexicono >50 ~ o~
- {promastigote)
Clinical isolate HIV-2 - >2'5 ~ ~  Pseudomones 45 '>49 >46 Leishmonia mojor >43 ~ 50
acruginosa T © Jish (amastigote)
Latent proviral HIV-1 Al detectable® ~ 45 Solmonelio =62 ~ ~ Babesia microti >53 ~  >40
. cholerosuis (babesiosis}
Hepatitis B >5%5 ~  (23) Yersinia 569 ~ 33
: enterocolitica
Hepatitis C >45 '~ (32) Enterobacter cloocae 59 >43 >20
: " Orienti 550 ~ - >50
tsutsugamushi
{scrub typhus)
HTLV- 47 ~ ~
HILV-lI 51 ~ ~  Gram-positive Leucocyte .
Cytomegaiovirus >59 L~ ~  Staphylococcus >66 48 42 T-cell viability >54 ~ >80
(cell-associated) . epidermidis (timiting dilution)
Cytomegalovinus Al detectsble” {35)  {21) Staphylococcus 66 >48 40 DNA modification 1per83 ~ ~
{celi-free) oureus fonendduct
per x base pairs}
BVDV (HCV madel) >60 ~ 58  Streptococcus pyogenes >68 ~ 22 Polymerase - tnhibited ~  ~
chain réaction ’
Duck HBV »>62 ~ ~  listeria >63 ~ ~  Cytokine synthesis: ['4 ~ Vv
(HBV model} ~ monocytegenes No H-8 or IL-1p synthesis
West Nile Virus >80 %4 >%V Corynebacterium 563 ~ ~  Murine model TA-GVHD: - v/ ~ v
minutissimum Prevents disease
SARS-CoV >58 ~ ~ " Baciflus cereus 36 ~ o~
{inct spores) '
Chikungunya >64 ~ 21 Bacillus cereus >60 43 19
; . ivegetotive) \
Influenza A virus >59 ~ (>5) Bifidobacterium >62 ~ o~
HSN1Y adolescentis -
Proprionobocterium >62 45 >20
acnes
Non-enveloped Lactobocillys >Bd o~ o~
Viruses . . species
Blue tongue virus - 6:1-6:4 T~ ~  Llostridium >65 >47 ~ )
type il perfringens {vegetative)
Calicivirus 1724 ~ o~ '
Human adenoviris §  >57 ~ ~  Spirochacte bacteria R
Parvovirus B19 351055 (546) {>5) Trepenoma paltidunt {syphilis) >68 ~  ~
hepatitis A_ 0 ~ (1-8) Borrelia burgdorferi 268 ~ o~
(Lyme discase)

Numbers show log reduction of various pathogeris or leucocytes for 185, Theraflex® (THF) and Mirasol® (MIR) technologies. Where log réduction is shown as

“inactiveted to limit of

> X, rio detectable pathogen remained after m Similar data were abtained for plasma [22). Only illustrative data
for seiected pathogens are shawn; the cited referénces contain additional data. Data in parentheses show data for model pathogens analogous to those lis-
ted, for example animal parvovirus rather than human parvovirus B19; murine rather than human CMV. Some of the Mirasol® bacterial inactivation data
were provided by R Goodrich, TerumoBCT (personal communication} butis akse cited in reference 38. ~: o data available

© 2012 The Authors)
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Table 4 Recovery and Survival Data o Healthy Volunteers for Mirasol® and IBS-treated platelets after 5d storage

Mirasol (n = 24} [47]

1BS {n = 16) [48]

Test Reference As % of Ref Test Reference
Recovery (%) 500 + 189 665 4 134 _ 425 ¢ 87 803 £ 77 ' 85
Survival (df 43 & 101 59 ¢ ¥t

4831 13 60+ 12 80

1fitis assumed that fresh platelets have 65% recovery and a life span of 8 days then both technologies are close to the proposed FDA standard that stored
platelets should have a recovery of 67% of fresh and a survival of 58% of fresh in paired healthy volunteer studies

(3) A study of MB, SD and quarantine plasmas in liver
transplantation recipie'ms found higher hepatic artery
. thrombosis rates for SD plasma recipients, and higher
plasma use with MB (67, 68).
Recently, AFSSAPS, due to concerns over allergic reactions
to MB plasma, have replaced this product with IBS plasma
in France[46]. Higher rates of allergic reactions over
4 years, as well as two severe reactions to MB plasma,

-score did not. Increments for reference platelets in T-sol

additive or plasma did not diffes (82].

Slichter et al.[75] showed comparable bleeding time cor-
rection in 10 patients for reference and' IBS platelets.
1h-CCl differences (10 400 vs 13 600) were not significant.

Janetzko et al.[74} found no difference by longitudinal
regression analyses or 1h-CCl {11 600 vs 15 100} for IBS
and reference platelets. The corresponding study for. buffy

requiring hospitalization. due to specific i s
to MB, have been reported [69, 70]. .

Companies have reported over 19 million units of MB
and over 65 million units of OctaPlas® transfused without
major side-effects[3], despite the liver study cited earlier,
Data for IBS (>500 000 units} and -Mirasol® (>1000 units)
plasma were less extensive, but still encouraging. A formal
study of 7483 IBS plasmas reported similar adverse
reactions rates to conventional plasma [71].

Platelet components

Most clinical trials of PI platelets assume products will be
less effective and use a noninferiority randomized design
with primary end-paints of corrected count increment (CCl)
or haemostatic/bleeding score (Table 6) (3, 11, 72-80).
Absolute platelet count is a poor surrogate for bleeding ten-
" dency and count increment is dependent on patient size,
product dose and type, number of prior transfusions {(most
trials limit analysis to the first 8 transfusions, or assess sin-
gle transfusions), storage medium, storage time, etc. To
allow for this, longitudinal regression analysis, rather than
ratio data- {increments or CCls), has been recommended
[81]. Outcomes are affected by the type of reference prod-
uct, older platelets and thdse stored in earlier platelet addi-
tive solutions performing less well. The negative impact of
combining gamma-irradiation with Pl also merits atten-
tion.
Of the trials listed in Table 6, four did not use a noninfe-
riority design: |
The EUROSPRITE study [72]1 found ne difference in
1 h-CA in 103 patients for IBS vs reference buffy coat
platelets. While the 24h-CCl differed, linear regression
analysis of Cl at 1 or 24 h, and post-transfusion bleeding
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coat platelets yielded similar data (A, Stassinopoulos, Cerus,
personal communication, 2011).

Other studies in Table 6 used a noninferiority design,
with margins between 7:5% and -30% for the primary
end-point. )

In the 645 patient, SPRINT trial {73} primary end-points
of grade 2 bieeding (assuming 12:5% noninferiority mar-
gin) or grade 3 and 4 bleeding (7-5% noninferiority) con-
firmed noninferiority. Differences were found for 1h-CCl
(11 100 vs 16 000), transfusion interval (19 vs 2:4 days)
and number of platelet transfusions {8:4 vs 6:3), but not
adverse reactions [83] or transfusion interval adjusted for
dose [84]. Snyder ef al. [83) found no difference in WHO
grade 1, 2, 3 or 4 bleeding rates, although more patients in
the Pl arm had petechiae or faecal occuit blood. Kerkhoffs
noted significant differences in grade 2 or greater bleeding
in this study, by direct comparison {no non-inferiority
assumption} (85].

A pilot study {76] for 7 days stored platelets, found no
difference (15% noninferiority assumption] in 1h-CCl
between IBS and reference platelets (6587 vs 8935) or in
haemostatic score or adverse events. The larger TESS! study
[77] compared single transfusions of reference platelets in
T-Sol 'or SSP additive with 1BS platelets, after 6 or 7 days
storage. The primary end-point of 1h-CCl noninferiority
(30% margin) was met (8163 vs 9383, ratio 0-87) in the 201
patient study. 1h-Cl, RBC use, time to next transfusion and
bleeding score did not differ, whereas 24h-CCl {4589 vs
6549) and 24-CI (111 vs 152 x.10°/1) did.

The HOVON study {78} used a 20% noninferiority design
with a 1h-CCl primary end-point. It was not blinded, nor
powered to detect differences in bleeding. The study
included buffy coat platelets stored for up o 7 days in
plasma (reference), PASH! additive or PASHI with IBS

. © 2012 The Author{s)
Vox Sanguinis © 2012 International Society of Blood Transfusion
Var Sanguinis [2013)-104, 183-199
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Table 5 Clinical Trials of P plasmas

Study Design Clinical Setting Main Resutt
Amotosalen (5-59) .
Hambleton Crossover volunteer Factor VIl & PT Kinctics in No difference PTor FVII Kinetics
et ol. (S0} N = 27.5-59 vs §td FFP warfarinized volunteers
Hambieton " Crossaver volunteer Kinetics in warfarinized Na difference € or S kinetics
et ok {51] 17 protein Cand 16 protein S volunteers ’
de Alarcon Open label Pharmacokinetic Increment {& half-fife) Recovery, tolerance and cfficacy 0K
et ol [52) 107 Transfusions in 34 patients in31{22): Shorter half-life for fibrinogen, prothrombin
. with i Fibri 2{n and factor Xill'vs literature values

‘Mintz et o, [53]

Mintz et af. [54]

50 plasma®
Horowitz, Pehta [55]
& Pehta review (56)

Wittiamson, Lieweiyn,
Fisher et at [S7)
Wicding, Rathgeber,
Zenker, et ol. (58]
Beck, Mortelsmans,
Kretsehrier, et of. (59
Lerner, Nelson,
Sorcia, et of. {60)
McCarthy [63)

MB plasma®
Wieding, Rathgeber,
Zenker, ef ol [58)
de ta Rubia, Arriaga,
Uinares, ef of [62]
Alvarez-larren, Del
Rio, Ramirez; et al. [63]
del Rio-Garma,
Alvarez-Larran, Martinez
et ol [54)

deficiencies

“Randomized-Controlled Trial
n = 121.605-59 and 61 std FFP -

Randoniized Controlied Trial
17 5-59 & 18 std FFP

Observational 396 Tx,164
patients RCT in TTP. Plus
44 liver disease (57 Tx),

10 warfarin reversal & 6
chronic TIP patients

Randomized Controlled Trial

SO Vs FFP (1 = 49)

Randomized Controlled Trial

SD vs MB plasma (n = 71)

Randomized Controlled Trial

SO vs FFP (0 = 40)

Randomized Controtled Trial

225D vs 23 FFP

Qbservational 35 SD, 62 FFP,
48 cryosupernatant

Randomim:i Controlled Trial
SD vs MB plasma {n = 71)
Qbservationaf 13 FFPvs 7 MB

Retrospective

27-MB vs 29 FFP

Multicentric, observational,
prospective cohort study.

Compare MB (63) and quarantine

FFP (39)

-Prothrombin: 3 (3}

Factorv:  7(4

FactorVil: 3 (2}

FactorX:  t(1)

Factor Xl 11{6)

Factor XHi:  3(3)

Protein C: 3 (3)

Factor V4+VIIL: 0 (0]

Acquired coagulopathy
(Mainly liver disease; 75%
had cirrhosis) .

Thrombotic Thrombocytopenic
Purpura (TTP) .

47 hereditary deficiencies

(P8, PV, VIR, FX, FX), FXIN)
32 TTP (2750 vs 17 standard FFP)

Complex coagulopathy: .
liver disease or transplantation
Cardiopulmonary bypass surgery

Severe coagulopathy

Severe coagulopathy with

PT prolonged

Liid

Cardiopulmonary bypass surgery

Plasma exchange for TP

e

- TIP remission by day

8 of plasma exchange

Noninferiority for changes in PT (< 4-6 séc]
butnot £TT(>4-8 sec). No differences
in factor Vil.increment or component
use were seen cither

No clinical difference. (20% noninferiority
would require 38 patients per arm)

Prevents or arrests bleeding (87%)

TIP; no different from FFP

Effective in liver discase, warfarin reversat and
chronic TTP

No difference clinical efficacy or haemostatic
correction; 1 case B19 on standard FFP

No clinjcal difference, Poor protcein S and
antipiasmin risc after SDP

No difference c|ipiga| efficacy or

“haemostatic correction

No difference clinical efficacy or PY
correction {329 vs 26%)
90% response with SD vs' 20%-75% for othcrs

No clinical difference, Poor protein $
and antiplasmin rise after SDP
MB 5784 remissia vs 69% FFP

Greater recurrence and mortality with MB

M8 plasma was sssociated with a lower
likelihood of remission on day 8 [Odds
ratio 017).

MB patients required more exchanges {11 vs 5},
2 larger volume of plasma (485 vs 216
mi/kg) and presented more recrudescences
while on PE therapy (46% vs 210b)

“see also further smali, cbservational studies summarized in Tables § & 7 in recent review (45).

© 2012 The Authorfs)
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Table 6 Phase [l Platelet trials

Technology N {Test/Ref}
(reference Mean storage Primary Secondary Associated
Study preparation) Design days {Test/Ref}  end-point end-points studies
EUROSPRITE van Amotosalen pooled S6d or 8 Tx 52/51 CO& COaClat24 h
Rhenen et af. [72) BC plateiets observation (3-4.doys/ Ctatih Haemostasis and
{pooled BC platetets with 28d 35 days) bleeding score.
in T-sof or plasma} follow-up Adverse events
Intention Tx interval
ta treat RCT .
SPRINT McCulfough  Amotosalen 28-d treatment 318/327 Grade-2 Grade 3 &t 4 (83, 84)
et al[73) apheresis platelets . period (34 doys / bleeding bleeding.
(apheresis platelets or8 T 36 doys) CCland Clat)
- in plasmo, Noninftriorifv and 24h,
99-8% gammo RCT (12:5% or Adverse events
irrodinted 7-5% assumption) Tx inzervat
for test ond
reference)
Unpublished Amotosalen 8C 28dorB1x 20 Logistic regression  CCt
integrated sets ' of dose vs
’ increment
Janctzko et al. {74]  Amotosalen 28d or81x 2/ Logistic regression . CQ1
apheresis integrated (31 days/ of dose vs
sets (gomma 32 days) increment
irradiated opheresis
platelets in plosmo) .
Slichter et ol {75] Amotosalen Impact single 32 patients but Bleeding time Clang
aphercsis integrated transfusion only 10 CClatlh
sets (opheresis on bleeding time completed Tx interval
platelets inplosme) Crossover design crossover
. {2-8doys/
.32 days} .
Simonsen et al.{76]  Amotosalen 8C RCL singte Tx with ne ctin Raemostatic
7 days storage noninferiority of (7 doys / scere
increments {pooled 15% design 7 doys) Adverse events
BC platelets Tx interval
in T-sol, 65%
gamma irradiated)
TESSH Amotosalen b &7 RCE; < 30% 1007301 © CCh1h T h
Lozano et ol [77] days platelets noninferiority (6:8d/68c) - CClond Cl'at 24 h
(IBS) (86% pooled - Single transfusion Iinterval to next Tx v
8C, 14% Haemostatic score
_opheresis platelets Red cells Transfused
in 7-Sol or Acute transfusion
5P+ additive, reactions
749 gommo
irradiated vs
149 for test) . .
HOVON Amotosalen 1-7 42d or 5Tx study 97/94/85 CClth Bleeding score 18S arm
Kerkhoffs ¢ of. {78] *  days pooled BC RCT, 20% (4 doys / Cin curtailed early
{plasma vs PAS noninferiority 3-8 days / Cl and CCl 24h
vs 185} {pooted 4 doys Txinterval
BC platclets in Red cell and
plasma or T-sof) plazelet usage
Adverse Events
@ 2012 The Author(s)

Vox Sanguinis @ 2012 Intern:

ational Society of Blood Transfusion
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Table 6 (Continued)

Technology N (Test/Ref) .
’ (reference Mean storage  Primary Secondary Associated -
Study . preparstion) Design days (Test/Ref) end-point _ end-points studies?
MIRACLE [79] Riboflavin treated RCT.20% - 58/54 CCl-1nh CCl-24n
: apheresis platelets noninferiority (28 days/ Tx interval
stored 1-5 26 days Red cell and
days (opheresis platelets usage
platelets in plasmo) Refractoriness -
infection rate
WHO bleeding
score
oo - . Adverse Events
PREPARES (3, 11, 80] Bleeding study of PLANNED 618 . Grade 2 or greater Ct and €Cl at
tibafiavin BCplatelets 42 d observation or 8 Tx ) bieeding {CTCAE Tand 24 h,
stored implasma in Non-inferiority (< 15%) grade 2 bleeding Adverse events
. Netherfands stored complications.) Red cells and
1~7 days (ophéresis - : platelet usage
platelets in plasma} Trinterval;
. Rate of HLA
alloimmunization;
IPTAS study THE TAUAN  Multicenter, QNGOING 420 ‘Grade 2 or greater cc
PLATELET TECHNOLOGY  nonrandomized, bieeding platelet and
ASSESSMENT STUDY prospective " Prevention of RBC transfusions
(3. v, 80} controlied stv‘dv aloimmunization transtusion
involving 2 centres interval
using Mirasol and allo-antibody:
2 using IBS formation from
. Luminex assay .
Pathogen Comparison of 2-3 ONGOING 40 Thromboelastogram .~ Adverse events
Reduction - Extended days and then measurements and  bleeding
Starage Study (PRESS), 7 days stored correlation with CC\ [uv]
Denmark {3, 11, 80] reference and .
. ’ Mirdsot platelets

BC, buffy coat.

treatment. The 1BS arm was curtailed early due to excess
bleeding, including WHO grade 1 bleeds, often regarded as
clinically insignificant. Low rates of grade 2 bleeding (6-
7% vs ~60%) [84] compared with most trials {73, 77, 85-87)
were observed. Differences were noted {intention to treat
analysis) for 1h-CCI (17 100vs 15 300, vs 11 400}, the IBS
data being 31% lower. However, confidence limits were
within the prespecified 20% noninferiority margin. _

The only Mirasol® trial (Miracle) [79) compared 1h-CCl
in 110 patients given reference or treated platelets stared
upto 5 days {20% rioninferiority'limit). The study failed the
noninferiority end-point (mean 1h-CCi reduced by 24%
from 16 939 to 11 725) and, although it was a small study,
bleeding scores {any WHO bieed grade from 1 to 4) were
different: 59% of Mirasol product recipients bied vs 43%
for reference. Neither this, nor RBC or platelet usage, were

© 2012 The Author(s)
Yox Sanguinis © 2012 International Society of Biood Transfusion
Vor Sanguinis (2013) 104, 183-199

significantly different for the two arms. Further studies of
Miraso) platelets-are planned in the Netherlands, Italy and
Denmark (3, 114, 80].

_ About 600 000, IBS platelets have been transfused vs
10 000 Mirasol® units {3, 11). Safety surveillance reports
for IBS product include use in Belgium, France, Spain, Nor-
way and Italy [88-90]. Comparison of component usage,
including RBC transfusions, during introduction of IBS
platelets into routine use has revealed no significant change
in either Belgium or France {31, 92]. Reports from Germany
and Switzerland are also encouraging [93, 94]. French
annual haemovigilance reports include adverse events
{mainly allergic} for plasma .and platélets. These are lower
for IBS platelets stored in additive solution than for platelets
in plasma {10-15 per 100 000}, while MB plasma (~7 per
100 000) rates were higher than IBS or SD plasmas [95).
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The observations of reduced CI for P1 platelets with little
impact on h asis [73) are consi: with the PLADO
trial which reported no difference in haemostasis between
high, medium and low dose groups of platelet recipients
{87}, In contrast, a meta-analysis of Pl platelet trials {96]
reported reduced increments and haemostatic efficacy. The

increment data is consistent with most individual trials

{97), current study designs suggesting a 20% reduction in
increment is acceptable. The increased bleeding tendency
reported [96] has not been observed in 1BS trials with this
primary end-point {the major.one, SPRINT, having a nonin-
feriority design} or in a subsequent meta-analysis [98). That
point is partially conceded in a later report by the same
author, no excess blceding being found for 1BS products
{99). Inclusion of grade 1 bleeds, possibly predictive of
- more severe bleeding, and period of observation are poten-
tial confounders [98, 100]. The absence of change in plate-
let, RBC or plasma use in services adopting PI, suggests no
gross changes in haemostatic efficacy [91, 92].

Qutcomes from recent meetings on pathogen
inactivation and its implementation

The 2007 Canadian PI consensus conference concluded Pl
was worth pursuing, particularly to safeguard . against
-emerging infections [101]. The IBS system allowed mainte-
nance of platelet supply in Réunion during a Chikungunya
virus outbreak {102). A 2010 meeting in Strasbourg of P}
companies, blood services and regulatory agencies [3)
emphasized the increasing adoption: of P} in Europe.
Sixteen countriés have either partially or completely
adopted plasma PI; 13 platelet PI. MB and SD plasmas are
the only Pl components licensed in Canada, with evalua-
‘tions ongoing in Japan. The UK SABTO committee recom-
me'mjléd that Pl platelets not be introduced in 2010 {103).
The AABB published a 2010 monograph on available tech-
nologies and implementation experience [104].

~Regulatory aspects -

Despite sales exceeding 1 000 000 IBS kits, no component
Pl technologies are licensed by the FDA. There is-a

Table 7 Solvent Detergent Plasma Cost-Effectiveness studies

continuing discussion about the design of pivotal platelet
PI trials with the FDA. A number of Pl technologies are CE
marked (marketing authorization} in Europe, where Octa-~
Plas® is licensed as a pharmaceutical. PY companies tended
to gain CE marking using the medical devices directive
class I1b route but there is now a strong trend towards class
I registration, which requires regulatory review of pre.
clinical and clinical data (Table 1).

Individual European countries require marketing autho-
rization at national (France, Switzerland) or regional (Ger-
many) level. Approval by insurance (Belgium) or
government funders {UK) may also be required.

Methods, including ch phic assay of
len photodegradation preducts [105], use of UV sensitive
labels [106] and PCR inhibition assays [107], have been

blished to confirm completion of processing on individ-
ual units.

Cost-effectiveness

Table 7 summarizes published data on the cost-effective-
ness of SD plasma, These do not take account of reducing
bacterial or emerging infections. They. do illustrate the sig-
nificant impact of reduced TRAL! risk {due to dilution of
causative antibodies in the large plasma pools used [45}) on
cost-effectiveness for this product [111], although male.

“only plasma provides an alternative. The TRALI benefit

would not apply to.single donor products and it not ye(
clear if it does for minipools (6-10 donatiéns), as used in
the IBS-treated, plasma minipool pxoduct PLASMIX
[l 12, 113].

Cerus developed costing models, including bacterial
and emerging infection risks, and applied these in.Japan,
Belgium, Netherlands and USA (114-117]. independent
assessments have also been published. Custer ez al. [118]
considered whole blood, as well as plasma and platelet,
Pl approaches and assessed infections, TA-GVH,. febrile
reactions and transfusion induced immune _modula.tion',
concluding the cost per Quality Adjusted Life Year
remained above $1 million for most patient groups, well
above usually accepted limits. However, at the 2011
AABB conference, he included emerging infections

v
Study Mean Cost per QALY (US$) (Range) Comment
Aubuchon & Birkmeyer {108} $289 300 (All > $55 300 1 unit prolongs life 35 min
Jackson et ol [109} $9 743 000 (All>$2 800 000}
Pereira [110] $2 156 398 ($710 000-$7 600 000) 1 unit prolongs life 71 min
inciudes TRAU avoidance

Reidler et of. [131) $90 000 (approx £50 000:) (£12 335-E99 005}

(1 in 3500 with 10% mortality}
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- modelled on HIV or West Nile virus, concluding: ‘Parko-
gén Reduction Technology would be s bargain™. For an
acute agent the cost-cffectiveness. would be very favourable
within the blood safety context. Meanwhile, for a chronic
agent of similar prevalence there would be substantial cost
“savings based on avoided health-care (and litigation)
costs'{119).

Future directions

Development of‘RB‘C Pl

Photoinactivation methods for opticatly dense RBC requires
high doses of UV light, dilution or use of thin layers of
product. Cerus have developed an alternative purely chemi-
cal approach. Their $-303 compound (Fig. 2} is a FRangible
Anchor-Linker-Effector(FRALE) compound [120] designed
to react quickly at neutral pH after.binding NA but also to
decompase, through hydrolysis of a strategic Linker bond.
This separates the NA-reactive part from the NA-binding
group and generates a compaund with reduced affinity for
NA. Initial clinical experience demonstrated efficacy in
patients undergoing cardiovascular surgery, but antibodies
to treated RBC formed in two multitransfused patients,
without clinical consequence. The process has now been
revised, using the same compounds but increased levels of
protectant glutathione (going from 2 to 20 mM) to mini-
mize side reactions and is restarting efficacy Phase [l
patient trials {121}, Preclinical toxicalogy (Table 2) {32] is
acceptable and inactivation of pathogens is reported as
similar to those shown in Table 3 [122).

o s~
/\/ \/\ to\e

TerumoBCT's Mirasol® technology is being developed
for the treatment of whole blood through adjustment of the
dose from. 6 J/mlpasmua for platelets and plasma to
80 J/mLggc for whole blood {123-125).

Table 8 summarizes P, RBC studies in man [126~130].
The 2003 finding of antibodies to treated RBC in
multitransfused patients curtailed all clinical studies on Pf
RBC at.that time. The Cerus revised, second-generation
$-303 process demaonstrated equivalent 24-h recovery to
conventional RBC after 35 days of storage, in vitro charac-
teristics meeting EU and US RBC standards and will-be used
in Phase 3 patient efficacy studies [127].

Recovery and survival studies of RBC from whale blood
{W3B) processed using Mirasol® technology found signifi-
cant loss of viability associated with UV doses required to
achieve PI (128). For existing RBC PI processes, which have
yet to be finalized or licensed, shelf life may be reduced to
35 days (S-303) or possibly even <28 days (extrapolated .
from Mirasol® data: Table 8) (126-128].

Studies on plasma and platelets from treated WB have
yet to be reported. ’

Use of such an approach in ‘forward military settings
may be less restricted, with continued military interest in
this field {R Goodrich, TerumoBCT BCT, personal communi-
cation). The US Department of Defence has also funded WB
Pl studies'with S-303 since 2002 {122].

Other directions

The 2009 National Heart, Lung anq Blood Institute
workshop on research opportunities in blood component

cl
0,

%@mcﬁn

[(<n ) o

Amotosalen (s-59) S-303 « 2HCI - $-300 * HCI

HiCo /(I n'rws
CHy

o CH,

Methylene Blue

Fig. 2 Structures of $-303 and its
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Table 8 Red Cel Studies

Study type Study design Patients Reference

24-h Recovery (version Two period, cross over study 42 fios
15-303} et ol [126)

24-h Recovery (version Single arm, with some subjects having 28 '

15-303) prior exposure to S-303 treated RBCs

Phase 1 safety and Single-arm safety evaluation of full 10
tolerability fversion unit transfusions
15-303) .

Recovery and Life span Two period crossover study design 22 Test B2% vs 85% 24 h recovery

" {version 1 5-303) at 35 days (half-Jife 33 days
o for test and 40 days reference)

Phase 3 Acute anaemia Efficacy and safety of allogeneic 200 but stopped a1 148 . Benjamin

(version 1 5-303) transfusions. Noninferiority-design. {74 + 74] Primary et ol 1129}
. end-point met :

Phase 3 Chronic Efficacy and safety of allogeneic 50 but stopped at 26 . Conlan
anaemia transfusions. Two period crossover . ’ et . [130]
{version 15-303)_ study, Noninferiority design.

Recovery and Two period crossover study 27 88% vs 30% 24 h recovery at. Cancelas
Life Span [version : 35 days (half-life 37 days et of. [127]
2,5-303) for test and reference)

Recovery and Life Recovery and Life span. Dose ranging ] 50-73% 24 h recovery at 42 Cancclas
span whale days {half-life 10-35 days) - etol[128)
blood treated :
with Riboflavin
auv?

"Results reported for 4 volunteers each at 22 and 33 J/ml s, and 3 at 44 J/mi g

Latest reports for whole blood cite using 2 dose of 80 J/ml pge [123-125]

Pl identified two fundamental questions, among others -
(131}

First, could PI be applied to whole blood, making it more
affordable and edsier to implement? Based on preliminary
data {126-128), this remains challenging and may be lim-
ited to whole blood use in military applications with mini-
mal storage {see section Development of RBC PI).

Second, can PI.render components “virtually leucode-

“pleted’, with savings and jmprovements from Hlters facili-

tating Pl introduction? Data from the TRAP trial, which
found equivalent reductions in alloimmunization for leu-
codepleted and UVB-treated platelets, are promlsmg [132]).
Encouraging data from Belgi show alloi ion
with [BS platelets was reduced, despite use of nan-PI leuco-
filtered RBC [133].

Since 1990, significant progress has been made in PI
techholog'y. {n routine use, the anticipated benefits of PJ
become tangible, offering hope for an even safer blood sup-
ply. For example, French haemovigilance reports found no
cases of sepsis associated with use of IBS platelets
(07104 118 between 2006 and 2011, whereas 33, including
5 deaths, were observed in conventional platelets recipients

37

(3371 466 478), corresponding to O and 22'5 cases per
million [95]. .

Where IBS plasma and piatelet PI has been adopted, there
has been little change in component usage, and the Pl pro-
cess has secured microbiological safety from viruses and
bacteria. Concerns about adverse toxicological and immu-
nological effects seem unfounded. Elsewhere cost of PI
remains. a. concern, but P inactivation of leucocytes can
substitute for gamma-irradiation and leucodepletion,

Together with the security against emerging pathogens,

these considerations increasingly make Pl technologles
good value, .
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Relationship between Bacterial Load, Species
* Virulence, and Transfusion Reaction with Transfusion
of Bacterially Contaminated Platelets

Michae! B. Jacabs,'* Caryn E. Good,' Hillard M, Lazarus,* and Roslya A, Yomtovian'®

Departments of *Pathology and *Medicine, Case Westam Reserve Umversuy Schoo! of Medicine and Univarsity Huspnals Case Medical Center,
and Lovis Stokes Vetetans Administration Medical Center Quality Scholar Program, Cleveland, Ohio

Backgraund Bacterial contamination is currcntly the major infectious hazard of platelet transfusion, but
associations between bactcnal species and quantity and transfusion reactions have not been characterized,

Methods. 'Patients iving platelets’ from July 199) through December 2006 were observed using active
surveillance by quanutahve culture of platelets at the time of issue or passive surveillance by investigation of
clinical reactions in patients and culture of implicated units. Patient reactions were classified by type and severity
and were torrelated with bacterial species and number. Endotoxin content of gram-negative contaminants was
determined by limulus lysate assay.

Results. Fifty-two bacterially contaminated platelet units were detected (50 by active and 2 by passive sur-
veillince). Rates of bacterial contamination and septic transfusion reactions were 32,0-fold and 10.6-fold higher,
respectively, as detérmined by active versus passive surveillance (P<.001). Including 2 index cases, bacterial

i included g gative bacilli in 4 units (3 of which were associated with fatal reactions), staph-
ylococci in 44 umts. streptococcn in 4 units, and Bacillus cereus in 2 units. Endotoxin content of the 4 units that
were inated with gr. gative bacilli rangcd from 11,373 to 173,130 endotoxin units. Reaction severity
was greater for units with bacterial counts of >10* colony-forming units/mL and higher bacterial virulence. A
detection method with-a 10’ colony-forming units/mL threshold would detect >90% of contaminarits.

Conclusions. Active surveillance detected 32-fold moare bacterially contaminated platelet units and 10.6-fold
‘more septic reactions than did passwe surveillance, and virulent species and bacterial counts of =10° colony-
forming units/mL were iated with mor e reactions. Improved detection methods or use of
pathogen inactivation technology are needed to eliminat: this problem.

Administration of platelcts is an important supportive
in the tof logy-

}

mﬂ-\n
N .

to h

maining infectipus hazard, with 60 deaths reported to
the US Food and Drug Administration from 1995

oncology unit and is
- during surgical procedures ‘associated with extensive
blood loss. ‘Alth_ough the risk of viral infection has
greatly decreased in recent years.'baderial contamina-
tion of plate)et products is currently the major re-
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hrough 2004 (1). Although low numbers of bacteria
may initially contaminate platelet products, storage at
22°C for 5-7 days. allows growth, with high bacterial
loads presesit at the time of transfusion [2). Although
platelets are best used as soon as possible after collec-
tion, recruitment of donors and necessary delays as-

sociated with testing for the presence of infectious-

agents, as well as delays in distribution and use, result
in many platelet products being used when they are 4
or 5 days old. Few data are available on the bacterial
loads present in transfused, contaminated units and the
severity and outcome of any resulting septic reactions.
However, understanding these relationships is vital to
the developmerit of detection methods.

To address these issues, we have performed extensive
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monitoring for bacterial contamination of platelet products at
our institution for >15 years, using both active and passiv'e
surveillance, with quantitation of bacterial loads in contami-
nated units at time of use and association with reactions in
patients [3]. This has allowed us to correlate reactions with

of transfusion reactions a5 soon as positive culture results were
obtained.

End,

assay. Gral gative platelet ¢

found during the study were recovered from frozen storage and -

grown on agar plates overnight. Organisms were suspended in

bacterial species and bacterial loads present in cc inated d
units. These data are unique and provide a basis for recom-
mendations for improving surveillance and pr ing trans-  End

free water at 10°-10" cfu/mL, and endotoxin content
was determined by the limulus lysate assay method using the

fusion of contaminated units,

PATIENTS, METHODS, AND MATERIALS -

Patient popilation. Patients receiving whole blood-derived,
random-donor platelet (RDP) units, usually in pools of 5 units,
and single-donor apheresis platelet (SDP) units from July 1991
through December 2006 at University Hospitals Case Medical
Center (Cleveland, Ohio), a 900-bed academic tertiary-care
center, comprised the study population. Most platelet units
were obtained fr_om local transfusion services, with some col-
lected in-house, and were given primarily to adult patients in
the hematology-oncology unit, especially patients undergoing
bone marrow lantation and p ts with acute |
who were undergoing chemotherapy. .

Surveillance for bacterial of platelet units

fe-PTS system (Charles River Laboratories). Endotoxin
levels, expressed in endotoxin units (EU), were determined,

and the endotoxin content.of the original contaminated platelet -

units was calculated on the basis of organism loads and the
volume of platelets transfused. .

Data sources. . After approval from the University Hospitals
Case Medical Center Institutional Review Board, data were ex-
tracted from available sources, including surveillance records,
clinical charts, blood bank investigation logs, and laboratory
records. Patients exposed 1o bacterially contaminated platelets
were classified by type and severity of transfusion reaction, A
classification and grading méthod for describing the occurrence
and severity of septic transfusion reactions was developed by
combining the definitions used in the Common Terminology
Criteria for Adverse Events from the National Institutes of
Health (5] and in the updated classification scheme for acute

Passive surveillance was performed by investigation of reported
clinical reactions in patiénts who received platelet transfusions,
including patient evaluation, and Gram stain and aerobic and
anaerobic culture of the remains of implicated platelet units
from March 2000.through February 2004. .

After 2 cases of bactetial contamination of platelets were

detected by passive surveillance in June and July 1991 (index

cases) 4], active surveillance was instituted, as described else-
where [3]. Surveillance included testing all units for 20 months
(July 1991 through February 1993), only 4-day-old or 5-day-
old units for 84 months (March 1993-February 2000), and all
units from March 2004 through December 2006. Active sur-
veillance was performed by collecting 1-2-mL aliquots of SDP
units and RDP pools for culture at the time of issue [3). Gram
stain was also performed from August 1991 through January

"1999. Culture was performed by plating 0.1 mL onto blood

agar plates, which were incubated for 48 h in 5% CO, at 35°C;
isolates recovered were preserved at —70°C, All cultures with
positive results were verified by isolation of the same organism
by a second culture from the same source and, for RDP pools,
from | of the source units. Quantitative cultures' were per-
formed if the initial cultures had positive results by plating 0.1
mL of serial 10-fold dilutions of platelet specimens, which had
been kept at 4°C to prevent further bacterial multiplication [3].
Culture results were recorded as colony-forming units (cfu) per
mlL of platelet specimens. Patients were evaluated for evidence

tr of ders et al, [6], particularly as re-
lating to septic reactions, with modifications appropriate to the
patient population. Reactions were graded on 3 5-point scale,
as shown in table 1. )

Data analysis. Reaction'grades were analyzed against bac-
terial counts in transfused products, bacterial species, the pa-
tient’s underlying condition (particularly neutropenia), and
whether the patient was receiving antibjotics active against the
contaminating species at the time of exposure. Data were ini-
tially analyzed using scatter plots of bacterial counts against
reaction type to determine the presence of any trends. Bacterial
contamination at various detection sensitivities was plotted as
an accuracy plot, Data were examined for all exposed patients,
using reaction type as a dichotomous variable (no reaction vs.
any reaction and severe vs. nonsevere reactions) against poten-
tially contributory clinical conditions, including the presence
or.absence of neutropenia, use of effective antibiotics at the
time of the transfusion, virulence of the organism, and sensi-
tivity thresholds for detection of bacterial contamination at
various levels. Staphylococcus aureus, Bacillus cereus, Pseudo-
monas aeruginosa, Serratia mdrcescens, and Streptococcus bovis
were regarded as more virulent species, wheteas other staph-
ylococci and viridans group streptococci were regarded as less
virulent species (7). Differences were calculated a5 ORs with
95% Cls; P values were calculated by Pearson's x? test, with

Bonferroni correction for multiple comparisons of the same

data set.
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Table 1. Grading system for septic transfusion reactions.

Grade  Reaction type

45 TR : redstion. ) o ipairen { ) :
'8 Fatal A severe reaction with death partly or fully attributable to the contaminated platelet transfusion
REsULTS pared with 42 units detected by active surveillance (408 con-

Surveillance was instituted in July 1991 following the occur-

“rence of 2 index cases in June 1991 {4}, During the 15.5-year

study period (July 1991 through December 2006), 238,983
platelet units were used, of ‘which 56,883 were SDP units and
182,100 were RDP units issued in 36,420 pools. Fifty-two bac-
terially contaminated platelet units were detected during the
surveillance period; 50 were detected by active surveillance, and
2 were detected by passive surveillance. Co_ritaminatio_n rates
were similar for SDP and RDP units, with rates for RDP pools
being 5-fold higher than rates for-SDP units, because RDP units
were usually administered in pools of 5 units. Data were, there-
fore, analyzed for combined SDP and RDP units. The rate of
detection of bacterial contamination was 32-fold higher by ac-
tive survéillance than by passive surveillance (485 vs. 15 con-
taminated units per million units; OR, 32.0; 95% Cl, 8.0-135.7;

" P<.001) (table 7).

Transfusion of contaminated units, The 2'index case units
and' 44 of the 52 contaminated units identified during sur-
veillance were transfused. The 8 d units that were
not fused were all ted with Staphylococcus epi-

" dermidis and included 2 units for which transfusions were can-

celled and 6 units that were interdicted because of positive

“Gram stain results during the 7.5-year period in which Gram

stains were performed. Eighteen contaminated units were trans-
fused during this 7.5-year period, including 17 units for which
Gram stain results were negative (14 nits inated with,
S. epidermidis, 1 unit contaminated with S, aureus, 1 unit con-
d with S. , and 1 unit d with a

viridans group streptococcus), and 1 unit for which Gram stain-
ing was not performied {this unit was contaminated with P.
aeruginosa), R
Detection of inated transfusions by active and pas-
sive surveillaice during the surveillance period, Of the 44
c inated units fused during the surveillance period,
only 2 were detected by passive surveillance (a rate of 15 con-
taminated ‘units detected per million units transfused), com-

taminated units per million units transfused; OR, 27.7; 95%
Cl, 6:7-114.6; P<.001) (table 2), The raté of septic transfusion
reactions from these 44 transfusions was 10.6-fold higher as
determined by active surveillance, compared with passive sur-
veillance (155 vs. 15 cases per million transfusions; 95% CI,
2.4-45.9 cases per million teansfusions; P<.001), and the rate
of septic reactions with bacteremia was 6.6-fold higher, but this
difference did not reach s'tatfs;ical significance (49 vs. 7 cases
per million transfusions; 95% Cl, 0.77-56.5 cases per million
transfusions; P = .047). Howevet, the fatality rate did not differ
between the 2 surveillance arms (10 vs, 7 deaths per million
transfusions; 95% CI, 0.08—21.1 deaths per million transfusions;
P'=.84). :

Bacterial species, loads, and transfusion reactions. Nine
bacterial species were isolated from the 54 minated units
(including the 52 units that were detected during surveillance
and the units from the 2 index cases); 38 units were contam-
inated with S. epidermidis, 4 with S. aureiis (including 1 unit
that was contaminated with a methicillin-resistant strain), 2
with B, cereus, 2 with P. aeruginosa, 2 with S. bovis. 2 with
Staphylococeus lugdinensis, 2 with S. marcescens, and 2 with
viridans group streptococci (including 1 unit that was also con-

ted with Staphyl warneri). Eigbt units or posls
that were contaminated with S. epidermidis were not transfused,

. as noted above. Of the remaining 46 contaminated units or

pools that were transfused; 20 were associated with transfusion
reactions in recipients (figure 1)..

Fatal reactions.occurred in 3 of the 4 cases of contamination

with gram-negative bacilli (. neruginosa in 2 cases and S. mar-
cescens in 1 case); bacterial counts of platelets were >10° cfu/
mL in these cases. Endotoxin levels, determined for organisms
recovered from frozen storage, were 5.1 and 5.2 EU per million
organisms for the 2 P. aeruginosa isolates and 2.5 EU per million
organisms for the S, marcescens isolate, and the total endotoxin
content in the units transfused, calculated from original bac-
terial levels in contaminated units and volumes transfused, were

1216 + CID 2008:46 (15 April) * Jacobset al.
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Figure 1. Relationship of b ial species and bacterial load 1o and sevemy of transfusion reactions in 45 cases, 1991-2006 There

are 48 data points shown, because 1 unit had 2 contaminants; quantitation was not parformed for 1icase of Staphyi

with no transfusion reaction.

182,700 EU, 11,373 EU, and 34,646 EU, respectively. In the
fourth case of ¢ ion with gra gative bacilli, which
was due 10 S. marcescens detected at a level of 5 X 10* ¢fu/mlL,
no clinically detectable reaction other than transient leukocy-
. tosis eccurred in a 2-week-old, premature neonate with con-
genital neutropenia and thrombocytopenia; endotoxin content
of the organism was 4.3 EU per million organisms, and the
total endotoxin content transfused was 173,100 EU,
Reaction severity was dssociated with bacterial load and vir-
ulence, with all severe reactions (grade 3 and higher) associated
with loads of =10* cfu/mL and/or more-virulent bacterial spe-

-cies (P aeruginosa, S. marcescens, S. aureus, B. cereus, and §.

bovis) (figure 1). The mean bacterial load was higher in patients
with transfusion reactions than it was iri thos¢ without trans-
fusion reactions (3X10¢ cfu/imL vs. 24 X 10* cfwmL; P<
.002) and was hlgher in patients with severe reactions than it
was in those with mild or moderate reactions 92X 10 cful
mL vs, 3 X 10° cfu/mL; P< .008). Reaction rates for more vir-
ulent versus less virulent bacterial species were 3.5-fold higher
(95% CI, 1.9-6.2-fold higher) in those with any reaction than
in those with no reaction (91.7% vs. 26.5%; P = .001) and 8.5
fold higher (95% CI, 2.0-36.6-fold higher) for severe reactions

8
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Figure 2. Plot of accuracy of detection of &

of platelets based on detection limits of detection methods required to detect

46 bacterial tontaminants in 45 cases for all cases and based on the presence and severity of transfusion reactions.
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Tahle 2. Contamination of single-donor platelet {SDP) and random-donor platelet (RDP) units, by surveillance melhnd July 1991-

December 2006.
No. ot cases (no. of cases par milion units)

Ditlarence benween rates
for a8 nits by active vs,

Active surveilance Passive surveilance passive surveillance

SDP uaits RDPunits Al units SOP units ROP units Al urits

Variable {n=24308) in=708830 0w 102008 (0 =3257 in= 103.411) o= 135985  OR (95% CI P
Baciailally Goniaminaiag un i R TG R 3 e <001
131 100 <00
I a0l <001
ren oo 047
X L840 thg &
NOTE. A tmal of 56 883 SDP umls and 182,100 RDP umls in 36 418 pools ware during the surveill period. P 101, by Pearson’s x* test

with , Was 10 be i . .

than for mild or maderate reactions (50% vs. 5.9%; P = (4.5%) of 44 bacterially i d units transfused and 2

002) (table 3). These reaction rates were also significantly
higher when bacterial load was 210* cfu/mL than when it was
<10° cfu/mL (4-fold and >34-fold higher, respectively) but did
not differ significantly on the basis of the presence of neutro-
penia or the absence of antibiotics effective against contimi-
nants (table 3). Age of platelet units also showed no difference,
but this analysis was limited by the age of the platelet.units
being exthcr 4or5 days in mdst cases.

D itivity. .“The sensifivity of methods required
to detect bacterial tion of piatelet products on the
basis of counts of the 46 bacterial species present in 45 trans-

* fused, contaminated units ot pools is shown in figure 2 (quan-

titation was not performed for the remaining case). Whereas
a sensitive detection method (with a cutoff value of 10° cfu/
mL) would be needed to detect >95% of all contaminants and
>90% of < i lting in i i less
sensitive methods (with a cutoﬂ" value of 10* cfu/mL) would
have detected all severe, life-threatening, and fatal reactions.

DISCUSSION

Our study documented that a 32-fold higher rate of bacterially
contaminated platelet units, a 27.7-fold higher rate of bacterially -
contaminated platelet units transfused, and a 10.6-fold higher
rate of septic transfusion reactions were detected by active sur-
veillance, comparéd with passive surveillance {table 2). Only 2

forel

Table 3. Differences i in lhs prevalence and severity of

{12.5%) of 16 septic reactions were detected by passive sur-
veillance, and we conclude that the real prevalence of these
occurrences is greatly underreported in studies relying on pas-
sive surveillance. The fatality rate; however, did not differ be-
tween the surveillance methods, suggesfing that thiese were ap-
propriately recognized. (albeit, our study was limited by a
relatively small sample size). In addition, our surveillance
showed that septic reactions, as defined in our study, occurred
in18 (41’%) of 44 patients with contamifiated transfusions and
that 2 (11.1%) of 18 septic reactions were fatal.

Based on 2004 data, nearly 3 million platelet units were
transfused in the United States in the form of 1.4 million SDP
units and 1.5 million RDP units, the latter administered in an
estimated 0.26-0.38 million pools of 4-6 units [8). Contami-

nation rates are similar for SDP and RDP units, but. the con- -

rate per transfusion, as expected, is 4~6-fold higher
for RDP pool transfusions {9). The fatality rate associated with
bacterial contamination of platelets is estimated, based on re-
cent data obtained by passive surveillance, to be ~2 deathis per
million units transfused (~6 deaths per year in the United
States), and the rate of septic transfusion reactions is estimated
to be 10-13 cases per million units transfused (3040 cases per
year in the United States) {1, 10, 11). Our data generated by
passive surveillance reflect similar findings, with detection rates
of 15 cases of septic transfusion reaction and 7 fatalities from

counts of fusi with antimicrobial agents active against the bacterial

platelet unit age, and bac(enal load.

based on virul of the b ial species, leukocy
i at the time of

Virulence .
. More-virulent  Less-virulent OR
Virulenca species species 195% CI)

Neu‘o‘rpani- Receipt ol antibiotics
: OR
. Yes No 195% C)} P No Yes

Any trensfusion resstion - 1112 91.7)° /34 (36

S BBINE-62. 2007 1023 M3.6) 10/23.143:8) 10 (0.5-1.8) 23 6/8 (75100 14/38 (36.8)
. Severe uanstusion reaction  §/12 50.0)  2/34 (5.9  B.5 {2.0-36.6)

62326 3/23 I13 0 2.04{06-7.00 .16 /BI0)  8/38i21.1)

NOTE. Dataare (%) of fusi ipi unless

i5e indicated. P< 01. by Pearson’s x* test with i ion, was

10 be statisti i i igniti is indicated by boldface type. cfu, colony-forming units; NA, not applicable.
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bacterially contaminated platelet transfusions per million trans-
fused units. However, our data generated by active surveillance
suggest that as many as 900-1200 contaminated units could be
transfused annually in the United States, resulting in 300-400
septic reactions and 620 deaths per year. These projections
based on our data could also be underestimates, because the
active surveillance culture method used had some limitations,
including an analytical sensitivity of 10 cfu/mL, which would
not have detected lower levels of contamination; using only
aerobic incubation, which would have missed obligate anaer-
obes; and not culturing platelets that were <4 days old for 84
‘months.

pected to produce severe reactions. No reaction occurred in
the case of contamination with S, marcescens in a neonate with
congenital neutropenia who received the largest amount of en-
dotoxin (173,130 EU), and deficiency in or d iti of
phagocytic effector cells or defects in the IFN-y~IL-12 axis may
explain the lack of response and survival of this patient {15).

Our data also provide unique information on the relation-

ships between bacterial levels and transfusion reactions. The
bacterial load that differentiated between the occurrence and
severity of reactions was 10° cfu/ml, indicating that the detec-
tion threshold of a clinically useful d method at time
of use should be at least 10° cfu/mL (t:ble 3 and figure 2). In

Purthermore, our study d rated the relationships be-
tween bacterial species and levels, unit age, neutropenia, an-
tibiotic administration, and the occurrence and severity of
transfusion reactions (figure 1 and table 3). More-virulent ba¢-
terial species, particularly gram-negative bacilli, and higher bac-
terial loads were significantly associated with both the occur-

* rence and severity of reactions. The-presence or absence of
neutropenia showed no significant association with reaction
occurtence or severity. Receipt of appropriate antibiotic therapy
at the time of transfusion showed some association with alower
occurrence of any transfusion reaction, with the.95% CI of the
OR just reaching statistical significance, However, no associa-
tion could be shown with severe reactions, because there were
no patients with severe reactions who had not been receiving
antibiotics. Unit age at time of use showed no association with
occurrerice or'severity of reactions; but this analysis was limited
by most units being either 4- or 5-days old at the time of use.

In the previous 3 decades, small-doses of endotoxin (2—4 ng/
kg, equivalent to 14~28 EU in a 70-kg adult), administered
intravenously to thousands of volunteers to study acute in-
flammatory responses, have generally been found to be safe,
although 4 cases of severe bradycardia or-protracted asystole
have been reported [12]. A study of patients with septic shock

" showed median plasma endotoxin loads of 13,000 EU (13}, and
a self-administered intr 1s endotoxin dose of 1 mg
(100,000 EU) resulted in shock and multiple-organ dysfunction
in a patient {14). The amounts of endétoxin present in the 3
units that were contaminated with gram-negative bacilli and
were associated with septic shock arid multiorgan failure were
11,373 EU; 34,646 EU, and 182,700 EU, with such levels ex-

Table 3. (Continued)

ddi a method with a detection threshold of 10° cfu/mL
would have detected >95% of all cases and >90% of all reac-
tions, whereas all cases would have been detected at 10° cful
mL. These parameters can be used to guide the development
of methods for at-issue testing.

Two recent changes in fusi dici ices—cul-

ture of SDP units 24 h after collection, with relase for use if
culture results were negative after-an additional 12~24 h [16)
and use of a diversion pouch on the inlet line of the platelet-
pheresis collection kit to trap and eliminate skin contaminants
[17]—have beeri beneficial, although it is difficult to assess the
relative roles of these changes at this time. In a recent study
of 1 million apheresis platelet donations, these measures ap-
preciably decreased the rate of septic reactions from 18 to 5.4
reactions per million transfuised units, but they did not decrease
the fatahty rate (2.1 vs. 1.8 deaths per million transfused units),
lities were iated with bacteria that were not
typical of skin flora [11]. Because two-thirds of the 60 deaths
reported to the US Food and Drug Administration from 1995
through 2004 were associated with Enterobacteriaceae {1], the
risk of septic and fatal reactions, particularly with these more
virulent, non-skin-associated contaminants, is therefore likely
to remain, There is also a need for a national hemovigilance
system for adverse events from blood product use in the United
States [18], an approach that has been successfully used in other
countries to dinate the recognition and documentation of
transfusion-associated adverse events and, thereby, to improve
the overall safety of transfusions [19']. .
Although these trends are encouraging, the.well-recognized
modalities currently in use to limit bacterial contamination of

Unit age Bacterial count
OR OR B OR
95% Ch P S days <5 days 195% C) 14 =10 cfu/mL <10° ctwmi. 95% Ci P
200.1-36, 048 10019 (52.6) 10727 3700 1.4 (0.74-2.71 2 eEdens 423074 40015-58 001
<0.05 (NA) 19 - 319 115.8) 5727 (18.5} 0.85 [0.23-3.1) 70 823 34.8) 0/23 (0 >34 (NA) 002
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-is to use pathogen inactivation

platelets, such as the use of SDP units rather than RDP pools
and the use of younger rather than older units {20}, should be
continued, with universal use of diversion pouches in collection
Y . Several sol have been proposed to further reduce
these risks. The first is to increase the sensitivity of bacterial
detection performed at 24 h by increasing the volume cultured
or performing the culture at a later time [21). However, in-
creasing the volume cultured results in only a modest increase
in detection rates of ~25% [2]. The second proposed solution
hnology, which also obviates
the need for bacterial detection, and although regulatory ap-
proval has been received in Europe, this is not likely to occur
in the United States in the next few years [22]. The thikd so-
lution is an at-issue bacterial-detecti hod, an approach
that holds considerable promisé, with several manufacturers
working on a variety of methods [23]. Detection of endotoxi

* by the limulus lysate method, although limited to detecting

gram-negative
in our series. Based on-our
of these solutions in the Utiited States could prcvem the trans-
fasion of up. to 9001200 contaminated units -annually, thus
avoiding 300-400 septic reactions and 6-20 deaths per year.

s, would have d d all fatal cases

fndi Foil Trsar
&

Acknowledgments

w

b

-

=

=3

—

»

RTINS

lets at a university hospital: i due to i ified
surveillance. Infect. Control Hosp. Epidemiol 1994:15:82-7,

National Cancer Institute. Common terminology criteria for adverse
events v3.0. Bethesda, MD: National Institutes of Health, 2006.

Sanders RP, Geiger TL, Heddle N, Pui CH, Hownrd SC A revwed
classification scheme for acute fi
2007:47:621-8. )

. Brecher ME, Hay SN. Bacterial contamination of blood p

Clin Microbiol Rev 2005; 18:195-204,

! ‘Whitaker BY, Sullivan M. The 2005 nationwide blood coliection and

utilization sirvey report. Rockville, MD: Department of Health and
Human Services, 2005. Available at: http://www.aabb.org/apps/docs/
05nbcustpt.pdf. Accessed 1 May 2007.

. Morrow JF, Braine. HG, Kickler TS, Ness PM, Dick JD, Fuller AK.

Septic reactions to platelet fusions: a persi problem, JAMA
1991; 266:555-8.

. Kuehnert MJ, Roth VR, Haley NR, et al. Transfusion-transmitted bac-

terial infection in the United States, 1998 (hmugh 2000. Transfusion
2001;41:1493-9.

. Eder AF, Kennedy JM, Dy BA, et al. Bacterial screening of apheresis

platelets and the residual risk of septic transfusion reactions: the Amer-
ican Red Cross experience {2004-2005). Transfusion 2007;47:1134-42.
van Eijk LT, Pickkers P, Smits P, Bouw MP, van der Hoeven JG. Severe
vagal response after endotoxin administration i in humans Intensive
Caxe Med 2004;30:2279-81.

. Casey LC, Batk RA; Bone RC, Plasma cytokine and endotoxin levels

correlate.with survivalin patients with the sepsis syndrome. Ann Intern
Med 1993;119:771-8.

. Taveira da Silva AM, Kaulbach HC, Chuidian FS, Lambert DR, Suf-

fredini AF, Danner. RL. Bnef uport' shock and mu.lnple-orgm dys-
function after self-administ: of Sah d in, N Engl)
Med 1993; 328:1457-60.

Leks Himes A, Gallin J1 lmmunodeﬁnency diseases caused by

' ‘We thank our dlinical and laboratery services, for theu' to
the care of the patients studied, and the Chirles va:r Labor.nlones, for
iding the materials used for end i

l'nmmal conflicts of interest. M.R.). has received reseéarch support
from Gambro, Hemosystem, Immunetics, Pall, and Verax. R.A.Y. has re-
ceived research support from Pall, Gambro, Hemosystems, and Verax and
is an advisor to Verax, Immunetics, GenPrime, and Pill, C.E.G. and HM.L.:
no conflicts. '

References

1. Niu MT, Knippen M, L, Holness LG. Transfusi itted
Klebsiella pneumoniae fanlmes. 1995 to 2004 Transfus Med Rev
2006; 20:149-57.

. Benjamin RJ, Wagner S). The residual risk of sepsis: modeling the effect
of & ion on bacterial detéction in two-bottle culture systems
and an estimation of false-neg:mv: culture rates. Transfusion 2007;47:
1381-9.

™

w

veillance methods for d of bacterial ination of platelets
in a university hospital, 1993 through 2004. Transfusion 2006;46:
719-30. .

4. Zaza S, Tokars 31, Yomtovian R, ¢ o). Bacierial contarnination of phate-

.22
. Yomtovian RA, Palavecino EL, Dyskira AH, et al, Evolution of sur-

+ defects in phagocytes. N Engl ] Med 2000; 343:1703-14,

20.
2t

[N

American Association of Blood Banks (AABB). Guidance on imple-
mentation of new bacteria and reduction standard. Bulletin 04—07
Bethesda, MD: AABB, 2004.

McDonald CP, Roy A, Mahajan P, Smith R, Charlett A, Barbara JA.
Relative values of the interventions of diversion end improved donor-
arm disinfection to reduce the bacterial risk from blood transfusion.
Yox Sang 2004;86:178-82.

. Kaplan H. Safer design. Transfusion 2007;47:758-5.

Lundy D, Laspina S, Kaplan H, Rabin Fastman B, Lawlor E. Seven
hundred and ﬁ&y mne (759) chances io learn: a 3-year pilot project
to analyse iss events in the Republic of Ire.
land, Vox Sang 2007;92: 23341,

Prowse C, Zero tolerance. Transfusion 2007; 47:1106-9.

Yomtovian R, Tomasulo P, Jacobs MR, Platelet bacterial contamination:’

assessing progress and identifying quandaries in a rapidly evolving field.
Tansfusion 2007;47:1340-6.

Nussbaumer W, Allersdotfer D, Grabmer C, et al. Prevention of trans-
fusion of platelet components contaminated with low levels of bacteria:
a comparison ‘of.bacteria tulture and palhogen inactivation methods.
Transfusion 2007;47:1125-33.

. Palavecino EL, Yomtovian RA, Jacobs MR. Detecting bacterial contam-

nation in platelet products. Clin Lab 2006;52:443-56,

1220 + CID 2008:46 (15 Apsil) » Jacobs et al.

50

'a

prdng

w0l p3p

€107 6 1My vo 2wansu] poolg jenud) e Bio's|




51

(B4 2 ~ B 5w )

BLOOD COMPONENTS

Alaboratory comparison of pathogen reduction technology
treatment and culture of platelet products for addressing
bacterial contamination concerns '

Raymond. R Goodrich, Denise Gilmour, Nick Hovenga, and-Shawn D. Keil

" mentation of bacteria culture and other screening

‘contaminants, when used in the_two-bottle, 48-hour-to-

‘effectiveness de d to 66%. Effecti of the
. culture method further decreased 1o 60% when a one-

BACKGROUND: Concems over the risk of bacterial
contamination of platelet products have led- to iImple-

methods. New approaches for deallng with this issue
have also been proposed. .

STUDY DESIGN AND METHODS: A direct comparison
of treaiment with riboftavin and ultraviolet (UV) light

(Mi i path reduction >gy [PRT] system)
versus bagcterial culture testing (two-bottle system,
48-hour quarantine) was undertaken to compare their
effectiveness. Thirteen clinically refevant bacterial
organisms (20 strains) were used in this evaluation.
Results were compared with spiking levels at 20 to 100
colony-forming units (CFUs) per product and at less
than 20 CFUs per product. .
RESULTS: At spiking leveis of 20 to 100 CFUs per
product, the ribaflavin and UV light process demon-
strated 91% effectiveness against a broad spectrum of
bacteria. in.comparison, the culture method demon-
strated an ability to-detect up to 91% of the same

release configuration. At fower Initial titers of contami-
nating agents (<20 CFUs per produci), the effectiveness
of PRT increased 10'98% whereas the cultyre method

bottie system was used. -

CONCLUSION: The results from this work suggest that
the riboflavin and UV light process may provide up to
98% protection against transfusion of bacterfally con-
taminated units at the most clinically relevant contami-
nation leveis (<20 CFUs per product). This compares
favorably to the 60% 1o 66% effectiveness of bacterial
culture testing using a 48-hour quarantine period before
product release.

52

acterial cortamination of platelet (PLT) prod:
ucts has been identified as one of the most sig-
nificant risks associated with the transfusion
of blood components, reportedly occurring at

. levels as high as 1:2000 to 1:3000 donated products."* The

storage of PLT products at room temperature for extended

‘periods of time provides a medium and a condition of

storage that can sustain bacterial growth. Product con-
tamination at the time of collection is typically from the
donor, although contamination from external sources has
been reported. Even though the contamination levels of
bacteria are believed to be extremely low, bacteria can
proliferate to high titers before transfusion.** The inability
to detect these low levels of bacteria at collection can
result in severe consequences to PLT transfusion recipi-
ents and include morbidity and fatal reactions. Given the,
frequency of bacterial contamination, the AABB promul-
gated a new Standard effective March 1, 2004, mandating
the implementation of methods to detect and teduce bac-
teria in PLT units® o

The implementation of PLT product screening has
been suecessful in identifying contaminated products and
reducing their transfusion into patients.”'* The level of
success that has been observed varies in accordance with
the technique that is utilized and has several logistic con-

_-sequences. Because the level of bacteria present at the

time of PLT donation is low, detection is limited by several
factors, including the initial titer of bacterla, the size and

ABBREVIATION: PRT = pathogen reduction techiology.
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timing of the test sample, and‘thé growth kinetics of the
specific bacterial species. Low levels of bacteria at the time
of donation, particularly for slow-growing organisms,
pose a challenge for most culture methads."?

To compensate for these factors, a postdonation
product incubation before sampling and increased
sample volumes for testing were evaluated.” While these
methods do increase the sensitivity of the detection of
contarninated units, they require an additional prerelease
storage interval in which products are held before testing
and then subsequently held for an additional period after
sample is withdrawn to allow detection of contaminated
units. This may result in as much as a 48-hour reduction
in the initial storage period, a period.in which product
quality may be at a maximum, although the intent was to
increase the storage jnterval for an additional 2 days to
compensate for- the testing .period before release.!*s
Because most PLT products in routine use historically are
used within a 48- to 72-hour period of collection, this
change in practice could represent a major shift in pos-
sible clinical experience necessitated by the additional
culture time réquirements. 161

An alternative approach that has been proposed for
assuring a decrease in the transfusion of PLT units con-
taminated with bacteria has been the use of pathogen
reduction technology (PRT). Several of these methods are
currently in development or in actual clinical use in
Europe.'"? The technolegies are based on the use of pho-
tochemical agents, which can be activated by ultraviolet
(UV) light in specific spectral regions and then carry out
chemical modifications to DNA and RNA that prevent
their subsequent replication.” These modifications in
essence render bacterial agents present in these products
incapable of growth during storage and thus also inca-
pable of causing complications after transfusion.

The challenge for PRT methods, unlike that of bacte-
rial detection, are not low titer levels that are present at

lection to prevent growth of the bacteria during subse-
quent storage. Results from this work were compared
directly to a culture method using a sufficient postcollec-
tion, presampling incubation period (24 hr} and postsam-
pling detection window (24 hr) to assure the detection of
low levels of contamination in spiked products. Compari-

- sons were then made between the ability of the PRT

method to inactivate bacteria spiked into these samples
with the ability 1o detect low levels of these agents after the
appropriate presample and postsample culture times.

MATERIALS AND METHODS

A panel of organisms identified in prior hemovigilance
programs was selected for evaluation in this study.® These
included the following species: Staphylococcus epider-
midis, Staphylococcus aureus, Propionibacterium acnes,
Strep mitis, Streptococcus agalactiae, Strep
cus pyog Serratia mar Acii t bi

nii, Yersinia enterocolitica, Bacillus cereus (spore-forming
agent), Escherichia coli, Enterobacter cloacae, and Kleb-
siella pneumoniae. Multiple strains of both S. epidermidis
and S: aureus were tested: five strains of . aureus and four
strains of S. epidermidis. Several groups identified these
organisms to be of interest.#**® A minimum of three repli-
cates for each bacterial strain were tested in independent

0C-

" spiking studies. Although identified as an organism of

donation, but rather higher titer challenges that may -

develop during storage. For PRT to be effective at prevent-
ing transfusion of units that may cause complications in
this regard, it must be able to effectively prevent growth of
low levels of contaminating bacteria, which maybe present
soon after donation, The inability of these techniques to
perform adequately in this fashion might Jead to subse-
quent growth of bacteria during storage. Because growth of

bacteria may lead to the formation of pyrogenicagentsand -
endotoxin, inactivation of products at time intervals con-

siderably after collection would likely be ineffective. in
preventing pyrogen- or endotoxin-mediated clinical reac-.
tions, As a result, these methods are usually carried out at
short intervals after coliection (e.g., <22 hrin the case of the
riboflavin and UV light system specifications).

This study was undertaken to assess in a laboratory
setting the ability of the riboflavin and UV light process to
inactivate bacteria in products sufficiently soon after col-
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interest, Providencia rettgeri was not tested in this study.
The range of contaminating bacteria used- for this
study was between 1 and 100 colony-forming units (CFUs)
per product. Bacteria were grown in a nutrient broth for
up to 36 hours, after which time they were centrifuged,
concentrated, and then resuspended in a minimal nutri-
ent medium. Bacteria stock culture concentrations were
determined through the use of an endpoint plating
scheme for all organisms except P acnes and B. cereus.
Bacteria cultures were stored at 4°C until they were ready
to be used.An endpoint plating scheme was not used to
determine the stock cuiture titer of P acnes and B. cereus
due to the relative instability of these organisms when
stored at 4°C; instead, historical data were used to esti-
mate the titer of the culture and the organism was used on
the day it was harvested. Inoculating doses were deter-

_ mined mathematically using the initial culture titer value,

Results from -actual clinical experience with detection
times and growth curves for these organisms in culture
suggest that this level of contamination is consistent with
actual clinical experience.’*?"? Natable exceptions with
regard to the spike titer limits were B. cereus at 103 CFUs
per product and P acnes at 596 CFUs per product. The B.
cereus titer was an unintended result; however, it was
determined the 103 CFUs per product value was within
the range of experimental error used to measure the titer
of the stock culture. It also represented a worst-case
scenario for riboflavin and UV light-treated units given

RIBOFLAVIN AND UV LIGHT VS. BACTERIAL CULTURE TESTING IN PLT PRODUCTS

the 1 to 100 CFUs per product range this study was inves:
tigating. The initial titer for P acnes was increased . to
ensure that an adeq of would be

present at Day 7 so that it could be detected in the positive
control. .

General study design

Figlre 1 provides a diagram of the overall study design
utilized in this work. A direct comparison of the riboflavin
and UV light process to bacterial screening was performed
using double PLT units. Each incoming double PLT
product was split into 2 units and each unit was inocu-
lated with a clinically relevant bacterial dose. This was
done to allow ampte voliiries to be available for each test
condition. One unit was treated with the riboflavin and
UV light process according to methods described previ-
ously while the other unit underwent bacterial screening
using a culture method. The volume of the unit used fof
culture was maintained at 280 mL an average to simulate
mean product volumes experienced in the clinical setting.
For the riboftavin and UV light treatment, the units had
on average a final volume of 225 mL.. Additionally, a small

- volume of the original double PLT product (before inocu-

lation with bacteria) was set aside and allowed to incubate

Spit produdt into 185

at 22°C for 7 days. The sample served as the negative
control. This was the study design that was followed when
Gram-positive bacteria were tested. However, due to the
susceptibility of Gram-negative bacteria to complement
activity found in plasma-derived products, heat treatment
was used to deplete the native complerent activity..For
Gram-negative bacteria, each incoming double PLT
product was certrifuged and. the. non-complement-
depleted plasma was expressed, off. Pooled, recovered
human AB+ plasma was heat treated at 56°C for 45

.minutes in a water bath and clarified via centrifugation to

remove any precipitate. The PLTs were then resuspended
in a comparable amount of complement-depleted recov-
ered human AB+ plasma and allowed to rest overnight.
Because many organisms can be inactivated by comple-
ment, this process assured that we were evaluating a
worst-case situation, which promoted optimal growth
conditions. All work, not including collection of the aph-
eresis PLTs, took place at CaridianBCT Biotechnologies.
(Lakewood, CO).

Bacteria culture testing

The bacterial screening procedure utilized here involved
incubating all coilected PLTs for 24 hours at 22°C on a

Spike product w/ ~10

“ el product for
Mirasol treatment and
Collect PLT unil 275 mi. product for.
. >480 mi. bacterial screening

Remove 20 mt.
sampls for negative
control

Place unit in incubator
at22°C for 7 doys

inocutate 1 BPN and
1 BPA bottie {sample
must be negative for
microbizl growih for &
valid lest)

Monitor bottles for
bacterial growth via
BacT/ALERT

Spike product w/ ~10
0100 CFU in 5 mL.

Hotd product for 2 he
" " Add ribollavin and
treet with Micesat PRT

Place unil in incubator
at 22°C for 7 days

1 BPA botile to
confim positive

Titer s8mple and growth of arganism
inoculate 1 BPN and (sample must be

1 BPA bottle to
evaluate process
effectiveness

Monitor bottles lor
. bacleria! growth vie
8acT/ALERT

10 100 CFUin S mlL.

Sample each unk 10 x
smL

Place unit in incubator
t 22°C for 6 days

inoculate 1 BPN and
1 BPA botlle 1o

rescive sfiactiveness

of bacterial screening

Monitor bolties for
bacterial growth vis
BacT/ALERT

Titer sample and
inoculate 1 8PN and

positive for valid test)

Monitor bottles for
bacterial growth via
BacT/ALERT

h

Fig, 1. Study diagram overview. The figure deplcts the general samp

testing and riboflavin and UV light treatmient arms of the study.

g and t used for both the bacteria culture
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PLT shaker before sampling to allow growth of con-
taminants to high enough titers to increase the probabil-
ity of detection in small-volume samples. The specific
sampling protocol followed was consistent with the rec-
ommendations of the PASSPORT protocol, which was
under evaluation in the United States as a method for
reducing transfusion of bacterially contaminated prod-
ucts stored for up to 7 days." This protocol was carried
out according to the following procedure: After 24 hours
of incubation, 10 individual 8 mL samples were with-
drawn from each unit and two 4 mL aliquots from each
sample were inoculated into two bottles (aerobic and
anaerobic media, BacT/ALERT, bioMérieux, Durham,
NC) respectively. These individual samples were used to
represent multiple sampling events. In the PASSPORT
protocol, if the product remained negative after 24 hours
of monitoring (after 24 hr of storage presampling; total of
48 hr), it was released for transfusion; however, monitor-
ing for bacterial contamination continued for 7 days to
allow an increased sensitivity to detect organisms later in
storage that may have been at 100 low a titer level to
detect earlier. This same approach was utilized in this
study plan. The 10 sample pairs withdrawn from each
unit were considered as 10 individual sampling events.
Paired bottles that did not test positive during monitor-
ing ‘were considered as a failure to detect. The data
were also reanalyzed to simulate the effectiveness of the
procedure when only a single 4-mL aerobic bottle was
used.

After sampling, the remaining PLT units were placed
back into the PLT incubator at 22°C-for an additional 6
days. An aliquot from each product was then sampled at
Day 7 as a positive growth control for the paired PLT pro-
ducts. Inoculated bottles were then monitored for a period
of 7 days after sampling. Any negatives that would have
been observed during this period would have eliminated
paired bacterial screening and riboflavin and UV.light-
treated units from the final data analysis due to a failure of
the organism to profiferate in the positive control. There
were no positive control.units in any of the studies where
the inoculated organism failed to survive. The positive
control was also tested for the 7-day bacterial load using a
conventional endpoint dilution-plating method with agar
plates.

PRT-treated units

Each unit of the split double collection was spiked with 1
to 100 organisms, incubated for a minimum of 2 hours
after spiking, and then treated according to the riboflavin
and UV light method for PLTs (Mirasol PRT process, Car-
idianBCT) as described previously® This entire unit was
then placed into incubation at 22°C under standard PLT
storage conditions for 7 days. At the end of the 7-day
period, an 8-mL sample was removed and placed into
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culture using the method described above. Inoculated
bottles were then monitored for a period of 7 days after
sampling. Any positives observed during this period were
counted as a positive event,

Test inclusion requirements
The following requirements had to be met or paired PLT
units were removed from the study and a replacement pair
used:

The collected double PLT product must have had a
PLT concentration range of 1180 x 10° to 2100 x 10° cells
per uL and a volume greater than 480 mL. Apheresis

" double PLT units were collected using the CaridianBCT

Trima Accel platform. PLTs were allowed to rest 2 hours
before manipulation.

¢ The negative control must have remained negative
for bacterial growth.

¢  The positive control must have been positive for bac-
terial growth.

* . The bacterialload dosed to each unit must have been
between 1 and 100 CFUs per product as determined
by an independent culture and titer determination,
which involved titering of the actual dilution used to
spike the product. Exceptions with regard to the spike
titer limits were B. cereus at 103 CFUs per product and
P acnes at 596 CFUs per product.

Determination of overall efficacy
For the determination of overall performatice, the con-

tamination frequency reported in hemovigilance studies -

was used to calculate the expected clinical performance of
the product.?? For this calculation, the overall effectiveness
.of the method for detectmg (culture method) or inactivat-
ing (PRT method) the species present was multiplied by
the occurrence frequency reported in the literature. For
multiple strains of the same. organism, overall mean
values for all strains were used to estimate effectiveness
for that particular species. This multiple thus provides a
rough estimate of the potential ability of each method to
interdict a proportion of the expected contaniination
events in the clinical setting: Occurrences = Reports from
hemovigilance studies of the number of cases observed,
Frequency = Occurrences of this individual species nor-

malized for total number of reported events, and % Effec--

tiveness = Ability to detect or to inactivate the particular
agent. Each sample was evaluated in a minimum of three
separate replicate spiking experiments for each strain of a
given species of bacteria: Overall effectiveness = The mul-
tiple of the % Effectiveness with the Prequency of Occur-
rence for this agent reported in the cited hemovigilance
studies.

RIBOFLAVIN AND UV LIGHT VS. BACTERIAL CULTURE TESTING IN PLT PRODUCTS

RESULTS

An overall summary of bacteria testing results is provided
in Table 1. A total of 29 separate studies were conducted
with atleast three replicates for each strain tested. Empha-
sis was placed on organisms according to the prevalence
reported in published hemovigilance studies to simulate
actual clinical experience as much as possible.” Table 2
shows a comparison of overal! efficacy of the culture and
PRT methods evaluated in this study at spiking levels of 20
to 100 CFUs per product. )

Both the culture method and the riboflavin and UV
fight treatment demonstrated 81% effectiveness at detec-
tion or inactivation respectively, when culture testing was
performed using the two-bottle, 48-hour-to-release
method. These results appeat to be within the ranges of
clinical observations for culture detection methods
employing similar  sampling and incubation tech-
niques."#® At Jower levels of contamination (<20 CFUs
per product), the effectiveness of the riboflavin and UV
light treatment increased to' 98% (Table 3), whereas the

culture method decreased to 66% (Table 4), which is more
consistent with clinical observations, possibly suggesting
that actual clinical contamination levels are more fre-
quently in this range. Using a one-bottle method, the
effectiveness of the culture method under these condi-
tions decreased further to 60% (Table 5). As one might
expect, the culture method showed a reduced ability
to capture a contaminant when the sample titer is lower,
making detection less likely, while the ability of a PRT
method to achieve complete inactivation increased at
- lower bacteria levels (see Fig. 2).
Several agents were not‘uniformly detected by the
culture methed employed in this study. Not unexpect-
“edly, thése are primarily organisms exhibiting a slow
growth rate at 22°C. Such behavior makes detection by a
culture method.difficult due to the inability to obtain an
adequate bagterial inoculum for culture detection. [n this
study, any detection that occurred in the bacteria culture
arm of the study was counted as ‘a positive detection
event, even if this occurred outside of the 24-hour release
window, with the exception of P acnes, which took

TABLE 1. A Yy table of org that were evaluated in this study*
Culture time until Inoculum titer 7-day positive growth

Organism type Gram (+/-) ATCC number deteclion (mean hr) (CFUs/product) control titer (CFUs/mL)

A. baumannii - 17961 7.6 %11 G ' 3.6% 10°

A. baumannii - 179611 NT .12 8.8x 107

B. cereus + NA 4401 103 6.5x10°

E. cloacae - 29005 59x05 41 1.5x% 10°

E. cloacae - 290051 NT 12. 14 x10°

E. coli - ' 25922 66=23 ! . 65 2.7 %10

K. pneumoniae - 8045 12607 " 55 6.2x10°

P. acnes - + 51277 106.7 £ 45.8 596 . <1.0

S, marcescens - 43862 43£02 79 >3.0x 10°

5. aureus + 29213 97 %14 75 2.2x10°

8. aureus + 292134 12121 14 4.0%10°

8. aureus + 10832 14409 63 38x10*

8. aureus + 25923 93*03 . 68 . 43x10°

8. aureus + 25923%. NT 12 3.8x10"

S. aureus + 700787 19526 53 1.6x10°

8. aureus - + 7007871 NT 10 24x10

S. aureus + 27217 9.0x08 . 70 . 5.3x10°

S. aureus + 272171¢ T ONT 12 3.1x10°

8. epidermidis + 12228 173+ 17 54 | 3.6x% 10°

8. epidermidis + . 12228t 19.1 £ 0.8 . AR} 1.8x 10°

8. epidermidis + 14990 180+ 1.9 57 1.2x10°

S. épidermidis + 700578 23217 23 2.9 x 10

8. epldermidis + 7005781 . NT 1" 2.0%107

S. epidermidis + 35984 194 15 39 . 2.7x107

S. agalactiae + 700046 9.1>08 . 54 6.1 %108

S agalactiae + 7000461 NT 8 3.0x10
S. mitis -+ 6249 162x29 28 2.9x 107

S. pyogenes + BAA-1064 102+ 06 42 . 4.4 x10°

Y. ‘enterocolitica - 23715 10123 76 8.5x10

* These agents were selected from (ne feports of several hemovigilance studies (BACON, BacTHEM SHOT), which provided estimales of
the lypes and freq of of PLT | with bacteria. Several strains of ] were ysed o rep
possible variation in the nature of the contaminants and test the effectiveness for both the culture and the inactivation-method as a func-
tion of the strain within a given ial species. i ion times after i ion.of ‘culture bottles to detection using the BacT/ALERT
method are lisled as well as the final tilers measured at Day 7 of incubation of the positive contral products.

t Samples tested at less than 20 CFUs per product.

+ = positive: ~ = negative; NA = nol applicable; NT =not lested.
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TABLE 2; A summary table for comparison and of overall efficacy of the two- methods used in this
. study (PRT and culture)*

RIBOFLAVIN AND UV LIGHT VS. BACTERIAL CULTURE TESTING IN PLT PRODUCTS

% Effectiveness Qverall effectiveness

Occurrences % Frequency QOrganism ATCC number Culture Mirasol Culture Mirasol
20 33 8. epidermidis 12228 80 100 29 3t
14990 a3 100
700578 97 67
: ) 35984 87 100
8 13 E. coli 25922 100 100 13 13
7 12 B. coreus . Ni-0001 100 100 12 12
6 10 S. aureus 20213 90 100 10 8
. 10832 80 ' 100 -
25923 100 62
700787 97 88
( 27217 100 67
5 8 8. agalactiae 700046 100 67 8 7
S. mitis 6249 . 100 100
S. pyogenes BAA-1064 * 100 100
4 7 E. cloacas 29005 100 67 7 a4
3 5 P, acnes 51277 E 0 100 0 5
3 5 S. marcescens 43862 100 100 5 5
2 3 . K. pneumoniae 8045 100 100 3 3
1 2 A. baumannii 17961 100 . a3 2 1
1 2 Y. enterocolitica 23715 100 100 2 2
) Effecliveness: 91 91
* Al samples were spiked at 20 to 100 CFUs per product initially with each of the species indicated. Occurrences = Reports from hemovigi-
lance siudies of the number of cases rved; F 20

of this individual species normalized for total number of reported
events; % Effectiveness = Ability to detect or to machvala Lhe particular agent. Each sample was evaluajed in a minimum of three separate
replicate spiking experiments for each strain of -a given species of bacteria. Overall eﬂechveness = the muliiple of the % Effectiveness wilh
the Frequency of Occurrence for this agent reported in the cited hsmowgllance studies.

TABLE 4. § y table for culture method effectivel using two-bottle cuiture method

Cullure method

O % Freq Organism ATCC number % Effectiveness Overall effectiveness
20 ] : 8. epidermidis 12228° 27 9
8 13 E. coli 25922 100 ) 13
7 12 B. cereus NI-0001 100 2012
6 10 S. avreus 20213° 53 5
5 8 S. agatactiae 700046 100 . 8
. S. mitis 6249 100
S. pyogenes BAA-1064 100
4 7 E. cloacae 29005 R 100 7
3 5 P. acnes 51277 . 0 [}
3 5 8. marcescens 43862 100 5
2 3 K. pneumoniae 8045 100 3
1 2 A. baumannii 17981 100 2
1 2 Y. enterocolitica 23715 . 100 2
) Effectiveness: 66

Results demonstrate the reduced ability to detect these organisms, likely-due to the lower-initial titers presenl at the 24—hour samplmg time
point. © = Reports from igilance studies of the number of cases ; of this

species normahzed for total number of reporied events; % Effectiveness = Ability to detect or to macuvale 1he paricular agent. Each sample:
replicate spiking experiments for each strain of a given species.of bacteria. Overall

* Samples lested at less than 20-CFUs per praduct.

was evaluated in.a mini of three
effectivenass = the multipte of the % Effecti wilh the Freq y of O
studies.

for this agent reported in the cited nemovlgllance

- TABLE 3. Summary table for riboflavin and UV light effectiveness

) s Mirasol
O % Freq y Organi ATCC number % Effectiveness Overall effectiveness
20 33 S. epidermidis 12228 100 33
14990 100
700578 100
. | 35984 100
8 13 E. colt 25922 100 13
7 12 B. cereus : NI-0001 100 12
] 10 B 8. aureus 29213 T 100 9
10832 100
259237 50
1700787 100
27 100
5 8 §. agalactiae 700048° 100 . 8
S. mitis 6249 100 )
S. pyogenes BAA-1064 100
4 7 E. cloacae 29005° - 100 7
3 5 F. acnes 51277 100 5
3 5 8. marcescens 43862 100 5
2 3 K. pneumoniae 8045 100 3
1 2 A. baumannii R 17961° 66 1
1 2 Y. enteracolitica 23718 100 2
Effectiveness: 98

. $amples tested at less than 20 CFUSs per product.

TABLE 5. Summary:table for method ef

using bottle (aerobic) culture method

Culture method
- Qcoutrences % Frequency - Qrganism - ATCC number % Effectiveness Overall sffectiveness
20 S. emderm:d:s 12228* 13 4
8 13 E. coli 25922 100 13
7 12 ) B. cereus Ni-0001 . 300 .2
6 10 S. avreus 29213 - 43 4
5 8 - 8. agalactiae 700046 100 8
S. mitis 8249 93"
S. pyogenes BAA-1084 : 100
4 7 E. cloacae 29005 100 7
3 5 P. acnes 51277 | 0 [}
3 5 §. marcescens 43862 100 -8
2 3 K. pneumoniae 8045 100 3
1 2’ A. baumannii 17961 . . 100 2
1 2 Y. enterocolitica 23715 100 2
Effectiveness. 80

* Samples tested at less than 20 CFUs per product.

‘

demonstrated the ability to inactivate up to 2.6.and

Baumannii was imore. readily detected due to its rapid
growth characteristics. This observation raises the point

3.6 logs/mL of these agents. For the culture method, A. ~

that the effectiveness of eliminating bacteria contamina-’

tion also needs to consider the type of organism involved,
as some Gram-negative species tend to be of greater
concern in terms of potential -adverse outcomes in
patients. For this particular Gram-negative species (A.

PRT-treated samples, suggesting that the ability te inacti-
vate this class of agents in general may be dependent.on
the levels of spores that are present in the product at the
time of treatirient and not on whether the agent can be
classified as spore-forming. The. culture method consis-
tently failed to detect P acnes even at the higher spiking
levels studied. Ins all other cases wliere failurés occurred,
partial efficacy was demonstrated with either the bacterial
detection or PRT method.

significantly longer to detect (Table 1). As the data in
Table 1 suggest, this window may be inadequate for
_ several of the slow growing organisms given that mean
detection times for several strains of S. epidermidis were
“on the order of 19 to 23 hours and well beyond this value
for R acnes (107 hr). The late positives detected in the
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case of P acnes were not included in the effectiveness
sums that are reported here,

Agents not uniformly inactivated by the PRT method
employed in this evaluation included S. aureus and A
bawmananii. Interestingly, separate high spike titer studies
with A, baumannii and S. aureus {data not shown) have

baumannii), however, no fatalities were observed in the
hemovigilance programs referenced above.” This analysis

is not capable of taking “clinical outcomes into full - Discussion

account. The results from this study .allow comparison of the
Surprisingly, a. spore-forming agent tested in this riboflavin and UV light PRT method for pathogen reduc-

study, B. cereus, did show complete inactivation in the tion of PLT products and the bacterial culture method for

Volume 4@, June 2008 TRANSFUSION 1211
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Fig. 2. Illustration of the effectlveness of PRT (®) versus bacte-

" ‘ria culture testing (@) at two bactérial contamination fevels.
Shaded area reflects reported effectiveness of bacteria culture
methods in routine clinical use, '3

detection of bacteria contamination in PLT products.
Not surprisingly, the bacterial culture method requires
extended incubation times of the product before and after
sampling to increase.the likelihood of detection events.
Such a requirement may quarantine PLTs when they are at

the height of their clinical performance. Although studies.

have shown that PLTs stored for an extended period to
compensate for this time loss during quarantine exhibit
similar in vivo recovery and survival properties, there is.a
paucity of information concerning the clinica) perfor-
mance of these praducts when they are used in the routine
treatment of patients with thrombocytopenia.®? Little
information is available on the performance of these older
products relative to count increments, transfusion fre-
quency, transfusion requirements, and efficacy in pre-

venting bleeding.” The data that are available in this.

regard demonstrate reduced levels of corrected count
increment values for products stored for extended time,
dependent on the storage medium utilized.®%

The PRT methods that have been proposed also have
the potential to affect PLT quality and performance. Their
propensity to-atter cell metabolic and activation proper-
ties as measured in vitro has been well documented in the
literature.*'* Recovery and survival studies of these prod-
ucts also demonstrate differences relative to untreated
controls at the same time point in storage, although these
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values fall within the limits established for historical prod-
ucts currently in routine clinical use.® These products
have also been evaluated in randomized prospective clini-
cal studies for several of the parameters listed above. 7120
For riboflavin and UV light-treated products, clinical data
obtained in a randomized, prospective, blinded clinical
study demonstrated that there was no change in PLT or
red cell transfusion requirements and no increase in
bleeding or adverse events in thrombocytopenic patients
receiving PRT-treated PLT products as compared to
patients receiving untreated products.*

Proof of the efficacy of a PRT method in the clinical
setting would require tens of thousands of samples in
order to establish the ability of the procedure to prevent
transfusionn of bacterially contaminated units. Some
authors have suggested that the lack of such data justifies
not implementing PRT methods in clinical settings." This
seems, however, to be a circular argument in that such

-data will not be available unt! these methods are more

routinely applied in the clinical setting and appropriate
analyses can be carried out. Since such a condition does
not presently exist, we undertook this study to evaluate
the effectiveness of the process for inactivating the most
commonly identified bacterial species from several
hemovigilance reports on contamination of PLT products
with bacteria. A direct comparison with bacterial culture

" methods was employed to compare: effectiveness levels

and provide a reference with current practices designed to
decrease transfusion of bacterially comammated PLT
products.

The effectiveness of both-methods was compared for
two different levels of bacterial contamination: Jess than
20 CFUs per product and 20 to 100 CFUs per product. At
the higher contamination levels, equivalent performance
(91% effectiveness) was observed for the two methods
studied here when bacteria detection was performed
using.a two-bottle method with 24-hour incubation and
a 24-hour minimum culture period. However, at lower
initial bacteria titers (<20 CFUs per product), the ribofla-
vin and UV light procedure (performed on the day of col-
lection) demonstrated significantly greater effectiveness
ds compared to bacteria culture using the methods
described here, that is, 38% versus 66%. Interestingly, out-
comes reported from larger-scale clinical evaluations of
bacteria culture performance in detecting and abrogating
transfusion of bacterially contaminated units suggest
that these methods are only about 50% to 70% effective
(see Fig. 2). This has been reported by Dumont and col-
leagues," Benjamin and colleagues,® and Foley and col-
leagues™ based on extensive routine use experience with
bacteria culture methods. The approach used by Foley and
colleagues invoived holding apheresis products only 12
hours before culture and thus may explain the lower
detection rates reported in that study. A similar perfor-
mance is also predicted based on modeling of available

RIBOFLAVIN AND UV LIGHT VS. BACTERIAL CULTURE TESTING IN PLT PRODUCTS

data from several sources.*? When combined with these
reported findings and as suggested by Eder and co-
workers™ and with results from the PASSPORT study, the
results from our study indirectly confirm that contaminat-
ing events are likely to occur at levels of less than 20 CFUs
per product and hence that the outcomes for this range of
bacteria titers may be the most clinically relevant.

It is important to point out that the bactérial detec-
tion method used in our study involved a two-bottle
cultitre method with a 24-hour postcollection sampling

- period and a 24-hour postsampling culture period (total

of 48-hr quarantine}. Not all culture methods currently
in use in the routine clinical practice employ this
approach.**34 Reduction in the amount of sample tested
(one bottle vs. two bottles) or reduction in the presam-
pling hold time er the postsampling culture time to
release are likely to significantly decrease the ability of
culture methods to detect .contaminated units. The
outcome for bacteria detection efficacy in our study (66%
effectiveness) is comparable to actual observations
made in the clinical’ setting (approx. 50%-70% effective-
ness)."2% Our results indeed demonstrated that the bac-
teria detection effectiveness dropped from 66% to 60%
when using only a one-bottle test.

The data contained in this report also provide evi-
dence that neither method may be expected to provide
100% protection against all septic transfusion events.
Given that all contaminated units de not lead to sepsis,*
the frequency of significant clinical events that are
observed should decrease dramatically with a PRT
method i place.

The reason for failures in the case of the bacterial -

detection system seems clearly based on the growth kinet-
ics of the organisms employed and the titer of the bacteria
that are present in these preparations. Lower titers of
slow-growing organisms at donation are not only harder
to detect initially, but also less likely to reach detecnon
limits during quarantine.

- In the case of PRT-treated products, the reasons for

failures are less clear. It. would be reasonable to assuine*

that low titers of a given species present during treatment
(20-100-CFUs per product) should easily be inactivated by
these téchniques given results from high-titer studies,
which report efficacy levels exceeding 4 to 6 log/mL
(equivalent of 300 million CFUs per product for a 300-mL
product). The results in this work suggest that this is not
the case. Some suggestion for a possible mechanism of
action here comes from the work of Clawson and White,*™
who described as long as 30 yeais ago the propensity for
certain species of bacteria to interact with PLT surfaces,
primarily through protein A receptors. We speculate that
the possible adherence or engulfment of certain bacterial
strains by PLTs via these types of mechanisms may act as a
shield to sensitizer uptake and light exposure, affording

protection of these agents against the PRT method being
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applied. If such is the case, a correlation should exist
between the ability of these organisms to interact with
PLTs via these mechanisms and their ability to be inacti-
vated to completion even at low spike titers, where a larger
proportion_of the population may actually be bound.
Internal studies conducted separately using these species
spiked into plasima products (no PLTs present) demon-
strate complete inactivation, oonslstem with this possible
mechanism {data not shown).

Itis also possible that interactions with other bacteria
at higher concentrations create shielding effects against
treatment. One may also not rule out the potential of bac-
teria.def hanisms against PRT treatment. Regard-
Jess of the precise mechanism involved, the results do
suggest that inactivation of the larger proportion of free
organisms may provide an inadequate or incomplete
picture of the ability to maintain culture negative products
during storage.

Similar concerns are also present when addressing
spore-forming bacteria in their spore form. These agents
would be expected to be naturally highly-impermeable to
photosensitizers and thus resistant to these treatments.
If such is the case, this work has profound implications
regarding appropriate methods for evaluating the effec-
u‘v_enéss of both PRT treatment methods and bacteria
detection methods. Because these properties may vary
from straini to strain within: a given species of bacteria,
it would be important for such work to employ several
strains of test organisms and not extrapolate results from a
single strain to. cover all strains within a given species.
Such was the case for several organisms studied in this
work where results varied as a function of strain within a

_ given species of the same organism. As demonstrated by

the results of this work, selection of a particular strain with
low interaction potential could provide a false estimate’
of inactivation efficacy extrapolated to all other strains.
Detection methods may also be biased in a similar fashion
depending on the presence or absence of cellular agents
in the testing matrix during cuiture or detection. Glearly
the particular strains seen clinically would appear to be
those most relevant for this type of analysis. Likewise, the
use of high-titer spike studies alone for demonstrating
efficacy against bacteria in general can be only a partial
and potentially misleading estimation of clinical efficacy,
given that this is far removed from the actual clinical expe-
rience with regard to containination levels in donated
products at the point at which PRT methods may be prac-
tically and appropriately applied. Inactivation of high
titers would also seem clinically irrelevant if accompanied
by high endotoxin levels that are not.reduced by these
processes, which, upon infusion, can generate severe
reactions even in the absence of viable bacteria.

The work of Nussbaumer and coworkers” with an
alternative, approved PRT system describes 100% efficacy
of the process for all of the clinical strains that were tested.
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The use of clinical strains isolated from contaminated
blood samples may afford samples that are more relevant
to the actual clinical setting, but the ability to demonstrate
reproducible results with such strains, due to their limited
characterization and availability, is often constrained. As
suggested from our work as well, the use of single strains
of a given -organism may provide a false sense of overall
effectiveness for a given species of bacteria. The use of
multiple strains, as demonstrated here, may yield variable
results. Prowse’ described several concerns with the
approach utilized in prior analyses of the effectiveness of
Jinactivation with other PRT methods. This included the
lack of a positive control. In this study, samples which
failed to grow in the positive control caused the elimina-
tion of both samples from the test and control groups
from the study population as it would be impossible to
determine if inactivation had pccurred due to the treat-
ment process or if the bacteria were simply inactivated by
complement or other blood product components alone,
not directly associated with the treatment method. In
addition, in this study, for Gram-negative bacteria, which
are known to be sensitive to complement, we eliminated

the possibility of bacteria elimination by complement .

action alone through heat inactivation of-test sample
plasma before spiking with bacteria.

In summary, the purpose of this work was to address
the ability of the riboflavin and UV light method to inac-
tivate bacteria in contaminated PLT products and to
compare cutcomes with those obtained using a culture
method that is being employed routinely today. The
‘results from this work suggest that the riboflavin and UV
light process may provide up to 98% protection against
transfusion of bacterially contaminated units at clinically
relevant contamination Jevels (<20 CFUs per product) as
compared to the 60% to 66% effectiveness of bacterial
culture testing observed in this study. Thus, use of a PRT
method may afford greater levels of protection than bac-
terial detection by any particle-based detection method,
even with larger sampling volumes and extended incuba-
tion times. A true determination of the validity of this
analysis and this approach for appreximating clinical
outcome can only be provided once more routine appli-
cation of PRT methods occurs.

This analysis do€s not take into account other prop-
erties that the PRT methods ntay provide relative to
prevention of viral, parasitic, or white cell-mediated com-
plications of transfusion of blood products.®#** These
may be additional targets for hemovigilance analysis of
products treated with these processes once they are used
in a more routine fashion. The PRT approach may thus
afford a means to address multiple transfusion-related
concerns related to blood safety in a single platform,
Clearly, bacterial detection methods are not intended
to provide prevention of viral, parasitic, or white cell-
mediated complications or other utility. This too may be a

1214 TRANSFUSION Volume 49, June 2009

consideration in decision-making processes by transfu-
sion medicine professionals.
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Serial pl I {50 mL) ined amplification (TMA) assay, and y-reinf and again rapidly lost
from 10 commercial donors who con- to contain 1.2 HCV RNA plesimL &l HCV mark W that: (1) rans-

verted from hepatitis C virus (HCV) RNA (60 copies/50 mL transfused). Plasma fusions éan transmit HCV infection before
negative to positive were transfused into  units obtained up to 8 weeks earlier were RNA detection, but the interval of test-

2 chimp to assess infectivity dur- not infectious in a second ptible

y is very brief; (2) early

ing early HCV infection. Plasma, obtairied * chimp, even when from donors with low- "blips" of HCV HNA appear noninfectious

4 deys before HCV RNA detectability by  level, |

€ ! HCV RNA i and can be ignored when calculating re-
assays, tr f HCV infec-  Chimp x355 developed acute viremia.with  sidual transfusion risk; and (3) markers of

tion to chimpanzee X355. The infectious  subsequent seroconversion, but cleared  HCV infection ‘can be lost rapidly after

PCR-negative plasma was subsequently - both virus and Ab in 17 weeks. When

19" low-dose 1 (Blood.

shown to be positive in 2 of 23 repli rect 38 ths later with 6000 RNA 2012 119(26) 6326-6334)
using a | ‘transcription-mediated i from the same doror, X355 was
Introduction

The phase between the onset of hepatitis C virus (HCV) infection
and sustained systemic viremia is known as the eclipse or
previremic window phase of inf -3 Atiits lusion, plasma

is ined in i ious virions or to

1

ize the seq
integrity of HCV RNA genomes during these “blips” relative to the
que observed during the ramp-up period from the same

HCYV RNA concentrations rise exponentially in what has been
termed the ramp-up phase of infection? The eclipse phase, by
definition, is characterized by lack of detectable plaswa vicemia by
commercially available HCV RNA assays, which are’ primarily
based on PCR technologies. However, by perfarming quadrupli-
cate analyses of piasma donations from acutely infected source
plasma donors using more sensitive qualitative transcription-
mediated amplification (TMA) assays for HCV RNA, we found
previously that 108 of 225 eclipse-phnse donations from 50 donors
dly d ated the p of intermittent, low-level
HCV RNA.! A second study of source plasma donors found a
similar phenomenon, asdid studies in injection drug users (IDUY¢
and transfusion recipients.” Thus, HCV dynamics in the eclipse
phase may follow one of 2 patterns: no. viremia until a sustained
rapid increase in serum RNA levels ocours {ramp-up) or intermit-
tent low-level HCV RNA detection (previously referred to in HIV
and SIV infections as “blip” viremia)®¥ that precedes ramp-up by
varying intervals up to 2 months.’
Because HCV RNA levels are very low in this very early phase
of infection, it has not been possible to determine whether the RNA

subjects. With respect to blood safety, if the “blips” are found to be

infectious, then cusrent residual risk modeling might be underesti- -

mating HCV transfusion-transmission risk because such modeling
assumes that donations given before the extrapolated begmnmg of
the ramp-up period afe noninfectious.'®'?

The chimpanzee model of HCV infection has played 4 key role
in our understanding of determin of viral ission and
replication, the dcvelopmem of antiviral immune responses, assess-
ment of potential viral and host factors that lead to resolved versus

chronic infection, and evaluation of therapeutics.and vaccines. Of
particular note, the chimp model is considéred an.extremely
sensitive mode!.for of p infectivity rel o

transfusion safety.'*? For-this réason, we conducted multistep
inoculation experiments in 2 chimpanzees, designed to study the,
infectivity of serially collected plasma donations from. source
plasma donors recently infected with HCV. First, we evaludted
infectivity from donations initially assessed as occurring immediately
before the onset of ramp-up-phase viremia. Next, we evaluated
infectivity of nonviremic and low-levél HCV RNA-positive (blip)
donations from donors who demonstrated intermittent HCY RNA
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detection in the eclipse phase of HCV infection. We also studied the
early immunology of HCV mfechon affer a low-dose exposure and the
infl of thisexp on ] infecti wuh the same HCV

13. For personal use only. .y recTIvViTY DURING ACUTE INFECTION 6327

"The animals were monitored by testing blood sumples for HCY RNA by
PCR, anti-HCV by enzyme-linked immunoussay (ELA), liver enzyme
Icvels. and T-cell assuys. If infected, weekly or biweekly monitoring
inwed: however. if there was no detectable infection after 6 weeks. the

isolate. In addition to contributing to our und g of
ransmission, these experiments provide data relevant 1o broader issues
of HCV transmissibility, the ability to document previous HCV infec-
tion using RNA and Ab diagnostics, and the early immimologic events
in HCV infection.

Methods

. Preparation of HCV—RNA—positlve plasma donor panels

Plusma for ‘thimp inoculation swdics was selected from a coMection of
50 source plasma panels used in a previcus study of early HCV viral
dynamics (see Methods, evailuble on the Blood Web site; see
the Sllppl:mmml Materials Yink atthe top of the oinline article).! Each panel
consisted of aliquots of a series of don:mons {serial donations) from a given
donor. These donations occurred at twice-weékly intcevals in
both the eclipse and ramp-up phases of acute HCV infection. We bused the
classification of ramp-up phase infection on the specific rute of increase in
HCV viral load for each individual donor.! We then back-extrapolated from
the slope of ramp-up viremia for each donor to estiblish a time when the
estimated viral load would have been < 0.05 copiesfmL; all RNA-positive
donations collected before this time point were classified as occurring in the
eclipse phase (ie, before tie extrupolated beginning of the ramp-up phase).
Donations given before ramp-up viremia were then further
evaiuated for HCV RNA by performing TMA testing (Procleix discrimina-
10ry HCV (dHCV] assuy: Gen-Probe} on 4 replicates of 0.5 sl of plasma
for each donation. Multiple additional repli ¢n =20 or 23) of selected
eclipse-phase samples were. also further tested for HCV. RNA either by the
dHCYV assay or by the Procleix duplex (HIV-HEV) assay (Gen-Probe) as
part of a previously published nndy.” Based on this testing: we character-
ized 37 of the 50 panels s having intermiitent HCY RNA-positive
donations (at least 1 dHCV TMA-positive replicate result) dusing the
eclipse phase i sed with iremic (all repli negative by
TMA) donations. :

Selection of plasma donor panels for infusion into chimps

. We selected 10 ABO-compatible serial donation panels for chimpanzee

infectivity studies. We used 5 of the 13 punels that did not have evidence of

. intermittent viremia as well as 5 of the 37 that showed intermittent HCY

RNA detection {blips). The 5 cuses without intenmitiens viremia were
st‘tkl(:d 1o have the most l'rcqucm senal donutions over the 3 weeks
p g RNA d ion by q ive HCV PCR and qualitative HCV
T™MA dssays The 5 cases with intermittent HCV. RNA during the eclipse
phase were selected to have ot least 3 reuctive resuits among the 4 replicate
HCV TMA results on 2 or more specimens collected > 2 weeks before
ramp-up viremia: they were also sclected to include intervening donations -
that tested negative on a total of up to 27 replicate TMA assays.

General format of chimp inoculation experiments

Two healthy adult female chimpanzees (X331 and X355) were housed in

facility maintained by the Texas Bi dical R h Institute .
und Southwest National Primate Research Cener. un Association for
and A itwion of Lab y Animal C: di

f.mhly Housing conditions und animal manipulations were approved by
the institutional animul care and use committee and all wnimal procedures
were performed with prior administration of appropriate sedatives and
anesthesia. Fifty milliliters of doror plasma unils were intravenously

. administered; these could be either individual unit infusions, muhtiple units .

infused one afler another, or a premixed pool of 5 U (250-mL tolal volume).
Further details of the timing of the infusions in the various-experiments are
provided in Figure 1 and suppleental Figure 1, and in “Results.”
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animul was rested for an interval of up to 3 weeks and then becume eligible
for infusion with another donor plasma sample. This sequence was repeated
with several different donor plasma samples until evidence of infection
could be ascertained. After confirmation of infection, animals were -
monitored for a period of | year 10 determine the outcome of infection. No
additional infusions with donor plasma were perfurmcd uniif completion of
this 1-year period.

Laboratory assays

HCV RNA qumllqﬁmmm in pla.mm donor panels. Two different assays
were pe 1 as p ibed.! The COBAS Amplicor HCV
Monitor (Version 2.0 assay; Roche Molecular Systems) HCV PCR assay
was able to quantify HCY RNA down 10 a lower limit of 600 [U/mL.

- Samples thal were negative on this assay were tested using the dHCV TMA

assuy using multiple 0.5-ml. replicates of plasma. The limit of detection
(LOD) of euch replicate assay is. 12.1 copiessmL (50% LOD; 95%
confiderice interval [C1} 11.1-13.2). 26 HCV RNA concentration was- deter-
mined based on the pemcmugc of replicates that gave posmve results using
prabit analyses. Lo

HCV RNA detecti and ification in-the ',' chimps. HCV

RNA detection was pcrformcd using the COBAS Amplicor Hepatms C
Virus Test (Version 2.0; Roche | and quanti of

- HCY RNA was performed using the COBAS Amphcor HCY Moritor

(Version 2.0 assay).

HCV Ab detection. Initial screening of plasma donor panels was done
using a third-generation HCV Ab E1A (Ortho Dmp\osncs) Repeat reactive
samples were further d by the Assay
(RIBA; Version 3; Novartis Diagnostics). Initial screening. of chimp sera
was done using an anfi<HCY 2:0 EIA (Abbou Laboratories) with conﬁrmn-

tion by RIBA.

HCVRNA i lification, cloning, and phylo-
genetic analysis. HCV RNA was extracted from 140 L of plasma‘from
one viremic time point from each of the 5 plasma donors implicated in HCV
transmission 1o chimp X331 und from 2 viremic time points from the
infected chimp using the QlAamp Viral RNA Mini Kit following the
manufacturer’s instructions (QIAGEN). Extraction and amplification of
donor and chimp samplu were p:rformed on different days to eliminate the
possibility of cros: Deuils of the fifi c]omng

ing, and phylogenctic analysis p are i
Methods. i

- ALT and AST measurements. Serum sampies collected from the study
animals were analyzed for alanine (AST) and usparate
aminotransferase (ALT) fevels with 4 Unicel DXC600 serum chemistry
analyzer {Beckmun Couiter). Enzyme levels were considered normal if they
were within the normal range (AST 11-25 U/L; ALT 21-55 U/L).established -
at the primate center.

CD4 profiferative responses fv HCV Ags, PBMCs were isolated from
ACD-anlicoagulated chimpanzee blovd via gradient centrifugation as
described 27 ‘Triplicate cultvres of 200000 PBMCs were stimulited with
1 pg/ml HCVcore, NS3, helicase, NS4. NS5A, NS35B proteins (Mikrogen)
or buffer control as previously described.® Culiures were labeled with
1 nCh PHithymidine (Amersham) on day 5 and' harvested 16 hours luter. .
Separate culures slimulated with or without PHA (i pg/mL; Murex ~
Biotech Limited) were labeled with {*Hlthymidine on day 2. The stimula-
tion index (S1) was calculated as a ratio of the average nuinber of counts per
minute of 4 replicate cullures in the presence of Ag.compared with conirol
buffer or medium.

PP

Resuits

Three chimp inoculation experiments were performed in multiple
phases as described below and in Figure 1.
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Experiment | (infectivity. of very early ramp-up plasma)

: ®
sis donors .

! ]

Plasmap!

Identification of Serial FAJ
Donor for HCV
by Sequencing . Infection
HCV Naive Chimp X331
Experiment Il (Infectivity of eclipse phase plasma)
_ B
- ©
Valtey /b\ Sarial F/U
/ X L/ for HCV
i %% Ramp-up /E\ . infection
Serial donor samples A=

Chimp X331

Experiment lll {Rechallenge of transiently infected chimp)

serial Serial F/U
@ How-up|= @ for HCV.
i} for HCV Infection
(e infection
Chimp X355 .
3 years after recovery
3 years after HCV clearance
Figure 1. design and of plasma and follow-up of chimpanzees. Experiment | assessed the infncliylly of plasma thal tested HCV RNA

negalive by licénsed diagnoslic assays and was ebtained in lhe Gays just before ramp-up viremia. (A) Fifty millililers of pre—ramp-up phase plasma lrom each of 5 commerclal
apheresls donors was Infused during a single into chimp X355. (B) When transmission was linked 10 1 donor by phylogenatic sequenging,
50-mL plasma samples from aach of 4 earlier ions from that | donor were 10 a second animal (X331} al 3-week intarvals. Both animals ware followed
for virologic, serologic, and cell-mediated immune responses lo assess svidence of HCV infection, Experiment i examined the intectivity of samples from 5 donors who had
intermittent low-teve! HCY RNA.(“biips”) deteciod during the eclipse phase et HCV infection by inlusions into chimp X331, {C) Phase 1: Infusion of a pool of 250 mt. (50 mL of

liom cotlected sub to biips) of HCV RNA-negative plasma from the eclipse phase. (D) Phase 2: 50-mL ptasma samples from blip viremc units
from the éclipse phase from the same 5 donars were sequentially infused at 6-wesk inteivals. Phase 1 and phass 2 infusians did not transmit HOV infection (o the recipient
animal (chimp X331). (E) Phasa 3: To confim this chimp's susceptibllity to HCV infection, 50-mL plasma samples from each of 3 progressivaly higher titer HCV RNA-positive
donalions collacted during the early ramp-up phase of infection from one’of thasa § donors were Infused at B-week intervals. In expesiment Ii, chinip X355 who had
spontaneously recovered from HCV infaclion and lost anti-HCV as well as virus, was rechallenged 3 years later to detenmine whelher prior infaction conlersed protection
against reinfection. (F1) Infusion ol 50 mL of plasma containing an estimated 80.HCY ANA copies (1.6 coples/ml.) irom the previous infecting Honation, (F2) Rechalienge wilh
50 mL of plasma containing an estimaled 300 000 HCV RNA copies (6000 coples/mL) from a subsequent early samp-up-phase donation irom the same donor. .

Experiment I: testing the infectivity of pl i iately RNA (qualitative and, when indicated, quantitative), HCV Ab,
before the ramp-up phase ALT, and AST. Assays for PBMC proliferative responses to HCV

Experiment 1, phasc | involved infusians of 50 ml. of plasma proteins were performed before infusion and biweekly untit week

(during a single infusion episode) from cach of 5 different source . o - . . :
plasma donors inte-an HCV naive chimp (X355). The infused m,'l: h.epaulusd(pea;k ALT 68 IUf‘{, am; "a"s,le',“ HCV‘lmfccl'mn
donations were, from donors in ‘whom there was no HCV RNA ™! V[remla eveloping at ‘:’cc O /a" persisting until weck 9,
detected during the eclipse phase and were selected so as to be the Peak viral load was 5.2 X 10 “?P‘“ mL. at week 4. HCV Ab. wa's
donati that i diately preceded the first ramp-up viremia first detected at week 8 and persisted until week 17, after which it
donation (Figure 2A, and supplemental Figure IA-E). These . Decameundetectable throughout follow-up (seroreversion). Samples

" demonstrate intermitient biips of HCV RNA before detec-

10 after infusion. As shown in Figure 3, chimp. X355 developed .

donations, which tested negative for HCV RNA by quadruplicate
dHCV TMA and viral load assays, were estimated by back-
extrapolation from measured viral loads during the subsequent
ramp-up phase of each donor to have been collected from 4 to
16 days before the onset of the ramp-up phase (defined as one HCV
RNA copy present in 20 mL of plasma).

After infusion, chimp X355 was evaluated weekly for the first
i1 weeks, then biweekly until week 29 after infusion. with a final
assessment at | year after infusion. Tests performed were HCV

6

collected from weeks 9 through 13 were RIBA positive but never
showed Ab redctivity 10 the core (c22) Ag, Samples at weeks
15 and 17 showed very low Ab reactivity by RIBA (c33-at 14,
S5t1 and NS5 at +/-, and ¢22 d ble). ALT was el t
from weeks 5 through 8 with a peak value of 68 U/L. Proliferation

of PBMC to HCV Ags was not detectable preinfusion or at week 2, -

but a clear peak was detectable at week 4. Responses wese exclusively
targeted against nonstructural HCV Ags as evidenced by Sis of 33 and

‘27 against NS5B and NSSA, respectively, 29 against NS4 and

7
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Figure 2. Representallve virémla results from 2 of the A
10 plasma donors used in chimpanzee Infection
experiments (data from all 10 panels is presented n
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Simple HCV Panel 10081

supptemental Figure 1). (A) TMA and viral foad rasults
over lime from plasma donor panel 10081, who did not
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Infused into chimp X331.at inlervals of 9 weeks between
infusions. A indicates viral load In the ramp-up and
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post-ramp-up phase of HCV infection in donor 16081,
(B) TMA and vical load resulis over time from plasma
donor panal 10083 who manifestad intermittent blips of
HCV RNA ragetivily during the eclipse phase of acute
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HCV infection. Bolh HCV RNA-negative “valley” and
HCV RNA-positive “blip” samples were infused into
chimp X331 (see Figure 1. experiment I). Numbers
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order than they weré coltecled and Ihat Infusion 1 was
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31 against NS3. Responses were rhaintained at week 6 and 8 after
infusion, and declined to slightly above baseline at week 10. By

17 weeks after infusion, HCV RNA and HCV Ab were undetectable-and
ALT levels were normal, thus leaving no residual evidence of prior
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chimp X355, Flity milliiters of plasma from each of
5 donors in Ihe pre~ramp-up phase of HCV infeclion were
Infused in a single experimental pracedure inlo chimp
X355 (see Figure 1, experiment 1) and infectivity moni-
tored by weekly or biweekly measuremenl of ALT level
(solid fine), HCV RNA (dashed line and box), anti-HCV
{box}. and cell D bx panai).
Transient HCV In‘ection is demonstrated. Note that HCV
RNA was na longar detectable by week 10 and that Ab lo
HCV disappeared by week 18 aher inlusion, Cell-
mediated immune in a profiterali
assay. peaked at week 4 and considerably diminished by
week 10,
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Figure 4. Phylogenetic reconstruction ot HCV E1/E2
region sequences from 5 plasma donors (10081,
10051, 10082, 16017, and 10022} and a chimpanzee
(X354} infuged with a poal of 50 ml. of plasma trom
each of the donors. 4 indicates population sequences

to the first hy, reglon (HVR-1)
of EV/E2 {404nt) for donors and the chimp; and 4, cloned
sequences. Samples from 2 time points 19 days apart
were oblained from the chimpanzee, The.first time point
sequences are indicated with ¢ and the second time point
sequences by C. Viral sequences in the chimp are shown
10 be clossly-related to donor 10081, Reference se-
quences from genotypes 1a (HCV-H, H77, and HCV-1),
1b (L2, JK1), and 3a {K3a) ware included. The maximum
fikelihood tree was rooled with the 3a relerence se-
quence. Boolstrap values > 70% ara indicated.

10022

HCV infection except for the cell-mediated i p which

. ion of 1.2 copiesm (95% CT 0.5-1.9 copiesimL). In retro-

remained detectable as late as week 21 after infusion.

Sequencing of HCV RNA and phylogenetic analysis revealed
that the chimp HCV isolate was very closely related to an HCV
isolate obtained from a subsequent highly viremic donation from
one of the 5 source plasma donors used in-the infecting inocula
(Figure 4). The transmitting donation had been collected 4 days
before the first guantifiable HCV RNA-positive donation (viral
“load of 6 X 10* HCV RNA copies/mL) from this donor (donor
10081). To increase the sensilivity for detection of HCV RNA in
the transmitting and nontransmitting source plasma donations,
23 additional 0.5-mL plasma replicates from the infused donations
were tested under code for HCV RNA by the TMA assay. In toal,
2 of the 27 replicate TMA assays were positive with plasina from
the donation implicated as infectious by phylogenetic analysis,
whereas similar multiple replicate TMA testing performed on identically
processed frozen-thawed plasma from the ather 4 donatons in the
transmilting pool gave negative results. A probit analysis indicated that
the dHCV TMA-positive donation had an estimaied HCV RNA

69

spect, this initially HCV RNA-negative donation was probably in the
very early ramp-up phase of infection such that multiple replicate testing
was required to detect the very low leve) of HCV RNA that was present.
Because 50 mL of plasma from this donation was infused, we estimate
that chimp X355 acquired HCV infection after being transfused with a
total of ~ 60 HCV RNA copies (95% CI: 25-95 copies).

To confirm that the donation that initially infected chimp X355
was the earliest infectious donation in the panel of serial
donation samples from the implicated donor, we conducted
phase 2 of this experimenl. A second HCV naive chimp (chimp
X331} was infused on separate occasions with 50 mL of plasma
from HCYV RNA-negative units donated by the transmitting
donor that had been collected 14, [0, 7. and 3 days before the
transmitting donation (Figure 2A). Chimp X331 was monitored
weekly for 6 weeks after each 50-mL infusion (total of 24 weeks)
to document evidence of HCV infection by HCV RNA, HCV
Ab, and ALT/AST testing. There was no evidence for HCV
infection in this secoid recipient chimp.

Table 2, HCV RNA cor i of
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,
Table 1. Estil HCV RNA n of eclipse-ph: with blip viremia infused into chimp X331 (experiment i, phase 2)
Donor/donation Days preceding No. of TMA-posliive Imputed HCV RNA coples/mt Infused HCV
rempup” replicates (%) {95% fiducia) limits)t - ANA copies
561
1027 (38) 185
0027 {37} “184.

TMA dlated

*Plasma from HCV RNA-negative donations from sach ot thesa tive donors ware previously infused into chlmp X331 and resuited in no evidence of HCV inlection. These
conations were colleciad prior 1o ramp-up virermia at days —31, —23, ~19, —21, and — 18, respeclively.
TRANA copy levels were eslimated from probit analysis of repficate testing of the HCV WHO Internationat SIandard (NIBSC Codes: 97/690}: ooples per milliliter were based

on a conversion factor of 3.4 ANA copies/iV.

Experiment {i: testing the |n|ec1lvﬁy of plasma during the
eclipse phase

In experiment I1, eclipse-phase RNA-positive and RNA-negative
donations were selected from 5 of the 37 source plasma donors who
had intermittent HCV RNA detected in the eclipse. phase of
infection (Figure 1, suppl ! Figure 1F-J). Chimp X331, who
had not been infected in phase 2 of experiment I, was used for these
studies, which were begun 22,5 months after the completion of
experiment 1. In phase 1 of experiment II, a 250-mL ptasma pool
from nonviremic donations obtainied -during the eclipse phase of

‘infection from 5 different source plasma donors was infused into

chimp X33] (see supplemental Figure 1F-J for time points used in
these infusions); these HCV RNA-negative donations were ¢ol-
lected during the RNA-negative “valleys” between intermittent
HCV- RNA-positive eclipse-phase’ donations (blips). This chimp
was monitored weekly for 6 weeks for HCV RNA, HCV Ab, ALT,
and AST There was no ev:dcnce for viremia, Ab seroconversion, or
tr , indicating that these HCV RNA-negative
eclipse-phase donations were not infectious. )

One month later, phase 2 of this second experiment involved
infusions of 50 mL of low-level HCV RNA-positive eclipse-phise .
plasma from each of the same 5 source plasma donors into the same
chimp (Table 1, supplemental Figure 1F-J), The infusions of the
5 units were separated by 6-week intervals during which the

recipient chimp was itored for evid of HCV infe
There was no Virologic evidence for transmission of HCV infec-
tion, and no evidence for 1 or cellular i

Finally, after. an additional 6-month interval, phase 3 of this
experimenl was conducted. In Jight of the muitiple exposures to
HCV RNA from eclipse-phase infusions, the aim of this phase was
to establish that- chimp X331 was susceptible to HCV infection
when infused with a sufficient BCV RNA: dose, Three 50-mL
plasma infusions from HCV RNA-positive units obtained either
immediately before ramp-up or during the ramp-up phase of
infection from one of the 5 donors (plasma donor 10083) used in

phases 1 and 2 were infused at 8-week intervals (Figure 2B, Table
2). These 3 units had increasing HCV viral loads (1.5 copies/mL.,
3.0 copies/mL, and 6.8 X 10° copies/mL). The chimp was
monitored weekly for' 8 weeks for HCV RNA, HCV Ab. and
ALT/AST after the first 2 infusions and then weekly for
12 weeks and biweekly until week 24 after the third infusion.
Liver biopsies were performed immediately before the infusion
containing 6.8 X 10° copies/mL and a1 weeks 2, 3, 5, and 7 after
that infusion. No HCV infection was detected over an 8-week
follow-up period after each-of the first 2 infusions (infusion of
74 HCV RNA copies [1.5 copies/mL X 50 mL] and 149 HCV

.RNA copies [3.0 copies/mL X 50 mL)). In contrast, after infu-

sion of the donation with 6.8 X 10° HCV copies/mL (total
infusion of 3.4 X 107 copies [6.8 X 10° copies/mL X 50 mL)),
the recipient chimp developed viremia at t-week postinfusion
(peak titer 1.3 X 10° copies/mL) which persisted unti! week
16 (Figure 5). All liver biopsies were normal. Unexpectedly,
HCV Ab never déveloped over the 24 weeks of follow-up.

Expi Wz testing wheth HCV inf
pl agalns_h hall

A h

Experiment ¥ (Figure 1) was d to determine her the
i of HCV infection from a low-dose i lun, followed

by viral clearance, would protect against rechallenge by the same
HCV strain. In this experiment, performed 34 months after recov-
ery from the initial experimental transmission of HCV to chimp
X355, this same chimp-was challenged with a S0-mL plasma
infusion from the same low-viremic (1.6 copies/mL), early window--
phase donation that had transmitted the initial HCV infection. The
chimp was menitored weekly for |2 weeks during which time there
was no evidence of a second HCV infection, implying some level
of xmmumly even though anti-HCV and "HCV-specific cell-
were not befoie or afier e HCY

challenge.

Iinfused into chimp X331 to prove susceptibility to HCV infection (experiment I,

phase 3}

: HCV RNA coples/mL (imputed Infused
Donor/donation Phase of Days preceding No. of TMA-positive from replicate TMA tesling” or HCV RNA
no. infection ramp-up replicates (%) © measured by Vi assay) coples
10083-12 Prlof 1o amp-up 7" 27 (1) 1:48(0.71-2.28) 74
10083-13 . Prior to ramp-up 5 9/27 (33) 2.99(1.83.4.05) 149
1008314 _Aamp-up S NAt- - 68 %108 34X

TMA indicates transcription-mediated ampiification: VL, viral ioad; and NA, not applicable.
“RNA copy levels were estimated from probit analysis of repiicate lesting of the HGV WHO International Standard (NIBSC Codes: §7/690); copies per millttier were based

on a conversion faclor of 3.4 RNA copiesAU.

1This donalbnvwas positive by quanitative HCV RNA testing at a ion of 6.

8 x 108 P and was nol
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to replicate TMA testing.
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Figure S. Results of transmisslon experiments In
+ chimp 331 (ses Figure 1, axperiment il), Aker demon-

Pre Ramp-up {TMA+/PCR-} 50m] X 5 masesp i No Infection

slrating that valiey phase. bip phase, and pre~ramp-up
phase infusions {S0 mL) from each of 5 plasma donors
wera nol infactious in chimp X331, this.animal was

ANTLHGU[- = == o e oo e 7 0

Hcv-RNA|:-+++++++++++++ + - = .

chalienged with a ramp-up phase inoculum contalning
- I 340 000 total RNA copies in a voluma of 50 mL. Chimp
X331 was intected as intlicaled by the detaction of HCV
- I RNA from weeks 1 to 16, but then HCV RNA cleared;

[infusion: Ramp-up phase

ing 340,000 total RNA coples |

HCV Abs and cek-mediated Immune responses to HCV
wera not detectec and the ALT level was not efevaled. By

, Wweek 18. there was no residual avidence that this
140000 ¢  infection had occurred.
4
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To further assess protective immunity, 4 weeks later, the chimp
was rechallenged with a 50-mL plasma infusion from the subse-
quent ramp-up phase donation (donated 4 days later) given by this
same donor, which contained 6000 HCV RNA copies/mL (for a
total infusion of 300000 HCV RNA copies). The chimp was
monitored weekly for 10 weeks, then biweekly until week 24, and
then monthly until week 52. Chimp X355 was reinfected with HCV
as evidenced by development of low-level HCV viremia that was
only present at weeks 1, 2, and 3 and only quantifiable at week
1 (1620 copies/mL). HCV Ab developed at week 5 and persisted
through week 20, was intermittently deétecied at weeks 28 and
32 and then reverted to negative on 3 subseguent measurements.
ALT remained normal throughout the 1-year follow-up period and
this chimp did not mount any PBMC proliferative responses to the
challenge inoculum. At week 52, the chimp expired from an
unrelated pyelonepbritis and Escherichia coli sepsis precluding any
further follow-up.

Discussion

We studied the infectivity of human plasma collected in various
stages of acute HCV infection to define the relationship between
HCV RNA as detected by the most sensitive RNA assays and
infectivity in the well-established chimp infection model. We
demonstrated thal infusions of 50 mL of plasma from each of
5 human source plasma donors thought (o be in the late eclipse
phase of infection (just before or at the beginning of the ramp-up
phase) at the time of donation into an HCV-naive chimpanzee
resulled in a mild and transient HCV infection characterized by
low-level viremia, HCV Ab production, and HCV-specific T-cell
immune responses. This was followed by viral clearance, rapid loss
of HCV Ab, and marked diminution of the cellular immune
response. Sequencing of isolates established that the infection was
from a single plasma donor in the group of 5 used in the
experimental infusion. Based on performing HCV TMA on
27 replicate samples from the transmitting donation, we established
that this plasma had an estimated HCV RNA concentration of
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1.2 copies/mL and hence the donor was probably in the early phase
of HCV ramp-up viremia (rather than the eclipse phase) at the time-
of this donation. The definition of the transition between the eclipse
and ramp-up phases is not precise and the mechanisms leading to
this transition are not known, as discussed in Glynn et al.! Based on
the 50-mL plasma infusion from this donation, we estimaled that
60 HCV RNA copies were infused into the recipient chimp.
Samples collected from 3 to 14 days previously from the same
donor were infused in 50-mL aliquots mto another HCV nmve
chimp.and did not cause infection, indi g that the tr

donation was obtained at or near the time whcu the donor first
became infectious. This.also indicated that the duration of infec-
tious viremia before detectable RNA by donor screening nucleic
acid assay techinology (NAT) assays was very brief,

Thiis experimental ission has some parallels with the first

reporied human case of (ransfusion-transmitted HCV infection

from a unit retrospectively shown to be HCV RNA negative by a |,

sensitive individual donation NAT (ID NAT) assay.? In this human
transmission, HCV RNA could be demonslrntcd mcons:stcntly in
the tr itting di ion when eval d in i by
JHCV TMA testing, leading to the conclusion that HCV RNA was
present, but at a very low level (estimated at << 10 copies/mL). The
donor of this unit may have been in the very early ramp-up phase
with HCV RNA levels below the level of consistent detection by
even the most sensitive ID NAT screening method, as occurred in
our chimp transmission experiment. Data from this study in
chimpanzees, other chimp experimental studies ‘using serially
diluted ramp-up phase plasma :nfumons," 16 and the clinical case
report of a breakthrougt ion® demo that ID NAT
cannol completely eliminate the risk of transfusion transmission of
HCV, given the high level infectivity of ramp-up phase virus. Of
relevance to transfusion safely, it appears that blood transfusions
from donors in the carly stage of acute HCV infection can be
infectious before the time of RNA detection by routinely performed
NAT sereening, including the most sensitive ID NAT test currently
available which has a 50% limit of detection of 12.1 copies/mL
(959 CI 11.1-13.2).2% Hence, conversion to individual donation
NAT from currently used mini-pool NAT (MP NAT) screening will
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not close the infectious window period completely and may not be
d given its projected very low i ! yield and poor
cost-effectiveness, 102530 ' _

A further set of experiments was performed to cvaluatc the
infectivity of 2 types of donations from the surprisingly prolonged
eclipse phase of infection observed in 74% of the plasma donor
panels we studied. These iricluded donations that were HCV RNA
positivé and estimated to contain.from 1 to 20 HCV RNA
copies/nL (60 to 561 HCV RNA copies per infusion) and other
intervening donations from the same donors that were HCV RNA

" negative by sensitive multireplicate testing. Infusions of 50 mL of

plasma from either of these 2 donation types from each of 5 donors
with such intermittent HCV RNA “blips” did not cause infection
when transfused into a single chimp, who was later proven to be
susceptible to HCV infection when infused with a ramp-up phase
viremic sample from one of these same donors.

Thus, although HCV RNA was intermittently detected during
the eclipse phase of infection for up to 8 weeks before ramp-up
viremia, our results show that transfusion of such units was not
infectious in chimpanzees. In contrast, we demonstrated infectivity
with an early ramp-up phase sample at a total infusion dose of -
60 HCV RNA copies. Japanese investigators have shown that even
lower doses of HCV RNA (total inocula of 20 HCV RNA copies)
from an acutcly infected chimp itted HCV infection to
recipient chimps.'¢ Hence, during the ramp-up phase of early HCV
infection, infusions with very low copy numbers are highly
infectious whereas infusions having equal or higher copy numbers
of HCV RNA obtained during the eclipse phase are not infectious.
This suggests critical diffe in the p ion or pach
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NAT, MP NAT, fourth generation Ag/Ab assays), as reviewed in
detail elsewhere.?

We have shown that a chimp infected with HCV from infusion
of a low-dose eatly ramp-up inoculation developed a transient
HCV infection as evidenced by low-level and short-lived viremia,
and both humoral and cellular immune responses; by week 17,
virologic, serologic, and biochemical evidence of HCV infection
had disappeared and very low-level T-cell responses were the only
residua of past HCV infection. A second chimp also inoculated with
plasma from the early ramp-up phase of HCV infection developed
transient viremia but failed 1o seroconvert. Similar examples of
transient infections without seroconversion or with seroconversion
followed by seroreversion have been reported in experimental
chimp infectivity sludles 18 and mrcly in human HCV infections
after transfusion and 81336 OQur
experimental findings corroborate lhcse prevxously reported human
observations in establishing that more HCV infections occur in
persons than are clinically, virologically, or serologically identified
by cross-sectional serologic or NAT screening.

Lastly, these experiments in a single chimp indicate that HCV
infection” from .a low-dose inoculum did not ‘confer protective
i ity to rechall as we d d only limited protec-
tion when the chimp who developed but then lost deteciable
adaptive humoral and cellular immunity was rechallenged with a
higher dose of the identical HCV strain.

A noteworthy limitation of our study is that we bad access to
only 2 HCV naive chimps to evaluate the .infectivily of a large
number of donations from 10 donors with different patterns of
echpse and ramp-up phase viremia. Consequently, we had to

of HCV RNA during the eclipse and ramp-up phases of HCV
infection as discussed below.

There are multiple possible explanations for the finding of
intermittent HCV RNA detection in some donors during the eclipse
phase. This may represent persistent low-level viremia that occurs
at a concentration that is at or near the limit of assay detection and
thus, based on assay limitations, is detectable in some les and

liciously design experiments with reuse of the same chimps for
multiple infusion experiments, This could have resulted in either
immunization or tolerance to HCV, perturbing our ability to
ascertain infectivity of donor plasma. However, we do not believe
this seriously compromised interpretation of our experiments
because all the chimps were carefully evaluated using sensitive
assnys for delccuon of HCV RNA and both humoral and cell-

nondetectable in other serially collected specimens. Another expla-
nation is that periods of HCV viremia alternate with nonviremic
periods as a result of intermittent release of viral particles into the
plasma from focal rcph'cation sites such as the liver and possibly
even peripheral blood cells. Thll‘d these episodes could rep

y and each animal was negative by all these
parameters before viral challenge. Furthermore, in the chimp
(X331) that was uninfected after challenge with blip and valley
eclipse-phase infusions, we confirmed HCV susceptibility by
lmnsfusmg a high titer inoculum from the ramp-up phase of

peated HCV expx or fi which abort, until a
particularly fit variant is finally itted and di i

In-summary, these studies demonstrate that: (1) Large volume

Perhaps the most likely explanation is that early in HCV infection,

_HCV RNA can-be released into plasma as nonvirion-associated

nucleic acid or as defective, nonreplication competent virions. The

plasma ions can it HCV infe betore RNA
detection by current donor screening assays, but the interval of
infectivity before RNA detection appears to be very brief (4 days in
this experiment). (2) The noninfectivity of eclipse-phase * “blips™

dm appear to be most with the hypothesis that complele

particles likely do not circulate until i diately before
the ramp-up phase of HCV infection, leaving a very narrow
window of infectivity before detectability by sensitive blood donor
screening and diagnostic assays.

Whatever the explanation, this series of experiments, and those
of others,'*16 establish that HCV RNA intermittently - detected
during the eclipse phase of HCV infection can be ignored when
performing mathematical modeling of residual transfusion-
transmitted HCV risk. This Jack of infectivity (or perhaps. very rare
infectivity, which we were not able to demonstrate in our small
study) is consistent with_ reports of only a very few transfusion-
transmissions from HCV NAT-screened units. Thus, risk modeling
can use the time period from the extrapolated beginning of ramp-up
‘phase viremia to d ble virus by the ing method used (ID
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di that these may represent incomplete virions and can be
ignored when calculating HCV residual transfusion risk. (3) Markers
of HCV infection can be rapidly lost after exposure (o low-dose
inocula, suggesting that more HCV infections occur than are
currently documented. (4) HCV infection from a tow-dose inocu-
lum does not sarily confer. protective i ity to rechall
from a higher dose of the homologous strain.
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BACKGROUND: Although a risk of transfuision-
transmitted human parvovirus B19V (TT-B19V) infection
has been a concem, there have been very tew reports
of clinically relevant TT-B19V caused by the transfusion
ofa Blsv—comalning blood component. it has therefore
been a matter of debaite whetfer a universal B19V.
screeninig with.an appropriate senshivity is required.
STUDY DESIGN AND METHODS: Through the Japa-
nese-Red Cross he'mqvigllahoe system, clinical reports
on possible TT-B19V'were collected from 1999 to 2008,
duririg which B19V donor screening (sensitivity, 10%
/ML) was ‘conducted-and regository blood: samplss
from donors were available.

RESULTS: Eight patients with TT-B19V caused’ by
component transfusion have beén identified. Four
patienis developed sustained anemia and pure red
blood cell (RBC) aplasia and one patient developed
pancy ia. The underlying diseases in these five.
patients were either hematologic malignancy or
hemolytic diseases. The viral loads of the résponsible
components for these cases ranged from 10° fo 10°
IU/mL. Two patients whé underwent surgical treatment
without any hématologic disarder exhibited only moder-
ate symptoms. The B18V DNA sequence identity
between & patient and the finked blood donor was ¢on-
firmed in five of the ergm patients. All of the compo-
nents responsible for the eight cases were posmve for
anti-819V immunoglobulin (lg)M

CONCLUSION:: Vulnerability to serious B19V-related
hematologic disorders depended on the patient's under-
lying disease state of an enhanced erythropoiesis, not
on the viral foad of the component transtused. To
prévent clinically relevant TT-B13V, a strategy is sug-
gested in which patients at risk of acquiring RBC
aplasia or pancytopenia are targeted.

nfection - by human parvovirus B19 (B19V) is
common in ‘any geographic area- and causes
erythema infectiosum or fifth disease in childhood.
The infection in.adults is usually asymptomatic but
may cause a transient red blood cell (RBC) aplasia in
patients in the state of an enhanced erythropoiesis or
may cause persistent anemia in immunocompromised
patients."? The prevalence of anti-B19V immunoglobulin
(Ig)G increases steadily even after childhood, suggesting
that B19V infection occurs frequently during adulthood.®
In acute infection, the viral load in peripheral blood
redches ‘as high as- 10”7 IU/mL.’ The frequent primary
infection among adults and the high viral load without
symptoms imply the presence of a considerable number
of blood donors with a high viral Joad, which raises the
possibility of a considerable risk of transfusion-
transmitted B19V infection (TT-B19V). ' )
Although TT-B19V cases have often been reported
after the transfusion of plasma derivatives,*" there have
Lbeen very few reports of clinically relevant B9V infection
that is-considered as a result of the transfusion of a BI9V-
containing blood component (i.e;, RBCs, fresh-frozen
plasma (FFP}, or platelet {PLT] coricentrates).!'"™ it has

ABBREVIATIONS: AML = acute myeloid leukemia; B19V =
" human parvovirus B19; IRC = Japanese Red Cross; nt =
feotide(s); RHA = recep diated hemagg)
TT-B19V = transfusion-transmitted human parvovinis B19V;
TTI(s) = transfusion-trapsmitted.infection(s).
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therefore been a matter of debate whether a universal
B19V screening with an appropriate sensitivity is indeed
required for securing blood component safety. In this
regard, several studies have been conducted to establish
the frequency of blood products harboring TT-B19V risk
and the frequency of clinically relevant TT-B19V cases. In
most such studies, a reason to implement a B19V screen-
ing method that covers all blood donations has not been
verified because no case of clinically relevant TT-B19V was
identified during the study period.’*’®

Japanese Red.Cross (JRC) blood centers established a
hemovigilance system in 1993 and have been collecting
voluntary reports on transfusion-transmitted infections
(TTIs) and other adverse effects as a result of transfusion.
Through the system, JRC has so far obtained five estab-
lished and three probable cases of TT-B19V. In this article,
we describe the details of TT-B19V cases, each of which
represented a typical clinical course of B19V infection.

PATIENTS AND METHODS

Hemovigilance system

" JRC blood centers are the sole facilities in Japan that deal
with blood procurement and- processing, testing, and
delivery: of blood components. The:JRC hemovigilance
system has been functioning since 1993 and covers the
entire country with 1 million patients being transfused
every year. Although the reporting of suspected TTI cases
to JRC is not mandatory, it is obligatory for every physician
to report TTI cases to the Japanese Ministry. of Health,
Labour and Welfare, which in turn refers this information
to JRC. Eventually, JRC is able to obtain al] information
.on suspected TT!s and other serious adverse reactions
caused by blood transfusion. The system also includes a
complete sample archive from all blood donations since
1999, which enables us to investigate the cause of a TTI
using the repository blood samples obtained from the
donation associated with the TTI. For TT-B19V. cases, a
lookback study for the possibility of previous donation
with viremia has not been performed.

Receptor-mediated hemagglutination assay

In 1998, JRC implemented a receptor-mediated hemag-
glutination (RHA) assay as a screening test for B13V and
used it for all donated blood until 2007. The theoretical
basis of the RHA assay system was described eise-
where'*"; briefly, it is a B19V antigen detection method in
which the indicator RBCs agglutinate via BI9V particle
binding to globosides on the RBC membyrane at a critical
pH (pH 5.6 = 0.1). The sensitivity of RHA is approximately
10" IU/mL, and by this method, 300 to 400 B19V-positive
donors with very high titer viremia have been identified
every year.?' Although the sensitivity of RHA is not satis-
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factory, it has greatly contributed to- the lowering of the
viral load in a plasma pool that is manufactured into
plasma derivatives.” In 2008, JRC implemented a chemi-
luminescence enzyme immunoassay-based screening
assay that is also an antigen detection assay with a sensi-

tivity of approximately 107 [U/mL.

Palymerase chain reaction analysis of B19V and
antibody detection

On receiving a report of a suspected case of TT-B19V, poly-
merase chain reaction (PCR) analysis was carried out to
detect the B19V DNA in patient sera obtained before and
after the index blood transfusion as well as in repository
tube(s) obtained from the donation(s) from which the
blood component(s) suspected of causing TT-B19V had
been processed. BI9V DNA was extracted using a total
nucleic acid isolation kit (MagNA Pure LC, Roche Diag-
nostics, Tokyo, Japan) and amplified and quantified using
a B19V quantification kit (LightCycler, Roche Diagnostics,
Tokyo, Japan). The forward and reverse primers were
located at Nucleotides (nt) 2046 to 2064 and nt 2110 to
2092, respectively. The probe used was mapped at 24 bp of
nt 2067 to 2090. The 95% detection limit of the PCR system
is 289 1U/mL, as determined by probit analysis. Direct
B19V DNA sequencing was performed targeting 1069 bp
(nt 1884-2952) in the NS1/VP1 region for Cases 1 to 4.3 As
for Case 5, B19V DNA was sequenced for a total of 1913 bp
covering the NS (489 bp [nt 1396-1884] and 225 bp int
1962-2187]), NS-VP1 (597 bp [nt 2370-2966)), and VP1
(602 bp [nt 2984-3585]) regions. Sequence identity was
assessed for these regions between the patient samiple and
the blood donor-sample. IgM and 1gG specific for B19V
were detected by enzyme-linked immunosorbent assay
(Parvo-IgM and Parvo-1gG, Denka Seiken, Tokyo, Japan).

RESULTS

The' annual number‘of blood donations in Japan is

. approximately 5 million and the arinual number of com-

ponents released to medical facilities for RBCs, FFP, and
PLT concentrate are 3.3 million, 960,000, and 730,000,
respectively. Data presented in this article were collected
during the period from 1999 through 2008 when reposi-
tory blood samples. from donors were available. During
that period, JRC received only 15 reports of suspected
TT-B19V from physicians, among which we were able to
identify eight cases of TT-B19V. This indicates that the case
frequency of documented TT-B19V is eight per 50 million
or approximately one in 6 million donations. Details of the
five TT-B19V cases that were confirmed by B19V-DNA
sequence analysis are described below {Table 1).

Case 1
A 41-year-old man with hairy cell leukemia underwent
a treatment regimen including a course of cladribine

B19V INFECTION BY COMPONENT TRANSFUSION

TABLE 1. Cases established as having TT-B19V infection
Before After Transfused
Case Patient profile fusi i Sympi and lab y findings components
1 41, male . DNA {+) RBC aplasia {3 months) RBCs (irradiated)
Hairy cell laukemia R TigM (+) Reticulocytopenia (1 month) DNA (+)
After chemotherapy 1gG (#) Viremia level of 1% 10" copies/mL 1.8 x 10° lU/mL*
2 x 10° IU/bagt
. IgM (+}
1gG (+)
2 57, male DNA {-} DNA (+) Pure RBC aplasia (approx. 2 months) PC (irradiated)
. AML (M4) igM (-} IgM ¢+) DNA (+}
Alter chemotherapy 19G () 1gG (+) 9.7 x 10° W/mL
2% 10" |U/bag
IgM (+)
19G (-)
3 35, female DNA {-) DNA () Fever RBCs (iradiated)
Placenta previa IgM (=) - igM (+) Systemic eruption (3 weeks) DNA(+)
19G (=) 19G (+) . 3.0 x10% IU/mL
) 3 x 10° IU/bag
IgM (+)
. ' 19G (+)
4 . 59, male DNA (-} DNA {+) “Sustained high fever (5 days) RBCs (irradiated)
Rectal cancer “IgM (=) oM {+) DNA(+)
. 1gG (=) 19G (+) 5.1 x 30° IU/mL
- 5% 10 IU/bag
IgM (+)
19G (+}
5 81, male DNA () DNA {+) High fever PC (irradiated)
AML Disseminated erythema . ONA (+)
After chemotherapy * - ‘Pure RBC aplasia (7 weeks) igM (+)
R Reticulocytopenia 159G (+}
* Viral concentration in the dopated blood. )
t Estimated viral load in the component.
PC = PLT concentrate,

(2-chlorodeoxyadenosine) for 7 days in May 2005. On Day
0, 9 days after the completion of cladribine treatment, he
was transfused with 1 unit of RBCs because of anemia. The
reticulocyte proportion in his peripheral blood decreased
from 3.6% on Day 6 to 2.4 and 0.3% on Days 8 and 10,

. respectively. B19V PCR analysis was performed on his Day

11 serum, which revealed a viremia level of 1x10%?
copies/mL. The JRC central laboratory also detected B1SV
DNA and anti-B19V of both IgM and IgG classes in sera
obtained on Day 22. On the basis of these findings, the
diagnosis of RBC aplasia due to TT-B19V was made,
Reticulocyte counts ranged from 0.1% to 0.2% since then,
and the patient remained RBC fransfusion dependent
requiring  occasional  granwocyte-colony-stimulating
factor (G-CSF) administration. His reticulocyté count’
started to increase in late June and the complete resolu-
tion of anemia was confirmed in late-August. The reposi-
tory sample from the index donation for the RBCs was
found to contain 1.8 x 10° [U/mL B9V DNA as well as
anti-B18V of both IgM and IgG classes. The patient was
administered G-CSF because of existing leukopenia
caused by the preceding chemotherapy with cladribine,
not by BISV infection (Y. Tsukada, manuscript ‘in
preparation), :
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Case 2 .

A 57-year-old man received chemotherapy for acute
‘myeloid Jeukemia (AML, M4). After the completion of che-
motherapy in May 2005, he received multiple blood trans-
fusions because of sustained marrow suppression. The
index blood transfusion of the PLT concentrate respon-
sible for TT-B19V was carried out en June 14 (Day 0). A
delayed recovery of RBC generation was noted despite a
complete recovery of white blood cell and PLT generation.
Marrow examination was carried out on Day 21 revealing
pure RBC aplasia as well as a complete remission of AML.
His peripheral blood sample collected on Day 24 was posi-
tive for BI9V DNA and anti-B19V of both IgM and IgG
classes. He became negative for anti-B19V [gM on Day 35
and RBC generation recovery was recognized: month
later. A pretransfusion sample obtained on Day -21 was
negative for both B19V DNA and .anti-B1SV of both
classes. The repository sample from the index donation
for the PLT concentrate contained 9.7 x 10° (U/mL B19V
DNA and the anti-B19V of the IgM class but not that of the
IgG class. Seventeen blood components had been trans-
fused to this patient before the marrow examination, but

_only the repository sample from the index PLT concen-

trate was positive for B19V DNA.
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Case 3

A 35-year-old woman with placenta previa received a
transfusion of 5 units of RBCs in June 2005 because of
massive bleeding on delivery. On Day 7 after the index
transfusion, she developed a fever of 38°C. Four days later
she developed systemic small eruptions, which Jed her
physician to suspect a viral infection. Laboratory testing
revealed the presence of anti-BI9V IgM in the blood
sample collected on Day 12. All the symptoms disap-
peared 1 month after transfusion without specific medi-
cation. The pretransfusion sample collected on Day 0 was
found to be negative botlr for B19V. DNA and anti-B19V
of both IgM and 1gG classes. Posttransfusion samples
obtained on both Day 47 and Day 60 contained B19V
DNA and anti-B19V of both classes. A retrospective study
revealed that a repository sample from'1 of the 5 units of
the RBCs contained 3.0 x 10° IU/mL B19V DNA as well as
anti-B19V of both classes.

Case 4

A 59-year-old man with rectal cancer received a transfu-
sion of 2 units of RBCs during a surgical operation in April
2006. Although his postoperative course was: uneventful
for 5 days, he developed a high fever of 38 to 40°C on Day
6 postoperation and the fever remained for 5 days despite
smedication with antibiotics and antipyretics. The fever
thereafter resolved spontaneously. It was reported that a
surgical complication was unlikely from the viewpoints of
the operative procedure and postoperative course. A post-
transfusion sample collécted on Day 22 was found to he
pesitive for B18V DNA and anti-B19V of both IgM and 1gG
classes: these three markers were all negative in a pre-
transfusion sample obtained 1 day before operation. A
repository sample from the donation for 1 of the 2 units of
the RBCs transfused contained 5.1 x 10° ITU/mL B19V DNA
as well as anti-B19V of bioth IgM and IgG classes.

Case 5

A 61-year-old man undergoing chemotherapy for AML
received 24 blood transfusions for 4 months in 2002, He
developed a high fever and disseminated erythema 22 and
26 days after the index wransfusion (Day 0), respectively.
Reticulocytopenia developed and pure RBC aplasia was
confirmed by marrow examination. B19V DNA was not
detected in his.pretransfusion sample collected on Day
~49 but was detected in his posttransfusion sample col-
lected on Day-25. He recovered from pure RBC aplasia 7
weeks after the transfusion. The responsible blood com-
ponent was a PLT concentrate transfused in_mid-May,
which was found to be positive for anti-B19V of both IgM
and IgG classes and B19V DNA. Data on the BI9V DNA
concentration in the repasitory sampie from the index
component are not available.
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In the first-four cases presented .above, complete
genome sequence identity was established for nt 1884

to 2952 of B19V between the patient posttransfusion

samples and the associated donor repository samples. For
Case 5, viral sequence identity was established for a total
0f 1913 bp (see Patients and Methods). Figure 1 presents a
phylogenetic tree of the B19V DNA sequences for the five
established cases.

In addition to these five cases with established B19V
DNA sequence identity between donors and recipients,
JRC blood centers have three reports of probable cases
of TT-B19V (Table 2). In all three cases, BI9V DNA was
detected in posttransfusion samples and linked donor
repository samples, but data on B19V DNA sequence
analysis were not available. The first case was reported
elsewhere in detail'; briefly, a 52-year-old woman with-
paroxysmal nocturnal hematuria was regularly receiving
RBC transfusions with prednisolone administration. She
developed pancytopenia with high fever and general
malajse 13 days after the index transfusion (Day 0). She
thereafter received ‘a continuous course of transfusions
with RBCs and PLT concentrates together with G-CSE
She recovered froim pancytopenia approximately 1 month
after the index transfusion, aithough the reticulocyte pro-
portion remained low for a longer period. Anti-B19V'IgM
was d dinherp fusion samples with increas-
ing titer in the following months. Before the onset of
pancytopenia, the patient had received transfusion -of 1
unit-of RBCs on Days ~56, -32, 0,.and +1. Repository blood
samples from the four components were subjected to PCR
analysis-and only one sample from the index blood com-
ponentwas verified to'be positive forB19V DNA, Strikingly,
the B19V DNA-positive blood component attributed to

this infection was a washed RBC unit processed from a |

donation containing 6.8 x 103 [U/mL B19V and anti-B19V
of both IgM and 1gG classes, The blood obtained 4 months
later from the same donor stil] had a viral load of 1.6 x 10°
1U/mL but no- specific IgM., The second patient was a
28-year-old-woiman with hemolytic anemia. She sustained
a prolonged severe anemia after transfusion of I unit of
RBCs. Marrow examination verified hypoplasia of a RBC
lineage. The proportion of peripheral blood reticulocytes
remained as low as 0.1% for 1 month. B19V DNA was not
detected in her pretransfusion sample. The blood compo-
nent responsible for this case was an RBC unit positive for
anti-B19V of both IgM and IgG classes. The third patient
was a 79-year-old man who received transfusion of 1 unit
of RBC during pelvic tumor resection. He did not develop

. any clinical symptoms after the transfusion but routine

postoperative blood analysis revealed a decreased teticu-
locyte count that lasted for 1 week. Further investigation
verified the anti-B19V IgM conversion. The responsible
RBC unit contained anti-B19V of both IgM and IgG classes.

In one of the threé probable cases presented above,
B19V DNA was negative in the pretransfusion sample,
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— AF113323-1

AJ249431-2

— AY064476.2
AJ249434-2
AY903437-2
AY044266-2

- AX003421-3

AJ249430-3
' .[Avoasma ‘

PDI-3-05143 Case2
PDI-3-05117 . Case?
PDI-3-06074 Cased

PDI-3-05186 Case 3
L— Z70599-1 .
L M43178-1 '
M24682-1
i E Z70528-1

L PDI3-02069 Cases

Fig. L. Phylogenetic tree of BL9V DNA for five established cases. PD1-3-05117, -05148, -051386, -06074; and -02069 correspond to
Cases 1,2, 3, 4, and 5, respectively. For. these cases, the B19V DNA seq was Identical b those obtained from blood
denots and those.from transfused patients for the region indicated under Patients and Meéthods. As reft other seq
published in-GenBank from Genotypes 1 to 3 are.also shown. .

TABLE 2. Prabable cases of TT-B1gV

¢ : Before - After. *Symptoms. and taboratory
Case Patient profile transfusion’ transfusjon findings Transfused components
Washed RBCs (iradiated)

1 " 62, female , i . DNA (+}  High fever . ]
Paroxysmal noctrnal hematuria . IgM (+) General malaise DNA.{(+) .
Pancytopenia {1 month) 8.8 x 10° tUmL”

IgM (+)
. - . 19G (+)

2 28, female . DNA (-} DNA {+) Prolonged severe anemia RBCs (irradiated)

’ Hemolylic anemia : } RBC hypoplasia DNA () -

Reticulocytopenia (1 month) IgM (+)

’ . . N 1gG (+} .

3 79, male ONA (+) No-symptoms ! RBCs (irradiated)
Pelvic tumor o IgM (+) Reticulocytopenia (1 week) DNA(+)
. . . igM (4}
' 196 (+)

* The washed RBCs were processed. from biood containing 6.8 x 10° IU/ml B19V DNA,

whereas in the other two cases, anti-B19V IgM was posi- clinical illness. The association of the B19V infection with
tive in the posttransfusion samples, which supports the _transfusion was proved by serologic dgra available and
notion that these three are TT-B19V cases as well. viral sequence homology analysis. Frqm a phylogenetic
o tree of B19V DNA for the five established cases (Fig. 1), itis

apparent that the five pairs of B19V DNA all belonging to

DISCUSSION . Genotype 1 are very close but distinct genomes.

We described in this report five established and three  There have bieen only five previously reported cases
probable TT-B19V cases, seven of which showed overt of TT-BI9V caused by the transfusion of blood
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components,’"'" ane of which was cited in this article as
a probable case.'s Although the TRIP Dutch National
Hemovigilance reported one possible case of TT-B19V
in 2007, there has been no report of TT-BI9V in the
literature published by hemovigilance systems in other
countries including SHOT in the United Kingdom and
hemovigilance in France. One asymptomatic case of
TT-BISV has recently been reported during a donor-
linked prospective study.'® The possible reasons for the
paucity of the reports are as follows: 1) a considerable

proportion of transfusion recipients are immune to BJ9V, -

2) B19V infection usually does not cause a serious illness
even in nonimmune adults but results in a deleterious
outcome only in a small proportion of patients who are in
the specific conditions described above, 3) Passive immu-
nization by the transfer of neutralizing anti-B19V often
occurs with concurrent transfusion.® 4) The risk factors

that increase susceptibility of recipients to severe B19V'

disease, and the signs and symptoms of TT-B19V infec-
tion, are not well recognized among physicians.

In view of almost the same B13V ‘seroprevalence in
Japan and western countries,*'* it is inconceivable that
we encountered these cases because B19V infection is
more common in japan. It is also unlikely that the B19V
genotype commonly found in Japan is more virulent and
causes more setious ilinesses- in transfusion recipients
because the B19V genome variance is small in a defined
genotype and the B19V genotypes found in the estab-
lished cases are all Genotype 1, the type commonly found
in western countries. Moreover, Bl19V-related serious ill-
nesses as a result of infusion of B19V-contaminated
plasma derivatives have often been reported in western
countries.? We speculate that we were able to collect
TT-B19V cases owing to the efficient hemovigilance
system of JRC. It shiould also be noted that physicians are
very cooperative in reporting suspected TTIs to blood
centers, which is possibly facilitated because JRC labora-
tories are capable of investigating the causality of TTIs
using complete sample archives from all blood donations.

If the implementation of a universal B19V screeningis
under consideration or required by a national authority
regulating biood program, it is necessary to establish a
cutoff level for screening. In this regard, the infectious
dose of B19V DNA in blood components that might cause
TTls has been a subject of debate.'”?*? In general, a viral
load of approximately 10° IU/mL is becoming to be
accepted as an infectious dose for TT-B19V. In our clinical
observation, the viral concentrations of the components
that caused RBC aplasia in susceptible patients were
1.8 x 10* [U/mL in Case 1 and 9.7 x 10" IU/mL in Case 2.
The viral concentrations of the components that caused
less severe symptoms such as febrile reaction or skin erup-
tion were 3.0 x 10° JU/mL in Case 3 and 5.1 x 10° [U/mLin
Case 4. Another patient with probable TT-B18V in our case
series developed a sustained pancytopenia after the trans-
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fusion of a washed RBC unit processed from a donation
containing 6.8 x 10° [U/mL BI9V. Although these data
may indicate that the components with very low viral
loads are infectious, it is yet to be determined whether the
lower limit of infectivity is 10° or 10° IU/mL, because most
previous studies have not dealt with the blood compo-
nents with viral loads in this range and few data are avail-
able to determine the lower limit.

While data necessary to determine the infectious
dose of B19V in the blood components are still lacking,
clinical symptoms due to BISV infection acquired by
blood component transfusion appear to be related to the
clinical state of the transfusion recipient. Each clinical
course of the five established cases described in this report
represents typical characteristics of acute B19V infection
after a respiratory tract infection that have been described
in theliterature.'*When a patient with an enhanced eryth-
ropoiesis receives a transfusion with a B19V-containing
component, the cell production of a lineage susceptible to
B19V, mainly the RBC lineage,* js totally impaired by
B19V, which directly Jeads to RBC aplasia in the marrow
and anemia in the peripheral blood because the RBC
count or hemoglobin level in their peripheral blood was
maintained by the enhanced erythropoiesis as presented
in Cases 1, 2, and 5. If a patient has been in the state of
immunosuppression, it will delay the elimination of B19V
and the recovery of the affected cell lineage in the marrow.
The underlying diseases for the two of the three probable
cases (ie., paroxysmal nocturna! hematuria and
hemolytic anemia) also represent the typical conditions
that could lead to serious hematologic disorders after
B18V infection. On the other hand, in recipients who are
immunologically competent and not in the state of an

-enhanced erythrepoiesis, B19V transmission may not

occur or if TT-B19V occurs it may result in outcomes
limited to laboratory findings (e.g,, seroconversion or
DNA conversion) or moderate symptoms not more severe
than a sustained fever, generalized skin lesions, or arthr-
opathy, as shown in Cases 3 anid 4. These symptoms sub-
sequently resolved without medication possibly-owing to
a rapid viral neutralization by their intact immune
response before anemia developed. It is possible that the
patient in Case 4 presented only mild symptoms not
because the viral load of the component was low but

. because he was not in the state of an enhanced erythro-

poiesis when transfused. It is, thus, more explainable to
cansider that the clinical state of the patient rather than
the viral load of the component determines the clinical
course of TT-B19V. In Cases 2 and 5, there s a slight pos-
sibility that the clinical course of acute B19V infection was
modified by the passive transfer of neutralizing antibodies
from other PLT concentrates transfused. None of the
patients presented above received FFP transfusion.

It could, however, be argued that we have identified
TT-B19V cases associated with a relatively low viral load

and specific IgM because these cases were identified
under the screening by RHA, which detects-and excludes
very high titer viremic donations. It is therefore possible
that TT-B19V associated with low-viral-load component
transfusion is only a portion of all TT-B19V cases that
could be represented by cases transfused with high-viral-
Joad components.

It is of note that all the components for the three
probable TI-B19V cases as well as the five established
cases were positive foranti-B19V IgM. In the four cases of
TT-B19V reported in the literature except for one probable
case described in this article, 2 of the 3 units of transfused
components tested were also specific IgM positive.’ 2
These findings strongly suggest that the presence of spe-
cific IgM in the component with or without specific IgG is
a risk factor for- TT-B13V, The positivity for specific IgM
implies that the donors were in the early recovery phase

from an acute primary infection. It is therefore conceiv-

able that the seven blood donors in this study who were
also positive for specific IgG had anti-B19V IgG of insuffi-
cient titer or an immature specificity that is incapable of
full neutralization of B19V; although it has been consid-
ered that infectivity is absent or at least modulated once
specific {gG is present.

Deep insight is needed to determme whether univer-
sal preventive measures should be xmplememed to
eradicate TT-B19V. First, the degree of seriousness of
B1§V-rélated illnesses has to be taken into consideration.
Sustained fever is uncomfortable and skin lesions are

. painful to patients but they are essentially benign and

self-limited with bearable duration. Although the condi-
tion of TT-B19V-related pure RBC aplasia sometimes
requires RBC transfusion, patients eventually recover from
anemia. Pancytopenia presents a real problem necessitat-
ing a course of intensive therapy It must be carefully
deliberated which of these ilinesses should be the target of
a'new preventive measure that might be implemented.
Second, cost-effectiveness must be considered relative to
the frequency of TT-B19V. In Japan, more than 5 million
people donate blood and approximately 1 million patients
receive blood transfusion annually. In such a circum-
stance, TT-B19V.was found to occur at such ajow frequency
that only seven cases with symptoms were reported during
the past 10 years, four of which had an impaired RBC
production and one had pancytopenia. These cases were
among only 5 reports of suspected TT-B15Y, suggesting
either that TT-B19V occurrence is very rare or that most
clinicians are not aware of TT-B19V. Moreover, most symp-
toms eventually spontaneously resolve, which might lead
to the overlooking or misdiagnosis of the infection. These

clinical outcomes of TT-B19V may not support the idea of

implementation of a universal donor screening strategy to
cope with TT-B19V. However, if more evidence is accumu-

- lated showing TT-B!9V-related serious illnesses; its implg-

mentation may be required in the future.
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The universal screening of donated blood for B19V by

. nucleic acid testing (NAT)-based algorithm is currently

carried out in Germany.* With the detection limit of 10°
TU/mL, itis surely contributing to the decrease in-not only
the viral load in pooled source plasma but also the fre-
quency of seroconversion or symptomatic infection after
component transfusion. Our finding of the infectivity of
blood components with 10° IU/mL viral load suggests that
thist may not completely eliminate TT-B19V cases
with serious hematologic disorders. The implementation
of NAT screening with a much higher sensitivity for B13V
is, however, unlikely because it would impair the current
blood program because it would result in the discarding of
a considerable number of components. . .

Another strategy may be feasible in which an indica-
tion for the transfusion of B19V-safer blood components is
defined and components with negligible B19V infectivity
are identified, the strategy currently being recommended
in the Netherlands®® Our experience with TT-B19V
enabled us to define patients at risk of Bi19V-related
serious illnesses; that is, patients with the indication of
TT-B19V-safer components, namely, B19V-seronegative
patients with an enhanced erythropoiesis or with heredi-
tary RBC disorders having an increased RBC turnover?
Seronegative pregnant women are another population at
risk because of the high risk of hydrops fetalis.' Blood
components with no or negligible viral loads will be iden-
tified by screening a proportion of the current component
inventory using NAT with high sensitivity. To avoid a dona-
tion during the NAT window period and early recovery
phase after acute infection, components should be
selected among donationis that show positivity for specific
1gG as well as negativity for specific IgM continuously over
along period (e.g., >6 months or 1 year).”

Pathogen reduction and/or inactivation is a novel
strategy for the prevention of TTIs.* It is, however, consid- .
ered to be difficult in general to mitigate the B19V infec-
tivity of blood components because of the rigid viral
capsid of B19V that hinders the entry of the photosensi-
tizer -and the extremely high viral load found in blood
donors in acute-phase B19V infection.

" In conclusion, eight cases of TT-B19V caused by
transfusion’ with B19V-contaminated blood components:
have been identified through the hemovigilance system.
Whether a patient developed a serious B19V-related
hematologic disorder as a result of component transfu-
sion depended on the patient’s underlying disease state
such as an enhanced erythropoiesis, not on the viral con-
centration of the component transfused.
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5 20074E7H 400 | ERRFRUOBR | Neg 1 x [ 70 zlbziﬁﬁ#-mns =yl FET (RmfE) 357
6 | 2007438 | 400 |SBKMR| Nex | 8 | % | 80 FEAARIAS A Hil T (REB) 38
*8R ' v s -
7 | 008F11R | 400 | oo Pos 7 E_ 80 (i BREZLAM | (o saBhl - DFL) 7 |BRIE—RER
8 | 200678 | 400 gig Neg g | = | a0 RS ﬁ;zggﬁm AR (EUSA) BRI OLE—RER
s | wosw2n | a0 | AER | e | o | m |60 FtA, RS0 BT (RS 3 ERIE—ER
Pos: Pasitive
Neg: Negative
3

t characteristics involved in transfusion-transmitted 7. cruzi infections

Reference, year, Recipient Otherrisk Donor Donor Products Transfusion
recipient location condition factors implicated origin__ transmission
i Gram;taYI;r;l(QSQ. Hodgkin's disease No Yes : I_Bdllvia PLTs Definite
2. LeibyFei;::’..a1 599, rhr:lyh(‘:lr'r:a No Yes Chile (m’:‘;;o @ Definite
3. Nickerscoan neatd aal., 1989, AGMe'Z:nkg:‘oil’;l?stic No Yes Paraguay PLTs Definite
4. Y°;“ri 3;‘::.;?3“' Neuroblastoma No Yes. Bolivia (iﬁ'ad'.::rl:uko.) Definite
5 Kessﬁ;;t::};( 201 o,‘ Unkrown No Yos Argentina (irad. & Ie':’i-gsa horisis) Definite
s Kessﬁ;:t::},kzm o Unknown No Yes  Argentina (leuko.PaLE-;:resis) Definite
7. Flores-Chavez et al., 2008, Loukemia No Yes Brazil PLTs Definite
Madrid
8. pe’ein':l:'--azma' . Aplastic anemia No Yes Bolivia PLTs  Definite
A Pe'e:”‘;;";oos' cn:g:l 5:;‘"5 No Yes Bolivia PLTs Definite
10. Abalg::[:ilg 2007, Unknown No Yes Bolivia PLTs Definite
11. Ozaeta oBi-;osr: u:t al., 2008, Unknown No Yeos Bofivia PLTs Definite
12. Lane et :cl’.;zooo. PrTml::i::ﬁc toTh‘;Iae‘,)::: . Yes Paraguay | (g0 pL'T“.?,:,ﬁ:,ﬁSTfs C units) Probable
13. Geiseler ot al. 1987, Leukemia oavel Yes Not stated " Notdefined Probable
4. Stra_‘l:: 'elr etal. 2008'_ Pregnancy in ElBsoar:/a dor Yes ElSalvador PLTs Possible
15. Kirchh,afef ;:: il.. 2006, Unknown Ezgelgn;c Yes Mexico Frest:):v:tl:sblood Possible
16. Kirchh“c;lf; ;; 21., 2006, Unknown Enr:geignri‘c Yes Mexico : Fresr;:v’r:l)-lisblood Possible
1 7.-Kirchhhc’)lfaf ::: 2!.. 2006, Unknown Er:geir:‘i‘c Yes Mexico Frest:";v:tﬁshlood Possible
18. Kirchh“c;lgzgl.. 2006, Orknown Ernsgc Yes - Mexico » Ffes':":’":ﬁsb'“d Possible
POMOMA T | copneaer | e | ne | Nodr|  0mCPIET oo
20. Villalcb: :jto :’I.a. 1902, L eukemia No No tixcl’c; ::ﬁn:; igtngit:. Possible

* Found on recipient tracing.

Irrad. = ifradiated; leuko. = leukoreduced.

TRANSFUSION 2012;52:1913-1921.
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] [13 1~208 300-459 5 500 FEEL L 2
BRK e ) 1.0 8 .2 ] J 13 e ) 143 Hx p 1 8 ;2
NANEH I EBR 0 0.0% 87|  290% 158 | 82.84% 185 | €5.37% 428 | 10.49%
MANEH T £ D% 3|  0.94% 766 | 25.52% 218 | 46.89% 62| 21.91% 1,049 |  25.71%
AL T2V 317 | 98.06% 2,149 | 71.59% 101 21.26% 36| 12.72% 2,603 | 63.80%
An| 820 3,002 478 283 4,080
n R FERRRRROSRIHES (2 4a)
2000 2010 4 2011 & 2012
R R %) B 4 MRk HR (%) ) 14 HB (%)
pfee e 288 |2 zvi}_‘i 1519}i 17.78 Iﬂ- 544 15.141‘—‘89 888 —211 25,77 ’i‘i
C3005¢ | MATEST DA 242 23.06 432 14.80 476 13.25 789 23.15
AL TV 757 72.08 399 82.22 3.049 84.86 2,466 74.28
WATEN I 08 56 20.29 98 22.17 108 23.48 166 32.84
301;4;9 NATERIIER | }Ts et | 28ez] 2 [1o8] ‘5% [2ama] 22 na] % [ama a’ul 218 78'72| 46.88
BRL TN 141 51.09 236 53.39 238 51.74 101 21.26
NATEN I 4R 94 I 44.65 120 43.17 125 46.47 185 §6.37
500 fu T 114 iTo 54.03 95| 1% ]—1—9 50.00 T 140 = 6204 27— 86.28 e
B LTV 97 45.97 139 50.00 129 47.96 6 12.72
MANES 1 ERR 201 | 13.08 306 8.38 301 ] 6.96 | 428 10.49
2 [ MaFaRIBe 242 841 3621 22,19 oo ]’ﬁ il 15.37 $06 606 209 14.00 | i 1049 5820 25.71
nRLTVWI 64.73 2774 76.26 3,418 79.04 2,603 63.80
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TP 24 F 0 ERRIE AR EWE

B RnEEEANEOBRBONE (% dc)

R = r A BORNNRROHEI., RITANIY U xh NS MEREAEROZ LT L, SREEORNERRERBENCIL T, MEERY
0489 600 SRELE 24 %0 ORMERBRENN L, FFP/REC R ESEMIMDNT T FP-Ap FILBESSIATIC IR L1 & UCAR PP MRS b FRP-Ap/2 31V b D%
WE | HE | BN | X | EES | ke | dEmedx | e | Mmk | wx ErnREAR (RARRYE+EEE) TRLAMLL, ENMORBIZR FFPERRE RN REARTIRLTHELL,
MUAEXANREBRB/L TS 7| 241% 642 | 22.714% 251 | 54.21% 166 | 59.93% | 1,086 | 27.66% AR am HFMRE FL
BELTVRL 284 | 97.69% | 2181 77.26% 212 | 45.79% 11| 40.07% | 2788 | 72.34% i hi1-200 | odog-oeme | K500 HEELE L ki Y
ak| 21 2623 263 pre T ST [ [ o com | & ziof/m | anuweBsw = L]
Az " Ho
o Sl TSRO & MR LT A e (M 4d)
a5 1~2995 | 3004 K 500 FKELE 2 D ERREOEBEMI VT
KRR | | Sk | | BN | W | e | BB | mek | e 7. RABMORRICSVWT (MaSEo—cERONK) (8 7:)
FFP/RBC DXEBHB 7 I T TR I2W 2| 084% 93| 5.90% 35| 19.66% 26| 24.53% 166 | 7.48% 0% 1~299 5K 300-499 5 500 FREAL 25
Alb/RBC DEMHB 2 V) T TN 3| 1.26% 343 | 21.75% 76| 42.46% 39| 36.79% 461 | 21.94% RN we 1.2 -2 R 2 3 Rtk -2 13 ek
W52 YT TETORN 234 | 9791% | 1,141 ] 72.35% 68| 37.99% 41| 3868% | 1,484 | 70.63% —ZEALTVD 162 | 47.65% 1,899 | 63.79% 428 |  90.68% 271 | 95.76% 2,750 | 67.88%
1 239 1,677 179 106 2,101 —TEEL T2 167 | 52.35% 1,078 | 3621% 44 9.32% 12 4.24% 1,301 | 92.12%
an 39| * 2,977 472 283 4,061
5. i 1M (20129 ) A~12 A) OMub RS LS MRS oEAOREIconT (85 » BLRBO— R EROERER (B
(323 1~-209 & 300-499 5R 500 FRELE -3 —| 2006 & 2008 42 2000 & 2010 &£ 2011 &£ 2012 %
MR | KW | MR | ke | MR | BR ) MBK | wk | WBE | xw RER | w® | RRK | he | ARK | s | MEK | kW |ARX | &8 | MBm | &®
ML A LE 107 20.90% 2,420 | 6881% 461 | 92.76% 281 | 98.25% 3,269 | 67.93% P T 1,474 | 42.01%| 1,395 | 68.18% 953 | 68.12% | 1497| 65.06% | 1,542| 66.32% | 1.664 | 67.72%
WA WSHROS A L 246 | 48.05% 884 19.45% 20| 4.02% 3| Lo5% 953 | 19.80% —2emisL | 2,085 | 57.99% 651 | 31.82% 446 | 31.88% 804 | 34.94% 783 | 33.68% 793 | 32.28%
RRES RSN LA 10 1.95% 31 0.88% 3 0.60% 1 0.35% 46 0.94% 300-499 | —R¥EHY 275 | 70.88% 382 | 89.88% 302 | 90.42% 397 | 87.83% 401 | 90.32% 428 | 90.68%
EELLER Lo 149 29.10% 382| 10.86% 13 262% 1 0.35% 545 11.83% .3 —ZWEzL 113 | 29.12% 43 | 10.12% 32| 9.58% 556 | 12.17% 43| 9.68% 44| 9.32%
A 512 3,617 497 286 4812 500 5% | —XWEDY 204 | 86.08% 266 | 95.88% 222 | 97.80% 268 | 95.04% 248 | 93.28% 271 95.76%
ok [—zwmzL 33 | 13.92% 12| 432% 5| 2.20% 16| 4.96% 18] 6.77% 12] 4.24%
o6 —XeuLY 1,958 | 47.24% | 2,043 | 74.32% 1,477 | 76.36% 2,162 | 71.24% 2,191 | 72,19% 2,363 | 73.57%
—~RE¥W2L 2,181 | 62.76% 708 | 2568% 483 | 24.64% 873 | 28.76% 844 | 27.81% 849 | 26.43%
- 7
Tk 24 I R R Vi 24 FXGERAERARGNE
6. il 1 FMOSRFRIEN, CIEFEL. SheRmumti: L ratEank (% 6) 5. WMAREEMONS (8 8a)
" ‘#“:- E= 0 S e U] CIREW 6 LT mPAmE L 1~209 R 300-499 B¢ 500 FRELE &
e [ 1,716 | 50.98% 3,266 99,60% 8,356 | 99.23% 3,189 | 06.48% ' m ‘t_'_ L1 “"_‘ L] o Ll L Kyt LZ
(3593 1) £ 1650 | 49.02% 188 | D.40% 2 | 07T 152 | 4.54% o (B [ oo Ie|  488% 8| zloan: 46| 949% | . 112| 38944% 233|  5.67%
[ 285 ¥ 1o ¥ 9 i 0¥ w5 Ok 94| 27.49% L517| 50.38% 359 | 75.74% 165 | 54.58% 2,125 | 51.69%
St " 57 i 12.25% 335 |I TLT3% 400 B4.T5% 255 | 543T% Wiz 233 | 68.13% 1488 | 47.69% 7| 14.77% 17|  5.99% 1,753 | 42.64%
n 409 BT 132 28.27% 72 15.95% 214 | 4589%
(480 MERY) aH 342 3,011 474 284 4111
find 1259 ¥ 161 # 13 12 #
- ] 15 | &30 59 20.52% 104 | s7.01% 42 | 15.08% " BAREESOEARROEAIMS (% )
[3 268 | B4.70% 223 79.08% 177 | e2.80% 237 | B485%
(260 WA ——— 2008 &8 2009 4 2010 % 2011 £ 2012
s L L us ni (GL] RRE | ©F W | R | EW | WEE | G
" 1,788 |  43.45% 3,850 | BB.10% 3,860 | 93.35% 3496 | B5.29% - r——— v
E=s x e - n 40| 155% : 1.88% 47 2:01% 46| 1.86%
) 327 56.55% 488 | 1190% 215 |  ems% 808 | 14m1% i — - -
(4322 MR I T80 FE T TR B 20-200 1 | BEE 1,058 | 81.32% 748 | 53.20% | 1,182 | 48.92% | 1,167 | 49.83% | 1.380] 55.71%
FEW. CIFR. ERFREEH, BICCRARREI 1T 5 FMFE (/%) ZE ET U 2 Y Y MERETE L R S TV L T
] ™ W 20| 5.42% 24| 7.18% 2| 9.29% 47| 1051% 45| 949%
" EEREY R R () w E 332 | 78.30% 261 | 78.14% 329 | 72.79% 327 78.16% 359 | 75.74%
HETMEED L] BC/ B PC/EE FFP/ Alb/HR FFP/RBC ALb/RBC FE 89| 18.27% 49| 14.87% 81| 17.92% 73| 16.38% 70| 14.77%
x 1151 24.70 5.80 21.68 0.408 1.86 o LEE 3. 96| 84.41% 80 | 35.09% o7 | 34.40% 100 | 37.31% 112 | 39,44%
B AR () H 6.68 9.56 248 11.98 0.291 L78 Db | ME 158 | 64.76% 169 | 60.57% 137 | 60.09% 166 | 58.87% 148 | 55.22% 155 | 54.58%
h 401 5.98 124 7.38 0.227 1.68 T 29| 11.89% 14| 5.02% 1] 4.82% 19| 6.74% 20| 7.46% 17| 5.99%
& 9.90 17.860 4.26 17.78 0.358 178 WHE 182 | 8.18% 159 | 5.77% 138 | 7.01% 182| 597% 194 | 6.36% 203 | 6.28%
SRHRFMN [ 8.75 3.37 0.89 8.45 0.206 L70 24k | WE 1860 | 44.07% | 1854 86.41% | 1,146] 58.28% | 1627 53.38% | 1.642| 53.71% | 1.884 | 58.55%
I3 1.33 1.59 0.29 3.50 0.127 2.26 FE 2228 | 52,80% | 1042] 87.82% 684 | 34.76% | 1,239 | ¢0.65% | 1.221] 39.94% | 1,138 35.18%
Y 12.08 2L.76 5.89 22.02 0.419 162
LI [ 406 5.97 1.04 164 0.179 L7
i o Yy 12.68 30.92 6.20 24.25 0.3838 187
HREH [ 4.87 4.88 185 8.84 0.278 1.72
#0 1L19 21.38 5.23 20,50 0.385 L84
HEERES :
R [ 8.7 3.87 0.56 5.6 0.201 171
8 8
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BN T B 2V R L &) (3 0a)

AL 24 40 EUBLRHE A B

. BEWEOREREFSORRRKEI T (#
05 1~299 5K | a00-ipesm soompl: | 26k
18 g R AR R | e tx R g
. .‘.. (i s ; : o "_“_. 3 s BELT :
W5 (kEE) 1,578 | 62.72% 220| 46.41% 88| 13.52% 1,885 | 46.19%
Wik 1,278 | 42.53% 36| 7.60% 8| 2.88% 1,699 | 39.18%
At 333 2,998 474 281 4,081
B i AT DR (% AR R B At 2 IR LA Lﬁﬁ‘n]
2005 | 2008%F 20008 | zows one [ s |
Mgk | mm | mEw | E® | MEX _P_:l EEE | B® | ke | ew MRR [
20-799 i Sptliihas - — -
& 2,096 | 58.04% | 1336 | 65.52% 981 | 66.60% | 1,388 | 60.66% 69.25% | 1 B0.74%
1424 | 35.44% 607 | 20.77% 886 | 27.61% B17 | 85.71% 825 | 35.89% 827 | 38.58%
e 5 = ) _ﬁ sl - T
300459 il 4 =l Sl
= 257 | 65.56% 228 | 50:00% 223 | 60.23% 2020 | 48.01%
38| Ta4%| 42| 9.29% 87| B8.38% 36| 7.59%
5005 '.'Tﬁ;":‘-m 0| 2 | A e i s
Bk 61| 25.00% 37] 16.23% | 34 12.04% 48] 17.28% 23] 13.89%
11| 451% 5| 1.80% 3] 131% 1] 3.99% 8] 220%
L 5 S B P G L S g
i 2,414 | 56.84% | 1,626 69.96% [ 1,154 57.89% | 1648 | 54.57% 1,648 | 64.25%
1,483 | 84.45% 627 | 22.90% 403 | 2055% 870 | 28.81% | 871] 28.71%
9
i 24 £ X RHPHEBRENE
10. Wi SRS 24 BMALKM (3% 10a)
[ 1~299 Bk 300-499 5 500 FRLLE L3
HER 43 MR .23 .34 e R -4 ] MR 24 3
WEHWIZL 26MHY 38| 11.28% 1,869 | 61.10% 469 | 96.08% 278 | 96.13% 2,639 | 63.47%
MEDIZL DML 299 | 88.72% 1,190 | 38.90% 19| 3.97% 11| 3.87% 1,619| 3653%
aH 337 3,069 478 284 4,158
iR 24 BN OERES (8 10b)
24 $4 2006 &£ 2008 & 2009 % 2010 & 2011 #¢ 2012
] ERR B 3 X wex | ke [ e | MEK | R | B | u=
20-299 | »Y 1,932 | 5963% | 1.664| 77.89% | 1,117| 81.47% | 1710| 82.21% | 1,727| 74.18% | 1808 71.78%
B 2L 1,308 | 40.37% 444 | 22.11% 264 | 18.53% 370 | 17.79% 601 | 25.82% 710 | 28.22%
300-499 | Y 329 | 84.79% 408 | 98.41% 327 | 97.90% 427/ 95,10% 416 | 53.48% | 459 | 96.03%
5 7l 59 | 1621% 15| 3.59% 7] 210% 22| 4.90% 29| 6.62% 19 3.97%
5005 | ®Y 209 | 86.36% 270 | 97.47% 225 | 99.12% 272 | 97.14% 257 | 95.90% 278 | 96.13%
233 L 33 | 13.649 7| 2.53% 2| o0.88% 8| 286% 1] 410% 11| 387%
o0k »Y 2,470 | 63.82% | 2.237| B2.76% | 1,669 | 86,39% | 2,409 | 85.76% | 2.400| 78.92% | 2,638 77.43%
2L 1,400 | 36.18% 466 | 17.24% 263 | 13.61% 400 | 14.24% 641 | 21.08% 740 | 22.67T%
10
25

SERR 24 SERANBUAN A X BRE
1. MEEESREOREKE (¥ 11a)
[T 1~299 6k 300499 5K 500 FREAE 24k
R e p 1.( g ;2 MR ;2 IR R B e
RE»Y 34| 10.73% 1781 | 57.93% 454 | 96.38% 277 97.54% 2496 | 6140%
BEZL 288 | 89.27% 1257 | 42.07% 22| 462% 7|  248% 1,569 | 38.60%
% 817 2,988 476 284 3,879
" MhFESRSOREREOFRNS (% 11b)
[ 200548 2008 & 2009 42 20104 2011 4 © 20124
BRE | ok | e | Nk | kd | ek | dm | GRK | ek | SR | ks | MRk | s
*® »y 1,616 | 4204% | 1,814 | e6.53% 995 | 73.27% | 1481 64.34% | 1,542 €5.51% | 1,681 | 68.22%
L | 2080 57.96% 661 | 38.47% 388 | 26.78% 828 | 85.86% 812 | 84.48% 783 | 31.78%
300499 | Y 365 | 92.41% 396 | 96.19% 318 | 96.66% 416 | 92.04% 415 | 98.08% 464 | 95.38%
" L 80 | 7059% 20| 481% 11| 334% 36 | 7.96% 31| 6.95% 22| 462%
500 REA | HY 238 | 96.33% 278 | 98.91% 223 | 98.67% 276 | 98.22% 261 | 97.89% 277 | 97.54%
55 2L 8] 36m% 3] 100% 3| 138% 5| 178% 7] 2.61% 7| 246% |
o »Ho 2,217 49.86% | 1,988 | 74.35% | 1,586 | 80.29% | 2173 | 7T1.43% | 2,218 | 72.29% | 2,412 | 74.81%
2L | 2129 50.14% e84 | 2565% | 877] 19.71% 869 | 2857% 850 | 27.11% 812 | 26.19%
u MRS L EMMMER @11
— o AR RAREZAR () pon
154 169 4. BB 44 158
<300 K& 1239 511 12.63% 1540 38.06% 3.200
300499 B 398 56 1.36% 22 0.64% 475
2600 259 16 0.40% 7 0.17% 282
24 1,896 582 14.38% 1,569 38.77% 4,047
1
AR 24 1K LR T RIBNZE
12, WM OBIRILR (2005 850 2008 48, 2012 R0MAY) 420 FREL LM TOSRMS (2 12) .
2008 % 2008 i 2010 % 2012 &
103 g fTid 4 i i1 MR g
W 3 o — T 1853 |  47.24% 2,049 74.82% 2,162 | 71.24% 2363 |  73.57%
Wil WEEE N O 1,892 47.20% 1,713 B2.18% 1,800 |  59.35% 2,097 64.85%
e S HSOER 2,784 | 85.55% 2112 77.10% 2,150 |  71.18% 2,847 72.94%
Wi B 24 B 2470 |  B3.82% 2,287 B2 76% 2,409 | 85.70% 2538  TI.43%
HaBESASONRE 2,117 49.86% 1,983 74.36% 2173 | 7L.43% 2412 74.51%
= RSN TR ORERASL (2012 47) (% 12b)
<300 B 2300 R
MR nm 153 em
SARBO-REE 2,051 62.23% 699 92 58%
1,887 50.31% 671 88.52%
S H 1771 53.26% 711 94.17%
Wi RO 24 RN 1,907 56.16% 732 96 06%
RbPERRSORRE 1,765 53.40% 731 96.18%
5 7oy ioReFRENOERRR(E 1.) ;
Fox20m —nRs SELEN 18 4 4665 ntem | hmEEs | FEfmen | Gatan
Loy 56,25 44.81 52.23 494 45.87 248.61 30.61
ot 62.72 56.81 56.67 73.85 81.47 321.62 37.65
BXTRES Sy 7 7144 8167 56.8 67.46 £9.31 386.68 40.56
WAL o vy 70.02 50.98 50.75 B2.89 62,39 315.01 41.88
EMTey2 71.28 BLET 58.27 B4.6 64.91 321.68 38.96
PEET Do 69.34 55.96 £0.47 64.98 58.72 310.45 34.17
AT oy 62.97 49.93 52,38 54.43 60.07 269.78 25.07
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T 24 FR DA RERE Y T 24 FEOMPREAREME

14 BEERETITo TVIEZRENE (& 146)

SRR onh FERENOBIRR (9124 0F 1~299 FF 300-499 F& 500 HEELE ik
g WAl |24 BW WAX | MAE |24 BN | Ma%E | ¥ A F WEE | Rw | Rk | R | RRE | BRR | RS | BRm | k& | GO
SN | EEN | WE0B | M | 2Ae | Migh RaFE 108 4686%| 1833 | TLATR|  201| 427w 37| 18.17%| 2379 | 6l80%
52.28 49.40 62.07 B6552| 73.33| 73.08| 349.00 EErY L1 42| 1828% 474 1751% 951 | 53.40% 236 | 83.09% 1,003 |  27.20%
52.86 | 71.83 6024 | 4881| 5882 7059 | 303.49 <A 787 — ik 51| 2317% 149 | 5.80% 18] 279m% 8] 285% 221 | 5.99%
61.11| 76.36 69.39 | 58.01| 60.87| 61.06]| 312.66 ol 28| 12.61% 151 5.58% 5|  1.06% 0 0 185 |  5.02%
62.50 | 7222 72.38| 70.89| 7654 76.58 | 365.57 T 50 2907 470 281 3,688
75.44 | 68.42 55.00 | 47.50| 65.00| 40.00| 27186
86.96 | 87.50 3834 4857 b5143| 4571 25758 B T 2 TV SRR (B (3 14b)
76.76 | 75.36 54.17| 66.67| 76.00| 68.67| 338.51 [ 1~298 300-499 500 FELE B
58.21| 65.15 7500 78.26| 84.00| 82.61| 393.78 BRE | e | M | R® | Mk | H®m | BB | K | BRE | 4
59.32| 69.02 85.12| 6285| 66.28| 71.95| 33460 A, ANz LA =THE 218 | 98.04% | 2,693 | 98.86% 469 | 98.58% 281 100% 8,661 | 98.87%
74.73 | 72.22 4786| 5478] 65508 50.00| 276.75 AR BAREAVAIIRE 176| 78.41% | 2393 | B7.85% 462 | 88.09% 277 98.58% | 3310 89.39%
5246 | 56.28 5362 69.70| 6€9.57| 67.58| 81148 B0 MM i D B 163 7181% | 2,513 | p2.26% 469 | 98.58% 277 98.58% | 8422] s2d1%
65.91 | 65641 58.82 | 47.06| 5882 62.60 ] 207.7 D 27 2,724 471 281 3,708
. 68.19 | 63.64 4750| 053] 5853 48.72| 28195
iR 69.59| 69.19] 7202| 70.06 6232 6212| 6389| 66.67| 32866 15, FHMBTHEA 2 § —=17 (5¢) 3 X UPEEBI A BUR () DEMR TR FREAEICoVT (B RN (3 15)
LY 1| 84.42] 6447 7792 9610 5088 | 66.07| 74.14]| 49.00| 306.85 (Y3 1-269 5 300-480 K 500 FERLE &t
72.73| 6571 6176 | 66.67 5522 | 66.92| 59.39| 54.87| 29528 e Xm Se Km Bc Xm e Xm 8¢ Xm |
i ] 86.01| 67.35| 66.67| 6531 4231| 3673] 61.02| 47.08] 24207 [ L Lot ] 1 0 64 65 111 113 179 179 356 857
MR 63.89 | 51.35| 43.24| 5641 4750 51.85| 67.80 | 49.35 | 284,15 [ Rl L] 17 [ 1,082 1833 280 309 81 85 1,440 [ 2289
E 64.71| 7143| 7353[ 7222 49.68 | 5455| 4583| 46.96| 257.25 EERNMOMERESR 0 1 93 149 26 27 9 7 128 184
e | 7391| e6.22| 7500[ 8261 48.05| 8542| 57.83| 4268 27115 RAORIEE ¥ —HE 3 5 45 109 14 14 d 5] - 66 133
i | 72.31| 6L19| 6418] 7468 4130 | 3778 4285| 4444| 20172 [T L] A 1 [l 1 55 0 [ 0 0 8 59
i 1 7222 6154] 6292| 6374 4205 4483| 3933| 48.86| 22447 BEE 8 41 14 78 0 0 0 0 22 119
65.36 | 59.74 | 68.44| 53.36 7600 75.00| 78.13| 68.75| 367.85 [t L 1 271 206 1,678 620 35 11 8 4 1,893 911
65.12| 80.00| 6581 177.27 ol 12 [ 39 4 1 1 0 56 20
& 313 335| 2002] 3042 470 478 283 280  8.968 4,072
13 15
Tk 24 1 S RIBME TR 24 00 VRO 66 P AR
3 BEHIONT B REMHER 2 U — =1 (5c) 35 1 USRS A PO On) D MER TR RN EIC D\ T (B + R E BT (3 15b)
13. ABO BUF RhD f SV MO RMRE CHEARFICOWT (B RRESINE) (2 13) — [T3 1-209 & 300-489 I 500 FRELE M
(I3 1-200 FR 300-489 5 500 FEELE &M [ Xm [ Xm Sc Xm [ Xm 8¢ Xm
ABOE | BhA | ABOSI | Rh® | ABOS | Rh® | ABOM | Rl | ABOMW | RhM R R OB RN [] 0 10 85 3 [ 26 19 a0 29
O o L B 0 0 0 47 48 103 100 178 179 328 327 BERFORERE R 12 4 1,006 | 1,701 263 345 72 108 1,858 2,195
[T LaE ] 43 42 L1747 1,738 312 313 82 s3] 218 2178 IR PP O B B e [ 1 85 161 65 o1 92 139 252 382
BP0 BN S I 2 154 153 [ 36 u 10 202 201 |EAomEE7—H8 1 3 32 74 16 18 [ 8 55 103
RADKIEY ¥ — 5 4 4 94 [ Ml . ] [ 118 119 (wms ] 4 1 59 0 0 [] 0 9 83
L1 L] 1 1 32 2 0 o 0 0 33 23 | S 8 a1 19 106 0 1 0 0 27 138
HEE 20 14 40 a3 0 1] ] ] 8 47 EAOREARIC S 155 115 1,127 574 25 8 ] [ 1313 708
A IR I S 266 267 929 937 11 11 8 [] L212 1,221 R LT 127 119 578 288 97 10 5 5 877 422
0l 2 [ 12 16 2 3 [ 0 16 23 ETo 5 8 32 23 7 1 4 1 48 32
A 338 234] 3o088] 3042 471 477 283 284] 4183|4187 A 510 223 2908| 2,086 478 474 281 284] 3oma 4,067
® ARG RUFRhD MARSISEORMARB CREARICONT (BN - EIE) (% 130) 16, FIRRGLER 2 ) — =27 (So) 38 L UMl AR On) T2 TS ERME S (8 160)
0k 1-289 ¢ 300499 B 500 sRELE an | 113 1~299 & 300-499 500 FEELE £
ABON | Rh! | ABOM | Rh@ | ABO® | Rh® | ABO® | RhEl | ABO® | rh® 8¢ Xm [ Xm 8¢ Xm Sc Xm [ Xm
. 8P 0 AR 0 0 1 13 1 2 18 17 30 31 ERFE 80 140 1,085 1983 144 245 37 160 1,326 2,528
B 0 MR R 32 a1 1,641 1622 347 342 105 5] 2125] 2300 EEFY T 87 [ 1,002 540 a02 218 238 17 1,637 821
LM OB 1 1 146 148 a2 94 142 142 381 383 4 2oFL— g 4 5 42 13 12 § 5 1 63 25 |
RADEEY ¥ — 5 3 n [ 19 18 8 [] 108 100 ET 20 21 113 88 2 1 1 E] 136 123
S 0 0 48 36 [l 0 0 0 48 38 &8 181 212 2242 | 2634 460 470 279 281 3.162 3,507
HYE 18 12 81 % 1 1 [ [ 116 [ u FRAPHEA 2 ) —=1 2 (5o) 3 X U AA RN () TIT> TV IRBENT (2 160)
[zt L 148 153 80| ' 67 8 [ [ [1 833 842 i (T3 1~299 & 300-400 500 FRELE Ed
' LTrHn 9] ] 80|  serl- o 5 i e asi] sop Sc | Xm B Xm Bc Xm S Xm S¢ Xm
il 3 5 26 31 1 1 1 1 21 38 ERMRME 8 167 1279 2116 167 263 51 166 1,680 2711
& 337 331 2088 3088 477 476 284 288  aas8] 4027 mRE 102 8 1471 1348 339 166 224 761 2138 1,658
st o7 ) 108 135 19038| 23 465 278 278 2772 3188
ol 40 48 203 252 10 13 5 7 258 520 |
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REDHM | 84(326%) | 9(429%) 0(40.0%) | 133(89.2%) | 6(76.0%) 8(80%) 341(732%) | 14(63.09%) 12(80%)
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RERA | 8(31%) 1(4.8%) 3(20.0%) 1(0,7%) 1(125%) 1(10%) 12(2.69%) 1(4.5%) 0
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& O 113(68.19%) | 194(66.5%) | 165(534%) | 9(123%) | 20(18.8%) | 27(20.8%) | 27(17.69%) | 79(29.9%) | 70(27.9%)

RERA | 7(42%) 19(8.4%) 26(B.4%) 4(5.8%) 7(5.9%) 4(3.1%) 19(124%) | 24(9.1%) 22(8.8%)

BRDH | 38(24.8%) | 55(24.7%) | 68(20.49%) | 65(79.296) | 91(78.4%) | 198(73.39%) | 96(68.8%) | 109(61.99%) | 208(63.1%)
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MEDH | 168(20.1%) | 147(272%) | 190(33.1%) | 258(84.9%) | 180(77.89%) | 305(74.4%) | 543(71.79%) | 204(01.5%) | 489(63.0%)
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