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temic ond neuroinflammation) was observed in saline-injected
BDL, compared to sham pigs. In BDL pigs, brain water was

ing bacterial peritonitis and in macrophage activation and may
provide a novel therapeutic approach for treatment of SBP.

E
F—HWAFE

2013/01/16

MRRES

particularly, spontanecus bacterial peritonitis (SBP) is a severe
bacterial complication of liver cirrhosis and the mechanisms
involved in SBP are not completely undersiood. We recently
reported that gp130, the signaling receptor for Il-6 family
cytokines, is important for crosstalk between hepatocytes and
myeloid derived suppressor cells to control inflammation during
sepsis. Objective: We hypothesized that gp130 signaling plays
a role in the differentiation of innate immune cells during boe-

i
»% increosed with altered cerebral haemodynamics. in BDL pigs Disclosures:
% bl PDGFR-b expression was significantly increased and highly Christian Trautwein - Granl/Research Support: BMS, Novarlis, BMS, Novartis;
o B localised to surrounding small microvessels at the level of cap- Speaking and Teaching: Roche, BMS, Roche, BMS
@ B illary beds, with no phosphorylated PDGFR-b detected in any The following people have nothing lo disclose: Sara D. Sacket, Leif E. Sander,
= shom pig. Conclusion: The results suggest that in our porcine Antie Mohs, Sonfa Strauch, Danielo C. Kroy, Konrad L. Streelz
Y model of cirrhosis, persistent pericyte activation within the cap-
H illary bed of the brain, may influence cerebral haemodynamics
Juiid and play a pivotal role in the cirrhotic brain phenotype. 195
H# 40 Whether this is a compensatory mechanism fo limit severe brain First description of human infection due to o rabbit hep-
~ Q & oedema, or causal, along with any interaction with inflammo- atitis E virus strain
*Eu N nm. WM MMM__oM”MA_.vaBBBo:QmS_Q is the focus of ongaing study. Deborah Delaune!, Nicole Pavic?, Eric Marchadier!, Olivier Cha-
N jod 3 i ) zovilléres®, Anne-Marie Roque-Afonso'-4; 1AP.HF, Hopital Paul
& TN s ey . ,xo Jalan - Cons .mvwwﬂn.q_.mqov.nc__nu.. no..wzu o . Brousse, National Reference Centre for HAV and HEVY, Villejuif,
W_ ™ ® ﬂﬂw_«_wwﬁm_ﬂwﬂ« e Tiothing 16 discloss: Govin Wright, DI Bl P. Steigler, France; n)me,w‘ Maison-Alfort, mﬁmnnm\. 3AP-HP, Iohzﬂtmu_.ﬁ
o = Anloine, Hepatology, Paris, France; “Inserm, Unité 785, Villejuif,
MW Y ..W‘ & N France
b N E N 1951 A 47.years-old livertransplant patient developed an acute hep-
i am b g Myeloid cell ire 116 0 signaling § atitis in June 2011. Acute hepatitis £ virus (HEV] infection was
W e o # Nyeloic cels require m \m_.u._u ma_m.:n ﬁm or v_qo—mm. diagnosed on the basis of positive antiHEV IgM and detectable
ia & o # five ..u:—_._:m_n:..aeo_.* unctions during bacterial peri- HEV RNA. Partial sequencing revealed a high homology with
S m = N fonitis strains isolated from Chinese robbits. To date, no human infec-
..mD ) M E Sara D. Sackeft, Leif E. Sander, Anlje Mohs, Sonja Sirauch, tions due to rabbit strains have been described. Full-length
.n.w i hal b ..W Daniela C. Kroy, Konrad l. Streetz, Christian Trautwein; RWTH sequence was obtained and experimental infection of 2 piglets
.mﬂ Lu_ & University Hospital Aachen, Aachen, Germany ond 2 wnrv:m was performed by iniravenous administration of
e : 4 Background: Sepsis and sepsis related deaths represent a pofient’s sera. A third .o::,:& of mm_nr species was used as a
major complication of patients suffering from liver cirthosis. In negative contral. Infection was manitared by serology and real-

time HEV RNA testing up fo day 32 for pigs ond doy 39 for
rabbits. The full length sequence presented a mean of 81 %
homology with rabbit strains and @ mean of 77 % homology
with human and animal genotype 3 strains. Piglets remained
uninfected as assessed by undetectable HEV RNA and negative
serology. Inoculated rabbits presented a transitory secretion of
anti-HEV antibodies between day 7 and 14 post infection, but
HEV RNA remained undetectable in oll samples. Sequence
homology and transitory defection of antibodies in rabbits are

terial peritonitis (BP) and is therefore involved in controlling the
host inflammatory response during infections of the peritoneum.
Methods: to elucidate the role of gp130/IL6 signaling in
hematopoietic cells we generated bone marrow specific gp130

arguments for its rabbit’s origin. Absence of pig infection further
confirms atypical characteristics since these animals are readily
infected by human genofypes 3 and 4 strains. The patient did

MFREDRRIRT  |Hepatology2012:56(SUPPL.1)1100A
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ST, THFHE TEI%OMERE. ALBROD L ) FA1 TIGEFHTI%OMAKER L. F/IRBRULAZVERTH ok, #l
v FIIB R EDayT ~ 140, HHEVHKO—BHEONABER LA, HEVRNARRB TERVWEETH o2, BAMREBIUYYF0
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24 W 0 knockout mice and their respective controls by bone marrow not =o<m_.a_u_,o&. He works as a nr.& in a restaurant and is in
® & 18 y_v m transplantation. Following re-engraftment of the hematopoietic contact with several mwom animals, including wovvsr No m.&.o
w2 £ v <&@ system, caecal figation and puncture, a murine model of B8P, .  ar® available on HEV E.«mn:o:Aom French rabbits. However, it is
® M ©L R > was performed o evaluate survival, organ demage, cylokine noteworthy that China is the first supplier of fresh and frozen
o 2 W P g ge, cy . di ingin F bbit fo h
i 2 i NS production and regulation as well as immune cell response. :..w_u_z used in catering in France. Rabbit to human transmis-
%M o 9 S N < Results: Deficiency of gp130 in hematopoietic cells caused sion is nma.o_:_v\ a rare event since no similar strains have been
B g A 5 W % increased liver apoplosis and kidney damage and rendered reported in humans. Virus fransmission may have been
;¢ B ~ mice more susceptible 1o sepsis-induced mortality due to unre- favoured by immunosuppression.
P p ty
Do nE & { ! ) Disclosures:
. N i e stroined inflammation. Gp130 deficient myeloid cells failed to sclosures: ) )
= H & induce the expression of arginase-1 and IL10, important The following people have nothing to disclose: Deborah Delaune, Nicole Pavio,
| N & X 3 P g Eric Morchadier, Olivier Ch Anne-Marie Roque-Afonso
NG £ - & B oy .M immunosuppressive components, and instead express high lev- hd vier oques
mmbr 1 ..U & S K f els TNF-a and IL-12 during peritonitis. Results from bone mar-
® $8 4 E o e ¢ mw &R row derived macrophage (BMDM) experiments and gene
40 e LEN ] S X = 5 & Y expression analysis of FACS sorfed exudate cells further demon-
= g M., it .m.:m\ N % S NG strate the defect in activation of antiinflammatory program-
A <=3AN i N K == ming. Furthermore, we show that the IL4 receptor, a
RS I A G o N & N downstream target of IL10, is reduced in BMDM. Additional in
N PN m . m‘.m ._m.m v.% 4o m hub vivo and in vitro experiments show that this gene expression
o | nny P v W = N £ iV defect can be rescued by the exogenous addition of IL10 and
Noynng Y .ﬁ = 3 B Hon significantly improves survival. Conclusions: Here we demon-
W @@T\ NS W S M MM strate o unique function of gp130 in promoting an anti-inflam-
. A ES S T W matory phenofype and as a critical element for immune
PR ] . e B . homeostasis in myeloid derived cells during BP. These results
o Y
E 161 bl b o 33 RR A demonstrate that gp1 30 signals- are required for efficient M2
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that in the env region, regardiess of the results of WB (Table). C
It is speculated that the amino acid substituions Including the start-codon,
stop-codon, and deletion mutations in the env region are assaciated with
the indeterminate or negative WB resuits of HTLV-1-infected individuals.
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Flow Cy y Shows Bi and

Changes in RBC Upon Binding of West Nile and Dengue Viruses
C Chancey’ (caren.chancey@/da.hhs.gov), A Teixeira-Carvalho'?,

G Afiez', L M Espina’, M Rios', 'DETTD, FDA-CBER, Bethesda, MD,
United States; *CPgRR, FIOCRUZ, Belo Horizonte, Brazil

Background/Case Studies: West Nile {WNV) and Dengue virus (DENV)
are enveloped positive-strand RNA viruses from the genus Flavivirus, tamily

Total Observed Number of
Numbor Amino Acid

Results of of Blood

WB Donors env gag

Indeterminate 45 72 20

Negative 8 1

Pasitive

4
37
mmS_. lishment of Culiure System for Hepatitls E Virus (HEV)

Genotypes 3 and 4 Originating from Human Blood, and Application
of this System to the Assessment of HEV Infsctious Titer

T Owada’ {t jre.or.jp). M Kaneko?®, C M:; ', K Mio?,

§ Uchlda', M Satake', K Tadokoro', "Ceniral Blood Institute, Jepanese
Red Cross Soclety, Tokyo, Japan; *Blomedicinal Information Research
Center, National Institute of Ady
Tokyo, Japan

Backg ase The h itis E virus (HEV) has been consid-
ered 1o be orally it y in developing ias and regions.
However, recently, HEV has been found to be spreading worldwide includ-
ing in Industrialized nations and has also been demonstrated to be transmit-
ted by blood transfuslon. Thus, the possibitity of HEV infection via transtusion
Is a major concern globally. The objectives of this study are to establish a
culture system for HEV and an in vitro system for the evaluation of the

Science and T

. WNV and DENV are primarily transmitfed to hosts by mosquito
bites, but transmission can also occur from human-to-human by biood trans-
fusion. In specimens from WNV- or DENV-positive blood donors, infectious
virus bound to red blood cells (RBC) has baen detected at levels equivalent
to those found in plasma (for DENV) or up to ona log higher than in plasma
(WNV). We hypothesize that flavivirus-RBC adherence has a role in viral
di ination and path and the ing of this

is for devel of imp: ics and th ics. In
this study, we used fiow cytometry to investigate the nature of WNV and
DENV binding to RBC. Study Design/Methods: DENV-2 (New Guinea C
strain) and WNV/DENV4-D30 chimera (attenuated virus containing struc-
tural proteins of WNV and non-structural proteins of DENV4-D30 vaccine
construct) were grown in Vero cells, purified from culture supematants, and
labeled with a fluorescent probe. RBC were separated from whole blood
collected in either ACD or EDTA, washed, and resuspended In 0.9% saline.
Labeled virus was allowed to bind to RBC for 1 hour, RBC were washed,
and data was collected using a digital flow cytometer. Results/Findings:
Both DENV and WNV/DENV4-D30 bound 1o RBC under vanying buffer and
antl-coagulant conditions. DENV showed greater binding when EDTA was
used as the anti-coagulant, and WNV/DENV4-830 showed greater binding
when ACD was used as the anti-coagulant and when Ca++/Mg++ were
absent from the binding buifer. Approximately four times as much DENV
was required to bind RBCs 10 yield the same mean fluorescence intensity
(MF1) as observed when WNV/DENV4-D30 binds. Both viruses caused
damage to RBC at virus: RBC ratios greater than 10:1, and WNV caused
fysls of RBCs at 25:1. Concl Flow cy seful for i g

Y
Yy and intensity of WNV and DENV binding to RBC, and the

efficacy of h HEVis into four geno- iha the f
types, among which genotype 3 (G3) is ane of the most i Ing the
and G4 is malnly ing in Asla, g Japan, and

causes severe hepatitis. Moreover, it has recently been reported that the
virus obtained from blood has a different composition of the envelope-like
structure from that obtained from feces. Hence, it Is reasonable to use G3
and G4 from HEV-RNA-positive blood specimens commonly Isolated in
Japan when we try to develop a culture system, and to expand this systern
1o a meth for HEV infs titer referred to as fissue

culture infectious dose (TCID). Study Design/Methods: Fourteen speci- .

mens containing HEV of the G3 or G4 were used, which were sither positive

q morphological The optimal conditions for WNV and
DENV binding to washed RBC are slightly different, suggesting that there
may be blochemical differences between the viruses and potentiai RBC
ligands. The difference between DENV and WNV in amount of input virus
required to reach the same MF( suggests that WNV binds RBC mors effi-
ciently than does DENV, which is consistent with previous studies on DENV
and WNV distribution in blood donor samples, Although the amounts of virus
used are higher than those that would be encountered in clinical samples,
the damage to RBC caused by WNV. and DENV is notable and future studies

or negative for HEV-specific IgM and IgG. The csll lines of human ¢
cells (PLC/PRF/S) and human lung adenocarcinoma cells (A549) wero
inoculated with viral spacimens for 2 h at 372C. The cells Infected with HEV
were incub ina medium ing 30 mM Mg® and 2%
FCS. The medium was collected and replaced with a fresh ong every week.
HEV RNA coples were determined by real-ime RT-PCR analysls. The

of HEV § ity was by the d of viral
progenies in recovered media after 3 weeks of incubation. Results/
Findi Viral ies were d in media when the

JRC-HES strain (G3) from blood specimens containing specific IgM or the
UA1 strain (G4) containing igM and IgG was used. No cytepathic effect was

observed in any specimens. We found 1 TCID of the highly inf sirain |

into the ism of pticn are nesded.
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SP4s8
Infiuenza A Virus (H5N1) Can Be Transmitted Through Blood

JAC-HES corresponds to approximately 10%¥ RNA copies. Clear spherical
particles that were likely to be HEV were found in the culture supematant
of infected cell lines by eléctron Amine acid substitution in

T in Ferrets
X Wang'? (xue.wang @fda.bhs.gov), J Tan'?, P Zhang', § Zhao™,
| Hewlelt'2, 'CBEER/DETTD, FDA, Bethesda, MD, United States: 2FDA,

JRC-HE3 scarcely occurred after several viral passages and long-term
cuitivation. Using this titration syster, we found a log reduction greater than
2 for HEV infectivity when the Mirasol Pathogen Reduction System (Terumo
BCT) was used. Conclusion: We established an HEV culture system using
G3 and G4 from HEV-RNA-posttive blood speclmens and an in vitro system
for the titration of HEV infectivity. Thesa systems could be useful for assess-
ing the of a viral i ion technology.

Beth MD, United States

u uwm ies: Some highly ic strains of infl A
virus can infect multiple organs other than the respiratory system. It has
been reported that virus can be detected in blood during infection with both
avian H5N1 viruses and pandemic HIN1 (swine) viruses, and Is associated
with severe case. It is unknown that virus infectivity in blood, Study Design/
Methods: Using the susceptible ferret animal model, we studied the infectiv-
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" real (Soucie et al, 2011). Variant Creutzfeld Jacob Disease
(vCID), a prion disease, is the human form of the Bovine
Spongiform Encephalopathy (BSE) that appeared in the UK
cattle population in the 1980s. Transmission by blood prod-
ucts and dlotting factor has been d d
(Peden et al, 2010). Prions are highly resistant to all
currently used elimination techniques but because of geo-
graphical restriction of vCJD, some countries have chosen to
avoid using plasma collected in those countries, e.g, the UK
{Millar et al, 2010).

Further viral newcomers in this field indude human par-
vovirus 4 (PARV4), which has been linked with intravenous
drug administration, both for therapeutic use, such as for
bleeding disorders, and ional abuse. In ition of
the difficulty of eliminating infective agents from dlotting
factor concentrates, some countries (e.g. UK, Capada and
Ireland) decided to use exclusively recombinant clotting fac-
tors, when these became available, This can be envisioned as
protectionism in the countries where this kind of national
transitions have. not been undertaken. The current plasma-
derived products have proven safe, at least so far.

Our objective here is to Mlustrate that, in association with
intr: petiti dation factor replacement thera-
pies — despite the current precautions — the risk of viral
transmittance cannot be completely exclnded. The surveil-
lance of both old and new patients and concentrates remains
our continued task.

We live in a world where new diseasc entities and viral
epidemics continue to emerge in various locations and, with
the current air travel frequency, these diseases can spread
quite rapidly. The recently identified west Nile virus and
swine infl are ples of suddenly emerging patho-
genic viruses that have a relatively strong penetrance and
cause local and even worldwide epidemics. Additi pri-
ons are an example of pathogens, which are very hard to
detect and the success of their elimination remains undear
for many years, with potentially serious consequences.

1t

Parvovirus taxonomy and basic features

The naime parvovirus originates from the Latin word parvism,
which means small; parvoviruses are among the smallest
known viruses with a virion diameter of 18~26 nm. Parvovi-
ruses infect a wide range of vertebrates and insects cansing
systemic infections. The family Parvoviridae is divided
into two sub-families: Parvovirinae and Densovirinae (http://
ictvonline.org/virusTaxonomy.asp?version=2009). Viruses
from the sub-family Parvovirinae infect vertebrate cells and
are divided further into five genera (Table I): Parvovirus,
Dependovirus, Erythrovirus, Bocavirus, and Amdovirus. Of
these, Erythrovirus, Dependovirus and Bocavirus genera contain
viruses infecting humans. In addition, a sixth genus, Partetra-
virus, containing human PARV4 and human PARV4-like
viruses, has been proposed. The sub-family of Densovirinae
contains viruses of invertebrates.

386

Table . The taxonomy of parvoviruses.

Subfamily Genus Example virus, abbreviation

Parvovirinae  Parvovirus Minute virus of Mice, MVM
Canine parvovirus, CPV'
Dependovirus Adeno-assosiated virus AAV
Goose parvovirus
Erythrovirus Human parvovirus, B19
Simian parvovirus, SPV

Bocavirus Bovine parvovirus, BPV
Humtan bocaviruses 1-4, HBoV1-4
Amdovirus Aleutian mink disease virus, AMVD
P i Human p. irus, PARV4
(proposed) Porcine hokovirus, PHoV/PPV3

Densovirinae  Densovirus Junonia coenia densovirus

Brevidensovirus  Aedes aegypti densovirus

Tteravirus Bombyx mori devsovirus

Pefudensovirus  Periplanta fuliginosa densovirus

Fig 1. Genome structure and protein encoding reading frames of
Blg.

The of parvovi is simple; the icosahedral vir-
ion consists of only proteins and linear single-stranded-DNA.
genome with hairpin structures at both ends. The hairpins are
palindromic and the 3'-end can fold and function as a primer
during viral replication (Fig 1). The length of the DNA gen-
ome is approximately 5-6 kb. In the parvovirus infection
cycle, the virus attaches to its receptor, e.g. globoside (P-anti-
gen) in case of human B19, on the surface of host cells {Brown
ef al, 1993) and is transported into the cell by eadocytosis.
Inside the host cell, the virion is transported to the nucleus
where parvovirus replication takes place. Parvoviruses do not
encode their own DNA-polymerase, indicating that all
parvoviruses are dependent on (i) host cell polymerase and
(i) S-pbase of dividing cells. In the case of dependoviruses,
co-infection with another virus is needed for efficient DNA
replication (Atchison zt al, 1965).

General aspects and epidemiology of human
and porcine parvoviruses

Paryovirus B19

Human parvovirus B19 (B19) is the type species of the
Erythrovirus and representative member of parvoviruses.
B19 was discovered when a serum sample from an asymp-
tomatic blood donor gave a false-positive result in an
immunoelectrophoresis assay for HBV (Cossart et al, 1975).
The virus was detected in panel B and was coded 19, from
which its name originates, The most common transmission
route of BI9 is respiratory, but it can also transmit via

© 2012 Blackwell Publishing Ltd
British Journal of Haematology, 2012, 159, 385-393

plasma-derived medical products and fom mother to fetus.
B19 infections are prevalent worldwide, and prevalence
studies based on B19 IgG have shown that in Europe
60-80% of adults have been infected with this virus during
their lifetime (Mossong et al, 2008). In Asia the B19
seroprevalence in blood donors was found to be 25-40%
{Kishore et al, 2010, Ke et al, 2011).

B19 DNA prevalence in blood donors has been reported
by & number of studies. The rates of positivity were 0-88% in
the USA (Kleinman et al, 2007), 0-2% in the Netherlands
(Koppelman ef af, 2011) and 0-55-13% in the UK and
Africa (Candotti et af, 2004).

B19 is erythrotropic and replicates in erythroid progeni-
tor cells in human bone marrow. After short viraemia the
virus is eliminated from the blood circulation by neutraliz-
ing antibodies produced by the host, However, B19 geno-
mic DNA remains detectable in solid tissues of seropositive
individuals. Tnitially, B19 DNA was detected in the synovi-
um of patients with rheumatoid arthritic but, in 1997, the
viral DNA was also detected in 48% of synovia collected
from healthy controls (Saal et al, 1992; Soderlund et al,
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relatives are the bovine parvovirus (BPV) and the minute
virus of canines (MVC). The zeceptors and target cells of
HBoV1 are unknown and, to date, HBoV1 has been cultured
only in pseudo-stratified human airway epithelium cell cul-
ture system (Dijkman et al, 2009). Using similar methods of
random amplification, three additional humen bocaviruses
were identified in faecal samples in 2009 and 2010 (Arthur
et al, 2009; Kapoor et al, 2009, 2010). These new HBoVs
were named HBoV2, HBoV3 and HBoV4. Of these HBoV2
seems to be the most prevalent and circulates globally
(Arthur et al, 2009; Kapoor et al, 2009, 2010; Chow et al,
2010; Kantola er al, 2010).

The seroprevalence of HBoV1 has been reported to be
more than 90% in adults. However, the HBoV1-4 viral-like
particles used in the enzyme-linked immunosorbent assay
(ELISA) have been shown to cross-react, which might affect
the serological assays. Noxja et af (2012) detected an HBoV1
seroprevalence of 94-9%, but after removing cross-reacting

. antibodies the rate was 68-4%. Similar results were obtained

by Kantola et al (2011), who observed that adult HBoV1

1997). Later, BI9 was shown to persist with full-length cod-
ing capacity in several tissue types of both symptomatic
and asymptomatic persons, most probably for a lifetirhe
(Soderlund-Venermo et al, 2002; Notja et al, 2006; Manning
et al, 2007),

B19 strains have been divided into three divergent geno-
types according to thieir genomic sequence. Genotype 1 is the
prototypic virus and is nowadays globally the most predomi-
nant circulating virus (Hubschen ef al, 2009). The genotype
2 virus was first identified in buman skin and in the serum
of an Italian HIV-positive patient with chronic anaemia
(Hokynar et al, 2002; Nguyen et al, 2002). Genotype 2 has
since been found in human solid tissues but only sporadi-
cally in blood and seems to have disappeared from wide
circulation after the 1970s (Blumel et al, 2005; Norja et al,
2006; Manning ef al, 2007; Grabarczyk et al, 2011, Koppel-
man et al, 2011). The genotype 3 virus was found in France
in the serum and bome marrow of a child with transient
aplastic anaemia (Nguyen et al, 1999). Following its discov-
ery, genotype 3 has been reported to be endemic in Ghana
and Brazil (Candotti et al, 2004; Sanabani et al, 2006; Freitas
et al, 2008; Keller et al, 2009). Since identification of the
genotypes 2 and 3, many commercial and in-house PCR-
methods have been shown to detect these B19 genotypes with
lower sensitivity or fail to detect either or both of these
genotypes (Hokynar et al, 2004; Baylis, 2008).

Bocavirus

Human bocavirus 1 (HBoV1) was first identified in 2005 by
random molecular screening and large-scale sequencing.
HBoV1 was discovered in Sweden, in nasopharyngeal aspi-
rates of children with respiratory tract infections (Allander
et al, 2005). It belongs to the genus Bocavirus and its closest
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P e decreased, from 96 to 59%, after removing
the cross-reacting antibodies. The Kantola study reported
HBoV2-4 seroprevalences among adults of 34% for HBoV?2,
15% for HBoV3, and 2% for HBoV4 (Kantola et al, 2011).
As far as we are aware, human bocavirus DNA has not been
detected in blood donations.

Parvovirus 4

PARV4 was identified in 2005 in a HBV-positive intravenous
drug abuser with various viral infection-related symptoms by
similar methods to the HBoVs (Jones et al, 2005). During
the following year, a related virus variant (PARVS) was iden-
tified in plasma pools used in the manufacture of plasma-
derived medicinal products (Fryer et al, 2006). Subsequently,
the name PARVS was changed to PARV4 genotype 2 (Fryer
et al, 2007a). In 2008, a third genotype of PARV4 was identi-
fied in HiV-infected African patients (Simmonds et al,
2008). DNAs for PARV4 genotype-1 and -2 have been found
in bone marrow, lymphoid tissue, and liver of subjects with
a history of intravenous drug use, or HIV, or HCV infection
(Manning et al, 2007; Simmonds et al, 2007; Longhi ef al,
2007; Schneider et al, 2008a). In addition, several studies
described PARV4 DNA in donor blood samples and coagula-
tion factor concentrates {Fryer et al, 2006, 2007a,b; Lurcharc-
haiwong et al, 2008; Schneider et al, 2008b). Initially the
parenteral transmission route was proposed for PARV4, but
the genotype 3 of PARVA has also been found in subjects
without a risk of parenteral exposure (Simmonds et al, 2008;
Panning et al, 2010),

Porcine parvovirus

Porcine parvovirus (PPV1) was first isolated in Germany
and the USA in 1965 .and today it is found worldwide
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(Csagola et al, 2012) PPV1 belongs to the gcnus Parvovirus,
PPVI is i lly among gative dams
{female parents) and the virus is then further trapsmitted
through the placenta to fetus, causing reproductive failure,
During the last decade, several new parvoviruses have been
identified in pigs, including porcine hokovirus (PHoV/
PPV3), which is related to PARV4 (Csagola e al, 2012).

Human diseases caused by parvoviruses

Until the discovery of HBoVs and PARV4, human B19 was
considered to be thc only pathogenic parvovirus to humans,
The ad viruses of Dependovirus genus are
non-pathogenic and are studied as vectors for gene-therapy.
Although B19 is associated with various dlinical manifesta-
tions, subclinical infection is 2 common finding among both
children and adults. In healthy, immunocompetent subjects,
B19 infection is usually mild and transient, rcqumng no
treatment.

The most common B19 manifestation among children is a
rash causing the disease Erythema infectiosum (EX), fifth dis-
ease or ‘slapped cheek, and arthritis among adulis (Ander-
son et al, 1984). In EI, the rash typically appears first on the
cheeks, spreading to the neck, trunk, and limbs. In addition,
the patient may have headache, fever, nausea, and diarrhoea.
Among adults, arthritis can be the only manifestation of B19
infection, affecting 45-80% of infected subjects (Anderson
- et al, 1985; Reid et al, 1985; White et al, 1985). Joint symp-
toms are symmetrical and affect fingers, wrists, ankles, and
knees. Arthritis is usually transient but in some cases it may
be prolonged and fulfill the criteria of rheumatoid arthritis
(Naides et al, 1990).

‘Women without Bi9-specific antibodies are at risk of
primary B19 infection and trans-placental transmission.
During maternal infection, the risk of vertical transmission is

was detected simultaneously with HBoV1, and there is a
lack of evidence of replication of HBoV1 in the enteric
tract (Albuquerque et al, 2007; Yu et al, 2008, Szomor et al,
2009). HBoV2 instead may cause gastroenteritis in young
children {Kapoor et al, 2009; Chow et !, 2010; Kantola et al,
2010).

So far, no disease iations have been confirmed for
PARV4 (Lahtinen et al, 2011). The virus has been linked to
encephalitis (Benjamin ef al, 2011),. and detected in the
blood of three mothers bearing newborns with hydrops
(Chen ef al, 2011). Among patients with haemophilia, clini-
cal presentations concurrent with PARV4 seroconversion
were rash and unexplained hepatitis (Sharp et a, 2012). The
individual in whom PARV4 was first identified presented
with fatigue, vomiting, arthralgia, neck stiffness, night sweats,
and diarthoea, but this patient was lost to follow up, and it
is not known if the described symptoms were associated with
the PARV4 infection (Jones et al, 2005).

There are no antiviral drugs or vaccines against human
parvovirus infection. However, among immunocompetent
patients, is y and infecti are’ self
cleared. Immunodeficient patients with chronic B19 infec-
tion, and patients with transient aplastic apaemia and B19,
can be managed with intravenous immunoglobulin or eryth-
rocyte transfusions (Frickhofen et af, 1990; Koduri et al,
1999).

Parvoviruses in blood products

Parvovirus B19

The BI9 titre in blood is at its highest, up to 10 genome
equivalents/ml blood, during the first days of acute infec-
tion. Infected subjects are usually asymptomatic when the
viral titres are at their highest This creates a risk of con-

approximately 30% (Brown, 2010), I ine B19 infe
has been associated with fetal anaemia, hydrops, miscarriage,
and fetal death (Enders er al, 2006, 2008),

In subjects with shortened red-cell survival, such as sickle
cell disease, B19-infection may lead to aplastic crisis (Pattison
etal, 1981). Among immunosuppressed subjects with
decreased ability to produce antibodies, including patients
with leukaemia or lymphoma (Kurtzman et af, 1988, 1989)
or in the HIV/HCV-infected, the B19 infection may become
persistent causing chronic anaemia,

Following the HBoV1 discovery, a large number of studies
of the prevalence of HBoV1 have been undertaken in respira-
tory secretions of young children. According to recent stud-
ies, pnmaxy infections of HBoV1 are sxyuﬁcantly assocnated
with y illnesses, inclodi
and otms mcd:a (Soderlund- Venermo et al, 2009, Don ez al,
2010; Meriluoto ef al, 2012). HBoV1 has also been detected
in faeces from children with symptoms of gastreenteritis.
However, the significance of HBoV1 as an enteric virus is
questionable, because in many subjects another enteric virus
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blood d by blood donors with asymp-
tomatic B19 infection. Siegl and Cassinotti (1998) reported
B19 DNA in 50-80% and in 30-50% of non-v:rally macu—
vated VIII cf and  §/D-inacti
factor IX (FIX) concentrates, respectively. A more recent
German study detected B19 DNA in -26% of coagulation
factor concentrates of different types, collected between 2007
and 2008 (Modrow et al, 2011). The highest viral loads were
observed in the intermediate purity FVIT A/WE concen-
trates, Because of its small and non-enveloped structure,
B19 is relatively resistant to most viral inactivation proce-
dures used in the manufacturing of medical blood-derived
products (Willkommen et al, 1999; Koenigbauer ef al, 2000;
Schmidt ef al, 2001) and B19 is only partially xemovable
with small pore size filtration (Burnouf-Radosevi
et al, 1994).

In Europe, in an attempt to reduce the risk of B19 trans-
mission by blood products, the blood derived products man-
ufactured after 2004 are not allowed to contain B19 DNA of
more than 10* iw/ml, and nucleic dcid testing for B9 is
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obligatory for S/D-treated human plasma  products
(European Ph poeia C ission, Council of Europe
Buropean Directorate for the Quality of Medicines, 2011).
Similar instructions are given by United Stites Food and
Drug Admmrstrauon (http.llwww fda.golenologstloodVac
cines/Guid yinformation/Gui /
defaulthtm). B19 DNA concentrauons below the 10* jw/ml
limit are not considered to lead to seroconversion (Brown
et al, 2001). However, Soucie et al (2011) reported 1-7 times
higher B19 IgG seroconversion rates among children who
received plasma-derived factor concentrates screened for B19
levels than among children receiving recombinant products.
The infectivity of B19 in the blood products is affected by
both the level B19-specific IgG in the products and the
immune status of the recipient.

In order to quantify the B19 positive units, the quanti-
tative DNA amplification method is used, and primers
desxgncd to detect all three genotypes are required. Many

hy PCR hods and one ¢ ial PCR method,
designed before the identification of B19 genotypes, are
prone to miss B19 genotypes 2 and 3 (Hokynar et al,
2004; Baylis et al, 2004; Koppelman et al, 2004, 2007).
Consequently, some plasma pools have remained

inated with an ive level of BI9. All three
genotypes of B19 have been reported in ‘dlotting factor
concentrates, however, with a reduced frequency for geno-
types 2 and 3 (Schneider et al, 2004; Modrow et al, 2011).
To obtain an accurate diagnosis and safety of blood prod-
ucts, methods with capability to detect all BI9 genotypes
should be used. A reference panel for B19 DNA genotypes
by the World Health Organization Expert Committee on
Biological Standardization (ECBS) was established at the
end of 2009, and it is available for validation of B19 PCR-
based detection assays for all three genotypes (Baylis et al,
2012). Furthermore, the most recent study of B19 levels in
plasma donations described a commercial method for
simultancous B19 and HAV screening {Koppelman et al,
2012).

Human bocaviruses

Three studies have analysed whether HBoV1 occurs in
blood donor plasma and plasma-derived coagulation factor
concentrates (Fryer et al, 2007b; Bis-Hubinger ef al, 2010;
Modrow etal, 2011). Nome of the studies reported
positive cases of HBoV1. The absence of detectable
HBoV1 DNA in blood or plasma donors, however, may
be due to the fact that HBoV1 infections are most com-
mon among young children (Soderlund-Venermo et af,
2009; Meriluoto et al, 2012) and less frequent among the
blood donor population. Negative results could also be
explained by low HBoV1 titres in, donors, as possible low-
level viraemia could remain undetectable in manufactured
plasma pools ining hundreds or th ds of dona-
tions,
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PARV4 DNA in blood-derived medical products

The first study of PARV4 in blood products was published
soon after the virus was discovered and reported PARV4
DNA with prevalence of 5-1% in manufacturing plasma
pools (Fryer et al, 2006). In this study both PARV4 geno-
type 1 and 2 DNAs were amplified, and the virus titres ran-
ged between < 500 copies to 10° copics/ml. A year later, the
same authors reported PARV4 genotype 1 and 2 DNAs in
4% of recently sourced plasma pools collected in Europe
and the USA, in 21% of the older plasma pools collected
between 1990 and 1993, in 2% of the blood collected from
healthy blood donors and in 6% of febrile patients (Fryer
et al, 2007b). Schneider et al (2008a) reported PARV4 in
1-33% of randomly selected plasma-derived concentrate
pools. The higher frequency of the PARV4 was detected in
the older concentrates manufactured 10 years earlier, but smal-
ler amounts of PARV4 were also detectable in the currently
used conceptrates. Recently, a study from China reported
PARV4 DNA in the blood of 16-22% healthy subjects, in
33% of HBV-infected subjects and in 41% of HCV-infected
subjects (Yu et al, 2012). In addition, PARV4 DNA has
been. detected in 26% of blood donor plasma pools col-
lected between 2007 and 2010 in China (Ma et al, 2012).
Table II summarizes PARV4 DNA detected in plasma- and
blood-derived medical products. Even if the disease associa-
tions of PARV4 are not currently known, the prevalences of
PARVY, especially those detected most recently in France
and China, raise a question of whether blood donor
minipools should be tested by screening for PARV4 DNA
similar to B19.

In contrast to the studies described in Table II, three
studies performed in France and Germany analysed high
numbers of blood donor plasma donations, rainipools or
coagulation factor concentrates and failed to detect any

Table II. PARV4 DNA findings in blood donor samples and coagu-
lation factor concentrates,

PARV4 DNA
References Blood product prevalence (%)
Fryer et al (2006) Plasma pools 5.1
Fryer et al (20072,b) Plasma pools, 87
individual plasma 4
Fryer et ol (2007¢) FVIH concentrates 16
Lurcharchaiwong Blood donor sera 3.95
et al (2008)
Schneider ef of (2008b)  Coagulation FFH, FVIH, 21
FIX, activated
prothrombin
complex
concentrates
Vallerini et al (2008) Blood donor sera 1
Touinssi et al (2010) Blood doror plasma 246
Ma et al (2012) Plasma pools 26
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PARV4 DNA positive samples (Servant-Delmas et al, 2009;
Eis-Hubinger et al, 2010; Modrow et al, 2011}, Whether
these negative results are due to seasonal or geographical
reasons need further studies. The unanswered question also
is, whether the higher frequency of PARV4 in older blood
products (Fryer et al, 20072,b; Schneider et al, 2008b) repre-
sents a timely population-based hazard or whether the

facturing p ie., Itration, have imp d
the elimination of the viruses more éomprehcnsivdy. On the
other hand, demonstration of virus genome in plasma-
derived products does not translate to infectivity.

PARV4 and haemophilia

In a study of 35 persons with haerpophilia from the UK and
USA receiving replacement therapy, 15/35 (43%) were posi-
tive for the PARV4 IgG whereas only 1/35 (3%) of untreated
family members were positive (Sharp et al, 2009) ‘The con-
centrates involved in were irall

clotting factors issued from the late 1970s to the early 1980s.

The methods of detection were serological, ELISA-type
assays, detecting both anti-PARV4 IgG and IgM, developed
by the group of Simmonds.

In a S-year follow-up of a cohort of 194 haemophilia
patients who were born between 1972 and 1982, 1-7% of
patients/year seroconverted for PARV4 (Sharp ef al, 2012).
They were followed between 1989 and 1994 by 6 monthly
blood sampling. At cohort enrolment, almost all patients
were HCV-positive and 43% of patients were PARV4 IgG-
positive. Among PARV4 seropositive subjects, 46% were
HIV-positive and 38% HIV-negative, thus PARV4 exposure
did not significantly associate with HIV infection. The active
disease forms related to PARV4 detection were rash and
exacerbation of hepatitis. PARV4 IgM became positive dur-
ing acute infections. The concentrates involved were plasma-
derived and had undergone S/D treatment and dry or wet
heating processes. Overall, the seroprevalence and the risk of
seroconversion are significantly higher in patients having
replacement therapy than the background population or
sibling controls.

Transmission of porcine parvovirus by the old
Hyate C porcine concentrate

A serious complication of therapy of persons with haemo-
philia is the devel of antibodies (inhibit against
the clotting factor, whxch renders the concentrates ineffective
in controlling bleeding. Porcine FVII concentrate, Hyate C,
has been used as a treatment of patients with congenital hae-

hilia and Hyate C was developed
in 1980 and was manufactured by Ipsen Ltd (Slough, UK)
from pig plasma. During the manufacturing process Hyate C
underwent a number of purification steps, and cell culture
was used to confirm the absence of viruses but, in contrast
to human coagulation factor concentrates, it did not undergo
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viral inactivation. In 1996, PPV1 was found in several Hyate
C products and its supply was suspended. The knowledge
that many recipients of Hyate C were already infected by
HIV and were immunosuppressed led to concerns that PPV]
could in some cases infect humans. Soucie et al (2000)
detected PPV1 DNA in 95% of porcine FVIII concentrates
and confirmed that PPV] is a cormmon, low level contami-
nant in Hyate C. However, none of the 98 recipients of
Hyate C tested positive for PPV1 antibodies, Most pigs natu-
rally have antibodies to PPV, but there is no evidence of
transmission to humans from physical contact between pigs
and humans. In addition to PPVI, porcine hokovirus, closely
related to PARV4, has recently been found in porcine plasma
and FVIIT preparations {Szclei ef al, 2010). The theoretical
risk that porcine parvoviruses could infect humans remains a
concern, but, if employed, PCR screening and discarding the
pordne parvovirus DNA positive samples could eliminate the
sk of transmission. Porcine plasma-derived FVHI concen-
trates are no longer available and to our knowledge are not
being developed but a recombinant porcine FVII concen-
trate has recently started clinical trials.

Implications

New viruses and other disease-inducing agents will always
continue to evolve. In the first 10 months of 2010 there
were 2350 reports of outbreaks of infectious diseases in
humans, plants and animals (www.promedmailorg). It must
be appreciated that the identification of new infections
internationally is the norm rather than the exception. The
studies of PARV4 and haemophilia have shown that the
virus can be transmitted viz blood donations and plasma
products, at least when the viral inactivation steps include
the methods of S/D and heating. We do not know the
infectivity fre followi: filtration, but it may
eliminate the ma;onty of the viral load (Schneider et al,
2008b). To date, the parvoviruses have not been proven to
cause significant chronic pathogenesis in patients with a
healthy immunological system. However, in patients already
infected with HIV or otherwise immunocompromised, B19
bas pathogenic consequences. Overall, the current data
imply that viruses are able to escape the current plasma
ﬁzcuonanon and purification steps.

For i that are p iall issible by clotting
factor concentrates, blood donors should be screened sero-
logically and mini-pools of plasma should be genotyped with
the virus load measured with PCR (EMA, 2010). The safety
of the plasma-derived concentrates demands continuous
watchful strategies and surveillance, The regulatory studies
required for registration occur early in the introduction of
the products onto the market and are not optimal at detect-
ing infection transmission by agents other than hepatitis
A/BIC, HIV and Parvovirus where acute seroconversion
detection is possible. Continuous vigilance by the haema-
philia community is required to identify infective Pproblems
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early. Adverse event reporting studies, such as the European
Haemophilia Safety Surveillance (EUHASS) system, or way any
national spontaneous reporting schemes have the potential to
identify problems, but alertness to new or unusual problems
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of PARV4 have also been suggested in South Africa (6),
Taiwan (8), India, (9), China (10), and Thailand (/7).
PARV4 has been classified into 3 genotypes.
Genotypes 1 and 2 are found in North America, Europe, and
Asia (1-3,9-11), and genotype 3 is found in in sub-Saharan
Africa (7,12). To investigate whether PARV4 is found in
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mr::w: parvovirus 4 (PARV4; human partetravirus) is
a single-stranded DNA virus discovered in 2005 (/).
PARV4 has been detected in persons at risk for parenteral
infections, suggesting blood-borne transmission (2,3)
although other transmission routes have not been ruled out.
Studies in northern Europe demonstrated a high prevalence
of antibodies against PARV4 in’ injection drug users,
persons co-infected with HIV and hepatitis C virus, and
persons with hemophilia who were exposed to nonvirally
inactivated clotting factors; however, antibodies were not
detected in the general population (4, 5).

In contrast, PARV4 seroprevalence was 25%—37% in
adults in the Democratic Republic of Congo, Cameroon,
and Burkina Faso who were not infected with HIV and
hepatitis C virus. (6). PARV4 DNA was detected in blood
of 8.6% of children 15 or 24 months of age in Ghana (7).
There was no history of exposure to multiple-use needles
or blood transfusion in any of these children. These data
suggested alternative modes of PARV4 transmission in
countries in Africa. Nonparenteral modes of transmission
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in symptomatic children <15 years of age at the
Presbyterian Hospital in Agogo, Ghana. Nasal swab
specimens were obtained from children with upper
or lower respiratory tract symptoms. Fecal samples
were obtained from 504 children with gastrointestinal
symptoms (53.4% of sampled children; 294 [58.3%] of
symptomatic children with vomiting, 190 [37.7%] with
diarrhea, and 144 {28.6%] with acute malnutrition; 9
[1.8%] with incomplete clinical data) and 439 (46.6%)
children without gastrointestinal symptoms.

A total of 961 nasal swabs were obtained during
February-November 2008 from 520 boys and 441 girls
(median age 19 months, range 0-162 months, interquartile
range 8-38 months). Nasal swabs were placed in 1.5 mL
of RNAlater (QIAGEN, Hilden, Germany). A total of 943
fecal samples were obtained during May-October 2009
from 500 boys and 443 girls (median age 36 months, range
0-165 months, interquartile range 17-78 months). Fecal
samples were prepared as 10% suspensions in phosphate-
buffered saline. No paired nasal and fecal specimens were
available from individual patients.

Viral DNA was purified from 140 pL of nasal swab
suspension or 200 pL of fecal suspension by using
QIAamp Viral RNA and DNA Stool Mini Kits (QIAGEN),
respectively: Two real-time PCRs were performed. One
primer/probe set was designed to detect PARV4 genotypes
1 or 2 viruses (13), and a second primer set was designed
to detect PARV4 genotype 3 viruses (7). The sensitivity of
both protocols was 1-2 genome copies/reaction. Absolute
quantification of PARV4 genome copy numbers relied on
photometrically quantified genotype 3 plasmid standards,
as described (7).

To exclude bias from DNA purification methods,
PARV4-negative nasal and fecal specimens were
spiked with quantified plasmid standards. Subsequent
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Table. Nucleotide sequence divergence of parvovirus 4 strains from nasal swab and fecal samples from children, Ghana, from

genotype 1, 2, and 3 prototype strains®

Nucleotide position according to Nucleotide sequence divergence from parvovirus 4 reference strains, %

Specimen type GenBank accession no.

Genotype 1 (GenBank  Genotype 2 BR10627-5 Genotype 3 NG-OR

and no. EU874248 AY622943) _ (GenBank DO873390)  (Gen EU874248)
Nasal swab
N1 1700-4660 6.56 7.39 0.92
N2 2994660 7.51 - 807 0.88
N3 50-4660 7.37 8.38% 0.83
N4 1962-2056% 9.16 6.73 2.14
N4 2117-3413 497 5.31 0.93
N5 1962-2056 9.16 8.73 2.14
N5 2117-4183 5.50 6.34 0.98
N6 2994660 7.51 8.10 0.80
N7 1962-2056 9.16 6.73 2.14
N7 2431-2914 6.24 7.01 1.25
N7 30683246 461 519 1.12
N8 6243246 7.36 7.84 . 0.84
Feces
F1 1700-4183 6.20 6.82 0.89
F2 1700-4460 6.56 739 092
F3 1700-3716 6.08 8.52 0.85
F4 17004183 6.02 6.78 0.89
F5 17004183 6.93 6.73 1.04
*Pairwise ide di was by using the DNA distance matrix in BioEdit (www.mbio.ncsu.eduw/BioEdit/bioedit. htmi).

tBecause the homologs of the first 92 nt of strain N3 are not given in the prototype strain BR10627-5, calculation of divergence started at N3 nt position
93.

$Nucleotide sequence of the PCR product {primer sequences trimmed) was amplified by using ing PCR desi for of PARV4

3 as described (7).

quantification was equivalent between techniques and
specimens, and differences between specimen types in
several experiments were <0.5 log , copies/mL. Standard
procedures were used to prevent PCR contamination.
Determination of PARV4 genotypes was conducted by
nucleotide sequencing of several genomic target regions
(Table).

Eight (0.83%) of 961 nasal swabs and 5 (0.53%) of 943
fecal samples tested were positive for PARV4 DNA. Virus
concentrations ranged from 1.3 x 10° to 1.8 x 107 copies/
mL (median 1.0 x 10* copies/mL) in nasal swab suspensions
and from 2.3 x 10° to 4.6 x 10° copies/mL (median
6.8 x 10 copies/mL) in fecal suspensions (Figure 1).
The difference in virus concentrations between the 2 groups
was not significant (p = 0.056, by Mann-Whitney U test).

Nucleotide sequencing of amplicons generated by
screening PCRs and sequencing of additional genomic
regions classified all viruses as PARV4 genotype 3 (Table)
(GenBank aceession numbers JN183920-JN183932). This
result was confirmed by phylogenetic analysis of a 483-
nt fragment of the capsid-encoding open reading frame 2
(Figure 2).

Ages of the 8 children with PARV4-positive nasal
swab specimens ranged from 9 to 58 months (median 32
months). Ages of the 5 children with PARV4-positive
fecal samples were 1, 36, 43, 57, and 124 months. Nasal
swab specimens with the highest viral loads were from a
9-month-old boy and a 29-month-old girl. Fecal samples
with the highest viral loads were from 2 boys 43 and 57
months of age.

10° p =0.56
107 ¢
L]
*
.é 10°
S L]
g . —
g .
(SIS Tod —_—
< (TS
A .
Q 103 .
10?
10
Nasal swab Fecal
suspensions suspensions
n=8 n=5

Figure 1. Parvovirus 4 DNA loads in virus-positive nasal and fecal
specimens from children, Ghana. Virus concentrations are given
on a log scale on the y-axis. Each dot represents 1 specimen.
Horizontal lines represent median values for each sample type.
For calculation of statistical significance of the difference in viral
quantities between sample types, the Mann-Whitney U test was
used. Virus quantities in nasal swabs and feces are given for
sample suspensions (nasal swabs in 1.5 mL of stabilizing reagent
and feces in a 10% suspension in phosph ffered saline).
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DISPATCHES

Ghanan?
GhanaNs
GhanaNt
Ghanars
GhanafA
GhanaF2
GhanaNg
GhanaN®
Ghanad
GhanaNs Genotype 3
[1{orarat cussises

Ghanafl
ChanaN?

oF3
NG.OR EUBTS2a8
Gnana8 GUOS1E5D

V622043 Genotype 1

BR10627-5 DOB73390 Genotype 2
BONN-2 EU175858

HQM3143
002

Figure 2. Phylogenetic analysis of a 483-nt fragment of the
parvovirus 4 (PARV4) capsid-encoding open reading frame (ORF)
2 for PARV4 strains identified in children, Ghana. Neighbor-joining
phylogeny was conducted in MEGAS.05 (www.megasoftware.nel)
by using a gap-free ORF2 fragment corresponding to positions
2,432-2,914 in the PARV4 genotype 3 prototype strain NG-OR
{GenBank accession no. EU874248) with a nucleotide percentage
distance substitution mode! and 1,000 bootstrap replicates.
Scale bar indicates percentage uncorrected nucleotide distance.
Previously published PARV4 sequences are given with strain
names (if available) and GenBank accession numbers. Viruses
newly identified are in boldface. The source of PARV4 strains
identified in the study is indicated by capital letters (N, nasal
specimen; F, fecal specimen). PARV4 genotypes are given to the
right of taxa. A chimpanzee partetravirus was used as the outgroup.

Conclusions

We found PARV4 in 0.8% of nasal swab specimens
and 0.5% of fecal specimens from 2 groups of children
in Ghana symptomatic for respiratory illness and with or
without diarrheal illness, respectively. Our results provide
evidence to suggest that the higher prevalence of PARV4
reported among adults in countries in westemn Africa (6)
might be caused by transmission by the respiratory or
fecal-oral route.

However, demonstration of PARV4 in the respiratory
tract and feces does not identify a transmission route.
PARV4 in the respiratory tract could be caused by high
viremia, which was recently reported in a child in India with
agenotype 2 infection (9) and in 2 patients with hemophilia
in the United Kingdom, 1 with a genotype 1 infection and 1
with a genotype 2 infection (/4).

It is unclear to what extent the putative nonparenteral
transmission routes of PARV4 genotype 3 in western Africa
apply to other areas. Markedly lower PARV4 antibody
prevalences observed in Europe (4,5) argue against PARV4
spread by nonparenteral routes, e.g., from infected injection

drug users to the general population. Likewise, the higher
prevalence of PARV4 antibodies in HIV-infected blood
donors in South Africa compared with uninfected donors (6)
appears incompatible with PARV4 transmission primarily by
the respiratory route. Therefore, our results do not contradict
those of a study conducted in Scotland, which showed no
PARV4 in respiratory specimens (15).

Because of the small number of children with PARV4
DNA in nasal or fecal specimens, correlation of infection
with age groups was not possible. A limitation of our
study was the lack of blood specimens from children with
current respiratory or fecal PARV4 shedding, and serologic
studies are needed to evaluate susceptibility of different
age groups to PARV4 infection. Furthermore, detection
of PARV4 in patients with respiratory disease does not
indicate that PARV4 was the cause of the disease. In 5 of
8 PARV4-positive nasal swabs, typical respiratory viruses
(parainfluenza virus, influenza A virus, thinovirus) were
also detected and the pattern of symptoms in PARV4-
positive children did not differ from symptoms in PARV4-
negative children. Similarly, 3 of 5 children with PARV4-
positive feces did not have gastrointestinal symptoms at
the time of fecal sampling. One child had vomiting and
another child had vomiting and diarrhea. Moreover, in 3 of
these 5 children, in addition to PARV4, Giardia lamblia, a
potential cause of diarrhea, was also detected.

Although data for exposure and risk factors and paired
samples were not available, suggested transmission routes
might explain the high infection rates in western Africa.
Further studies are needed to assess the effect of PARV4
excretion on virus epidemiology and the chronology of
PARV4 infection.
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g i ibution.. The § of one-time testing for HTLV was
Plenary d by eval g HTLV in repeat donors. Study Design/

Methods: Data for :,:.< 1l pos donors identified by the-American Red
P1:030A o . . Cross (ARC) from 2009-2011 were retrieved. Antibody In donors testing
Transtused R RBCs Can Be Immunogenic In Splene Mice: anti-HTLV-UlI repeat reactive (Abbott PRISM) were confirmed by a 2nd EIA
of I nation, s, and followed by & combination of IFA, westerfi biot (WB) and-RIPA (CA Viral &
JEF Jeanne, edy), S R Stowel?,

NHS th?, K Girard-Plerce?, K Hudson®, J C Zimying®. "Pediatrics and
Pathology, Emory University, Atianta, GA, United States; #Pathology,

tates; *Pediatrics, Emory
C:?ma.a\ Alianta, GA, C::mn States; ~m§§m mmmmm_.n: Institute, San
Diégo, CA, United States *Paget Sound Blood Cenlef, Seéattls, WA,
United Stales

Background/Case Studies: Patients with thalassemia major may have
higher rafes of RBC alloimmunization than the mw:m.é transfused popula-
tion, and splenectomy has beén auo:mn to be associated with alloimmuni-
zation in this patient population, Previous murine siudies with RBCs
expressing the mHEL model antigen have shown that splenectomy largely
wv.dmm_mm w__o__sa::mumao? However, many factors (donor as well as recip-
ient) may RBC ior, and we hy ize that some
RBC antigens under some conditions have the cagacity to be fs:::bum:ﬁ
upon initial exposure In spiensctomized animals, Study De:

Rickettslal Diseases Lab). Prevalence fates were calculated by gender and
geographic distribution based on US Census Regions. Rates for the Norh-
east (NE), South (S}, Midwest (Mw) and West (W) were compared using
multiple pairwise chi-square with fnci-

dence density (ID) was calculated as the number of mmaooo=<oamﬁ over
total donor person years (PY) with prior donation histories not o exceed
1095 days (3 years). Results/Findings: For the 3-year period, >18 million
donatfons were tested from 7,098,612 allogencic donors including 443 HTLV
pos. Overall HTLV donation prevalence was 2.3 per 100,000 (PHT). Female
donors accounted for 72% (319/443) and males 28% with prevalence rates
of 3.6'PHT and 1.2 PHT, respectively (p < 0.0001, OR = 2.9, 35% C! 2.4,
3.6). Overall; the number of HTLV pos donors by region and prevalénce
rates of PHT donors differed significantly; between the NE vs. W (p = 0.013),
MW vs. NE {p = 0.002), MW vs. W (p < 0.0001) and MW vs.'S (p < 0.0001);
no differences were noted between the S and the NE or the S and the W;

the Z<< :mn the lowest rates. Of aumw_ donors,; 36 were HTLV pos; 22 had

Blood from donor mice the HOD (iy in, ‘and
human Duify b), the hGPA E:Bma glycophorin A), or the _Amrn {human
Cellano) antigen on their RBCs was iransfused Int C57BL6 or FVB recip-
_o_...m who had been surglcally mu_msoﬂoa_uma control ma_-:m_m 503 m:m:.
A subsl of recipien
CFA prior o transfusion; and a subset
transfusions. Two weeks w:aq transfusion, alloimmunization {IgG, IgM) was
d by flow cy utilizing ed RBCs m:n
antigen negative RBCs as targets. Res i No
mice transfused with HOD or KEL2 RBCs in So mgm.._no of induced inflam-
mation made a ble 1gM or IgG n=3 oxbm:

overall 1D of 0,18 PHT PY was calculated (95% Cl, 0.10, 0.30). Female
donors accounted for nearly all of the célculable incident donors; the 13
female donors had an 10 of 0.34 PHT PY (95% CI, 0.18, 0.58) with 0.03
PHT PY (95% Cl, 0.001, 0.141) for the 1 male. Of the 14, 7 were typed as
HTLV-Il, § HTLV-1l and 2 HTLV-I; 11/14 were IFA pos (1:64-1: 3&& end-
point) with the remaining 3 confirmed by WB/RIPA. Conclusi

differences in HTLV prevalence rates and gender were observed, With 14
incident infections identified, it is not feasible to screen donors onty once for
anti-HTLV. These data are consistent with thase of earlier time periods.
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ments, 70 animals total). Conclusion: Although a %_mw: plays a critical role
in primary RBC in mice d in their baseline
state, a spleen is not essentlal for responses to 3 different RBC antigens
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West Nile virus infection in blood donors in the New York City
area during the 2010 seasonal epidemic

Richard O. Francis, Donna Strauss, Joan Dunn Williams, Shavonne Whaley, and Beth H. Shaz

BACKGROUND: A uniform threshold strategy for con-
verting from minipool (MP)-nucleic acid testing (NAT) to
individual donation (ID)-NAT screening for acute West
Nile virus (WNV) infection among blood donors is
lacking. We report on WNV screening at the New York
Blood Center during the 2010 seasonal WNV epidemic,
the most severe epidemic in that state since the original
outbreak in 1999.

STUDY DESIGN AND METHODS: Between July 1 and
October 31, 2010, blood donations were screened by
MP-NAT or ID-NAT and the presence of anti-WNV
immunogiobulin (ig)M and IgG was evaluated among
NAT-positive donations.

RESULTS: Twenty presumed viremic donations were
identified for a frequency of 0.0129% (1 in 7752 dona-
tions). Nine donations that could have been missed by
MP-NAT were identified. Two of these donations were
both 1gM and IgG negative, one of which would have
been missed if more than one positive donation was
required for Inltlating iD-NAT. Retrospective |D-NAT
revealed two positive donations. The majority of the
NAT-positive donations in New York (16/19) were from
donors who lived in counties that had the highest inci-
dence of human WNV cases in the state.
CONCLUSION: Our data details the identification of
WNV NAT-positive blood donations during a severe
seasonal epidemic in the New York.area. By initiating
ID-NAT after one positive donation, using retrospective
testing, and triggering ID-NAT regionally, we were able
to prevent the release of presumably infectious dona-
tions. The detection of NAT-positive donations with ret-
rospective testing, however, may indicate the need for
changes in our trigger criteria.
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est Nile virus (WNV) is a single-stranded

RNA virus that is transmitted by the

Culex mosquitc and usually infects birds.

Mammals such as humans and horses are
incidental hosts and several human outbreaks have been
reported around the world in Romania, Russia, Israel, and
most recently in the United States. Approximately 20% of
WNV infections lead to a febrile iliness, West Nile fever,
and less than 1% of infected individuals have neurologic
disease (meningoencephalitis).! The large propertion of
asymptomatic infections, 80%, poses the threat that
acutely infected persons may present for blood donation
without symptoms of illness. As such, the risk of
transfusion-transmitted WNV (TT-WNV) infection was
predicted.?? In addition, it has been shown that the virus is
stable in stored blood for 42 days under refrigerated
conditions.*

Twenty-three cases of TT-WNV infection from the
2002 season were retrospectively confirmed in 2003.° The
outcomes of these cases included asymptomatic infec-
tion, febrile illness, meningoencephalitis, and death.
Since viral nucleic acid can be detected before the genera-
tion of IgM and IgG antibodies against WNV;® the Food and
Drug Administration, private industry, and blood collec-
tion agencies partnered to begin nucleic acid testing

ABBREVIATIONS: ID = individual donation; MP(s) = mini-
pool(s); PVD(s) = presumed viremic donation(s); TT-WNV =
transfusion-transmitted West Nile virus; WNV = West Nile virus.
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(NAT) of blood donations in minipools (MPs) to detect
presumed viremic donations (PVDs). MP-NAT for WNV
was implemented across the United States in July 2003. It
was soon apparent, however, that MP-NAT was not suffi-
ciently sensitive to detect all PVDs as additional cases of
TT-WNV infection occurred in 2003.7

Because of the prohibitive cost of individual-
donation (ID)-NAT for all donations, several strategies
were developed for determining when it would be appro-
priate to transition from MP- to ID-NAT to detect and
remove as many PVDs as possible from the blood supply.®?
Taken into account in these screening strategies are the

" number of positive donations after which ID-NAT should

be initiated, the size of the geographic area for which the
threshold criteria applies, the use of retrospective testing
after a PVD is found, and the appropriate interval during
which no positive donations are identified to revert to
MP-NAT. The effectiveness of these strategies in detecting
PVDs as well as the cost associated with them have been
evaluated by several authors.1-22

The 2010 WNV season in New York had the greatest
number of clinical cases of WNV infection since the original
outbreak in 1999 in that state.” The collection area of our
blood center includes New York City, neighboring counties
in New York State, and portions of central
New Jersey. We report on the detection of
PVDs during the 2010 WNV seasonal epi-
demic in the New York City area using our
regional triggering strategy.

MATERIALS AND METHODS

NAT

Blood donations were screened during
all months of the year by NAT using the
Procleix WNV transcription-mediated
amplification assay (Gen-Probe, San
Diego, CA). A signal-to-cutoff ratio
(8/CO) of 1 or greater defined a positive
result. MP-NAT was performed in pools
of 16 samples and positive MPs were
resolved by testing the individual
samples to identify the positive dona-
ton{s). ID-NAT was performed on all

WNV PVDs AMONG NY BLOOD DONORS IN 2010

Detection of anti-WNV

" Anti-WNV were detected in a sample from the index

NAT-positive donation. An IgM capture enzyme-linked-
immunosorbent assay (MAC-ELISA) and IgG ELISA were
performed by a reference laboratory (Sonora Quest Labo-
ratories, Phoenix, AZ). For the IgM MAC-ELISA, an index
value of less than 0.90 was negative, an index value of 0.90
to 1.10 was equivocal, and an index value of greater than
1.10 was positive. For the IgG ELISA, an index value of less
than 1.30 was negative, an index value of 1.30 to 1.49 was
equivocal, and an index value of 1.50 or greater was
positive.

Criteria for conversion between MP-NAT

and ID-NAT

Triggering to ID-NAT for the collection area was from July
1,2010 to October 31, 2010. The trigger to ID-NAT was one
NAT-positive donation. The algorithm for conversion
between MP- and ID-NAT is shown in Fig. 1. Upon iden-
tification of a NAT-positive donation the zip code and
county of residence of the donor were obtained. ID-NAT
was then initiated in the county of residence of the donor
from whom the positive donation originated. Retrospec-

NAT-positive MP
(MP-NAT)

v

NAT-positive donation
identified by 1D-NAT

v

Identify county of residence
of donor using ZIP code

'

Initiate prospective ID-NAT
and retrospective ID-NAT in
county of residence of donor

hematopoietic cellular therapy prod- l

!

ucts. To determine if a sample initially

detected in a MP, NAT-positive samples

: No ID-NAT-positive
detected by ID-NAT would have been donations during first 7
days of ID-NAT

Additional ID-NAT-positive
donations during first 7
days of ID-NAT

were diluted 1:16 in WNV-negative l
plasma and NAT was performed. A PVD

'

was defined as an initially reactive dona-
tion that repeated as reactive on the
original sample from the donation or

Revert to MP-NAT

Continue ID-NAT untii the
end of 14 day period in
which no ID-NAT positive
donations are found

one that had asignal-to-cutoff ratio of 17

or greater.' Fig. 1. Algorithm for conversion between MP and ID-NAT,
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tive ID-NAT of donations from the affected county was
performed beginning on the day the positive donation
was identified back to the date of collection of the positive
donation. Reversion to MP-NAT in the affected county
occurred after 7 days if no other positives were detected or
after 14 days from the last date with a NAT-positive dona-
tion, if additional positive samples were found. Conver-
sion between MP- and ID-NAT testing for the adjacent
counties of Long Island (Nassau and Suffolk Counties)
was coordinated such that MP- and ID-NAT were used in
both counties at the same time.

Collection of public health data

Public health data for WNV cases and PVDs were obtained
from the websites for the various governmental health
agencies. Information about WNV cases and PVDs in the
50 states were from the Centers for Disease Control

‘suivan

suseex

rmreaoon :ﬁ g
Rinlrreri G

somenser

and Prevention at http://www.cdc.gov/ncidod/dvbid/
westnile/surv&control_archive.htm. Data for case counts
by week for New York and New Jersey were obtained
from the United States Geological Survey at http://
diseasemaps.usgs.gov/2010/wnv_us_humanhtml. Case
counts and distribution of WNV throughout counties in
New York State were found at http://wwwhealth.state.
ny.us!/nysdoh/westnile/update/update htm.

RESULTS

The collection area for the New York Blood Center is
shown in Fig. 2 and encompasses the five boroughs of
New York City (Bronx, Kings, Manhattan, Queens, and
Richmond Counties), Long Island (Nassau and Suffolk
Counties), the Hudson Valley region of New York (Dutch-
ess, Orange, Putnam, Rockland, Ulster, and Westchester
Counties), and central New Jersey (Hunterdon, Middlesex,

Somerset, and Union Counties). Between July 1, 2010, and
October 31, 2010, a total of 155,280 donations were
screened by NAT with 133,306 (86%) donations tested in
MPs. The remaining 21,974 (14%) donations were
screened by ID-NAT either due to the ID-NAT trigger
being activated (21,129/21,974) or because they were
hematopoietic cellular therapy products (845/21,974).
Twenty PVDs were detected for a frequency of
0.0129% or 1 in 7752 donations. As shown in Table 1, 19 of
20 PVDs were from New York and one was from New
Jersey. Eight PVDs (40%) were detected by MP-NAT and 12
(60%) were detected by ID-NAT due to the ID-NAT trigger
being activated. All reactive MPs were resolved by ID-NAT.
The two PVDs from August 13 were detected retrospec-
tively after conversion to ID-NAT in response to the two
positive donations collected on August 12. In all, 1636

TABLE 1. WNV-PVDs by collection date,
collection county, and original method of NAT
detection (MP vs. ID)
Collection date County (state) NAT detection method
July 14 Nassau (NY) MpP
July 22 Suffolk (NY) MP
July 23 Nassau {NY) MP
July 26 Suffolk (NY) 5]
July 28 Suffolk (NY) D
August 6 Bronx (NY) MP
August 12 Suffolk (NY) MP
August 12 Suffolk (NY) MP
August 13 Nassau (NY) D
August 13" Nassau (NY) e}
August 14 Kings {(NY} mMp
August 16 Suffolk (NY) ID
August 17 Nassau (NY) D
August 19 Kings {NY) 19
August 24 Suffolk (NY) D
August 25 Suffolk (NY) 1D
August 30 Suffolk {NY) D
September 5 Suffolk (NY) 1D
Septemnber 7 Suffolk {NY) iD
September 8 Middlesex (NJ} MP
* Donations detected with retrospeclive testing.
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donations were tested retrospectively, for a frequency of
0.12% or 1 in 833 PVDs detected among retrospectively
tested donations. In addition, there was one false-positive
sample that was reactive on initial testing, but was nonre-
active when repeated and was negative for anti-WNV IgM
and IgG. There were no reports of TT-WNV infection.

Figure 3 depicts the number of PVDs at our blood
center by week, during the WNV season as well as the
incidence of reported human WNV clinical cases in New
York and New Jersey. The greatest number of PVDs
detected in a single week, five, occurred during the week
of August 8 to August 14. This week of peak detection of
PVDs was also the week during which the greatest number
of reported clinical cases in New York occurred. In addi-
tion, the PVD collected in New Jersey on September 8
occurred during 1 of 2 weeks (September 5-September 11)
in which six WNV cases were reported in New Jersey, the
highest during the season for that state. Therefore, the
peak detection of PVDs correlated with the period of peak
incidence of reported WNV cases in both New York and
New Jersey.

Plasma samples from the 20 NAT-positive donations
were tested in replicates of eight at a dilution of 1:16 to
simulate MP-NAT to determine the likelihood of detecting
WNV in these specimens in MPs. The results of this testing
are shown in Table 2. Eight of these donations were posi-
tive in only none of eight (n = 4), one of eight (n = 3), and
two of eight (n = 1) replicates and would be expected to be
detected in ID-NAT and not MP-NAT (yield cases). These
eight yield cases were all originally detected by ID-NAT. A
donation that was originally detected by ID-NAT was posi-
tive in four of eight replicates, suggesting that there was
only a 50% chance of detection by MP-NAT. The remaining
11 donations were positive in eight of eight replicates and
therefore would be detected by MP-NAT.

The plasma samples from the 20 PVDs were tested for
the presence of anti-WNV IgM and IgG to assess the WNV
immunity status of the donors. The antibody testing
results were not used for making decisions about convert-

R A

5
U R I i i G

Fig. 2. Blood center collection area. The collection area for the New York Blood Center includes areas of New York and New Jersey.
(%) Fixed donation site, Counties in New York City: Bronx, Kings (Brooklyn), Manhattan, Queens, and Richmond (Staten Island).
Counties in the Hudson Valley region of New York: Dutchess, Orange, Putnam, Rockland, Ulster, and Westchester. Counties in Long
Island: Nassau and Suffolk. Counties in New Jersey: k don, Middl S and Union.

Fig, 3. WNV-pasitive donations and WNV cases in New York and New Jersey by week during the 2010 season. Data for WNV cases for
New York and New Jersey are from the United States Geological Survey website at: http://diseasemaps.usgs.gov/2010/wnv_us_
human,html. () WNV-PVDs; @) clinical WNV cases in New York; (0) clinical WNV cases in New Jersey.
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TABLE 2. WNV-PVDs: dilution studies and detection of anti-WNV
Callection date 1:18 dilution testing Expect to detect by MP or ID IgM 19G
July 14 8/8 positive MP Negative Negative
July 22 8/8 positive MP Negative Positive
July 23 8/8 positive MP Negative Negative
July 26 8/8 positive MP Negative Negative
July 28 8/8 positive MP Negative Negative
August & 8/8 positive MP Negative Negative
August 12 8/8 positive MP Negative Negative
August 12 8/8 positive MP Negative Negative
August 13* 1/8 positive D Positive Negative
August 13* 2/8 positive D . Positive Positive
August 14 8/8 positive MP Negative Equivocal
August 16 0/8 positive 1D Positive Positive
August 17 0/8 positive ] Positive Positive
August 191 1/8 positive D Negative Negative
August 24 0/8 positive 1D Positive Positive
August 25 1/8 positive [1a] Positive Negative
August 30 0/8 positive D Positive Positive
September 5t 4/8 positive MPAD Negative Negative
September 7 8/8 positive MP Negative Negative
September 8 8/8 positive MP Negative Negative
* Donations detected with retrospective testing.
1 Donations possibly not detected by MP-NAT and IgM and IgG negative.

ing between MP- and ID-NAT. PVDs detected in the earlier
part of the season from July 14 to August 12 tended to be
detectable by MP-NAT and IgM negative (none of eight
IgM-positive, one of eight IgG-positive} while NAT-
positive donations in the middle to latter part of the
season from August 13 to August 30 typically required
detection by ID-NAT and were IgM positive (7/12 IgM
positive, 5/12 IgG positive). Considering the eight yield
cases that would not be detectable by MP-NAT, five were
TgM and IgG positive, two were IgM positive and IgG nega-
tive, and one was IgM and IgG negative. In addition, the
donation that was positive on four of eight replicates in
dilution testing was IgM and IgG negative. Therefore, 2 of
the 20 PVDs were WNV antibody negative and may not
have been detected by MP-NAT.

The majority of the 19 PVDs from New York, 16, were
collected from residents of Nassau and Suffolk Counties
(Long Island). The remaining three PVDs were from New
York City residents (one in Bronx County and two in Kings
County). The greater proportion of PVDs collected in Long
Island correlated with the majority of clinical cases of
WNV being reported in residents of Long Island (82 cases)
compared to residents of New York City (42 cases). These
results demonstrate that regions of our collection area
that had the highest incidence of WNV cases also had the
highest incidence of PVDs.

DISCUSSION

We report on the incidence of WNV PVDs in the New York
City area during the most active WNV season in that state
since the original outbreak in 1999. In the New York Blood
Center's collection area that included New York City, Long

2668 TRANSFUSION Volume 52, December 2012

Island, the Hudson Valley region, and central New Jersey,
the frequency of PVDs was 0.0129% (1 in 7752 donations).
Of the 20 PVDs that were collected, eight (40%) were yield
cases that would not have been detected by MP-NAT and
one donation would have had a 50% chance of being
detected by MP-NAT. Two PVDs were identified upon ret-
rospective testing in Long Island, the portion of our col-
lection area that had the greatest proportion of PVDs and
clinical cases in New York. In addition, two donations that
may have been missed by MP-NAT were detected by
ID-NAT due to activation of the ID-NAT trigger and were
both anti-WNV IgM and IgG negative. Historically, PVDs
that were negative by MP-NAT and anti-WNV [gM nega-
tive have been associated with TT-WNV infection,”*¢ The
frequency of 0.0129% for WNV NAT-positive blood dona-
tions is comparable to what has been reported in other
areas of the United States in which seasonal WNV-
epidemics occur.!”

In this study conversion from MP-NAT to ID-NAT
within a county occurred after detecting one PVD from a
resident of that county. Investigations of triggering strate-
gies have demonstrated that switching from MP-NAT to
ID-NAT after detecting one PVD, without a rate require-
ment, is the most sensitive method for detecting PVDs.1°%
Among the PVDs in this study, the donation collected on
August 19 in Kings County would have only been detected
by ID-NAT as demonstrated by dilution testing, was IgM
and IgG negative, and was initially tested with ID-NAT
because of one prior MP-NAT-positive sample that was
detected in the same county on August 14. Therefore, by
initiating ID-NAT on one instead of two positive dona-
tions, the release of this presumably infectious blood
product was prevented.

Reverting to MP-NAT is typically done after either 7 or
14 days of not detecting additional PVDs during ID-NAT. It
has been demonstrated that continuing ID testing for 14
instead of 7 days increases the number of low-viremic
donations that are detected,'® albeit at the cost of prolong-
ing ID-NAT. AABB recommends considering continuing
ID-NAT for 14 days in areas with ongoing WNV activity.
Our strategy entailed ID-NAT for 7 days if no other positive
donations were found or 14 days if any additional positive
samples were encountered.

Retrospective ID-NAT was performed when convert-
ing from MP-NAT to ID-NAT by testing donations from the
day of reporting of a NAT-positive donation back to the
day of collection of that donation. The frequency of

. detecting a NAT-positive donation among retrospectively

tested donations was almost 10 times that of detecting
positive donations among the general donor population
(0.12% vs. 0.0129%). While these results demonstrate the
utility of retrospective testing for identifying PVDs during
periods of high WNV activity, they also indicate that
ID-NAT perhaps should have been used for all donations
during this epidemic period.

Conversion between MP- and ID-NAT was done for
individual counties, except for Nassau and Suffolk Coun-
ties in Long Island, which were converted together. As
demonstrated by data from Table 1 and Fig. 3, this strategy
resulted in MP-NAT being used during peak periods of
clinical cases and detection of PVDs. For example, a PVD
frorn Bronx County was collected on August 6, detected by
MP-NAT. ID-NAT was initiated only in that county while
within the next 7 days four additional PVDs were collected
in Suflolk and Nassau Counties. Of these four PVDs, two
were collected on August 12, detected by MP-NAT, and two
were collected on August 13, detected by retrospective
ID-NAT. If conversion to ID-NAT was done for the entire
New York City area on August 6, retrospective testing would
not havebeen necessary to detect the August 13 donations.
These data suggest that perhaps a wider geographic area
than individual counties should be considered for conver-
sion between MP- and ID-NAT in our collection region.

This study has several limitations. First, data about
the donors are not available to investigate relationships
between the presence of symptoms before, at the time of,
and after donation and viremia. Viral loads were not deter-
mined, an additional NAT method was not used to
confirm transcription-mediated amplification results,
and donor follow-up was not performed. Second, our esti-
mate of the frequency of viremic blood donors may be an
underestimate because we did not perform ID-NAT
throughout the entire season and therefore may have
missed cases with levels of viremia that were below the
level of detection of MP-NAT during a time that ID-NAT
was not triggered. In addition, donors with low levels of
viremia that could not be detected by ID-NAT would also
not be represented. Third, we are unable to estimate the

WNV PVYDs AMONG NY BLOOD DONORS IN 2010

frequency of WNV infection among blood donors in our
collection area because prospective donors who were
symptomatic may have not gone to donate or may have
been deferred from donation because they reported not
feeling well when they presented. Fourth, county of resi-
dence of the blood donors from our study may not, in all
cases, reflect the location where they became infected. Itis
expected that a person’s exposure {0 mosquitoes most
likely occurs during the evening or early morning hours
(when mosquitoes are most active) when the individual is
at home. This may not hold true, however, for a person
who works an evening or night shift in a different county,
outdoors, where he or she could come in contact with
mosquitoes. Thus, the expectation that the incidence of
PVDs will correlate with the same areas that have high
disease activity may not always be the case. Finally, our
study does not address the question of whether WNV
testing should be performed at all during the parts of the
year in which there is no mosquito activity and no WNV
cases are being reported.

In conclusion, our results demonstrate the impor-
tance of weighing the many variables involved in selecting
a strategy for conversion between MP- and ID-NAT for
detecting WNV among blood donors. Using our current
strategy we were able to prevent 20 PVDs from being
released, nine of which may not have been detectable by
MP-NAT and two of which may have led to TT-WNV
infection. The high rate of detection of PVDs among
retrospectively tested samples, however, indicates that
improvements in our triggering strategy may be warranted.
Initiation of ID-NAT in a single county based on detection
of one PVD proved advantageous for detecting subsequent
PVDs that would have been missed by MP-NAT. The ability
to detect PVDs may be increased even more by considering
a larger geographic area for conversion between MP- and
ID-NAT, as well as increasing the minimum period of
ID-NAT to 14 days as suggested by some.!° By considering
these factors as well as continuing to evaluate seasonal
WNV activity as information becomes available, we will
improve our ability to protect our blood supply while man-
aging the increased costs of increased use of ID-NAT.
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In this update:

Cases in various countries:

[1] Cambodia

[2] Cases in various countries

Thailand, Maha Sarakham province

India, Delhi area

India, Chandigarh, Harayana/Punjab states
Pakistan, Karachi, Sindh province

RN koK
[1] Cambodia
Date: Wed 3 Oct 2012
Source: Xinhua News Agency [edited]
ttp: i .C iis! 012-10/03/c_131 401 htm

At lcast 34 483 dengue fever cases were reported in Cambodia in the 1st 9 months of this year {2012], a 1GG
percent increase compared with 12 972 cases in the same period last year [2011], a report of the National Center
for Parasitology, Entomology and Malaria Control showed Wednesday [3 Oct 2012].

From January to September this year {2012], the disease had killed 146 Cambodian children, up 147 percent
compared with 59 deaths during the same period last year {2011]. "The disease continues to kill between 3 and 5
children a week," said Dr Char Meng Chuor, director of the center.

He explained that there were more deaths this year [2012) because parents had sent their ill children to private
clinics 1st, and when the treatment was ineffective and the disease became more severe, they would send them to
public hospitals, but it was too late for them to be cured.

Dengue fever is a viral disease transmitted by _Aedes_ mosquitoes. The disease causes an acute illness of sudden
onset that usually follows symptoms such as headache, fever, exhaustion, severe muscle and joint pain, swollen

glands, vomiting, and rash.

In Cambodia, outbreaks of dengue fever usually begin at the onset of the rainy season in May and last until
October.

Char Meng Chuor said that to prevent outbreaks, the center has distributed some 270 tones of Abate (a chemical
substance used to kill larvae in water pots) to households this year [2012].

Last year [2011], the country reported 15 980 dengue fever cases, and 73 children died.

-~ Communicated by: PRO/MBDS <promed-mbds@promedmail.org>

http://www.promedmail.org/direct.php?id=20121007.1328469(2012/11/20 18:53:17]

[According to the newswire above, a total of 34 483 cases and 146 fatalities due to dengue infection were reported
in Cambodia during the 1st 9 months of 2012. According to the WHO Western Pacific Regional Office (WPRO) report
on the dengue situation, dated 20 Sep 2012, a total of 31 061 cases and 127 deaths due to dengue infection, with
a CFR of 0.4 percent, were reported in Cambodia during the 1st 8 months of 2012.

The trend of dengue activity in Cambodia is declining. However, the activity remains above the historic seasonal
baseline; 11 017 cases and 48 deaths, with a CFR of 0.4 percent for the same period in 2011 (see

rai i i ).
For a map of Cambodia with provinces, see h i i i i Vi . For the
interactive HealthMap/ProMED-mail map with links to other recent PRO/MBDS and ProMED-mail postmgs on
Cambodia and neighboring countries, see http://healthmap.org/r/1iGB. - Mod.SCM}
*K kKK
(2]

Cases in various countries:

- Thailand, Maha Sarakham province. 5 Oct 2012. Dengue 713 cases; Deaths 1; Increasing.
: tayadailyn L n -fever-outbreak-kills-isan- teen-girl

[A map showing the location of Maha Sarakham province can be accessed at

http://www lib.utexas.edu/maps/middle east_and_asia/thailand admin 2005. ipg. - Mod.TY]
India, Delhi area. 3 Oct 2012. Dengue 98 cases, Deaths 2; Increasing. hitp://www.hindustantimes.com/India-

W -G - Article1-9394

[Maps of India can be seen at

http://healthmap.ora/r/ipSH. - Mod.TY]

- India, Chandlgarh Harayana/Pun)ab states 3 Oct 2012. Dengue, September 2012 only (conf) 105 cases; Deaths
1. H . handi h iclesh

- Pakistan, Karachi, Sindh province. 2 Oct 2012. Dengue for 1-2 Oct 2012 (conf.) 16 cases, (susp.) 243 cases;
Increasing. http://www.brecorder.com/pakistan/general-news/83134-16-confirmed - cases-of -dengye -fever-

reported-from-different-hospitals-. htm!

[A HealthMap/ProMED-mail interactive map showing the location of Karachi in Sindh province can be accessed at

http://heaithmap.ora/r/3DHW. - Mod.TY]

See Also

Dengue/DHF update 2012 (47): Asia 20120930.1316993

Chikungunya & dengue - Camboedia (04): comment 20120925.1308762
Dengue/DHF update 2012 (43): Asia 20120917.1297396
................................................. sb/dk/ty/msp

©2001,2008 International Society for Infectious Diseases All Rights Reserved.
Read our privacy guidelines. Use of this web site and related services is governed by the Terms of

Service.

http://www.promedmail.org/direct. php?id=20121007.1328469{2012/11/20 18:53:17]
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TRANSFUSION COMPLICATIONS

Transfusion-related Epstein-Barr virus infection among stem cell

transplant recipients: a retrospective cohort study in children

Helen Trottier, Chantal Buteau, Nancy Robitaille, Michel Duval, Marisa Tucci, Jacques Lacroix,
and Caroline Alfieri

BACKGROUND: Blood safety warrants strict screening
measures io minimize the risk of transmitting blood-
borne pathogens. However, transfusion-transmitted
infections for which testing is not currently performed
continue to be a concem. Among these untested
agents is Epstein-Barr virus (EBV) which, in the trans-
plant setting, is assoclated with lymphoproliferative
disease, a potentially fatat cancer. The aim of this study
was to analyze the incidence of posttransplant EBV
infection and its association with administration of blood
products in children receiving a hematopoietic stem cell
(HSC) graft.

STUDY DESIGN AND METHODS: This retrospective
cohort study sought to review charts of pediatric recipi-
ents of HSC grafts to collect information on the pres-
ence of EBV antibodies in the recipients’ pretransplant

. sera and in HSC donor sera, incidence of posttrans-

plant EBV infection, and patients’ transfusion history.
Cumulative incidence of posttransplant EBV infection
was estimafed by Kaplan-Meier methods according to
pretransplant serology. The association between blood
products and EBV infection was measured by Cox
regression models. '
RESULTS: The pretransplant EBV seroprevalence was
77.9% for recipients and 61.8% for graft donors. Virtu-
ally, all recipients received blood products during the
peritransplant period. Among seronegative recipients,
the 30- and 60-day cumulative incidences of posttrans-
plant EBV infection were 4.6 (95% confidence interval
[CI}, 1.2-17.3) and 13.4% (95% Cl, 5.8%-29.4%),
respectively. The 60-day cumulative incidence was
8.3% (95% Cl, 2.2%-29.4%) when restricting the analy-
sis to seronegative recipients of cord blood grafts,
Importantly, there was a clear positive trend associating
EBV infection to transfusion volume.

CONCLUSION: This study suggests an association
between transfusions and posttransplant EBV infection
in HSC transplant recipients.

n many countries, numerous steps are taken to

minimize the risk of infection from transfused blood

products. Typically, blood banking organizations

will screen for an array of infectious pathogens as
part of their quality control protocol. These include hepa-
titis B and C viruses, human immunodeficiency virus,
human T-cell leukemia virus, syphilis, West Nile virus,
Chagas disease (Trypanosoma cruzi), and on selected
units, cytomegalovirus (CMV/human herpesvirus-5).1-*
Thus, while transmission of these infections via transfu-
sion has become exceedingly rare, the risk of trans-
fusion-transmitted infections for which testing is not
currently performed continues to be a concern.*® Among
these untested infectious agents is Epstein-Barr virus
(EBV, also known as human herpesvirus-4), which in

ABBREVIATIONS: CSA = cyclosporine A; EBNA = Epstein-Barr
nuclear antigen; HSC = hematopoietic stem cell; HSCT =
hematopoietic stem cell transplantation; IQR = interquartile
range; PTLD = posttransplant lymphoproliferative disease;
RR(s) = relative risk(s); VCA = virus capsid antigen.
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immunocompromised patients, can induce lymphopro-
liferative disease, a potentially fatal cancer.*"?

In countries with stringent hygiene practices, EBV
seroprevalence tends to increase gradually with age, typi-
cally showing two seroconversion peaks: at 2 to 4 years
and at 14 to 18 years."*! Hence the mean seroprevalence
in children is approximately 50%, which increases steadily
to values of 90% to 99% in adults.'™™ Healthy EBV-
seropositive individuals harbor approximately 0.1 to §
infected B lymphocytes per 10° peripheral blood mono-
nuclear cells (MNCs)."*!$ This explains the transmissibility
of EBV via the white blood cell (WBC) component of
blood. In the United States the prevalence of EBV, detected
by polymerase chain reaction (PCR) testing in blood from
100 randomly selected blood donors, has been reported to
be 72%.!” While leukoreduction can significantly reduce
the number of EBV genomes in red blood cells (RBCs), it
does not completely eliminate EBV-carrying cells.!®

Nonetheless, with only a handful of documented
cases, transfusion-transmitted EBV infection is appar-
ently a relatively rare event. The first report was
published by Gerber and colleagues,'® who showed sero-
conversion in four of five EBV-seronegative patients
undergoing open heart surgery. This was confirmed by
another early study that reported that six of 18 EBV-
seronegative patients acquired EBV infection following
transfusions received after open heart surgery® The risk
of primary infection via transfusion in patients without
existing antibodies to EBV has been estimated to be 33%
to 46% or higher?® Several more case reports of EBV-
induced postperfusion syndrome can be found in the
literatwre.?*# Early studies estinated that EBV iufection
could be detected 2.5 to 9 weeks after transfusion.?8%
Other more recent examples of EBV .transfusion-
transmitted infections have been published. One such
case was that of a 19-year-old immune-competent man
presenting with infectious mononucleosis 13 days after
transfusion with blood that had not been leukoreduced.?
In the transplant setting, Alfieri and colleagues®
described the occurrence of a transfusion-related
EBV transmission event from a blood donor to a 16-
year-old liver transplant recipient who developed
protracted infectious mononucleosis 6 weeks after liver
transplant surgery. Another situation that provides evi-
dence for the transmissibility of EBV via transfusion
is the high prevalence of multiple EBV strains in
hemophiliacs.®

Because EBV infection is linked to posttransplant
lymphoproliferative disease (PTLD), a life-threatening
complication occurring after hematopoietic stem cell
transplantation (HSCT) and solid organ transplantation,®
it is important to eliminate the source of infection when
possible. For pediatric HSCT patients receiving an EBV-
negative graft, transfused EBV-positive blood products
may represent an important source of infection. This

2654 TRANSFUSION Volume 52, December 2012

study was initiated, therefore, to document the risk of
acquiring posttransplant EBV infection after blood
product transfusion in a pediatric cohort of HSCT
patients. Within this cohort we focused more specifically
on the umbilical cord blood transplant group as these
patients were most likely to have received EBV-negative
grafts and EBV-positive blood products. The level of
transfusion-related risk for this particular patient group to
acquire EBV infection has, to our knowledge, not been
reported, and is the focus of this study.

MATERIALS AND METHODS

Study design

A retrospective cohort study was initiated through chart
review of all pediatric patients who received hematopoietic
stemn cell (HSC) grafts at Sainte-Justine Hospital from 1993
to 2009. Existing conditions for HSC transplant in these
patients included acute myeloid leukemia, acute lympho-
blastic leukemia, juvenile myelomonocytic leukemia,
chronic myeloid leukemia, familial erythrophagocytic
lymphohistiocytosis, Fanconi anemia, metachromaticleu-
kodystrophy, and lymphoma. Patient charts were reviewed
to retrieve information on: 1) the presence of EBV antibod-
ies in pretransplant sera from recipients and HSC donors,
2) the incidence of posttransplant EBV infection in recipi-
ents until 1 year posttransplantation, 3) the transfusion
history of recipients, and 4) the general characteristics of
recipients. This study was approved by the research ethics
committee of Sainte-Justine Hospital.

HSCT procedures

HSCT procedures were performed as previously
reported.* Briefly, children with leukemia were treated
with total body irradiation (12 Gy in eight fractions),
120 mg/kg cyclophosphamide over 2 days, and 40 mg/kg
etoposide. Alternatively, intravenous (IV) busulfan,
adjusted by therapeutic dosing to target a steady-state
concentration of 1200 ng/mL (roughly equivalent to
0.8 mg/kg/dose), was given in 16 fractions over 4 days and
with 200 mg/kg cyclophosphamide given over 4 days.
After transplant, all acute leukemia patients received four
to 12 monthly intrathecal methotrexate treatments fol-
lowed by oral leucovorin rescue. Variations of this protocol
for patients with Fanconi anemia, hemophagocytic syn-
drome, and other congenital or inherited conditions were
described previously.® Graft-versus-host disease prophy-
laxis in all patients consisted of 2 mg/kg/day rabbit
antithymocyte globulin (Thymoglobulin, Genzyme Corp.,
Cambridge, MA) administered on Days -2, -1, +1, and +2,
«along with cyclosporine A (CSA) given IV from Day -3 to
Day +21 and orally thereafter. Dose adjustments were
made to obtain CSA levels of 250 to 400 ng/mL. In the

absence of graft-versus-host disease, CSA was tapered off
weekly by 5% starting at Day +100. In addition, cord blood
recipients were treated with IV methylprednisolone, fol-
lowed by 2 mg/kg/day oral prednisolone (tapered by 10%
weekly, starting on Day +30). Supportive care was per-
formed as previously reported.® This included weekly IV
immunoglobulin (500 mg/kg) administered from trans-
plant to Day +100, followed by monthly administration for
6 months. In addition, until 2006, during the months of
October to April, monthly treatments of RSV hyperim-
mune globulin (400 mg/kg Respigam, Medimmune,
Boston, MA) were given. Weekly monitoring for EBV and
CMV was performed for at least the first 100 days post-
transplant. Patients received irradiated, CMV-negative,
and leukoreduced blood products to maintain platelet
(PLT) counts higher than 20x 10°/L and hemoglobin
levels above 70 g/L. Appropriate anti-CMV treatment was
provided if two consecutive clinical samples were positive
at the requiired threshold or if there was evidence of clini-
cal disease. Our institution’s protocol for diagnosis and
treatment of EBV lymphoproliferative disease in alloge-
neic graft recipients specifies that PCR monitoring for EBV
viral load be performed at regular intervals of at least 2
weeks or sooner posttransplant for approximately 4
months or as long as the patient remains immune sup-
pressed. During their hospital stay, patients were isolated
to prevent infection and were worked up for PTLD if
the EBV PCR test attained the high-risk threshold.
Patients were discharged approximately 6 weeks after
transplantation.

Chart review for EBV serology, EBV viral load, and
transfusion history

Pretransplant sera from recipients and HSC donors were
tested for IgG antibodies to the EBV capsid antigen (VCA)
using a standard indirect immune fluorescence assay
and for antibodies to the Epstein-Barr nuclear antigen
(EBNA) by anticomplement immune flucrescence assay.
IgG antibody titers to EBV early antigen were also deter-
mined by immune fluorescence assay. Donors and
recipients were classified according to their pretrans-
plant serologic status as: 1) having past infection (VCA
and EBNA IgG titers > 10), 2) having recent infection or
being immune suppressed (VCA IgG titers>10 and
EBNA titers < 10), 3) having reactivated infection (VCA,
EBNA, and early antigen IgG titers>10), or 4) being
seronegative or naive (no serologic sign of prior infec-
tion). The incidence of posttransplant EBV infection was
measured during the first year posttransplantation by
semi- and quantitative PCR testing on samples of the
recipient’s blood taken regularly after transplantation
(see above-mentioned protocol). The PCR test was
scored as positive if the viral load surpassed the
minimum threshold value. All blood products (measured
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in milliliters) received by the recipients were docu-
mented.

Statistical analysis

Descriptive statistics and Kaplan-Meier curves were used
to analyze the cumulative incidence (and 95% confidence
intervals [Cls]) of infection until 1 year of follow-up
according to each recipient’s pretransplant serologic
status, This was also done for the group of recipients
receiving only cord-blood (EBV-negative) grafts. Time zero
was defined as the date of transplantation. Patients con-
tributed to follow-up time until documentation of a posi-
tive EBV PCR test or until the last recorded visit date up to
1 year posttransplantation for censored observations. Cox
regression was used to measure the association (relative
risks [RRs) and 95% CI) between posttransplant EBV infec-
tion and 1) transfusion of blood products and 2) volume of
blood products transfused. Tertile or quartile was used for
the categorization of the variable “volume of transfusion.”
For the analysis regarding the risk conferred by the volume
of transfusion, we also tested for trend by fitting models
using the volume variable treated as ordinal based on the
median value for each quartile or tertile of volume trans-
fused. Types of blood products analyzed were those with
potential for viral transmission, such as RBCs, plasma, and
PLT concentrates (labile blood products).**** Blood prod-
ucts manufactured with pasteurization (heat inactivation)
and solvent/detergent viral inactivation procedures, such
as alburnin, were not considered in this analysis. Confu-
sion was controlled for using the 5% change in estimate
method considering variables such as type of transplanta-
tion (autologous, allogeneic cord blood, allogeneic other,
or haploidentical), age (linear), sex (male or female), and
year of diagnosis (before or after 2000, seeing that univer-
sal leukoreduction was instituted in Canada in 1999). Al}
analyses were performed with computer software (Stata
11.1, StataCorp, College Station, TX).

RESULTS

EBV seroprevalence and infection in the cohort

A total of 487 charts were reviewed for HSC grafts per-
formed on 422 pediatric patients between 1993 and 2009.
All 422 pediatric recipients were included in this analysis,
but only the first transplant was considered for patients
receiving more than one graft. The majority of HSC grafts
(317 of 422 [75%]}) were performed after the implementa-
tion of universal leukoreduction. The mean and median
ages at transplantation were 8.9 (standard deviation
{SD], 5.2) and 8.5 (interquartile range [IQR], 3.6-14.1)
years, respectively. There were 177 (42%) females and 245
(58%) males. Grafts were subdivided into three categories,
namely 150 autologous (36%), 111 allogeneic cord blood
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(26%), and 161 allogeneic other (38%; Table 1). The pre-
transplant EBV seroprevalence was 77.9% in this recipient
cohort; thus 22.1% of our pediatric patients were EBV
seronegative before transplantation. EBV seroprevalence
data in HSC donors were calculated after excluding
autologous and cord blood grafts and were available for
68% of the allogeneic HSC donors (110 of 161). EBV serop-
ositivity among these donors was 61.8%, as determined by
the presence of antibodies to VCA IgG. The median time
between pretransplant serologic testing and the date of
transplantation was 28 days (IQR, 17-54 days) for both
recipients and HSC donors.

Table 2 and Fig, 1 show, for HSC recipients with EBV
PCR testing, the cumulative incidence of posttransplant
EBV infection at different time points stratified according
to their pretransplant EBV serostatus. Only patients with
EBV PCR results have been included in these analyses (238
patients). Patients with missing PCR results (most of
whom are autologous transplant recipients) have been
excluded. Among seronegative patients (EBV seronegative
before transplantation), the 1-year cumulative incidence
of EBV infection was 28.5% (95% CI, 14.2%-51.9%). A total
of eight seronegative recipients developed EBV DNAemia
within 1 year posttransplant. By 30 and 60 days, 4.6 (95%
Cl, 1.2-17.3) and 13.4% (95% CI, 5.8%-29.4%), respectively,
had evidence of EBV DNAemia as revealed by positive PCR
testing in bloed. Among the group of seronegative recipi-
ents with posttransplant EBV DNAemia, one probable
PTLD case was diagnosed and was fatal (data not shown).

TABLE 1. Graft category in recipient population*
Type of transplaatation Nuraber* (%)
Autologous

Peripheral blood stem cells 132 (31.3)
Marrow - 18(4.3)
Allogeneic
Related marrow 115 (27.3)
Unrelated marrow 42 (10.0)
Related peripheral blood stem cells 3(06)
Unrelated peripheral blood stem cells 110.2)
Unrelated cord blood 108 (25.8)
Related cord blood 2 (0.5)
Total 422 (100)
* Includes information for first transplantation only in the case of
patients who received more than one graft.

This deceased patient had been transfused with 6825 mL
of RBCs and 9790 mL of PLTs, respectively, during the peri-
transplant period and had received a graft from a partially
mismatched related donor who was EBV seropositive. The
graft was not T depleted. The first positive EBV PCR test
occurred on Day 48 posttransplant and progressed with
unexplained fever, pleural effusion, digestive symptoms,
increasing EBV DNAemia, and high EBV DNA viral load on
biopsy specimen (antrum, duodenum, and sygmoid
colon) on Day 68. Rituximab was administered, but the
patient died on Day 88 posttransplant. This patient had
not received immunosuppressive therapy before trans-
plantation, apart from the conditioning regimen, which
was begun after serologic testing.

We also noted a case of hemophagocytic syndrome
probably related to EBV. This patient was seronegative
before transplantation. However, due to a diagnosis of
immune deficiency (Griscelli disease), the patient was
classified among the group with unknown pretransplant
serostatus (even though the serology result was probably
valid). This recipient received 657 mL of RBCs and
1430 mL of PLTs during the peritransplant period and had
received a marrow graft from a seropositive donor. The
patient was first positive by EBV PCR testing at Day 98
posttransplant and did not receive immunosuppressive
therapy before transplantation, apart from the condition-
ing therapy that was begun after serologic testing.

EBV seroprevalence and infection in the cord
blood recipient subgroup

With rare exceptions, umbilical cord blood is typically
negative for EBV.* This allowed us to consider the sub-
group of EBV-negative recipients of cord blood who
become EBV positive posttransplant as the ideal popula-
tion to examine to resolve the question of whether EBV
might infect HSC transplant patients through EBV-
positive transfused blood products. Table 3 and Fig. 2
show the incidence of postiransplant EBV infection in the
subgroup of children who received cord blood grafts.
Interestingly, the 30-day cumulative incidence of EBV was
8.3% (95% Cl, 2.2%-29.4%; two recipients of 24 had EBV
DNAemia), whereas the 1-year cumulative incidence was
27.1% (95% CI, 10.1%-60.8%). All of these recipients
received RBC and PLT transfusions during the peritrans-

TABLE 2. Cumulative incidence of posttransplant EBV infection* after HSCT according to recipient pretransptant
V ser t

Cumulative incidence % (95% C!) At 30 days

At 60 days At 100 days At 200 days At 1 year

Seronegative recipients (n = 42) 4.6 (1.2-17.3)
Recipients with prior EBV antibodies (n = 185) 7.2 (4.2.12.1)
u

13.4 {5.8-29.4) 16.4 (7.7-33.1) 16.4 (7.7-33.1) 28.5 (14.2-51.9)
243(18.6-31.5) 33.1(26.4-40.9) 385 (31.2-46.9) 48.6(39.5-58.5)
p (n=11) 19.9 (5.2-67.7) 29.3(10.5-66.3) 39.4 (16.9-74.2) 67.8 (36.2-94.1)  67.8 (36.2-94.1)

EBV PCR] most of whom are us transplant
+ Data are reported as percentage (95% Cl).

* EBV infection measured by PCR testing in blood, n = number of subjects (excludes patients who did not have EBV-PCR testing [missing
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plant period (mean of 805 mL RBCs (SD, 531 mL] and
1178 mL PLTs {SD, 697 mL)).

Classification and volume of blood products
received by recipients and RR calcuiation

Table 4 provides a description of the total volume of blood
products received by the recipients during the peritrans-
plant period. The proportion of recipients who received at
least one RBC transfusion was 93.3%. Nearly all recipients
(99%) received PLTs. Thus only a few recipients (less than
1%) were free of transfused products.

Table 5 provides the adjusted RR for the association
between transfusion of blood products {as well as for
volume of transfusion) and posttransplant EBV infection.
The adjusted RRs between posttransplant EBV infection
and transfusion of RBCs and fresh-frozen plasma (FFP)
were 2.36 (95% CI, 0.58-9.70) and 1.34 (95% CI, 0.62-2.93),
respectively. It was not possible to study the association
between EBV infection and the reception of PLTs because

(=3
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99% of stem cell transplant recipients received PLTS, It was
also not possible to analyze the association with cryopre-
cipitate and granulocyte transfusions because less than
2% of recipients had been transfused with these blood
products. However, it was possible to analyze the associa-
tion between the volume of blood products transfused
and the posttransplant EBV infection. For all these labile
blood products, a clear positive trend was shown. The risk
of EBV infection increased with the augmentation of the
volume transfused (most of the RR in the highest quartile
or'tertile as weli as the p values for trend were significant).
Also, as it is impossible to analyze the risk for RBCs inde-
pendently from PLTs (seeing that virtually all recipients
received PLTs), we analyzed the risk for RBCs restricted to
the group of patients who received the lowest volume {less
than 2000 mL) of PLTs (data not shown) and found similar
results with a significant p value for trend (p = 0.035). We
also ran the analysis after exclusion of recipients who
received a graft before year 2000 (thus eliminating
patients grafted before implementation of the universal
leukoreduction system) and we
obtained similar results (data not
shown). For example, even with the use
of leukoreduced products, the adjusted
RR for patients who received over
200 mL of FFP was 3.80 (95% CI, 1.13-
12.80) compared to those who did not
receive FFP and the adjusted RR for
patients receiving more than 2530 mL of
PLTs was 2.54 (95% CI, 1.32-4.87) com-
pared to those who received less than
1260 mL.

DISCUSSION

Globally, the results of this study suggest
that transfused leukoreduced blood
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Fig. 1. Kaplan-Meier curve for the

of posttr

EBVinfec- infection to transfusion volume. Also,

tion among all HSCT recipients according to thelr pretransplant EBV serostatus. EBV  two cases of EBV DNAemia occurred in
infection measured by PCR testing in blood. The difference between survival curves seronegative recipients of cord blood

was not significant (p value = 0.08 by log-rank test).

grafts within 30 days posttransplant;

TABLE 3. Posttransplant EBV infection* in recipients of cord blood graftst

Cumulative incidence % (85% CI} At 30 days

At 60 days At 100 days At 200 days At 1 year

Seronegative recipients (n = 24) 8.3 (2.2-29.4)
Recipients with prior EBV antibodies {n'= 70} 1.4 (0.2-9.7)
Unknown pretransplant serostatus (n = 6) [}

8.3 (2.2-29.4} 8.3 (2.2-29.4) 8.3 (2.1-29.4) 27.1 (10.1-60.8}
10.5 (5.2-20.8)  15.9 (8.8-27.7) 18.6 (8.8-27.7) 32.1 {19.7-49.4)
20.0 (3.1-79.6)  20.0 {3.1-79.6)  46.7 (13.7-83.2)  46.7 (13.7-93.2)

EBV PCR) most of whom are autol
+ Data are reported as percentage (35% Cl).

< EBV infection measured by PCR testing in blood. n = number of subjects (excludes patients who did not have EBV PCR testing [missing
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Fig. 2. Kaplan-Meier.curve for the lative incid of p lant EBV
infection* among cord blood transplant recipients. *EBV infection measured by
PCR testing in blood. The difference between survival curves was not significant

(p value = 0.61 by log-rank test).

TABLE 4. Type of transfused blood product and quantity received by
recipients
Number of Total volume (mL}
Type patients* (%) Median (IQR) Mean (SD)
RBCs
No 28 (6.7)
Yes 389 (93.3) 1050 (600-2150) 1806 (2342)
FFP or frozen plasma
No 383 (91.9)
Yes 34 (8.1) 300 {200-1065) 2056 (6044)
PLT concentrates
No 4(1.0)
Yes 413 (99.0) 1806 (825-3677) 3373 (5289)
Cryoprecipitates
No 413 (99.0)
Yes 4(1.0) 90 (23-188) 105 (100)
Albumin
5%
No 369 (88.5)
Yes 48 (11.5) 250 (250-500) 427 (383)
25%
No 375 (89.9)
Yes 42 (10.1) 250 (200-518) 500 (717)
Granulocytes
No 414 (98.1)
Yes 8(1.9) 1682 (1568-3434) 2707 (2156)
Any product
No 5(1)
Yes 417 (99)
* Total frequencies may differ slightly from the total number of recipients because
missing data are not listed. Inciudes data related to the first transplantation anly.

2658 TRANSFUSION Volume 52, December 2012

these cannot be attributed to a reactiva-
tion event of endogenous recipient virus
nor can they implicate the graft as a
source of infection.

EBV pretransplant seroprevalence
for our pediatric recipient cohort was
77.9%, a proportion substantially higher
than the 50% documented in the solid
organ pediatric transplant popula-
tion.®3 It is possible that the higher
seroprevalence in our cohort was due to
passive antibody transfer given that
children with leukemia and other malig-
nant hematologic disorders are more
likely to receive blood products before
transplantation. On the other hand, we
might be less confident about serology
for the detection of a recent infection
in patients receiving cancer chemo-
therapy. While we cannot completely
rule out the possibility that EBV infec-
tion might have been missed in these
patients before transplant, the patient
charts show that our cohort had a higher
prevalence of EBV antibodies before
transplant than the expected EBV sero-
prevalence rate in children. Although
our protocol does not include pretrans-

plant PCR testing, serologic testing at -

our institution always includes both
VCA IgG and EBNA antibody testing, We
are therefore confident that the LBV
serologic data for patients with a
seronegative profile are accurate. Sero-
prevalence among HSC donors was
61.8%, which is within the range usually
found in children. This was not surpris-
ing considering that donors are often
the patients’ siblings.

Our data indicate that 13.4% (95%
CI, 5.8%-29.4%) of seronegative recipi-
ents developed EBV DNAemia within 60
days posttransplant. Moreover, among
the group of eight seronegative recipi-
ents who developed EBV DNAemia, one
case of probable PTLD was diagnosed
and was fatal. Interestingly, this patient
had received substantial amounts of
RBCs (6825 mL) and PLTs (9790 mL)
during the peritransplant period, a
transfusion volume much greater than
the average for this group of recipients
(Table 4). Furthermore, it is noteworthy
that this case of probable PTLD in
seronegative patients, as well as most of
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TABLE 5. Adjusted RR" for the association between transfusion of
blood products and incidence of posttransplant EBV infection

Type of biood product} Adjusted RR (95% Cl)

p value for trendt

RBC
Transfusion
No 1.00 {reference)
Yes 2.37 (0.58-9.70)
Volume of transfusion (mL.)
L] 1.00 (reference) 0.047§
<850.0 1.89 (0.47-8.44)
850.0-1890.0 2.40 {0.56-10.24)
>1890.0 2.86 (0.68-12.11)
FFP
Transfusion
No 1.00 (reference)
Yes 1.34 (0.62-2.93)
Volume of transfusion (mL)
] 1.00 (reference) 0.079
<200.0 0.70 (0.22-2.25)
>200.0 3.16 (1,00-11.17)§
PLTs
Transfusion
No
Yes
Volume of transfusion {mL}
< 1260 1.00 (reference) 0.012§
1260-2530 1.65 (0.86-3.18)
>2530 2.19 (1.21-3.97)§
* RRs are hazard ratio esti d with Cox reg. jon and adj for irical con-

founders using 5% change in estimate method (for variables such as type of transplan-
tation [autologous, allogeneic cord blood, allogeneic other, or haploidentical], age
llinear), year of diagnosis [before or after 2000), and sex [male or female]).

It was not possible to analyze the risk related to the reception of PLTs bacause virtually
all recipients received PLT concentrates. However, it was possible to analyze the risk
associated with different volumes of PLTs transfused. Also, becauss of too little data, it
was not possible to analyze the risk related to cryoprecipitate and granulocyte transfu-
sions, Because albumin has no fal for viral ission it was not i in
our analysis.

1 We tested for trend by fitting models using the volume variable treated as ordinal

-

as the vehicle for transmission. It is
noteworthy that EBV seroconversion
also occurred after 3 months, but these
“late” cases are difficult to attribute to
transfusion as most transfusions would
have been expected in the first 3 months
posttransplant. EBV is a ubiquitous
virus transmitted by saliva; therefore, we
cannot rule out the possibility that
patients were exposed naturally to the
virus after the isolation period. Natural
infection may explain the cases of
DNAemia especially those that occurred
long after the transplant. One might also
argue on the validity of the pretrans-
plant serology of children with leukemia
receiving immunosuppressive therapy.
However, this cannot explain the
seronegative status of our EBV-
negative recipients of cord blood
who developed EBV DNAemia, as
none of these patients (except for one
case which occurred within 30 days
posttransplant) received pretransplant
immunosuppressive therapy (apart
from the pretransplant conditioning
therapy, which always begins after
testing for EBV serology).

Finally, it is not possible to com-
pletely rule out the possibility that EBV
originated from the cord blood graft.

§ Results significant.

based on the median value for sach quartile or tertile of volume transtused.

Although such an event would be
exceedingly rare, such unusual cases of

the incidences of EBV posttransplant infection in our
seronegative patients, occurred after the year 2000, and
were subsequent to the implementation of universal
prestorage leukoreduction in Canada.

Transmission of EBV in seronegative recipients may
have occurred through virus contained either in the donor
graft or in the transfused blood products. If EBV DNAemia
were to occur in seronegative patients receiving an EBV-
negative graft, then blood products could be suspected as
the vector for transmission. Numerous cases of EBV
DNAemia occurred in recipients for which the pretrans-
plant serostatus of the donor was unknown (missing
data). However, many children were transplanted with
cord blood, which is normally negative for EBV* Interest-
ingly, within 30 days, EBV infection had occurred in 8.3%
(95% CI, 2.1%-29.4%) of seronegative recipients after cord
blood transplantation. Barring natural infection, which is
possible but unlikely in such a short time period—more so
because recipients were isolated in hospital in a HEPA
air-filtered room—this strongly points to blood products

EBV-infected cord blood have been
documented. For example, Weinberg
and colleagues™ reported no case of positive EBV
PCR among 362 cord blood samples. However, in
1973, Chang and Blakenship® showed that one of
the 696 cord blood samples tested was EBV positive. One
such case has also been documented by Haut and
coworkers.®®
The results of this study indicate that recipients
who received RBC transfusions were 2.37 times more
at risk of developing EBV DNAemia than those who
did not receive RBCs (although this was not significant).
We also showed a clear positive association between
the volume of RBCs, plasma, and PITs transfused and
the incidence of posttransplant EBV infection. The RRs
for the highest quartile or tertile of volume transfused
was 2.86 (95% CI, 0.68-12.11) for RBCs, 3.16 (35% CI,
1.00-11.17) for plasma, and 2.19 (95% CI, 1.21-3.97) for
PLTs and the pvalue for trend was significant for
the volume of RBCs and PLTs transfused. This shows
a clear association between transfusion and EBV
infection.
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In an effort to prevent transfusion reactions and
transfusion-transmitted infectious diseases, Canadian
Blood Services and Héma-Québec implemented system-
atic prestorage RBC unit leukoreduction in the summer of
1999; in addition, prestorage leukoreduction of PLTs had
been available since February 1998. Leukoreduction is a
process in which WBCs, ordinarily present in collected
blood components, are intentionally reduced in number.
Typically, the number of WBCs in a RBC unit is decreased
from 5 x 10° to less than 5 x 10°WBCs per unit by prestor-
age leukoreduction.* Through this process the number of
viral copies associated with WBCs would be expected to be
reduced accordingly. It would have been very interesting
to perform our analysis by comparing data from speci-
mens taken before with those taken after the implemen-
tation of leukoreduction to measure the impact of
leukoreduction on the risk of EBV transmission. Unfortu-
nately, too few data were available before year 2000 to
allow this stratification. However, our results indicate sig-
nificant RRs even when the analysis was restricted to
patients who received a graft after the implementation of
unijversal leukoreduction. It is important to point out
that leukoreduction does not rediice to zero the risk of
transmitting certain viruses. For example, it has been
shown that CMV-seronegative units may provide greater
protection than leukoreduced products in some at-risk
population groups such as transplant recipients and
immunosuppressed patients.*#? This might also be the
case for EBV.

Transmission of EBV infection by transfusion is
thought to be relatively infrequent for the following
reasons: 1) most aduli recipients of blood and blood prod-
ucts are already immune to EBV; 2) whole blood and
serum from seropositive donors contain EBV-neutralizing
antibodies, which may protect the recipient from
infection; 3) the viability of B lymphocytes carrying the
EBV genome may decline during blood storage; 4) viral
load in blood from healthy seropositive donors is nor-
mally low (5/10°-1/107 peripheral blood MNCs); and 5) the
risk of EBV transmission from RBC and/or PLT transfu-
sions is significantly reduced by leukoreduction. Thus, in
most instances, EBV genomes contained in blood prod-
ucts should not cause severe disease when the transfused
recipient is immune competent. In fact, with regard to
EBV, blood products are safe for the general adult popula-
tion since over 90% of adults have immunity to EBV.
Occurrence of infectious mononucleosis in EBV-negative
recipients receiving EBV-positive blood products has been
documented, but is rare.?®

‘While immune-competent individuals can control
the infection, those with congenital or acquired immuno-
deficiency are highly vulnerable to developing EBV-
associated lymphoproliferative disease.***” The overall
incidence of PTLD among allogeneic HSCT adult recipi-
ents has been estimated to be approximately 1% (approx.
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3% for pediatric HSCT)."#**#° This risk increases to more
than 8% with the presence of risk factors such as T-cell
depletion of the donor marrow.!°**% The occurrence of
PTLD is higher during the early posttransplant period due
to the ablated state of the immune system. Lack of a
robust immune response may lead to high EBV viral load
which is a risk factor and prognostic indicator for PTLD.!®
Among allogeneic stem cell recipients who develop PTLD,
approximately 25% will die and 25% will incur graft fail-
ure.? The mortality incidence after PTLD may reach 82%.2
It stands to reason, therefore, that transfusion of EBV-
positive blood products to immune-suppressed stem cell
transplant pediatric patients may prove detrimental
during the early posttransplant period.

Despite the limitations of this study, which include its
retrospective design, missing chart data, and inclusion
of only one center, there are nonetheless numerous
strengths. One of these is the study’s appreciable sample
size. Further, the population is diverse and thus represen-
tative of a typical transplant population sampling from a
large North American city. The results are clinically signifi-
cant and suggest an association between EBV infection
and transfusion of leukoreduced blood product units. The
number of patients was too small to draw conclusions on
any potential association between bloed product transfu-
sion and PTLD, but large enough to yield interesting
RRs and to consider designing a prospective study in the
pediatric transplant population. Unfortunately, typing of
donor-recipient strains is not possible. Legal and ethical
norms pertinent to blood donation require anonymity,
thus impeding any tracing of donor units for EBV isolation
and typing postdonation.

Our patient population included EBV-seronegative
patients who showed a surprisingly high rate of EBV infec-
tion acquired within a time frame unlikely to be compat-
ible with acquisition through an infected contact. Indeed,
our data suggest that transmission of EBV infection
occurred through the transfusion of blood products. To
our knowledge, this is the first report to document the
level of transfusion-related risk of acquiring EBV infection
in an immunosuppressed population. Pretransplant EBV-
seropositive recipients also showed evidence of EBV
DNAemia at various time points posttransplant. For the
latter, the source of the DNAemia may be reactivation of
their own virus or new infection or reinfection by virus
originating from the graft or from transfused blood prod-
ucts. Moreover, because cord blood progenitor cells are
increasingly used for transplantation in children and
because EBV is not normally found in cord blood,™ the
probability of EBV infection via the donor graft is essen-
tially eliminated. This points to the potential importance
of EBV in blood products as a source of infection among
the pediatric transplant population. It also suggests a need
to consider instituting EBV screening of blood products
destined to immunosuppressed pediatric patients and

developing appropriate EBV prophylactic measures
(vaccine, antibody therapy) for use in such patients. Insti-
tuting EBV screening of blood products may not be easy to
achieve given the high prevalence of EBV seropasitivity in
adults, but it would be theoretically possible taking into
account that approximately 1% to 10% of blood donors
might be called upon to give blood for such a small sub-
group of patients.
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TRANSFUSION COMPLICATIONS

Human herpesvirus 8 transfusion transmission in Ghana,
an endemic region of West Africa

Francesca Gobbini, Shirley Owusu-Ofori, Anne-Geneviéve Marcelin, Daniel Candotti, and
Jean-Pierre Allain

BACKGROUND: Human herpesvirus 8 (HHV-8} sero-
prevalence ranges between less than 5% in Europe and
North America and 50% to 70% in sub-Saharan Africa.
Evidence of HHV-8 transfusion transmission is only indi-
rect. We conducted a serologic {anti-HHV-8) and
molecular (HHV-8 DNA) study of samples from paired
donor-immunocompetent recipients transfused with
whole blood. ’

STUDY DESIGN AND METHODS: Samples from 252
donor-recipient pairs were tested. immunoglobulin G to
HHV-8 was detected with enzyme immunoassays and
confirmed with an in-house immunofiuorescence assay.
The cellular fraction from seroreactive donors and their
recipients was tested for HHV-8 DNA.

RESULTS: Anti-HHV-8 was positive (reactive in two or
more ys) in 28 (11%) pati and 16 (6%) donors.
Of 12 seronegative recipients (at risk of transmission)
receiving seropositive blood, one very likely transmis-
gion was idontifiod (8.8% oonfidonoo interval, 0% 23%).
The donor blood contained HHV-8 DNA and his and
four other donors’ sequences clustered separately from
recorded genotypes with a 97% bootstrap constituting a
distinct genotype.

CONCLUSIONS: HHV-8 is transmitted in Ghana but
does not carry.clinical consequences since most
patients are immunocompetent. The clinical risk will
increase with the availability of immunosuppressive
drugs in sub-Saharan Africa. We propose that a new
genotype {HHV-8-G for Ghana) be added to the current
nomenclature:

L
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uman herpesvirus 8 (HHV-8), also known as

Kaposi sarcoma-associated herpes virus, was

identified as the etiologic agent of Kaposi’s

sarcoma and was associated with two B-cell
lymphoproliferative disorders: - primary effusion lym-
phoma and multicentric Castelman’s disease.’

HHV-8 seroprevalence varies geographically. In
Africa, up to 50% of the population is seropositive,? while
in northern Europe and America the seroprevalence is less
than 5%, increasing to 10% to 15% in Mediterranean
regions.® Eight genotypes have been identified so far.
Genotypes A/C, ], and X are prevalent in Europe, the
United States, North of Asia, and the Middle East; in South
Asia and Polynesia Genotype D/F has been found while B,
Q, R, and N have been identified in sub-Saharan Africa.*

In sub-Saharan Africa, routes of HHV-8 transmission
include saliva contact within family members and
infection occurs mostly during childhood.?** In low-
prevalence developed countries, sexual transmission
between men appears more frequent than in heterosexual
relationships:® HHV-8 transmission after transplantation

ABBREVIATIONS: HHV-8 = human herpesvirus 8;

IFA = immunofluorescence assay; qPCR = quantitative poly-
merase chain reaction; $/CO = sample-to-cutoff ratio;
SNP(s) = single-polymorphism nucleotide(s).
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HHV-8 TRANSFUSION TRANSMISSION IN WEST AFRICA

of organs (mostly kidney) from HHV-8-seropositive
donors was reported as well as viral reactivation in sero-
positive patients receiving immunosuppressive drugs.!

Transmission through blood products remains
unclear but is considered low risk.” In 2009, Cannon and
colleagues® conducted a large study including linked
donor-recipient samples and found no transmission of
HHV-8 through blood transfusion. In Uganda, a high-
prevalence country, Hladik and colleagues® concluded on
the basis of serologic indirect evidence to an HHV-8 trans-
fusion transmission risk of 2.8% in seronegative recipients
receiving blood from a seropositive donor.

To estimate the risk of transfusion-transmitted
HHV-8 infection in a different sub-Saharan African
endemic country (Ghana), we conducted a serologic and
molecular study on paired donor-recipient blood samples
from immunocompetent recipients transfused with whole
blood.

MATERIALS AND METHODS

Samples collection

Whole blood samples from patients transfused at the
Komfo Anokye Teaching Hospital (Kumasi, Ghana, West
Africa) were obtained from the Blood and Organ Trans-
missible Infectious Agent repository.”® None of the units
transfused were leukoreduced nor washed. A total of 252
sets of donor (<2 weeks of storage before transfusion)
and before and 3-months-posttransfusion recipient
samples were tested. Whole blood was collected in 10 mL
K3 EDTA tubes, separated by decantation, into plasma
and cellular fraction, and both were stored at —-40°C or
below.

HHV-8 serology

Immunoglobulin (Ig)G antibodies to HHV-8 lytic antigens
were tested using a bipeptide enzyme immunoassay (EIA;
Biotrin International GmbH, Heidelberg, Germany) fol-
fowing the manufacturer’s instructions, Samples with a
sample-to-cutoff ratio (S/CO) value of less than 0.8 were
considered nonreactive; S$/CO values of more than 1.2
were reactive and S/CO values between 0.8 and 1.2 were
considered undetermined (gray zone). The manufacturer
discontinued distribution of this kit halfway through
the study so the commercial Advanced Biotechnologies
(Columbia, MD) EIA was used to test the rest of the
samples. Sixty-nine samples were tested with both com-
mercial kits and only 43 showed concordant results.
Because of the high frequency of discrepancy between the
two assays, we decided to use as confirmation method for
positive samples an in-house immunofluorescence assay
in Prof. Agut’s Laboratory at Hospital Pitié-Salpétriére,
Paris, France."!

HHV-8 DNA extraction, PCR, and sequencing

Viral DNA was isolated from 200 puL of cell fraction by
using a viral nucleic acid kit (High Pure, Roche, Lewes, UK)
according to the manufacturer’s instructions. HHV-8 DNA
was detected by areal-time quantitative PCR (QPCR) assay
as previously described.'? Tenfold dilutions of an in-house
plasmid pKS2471 containing the HHV-8 ORF26 were used
to construct the standard curve and estimate the viral
load. To confirm gPCR results, a 1251-nucleotide region
including the minor capsid protein coded by ORF26 was
amplified by a more sensitive seminested PCR. The
forward primers used were KS26/D* in the first round of
amplification and Orf26Fwdl® in the second round.
LGH2574* was used as reverse primer in both rounds. The
two amplification reactions were performed in identical
conditions. Briefly, 5 pL of extracted DNA was amplified in
a 50-pL. mixture containing 1x HiFi Buffer 3 (Roche),
1.5 mmol/L MgClL, 0.8 mmol/L dNTPs, 0.6 pmol/L of
each primer, 2.6 units of enzyme blend (Expand High-
Fidelity, Roche), and 26.25 pL of DNase-free water. After
an initial denaturation at 94°C for 5 minutes, a touch-
down amplification was carried out as follows: 94°C for 1
minute, 60°C for 1 minute, and 72°C for 2 minutes. The
1-minute annealing temperature was 60°C for five cycles,
58°C for five cycles, 57°C for five cycles, and then 55°C for
the last 15 cycles. Nested PCR products were purified from
gel and sequenced at the University of Cambridge Bio-
chemistry Department with a DNA analyzer (3730x],
Applied Biosystems) using the primers utilized in the PCR.
All the ORF26 sequences obtained were submitted to
GenBank under the Accession Numbers JN662003 to
JN662017.

RESULTS

HHV-8 seroprevalence and transfusion
transmission

The Blood and Organ Transmissible Infectious Agent
repository including paired pretransfusion and 3-months-
posttransfusion samples from Ghanaian immunocompe-
tent whole blood recipients and corresponding doners
were tested to investigate the largely unknown transfusion
transmission of HHV-8 in a context of reported high
endemicity.

Posttransfusion samples from 252 Ghanaian patients
and 248 blood donors were tested for HHV-8 IgG antibod-
ies. Results are summarized in Table 1, After a first
enzyme-linked immunosorbent assay (ELISA) screening,
72 (29%) of the 252 patients and 56 (23%) of the 248 donors
tested positive for HHV-8 antibodies. However, only 29
(11%) patients and 16 (6%) donors were confirmed reac-
tive. Recipients of 16 transfusions with seropositive blood
and donors of 29 seroreactive recipients after transfusion
were retrospectively investigated.
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TABLE 1. Serologic and molecular results of Ghanaian donor and recipient samples

Anti-HHV-8 (S/CO)

Reactive Nonreactive HHV-8 DNA

Whole blood donations 16 232 2 positive
Posttransfusion recipients 29 223 2 positive
Pretransfusion recipients of seropositive blood 2 12 [}
Pe )sion |~ i ipi 1 1% 1]
Donor 2027 1(4.7) Positive
Recipient 2027

Before transfusion 1 Negative

After transfusion 1(9.5) Negative
Donor 2003 1(3.0) Positive
Recipient 2003

Before transfusion 1 Negative

After transfusion 1 Negative
* Seronegative before transfusion.

Before transfusion, 12 patients exposed to seroreactive DISCUSSION

blood were anti-HHV-8 seronegative and considered sus-
ceptible (at risk) to whole blood transfusion~related infec-
tion. One of them was seropositive after transfusion and 11
remained seronegative (Table 1). Donor 2027 and the
paired susceptible recipient after transfusion were both
anti-HHV-8 reactive with 4.7 and 9.5 S/CO, respectively.
Anti-HHV-8 in donation 2027 was confirmed by immuno-
fluorescence. Plasma and cellular fraction samples from
this pair were tested for HHV-8 DNA. Donor 2027 blood
contained HHV-8 DNA but not the recipient’s sample col-
lected 3 months after transfusion. In contrast, the recipient
of donation 2003 that contained both antibodies and
HHV-8 DNA remained seronegative after transfusion
(Table 1). The other 10 susceptible recipients exposed to
seropositive but DNA negative whole blood did not show
serologic or molecular evidence of HHV-8 infection.

HHV-8 genomic sequence and new subtype

To confirm the gPCR screening results, HHV-8 DNA from
two viremic patients and two donors was amplified by
nested PCR targeting ORF26. Phylogenetic analysis of the
sequences suggested that they formed a cluster different
from previously reported African strains. To investigate
further this genetic variability, 34 Ghanaian HIV-infected
samples identified as .anti-HHV-8 positive in a previous
study were tested for HHV-8 DNA. The ORF26 region was
successfully amplified and sequenced in four samples. In
parallel, 84 random blood donors' samples from Guinea,
another West African country, were screened for HHV-8
DNA and seven sequences were obtained. The Guinean
samples clustered with the Q genotype but five of eight
Ghanaian sequences clustered separately from the other
GenBank references with a bootstrap value of 97% over
1000 replicates (Fig. 1) constituting a separate and new
genotype. The other three Ghanaian sequences (Gh1623,
2003D, 2027D) clustered with other genotypes (two R and
one Q; Fig. 1).
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Transmission of HHV-8 through blood transfusion
remains a controversial topic. Despite the seroprevalence
in the general population and in blood donors in North
America and North Europe ranging between 3.5 and 7.3%,
no cases of transfusion transmission were reported.?
HHV-8 DNA has been found in blood donors and healthy
individuals in low- and higher-prevalénce endemic areas
such as Italy" and Africa.*'*" These findings, in addition
to the reports of HHV-8 infection associated with injection
drug use,” raised the concern of HHV-8 transmission
through blood products. Two studies conducted in
Uganda by Hladik and coworkers® and Mbulaiteye and
coworkers" found a risk of HHV-8 transmission through
blood product of 2.8 and 2.6%, respectively. However, the
conclusions of these two reports were purely based on
serological testing and did not include DNA detection.

In this study the risk of HHV-8 transmission through
blood transfusion in Ghana was investigated. A seropreva-
lence of 6% in blood donors and 11% in immunocompe-
tent patients who received blood transfusion was found
(Table 1). The relatively low seroprevalence compared to
the study of Ablashi and colleagues® might be explained by
the fact that we used a very specific immunofluorescence
assay (IFA} to confirm initial results obtained by a less
laborious, more sensitive, but less specific ELISA kit.
Admittedly, however, IFA may present its own problems.
Our results are more in line with the lower seroprevalence
found in Zimbawe and South Africa.® One likely case of
HHV-8 transmission was identified. Recipient 2027, nega-
tive for IgG to HHV-8 before transfusion, seroconverted
after receiving an antibody and DNA positive whole blood
transfusion. As demonstrated by Fowlkes and coworkers, 6
passive antibodies are detected immediately after
transfusion with a relatively high titer and become unde-
tectable in approximately 3 weeks. Immune response
becomes detectable 4 to 10 weeks posttransfusion and is
high titer. Our case clearly falls in the second scenario.
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Fig. 1. Neighbor-joining phylogenetic tree of HHV-8 sequences found in Ghana and
Guinea. The eight HHV-8 genotypes and their subgenotypes are indicated on the
right and highlighted in orange. The red boxes indicate strains from Ghana while
the blue box indicates strains from Guinea. Bootstrap values of more than 70%
over 1000 replicates are considered significant and are indicated. Five Ghanaian

q form a subcl {98% bootstrap value) inside the larger group consti-
tuted of K, Q, and R genotypes. The six Guinean samples are part of the Q genotype
with a bootstrap of 77%. The last sequence from Ghana (Gh-1623) is clustering with
R genotype references.
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Indeed, we detected high-titer antibod-
ies (S/CO 9.5 compared to S/CO 45
in the donor) 3 months after transfu-
sion, excluding passive transmission
(Table 1). Such exclusion was further
supported by data from five recipients
transfused with seropositive donor
blood with §/CO values of at least 9 who
were seronegative in the posttransfu-
sion samples. The likelihood of finding
viral DNA 3 months postinfection is very
low. Therefore, it is not surprising that
we did not detect any HHV-8 DNA in the
posttransfusion sample. The presence
of HHV-8 DNA in the transfused whole
blood, the confitmation of antibody to
HHV-8 in the posttransfusion sample by
an alternative method (immunofluores-
cence), and the high antibody level
strongly suggest transfusion transmis-
sion. However, the absence of DNA in
the recipient makes impossible to have
a direct link with the donor strain.
Therefore, community infection cannot
be totally ruled out. A second recipient
receiving blood from DNA-positive
Donor 2003 showed no evidence of
seroconversion 3 months after transfu-
sion, a period of time that would be
sufficient for the development of an
immune response (Tablel). It was
assumed, that blood donations with
detectable DNA contained a higher
load of HHV-8 and were presumed
more infectious than seropositive DNA-
negative blood. Eleven susceptible
patients exposed to HHV-8-seropositive
blood did not seroconvert (Table 1).
This might be related to either seroposi-
tive DNA-negative blood containing
virus below the infectious dose or to
false-positive antibody testing. The
latter appears unlikely since both
screening EIAs and [FAs were reactive in
all 10 HHV-8 DNA-negative donations.
Altogether, among 12 patients suscep-
tible to infection and exposed (serone-
gative individuals receiving seropositive
blood) one of two HHV-8 DNA-positive
blood transmitted but none of 10 sero-
positive, HHV-8 DNA-negative blood
did. This corresponds to an estimated
transmission risk of 8% (95% confidence
interval, 0%-23.3%), which is consistent
with the 2.8% excess risk reported by
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Hladick and colleagues.® These data also suggest low
infectivity of HHV-8 DNA-negative blood being below the
threshold of infectivity in immunocompetent recipients.
The lack of HHV-8 transmission found by previous studies
might be related to low viral load or to false-positive sero-
logic results due to a lack of seralogic confirmation.
HHV-8 may not represent a major issue for blood
safety in developed areas but still remains a concern in
countries with high seroprevalence among blood donors
such as Ghana. Despite the fact that HHV-8 in immuno-
competent individuals is usually associated with mild or
no symptoms, infections in immunodeficient patients can
lead to severe complications and, in some cases, to fatal
outcomes. A relatively high incidence of HHV-8 infection
has been described in solid organ transplantatjon patients
such as liver and kidney transplant recipients caused by
both transmission through the graft and reactivation of
a previous' infection.”” Thus, HHV-8 infection in high
endemic areas is a growing concern with the emergence of
a population of immunodeficient blood recipients in sub-
Saharan Africa related to the increasing availability of
cancer chemotherapy and immunosuppressive drugs.

New HHV-8 subtype in Ghana

Despite the limited variability of HHV-8 genome, eight
genotypes (or clusters) have been identified based on
single-polymorphism nucleotides (SNPs) in the ORF26
(minor capsid protein) extended sequence.* In this study,
we successfully amplified the ORF26 of eight Ghanaian
individuals (six patients and two donors) and of seven
Guinean blood donors. Five Ghanaian sequences clus-
tered separately from the references with high bootstrap
values while three other Ghanaian and seven Guinean
strains appeared to belong to Genotype Q (Fig. 1). HHV-8
genotypes were defined by SNPs in an approximately 1-kb
region including ORF26 and only three SNPs were neces-
sary to distinguish between the two related Genotypes K
and R. These are also the closest genotypes to the Ghana-
ian sequences. However, six SNPs differentiate five Gha-
najan samples from K and R genotypes. For this reason, we
propose that a new genotype (G for Ghana) be added.
However, this new subgroup is found only in Ghana and
does not seem to extend to Guinea, west of Ghana. Indeed,
the samples from Guinea have different SNPs and cluster
with Q and K whose subclassification into separate sub-
types is unconvincing. This study contributes to the
understanding of HHV-8 genome variation and distribu-
tion that can be used for further studies linking HHV-8
virulence and Kaposi sarcoma incidence.
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Background. Human herpesvirus 8 (HHV-8) is endemic in Uganda and transmissible by blood. We evaluated
mortality following transfusion of HHV-8 antibody-positive blood.

Methods.

In a hospital-based, observational, prospective cohort study with a 6-month follow-up, we examined

the effect of HHV-8 antibody-positive blood on transfusion recipients surviving at least 7 days.
Results. Of 1092 recipients, 471 (43.1%) were transfused with HHV-8 antibody-positive blood. Median age was

1.8 years (range, 0.1-78); 111 (10.2%) died during follow-up. After adjusting for confounders (increasing age,
human immunodeficiency virus infection, illness other than malaria, receipt of multiple transfusions), recipients of
HHV-8 antibody-paositive blood stored <4 days (“short-stored”) were more likely to die than recipients of HHV-8
antibody-negative blood (adjusted hazards ratio [AHR], 1.92; 95% confidence interval [CI], 1.21-3.05; P=.01). The
AHR of the effect of each additional short-stored HHV-8 antibody-positive transfusion was 1.79 (95% CI, 1.33—

2.41; P=.001).

Conclusions. Transfusion with short-stored HHV-8 antibody-positive blood was associated with an increased
risk of death. Further research is warranted to determine if a causal pathway exists and to verify the observed associ-
ation between acute HHV-8 infection and premature mortality.

Human herpesvirus 8 (HHV-8 or Kaposi’s sarcoma~
associated herpes virus) causes Kaposi’s sarcoma, mul-
ticentric Castleman’s disease, and primary effusion
lymphoma [1]. In Uganda and other sub-Saharan
African countries, Kaposi's sarcoma is frequent [2] and
causes substantial morbidity and mortality. However,
there is a paucity of literature describing any adverse
outcomes following acute HHV-8 infection.
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In sub-Saharan Africa, adult HHV-8 seroprevalence
can exceed 50%, [1] with similarly high seroprevalence
in healthy blood donors. The possibility of HHV-8 in-
fection through blood transfusion has been suggested
[3-5] and was demonstrated in a study in Uganda [6].
We analyzed data from the same progpective, observa-
tional cohort study to compare the risk of death within
6 months following transfusion of blood that was posi-
tive for HHV-8 antibodies with that following transfu-
sion of blood that was negative for HHV-8 antibodies.

METHODS

Transfusion Recipients and Biood Donations

As previously described {6], between December 2000
and July 2001, written informed consent (and assent,
as appropriate) was obtained from transfusion recipi-
ents or their parents or guardians if participants were
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aged <18 years at Mulago Hospital, Kampala, Uganda. Trans-
fusion recipients were eligible for enrollment if their pretrans-
fusion specimen after blood typing and cross-matching was
available, identifying information for the transfused blood was
known, and no other transfusions had taken place in the pre-
vious 6 months. Follow-up visits were scheduled at 1, 2, and 4
weeks post-transfusion, then monthly for 5 additional
months. Participants were also seen at the study clinic for un-
scheduled acute care visits free of charge. At enrollment and
each follow-up visit, blood was drawn, and a questionnaire
was administered to collect information on patient demo-
graphics, health, and repeat transfusions. Participants who did
not return for scheduled visits were followed up at home, and
any deaths were recorded (Figure 1).

From November 2000 to September 2001, all blood donors
in central Uganda were offered study participation, and blood
specimens from consenting donors were stored for HHV-8 se-
rologic testing. Donations were screened at the Uganda Blood

6533 pretransfusion | e eoye—
specimens collected 4722 patients not
enrolled (not
transfused, too ill,
refused, died,
discharged, ineligible)

1811 transfusion
recipients enrolled

t——’ 283 not
pretransfusion HHV-
1528 recipients 8 seronegative

pretransfusion HHV-
8 seronegative

113 without
*| exposure information

1415 recipients with
known exposure

118 deaths within 7
days post-transfusion,
164 lost to follow-up,
41 with unknown
exposure status or
storage time

1092 analyzed (pretransfusion HHV-8 sero-
negative, known exposure, complete follow-up)

200 (18.3%) 271(24.8%) 621 (66.9%)
exposed to exposed to unexposed
short-stored long-stored
blood blood
34 (17.0%) 28 (10.3%) 49 (7.9%)
died died died

Figure 1. Trial profile of transfusion recipients.

Transfusion Services for human immunodeficiency virus
(HIV), hepatitis B surface antigen, and Treponema pallidum
and stored at 4°-8° C according to routine procedures. Most
blood was divided into plasma and several smaller packed red
blood cell units for use in young children; some blood units
were left undivided for use in adults, although such units were
sometimes split at the hospital into smaller units for use in
children. Leukoreduction filters were not used; the buffy coat
was partially removed from packed cell units.

Laboratory Procedures

Recipient plasma collected pretransfusion was tested for he-
moglobin levels and HIV antibodies. HIV reactivity was con-
firmed by polymerase chain reaction if recipients were aged
<24 months. Pretransfusion recipient blood and linked blood
donor specimens were tested for HHV-8 antibodies at the
Centers for Disease Control and Prevention (CDC) laboratory
in Atlanta, as previously described [6}.

Exposure Classification and Transfusion Events

Each transfusion was treated as a discrete event and was
counted separately. Each transfusion could comprise >1 blood
units (depending on patient body weight and degree of
anemia as well as blood unit size and availability). Most recip-
ients who received multiple transfusions did so within the first
7 days of their hospital stay. For the purpose of this analysis,
an “exposed” person received 21 transfusions with HHV-8
antibody-positive blood products whether or not exposure to
or infection with the virus occurred. Laboratory testing for an-
tibodies against HHV-8 took place only after completion of
follow-up. Recipients transfused with any HHV-8 antibody-
positive blood units in the first 7 days were classified as
“exposed,” whereas recipients transfused exclusively with
HHV-8 antibody-negative blood were classified as “unex-
posed.” Because previous analysis of data from the same study
found that HHV-8 antibody-positive blood stored <4 days
was likely responsible for most transfusion-associated HHV-8
infections (6], recipients were grouped into risk categories
from high to low as follows: (1) exposed to (any) HHV-8 anti-
body-positive blood stored <4 days (short-stored); (2)
exposed to HHV-8 antibody-positive blood stored >4 days
(long-stored); or (3) unexposed. Transfusions of blood prod-
ucts with any HHV-8 antibody status occurring after 7 days of
the first transfusion (usually following readmission to the hos-
pital) were regarded as “repeat” transfusions.

Data Management and Analysis

Data were entered in duplicate using Epi Info 6.04 (CDC) and
analyzed using SAS software (SAS Institute). We excluded par-
ticipants who were positive for HHV-8 antibodies pretransfu-
sion or who were lost to follow-up. Recipients who received
blood of unknown or equivocal HHV-8 serostatus and were not
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also transfused with short-stored HHV-8 antibody-positive
blood were also excluded. Participants were censored for the
first 7 days following their initial transfusion and the first 7
days following the first subsequent transfusion that changed
their HHV-8 exposure status to exposed. Transfusion recipients
who died within 7 days of their initial transfusion or their first
HHYV-8 antibody-positive transfusion were removed from anal-
ysis, assuming that any effect of receipt of HHV-8 antibody-
positive blood on mortality would take longer than 1 week to
materialize. Using SAS Tphreg, we performed Cox proportional
hazards analysis to estimate the hazard of death for potential
risk factors (age, HIV serostatus, pretransfusion anemia, reason
for transfusion, number of transfusions, and exposure to HHV-
8 antibody-positive blood). We then estimated the adjusted
hazard ratio (AHR) for receipt of short-stored HHV-8 anti-
body-positive blood by controlling simultaneously for these
confounders. We repeated the main multivariate analysis with
the reference group (“unexposed™) restricted to recipients of
short-stored HHV-8 antibody-negative blood only. No data
anomalies or interactions were noted when we examined multi-
ple-variate results in conjunction with individual-variate results.

Using SAS Proc Logistics, we adjusted for the same con-
founders and estimated the adjusted odds ratio for death
among recipients of short-stored HHV-8 antibody-positive
blood within the first 60 days of follow-up. We also estimated
the adjusted population-attributable fraction of death due to
receipt of short-stored HHV-8 antibody-positive blood as a
function of follow-up time under the assumptions of the pro-
portional hazard model and that censoring time is indepen-
dent of event time [7].

The study was approved by the institutional review boards
of the Uganda Virus Research Institute, the Uganda National
Council for Science and Technology, and the CDC.

Enrollment and Fellow-Up

Pretransfusion blood specimens for 6533 potential transfusion
recipients were sent to the hospital’s blood bank for typing
and cross-matching (Figure 1). Of these, 1811 participants
were enrolled; the remaining were not transfused (31%), were
ineligible (28%), were too ill to consent (5%), refused to
consent (13%), died prior to enrollment (2%), or were dis-
charged prior to enrollment (22%). Of the 1811 enrolled re-
cipients, 1528 (84%) were negative for HHV-8 antibodies
pretransfusion. Of these, 436 (29%) were excluded from analy-
sis because of unknown exposure status (10%), early death
within 7 days of transfusion (8%), or loss to follow-up (11%).

RESULTS

We included 1092 pretransfusion HHV-8 antibody-negative
recipients in the analysis (Table 1). These patients were trans-
fused a total of 1328 times (median, 1; range, 1-8) with 2416

blood units (median, 1; range, 1-16) from 1498 blood dona-
tions. Most blood units transfused were packed red blood cells
(78%), followed by whole bloed (14%), blood of unknown
product type (8%), and plasma and/or platelet products
(<1%). Most recipients were aged <5 years (median age, 1.8
years; range, 0.1-78 years) and had malaria as a baseline diag-
nosis. Recipients transfused for malaria were younger than re-
cipients transfused for other reasons (median age, 1.3 vs 17.0
years).

Median follow-up was 167 days (interquartile range [IQR],
116-169 days) and was similar among exposed and unexposed
recipients. Among blood donations linked to study partici-
pants, HHV-8 antibody positivity was 36.5%. Among study
participants, 471 (43.1%) were exposed, and 621 (56.9%) were
unexposed. Among the exposed recipients, most (69%) were
transfused with a single HHV-8 antibody-positive unit;
the remainder received 2 (17%) or >2 (14%) units. Among
those exposed to short-stored HHV-8 antibody-positive blood,
67% received 1 such blood product, 19% received 2, and 14%
received 23. Recipients across the different exposure groups
had similar HIV prevalence, pretransfusion anemia status, and
reason for transfusion, but they differed by sex, age, and
number of transfusions or blood units received (Table 1).

One hundred eleven (10.2%) recipients died during follow-
up, with a median time from transfusion to death of 43 days
(IQR, 19-73 days). Of the 621 unexposed recipients, 49 (7.9%)
died, and of the 271 recipients of long-stored HHV-8 anti-
body-positive blood, 28 (10.3%) died, compared with 34
(17.0%) of the 200 recipients of short-stored HHV-8 anti-
body-positive blood. Using person-time as the denominator,
unadjusted mortality per 100 person-years was 20.1 for recipi-
ents transfused with HHV-8 antibody-negative blood, 26.0 for
recipients transfused with long-stored HHV-8 antibody-posi-
tive blood, and 44.2 for recipients transfused with short-stored
HHYV-8 antibody-positive blood.

In bivariate analysis, significant risk factors for death in-
cluded age, HIV infection, illness other than malaria, receipt
of multiple transfusions, and receipt of short-stored HHV-8
antibody-positive blood (Table 2). In multivariate analysis,
transfusion with short-stored HHV-8 antibody~positive blood
remained significantly associated with mortality during
follow-up (AHR, 1,92; P=.01} (Table 2). When we restricted
the multivariate analysis to the first 60 days of follow-up, the
risk of death remained significant {adjusted odds ratio 2.29;
95% confidence interval [CI], 1.29-4.09, P =.005), Receipt of
long-stored HHV-8 antibody-positive blood was not signifi-
cantly associated with an excess risk of death (P=.58). When
the reference group for the multivariate analysis was restricted
to recipients of short-stored HHV-8 antibody-negative blood,
the AHR due to receipt of short-stored HHV-8 antibody-
positive blood remained statistically significant (AHR, 2.39;
P =.005) and no significant risk of death was associated with
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Table 1. Characteristics of Study Participants by Human Herpesvirus 8 (HHV-8) Antibody Exposure Status

Exposure Status (transfusion with HHV-8 antibody-positive blood, by storage time)

Characteristic Al {N = 1092) Stored >4 days {n =271}  Stored <4 days (n =200}  Unexposed {n =621} P Value
R - — e T —
Median (range) 1.80(0.1-78) 1.50 (0.2-59) 1.85 (0.1-78) 1.50 (0.1-78} 03°
Sex; formale ™" 575 (52.7) 140 {57.7) 123 (61.5)" 312(80.2)" 02
KV status
Negative 948 (86.8) 0233 (86.0) 177 (88.5) #1538 (86.6) e 28
Positive 112(10.3) 25(9.2) 18 (9.0) 69 (11.1)
Missing, : 32029 1348 A O P P
Pretransfusion anemia status
AnGmic O TON724) 197 (7127) 454.(73.1) . 67
Not anemic ) 17(1.8) 6(2.2) 701.1)
Un T el e ) .. 88/(25.1) 180 (25.8]. -
No. transfusions received
A 0 S g3y (8B 216 7751 £ <,0001
>2 155(14.2) 61 (22.5)
No® blood tinits tecaived =i S T
1 868 (79.5) 191 (70.5) 134 (67.0) <.0001
T e T s A 43159 153 i
>3 89 (8.1) 37 (13.6) 28 (14.0)
Héagb[i,for tra,néfl;éiqri T SR A P £ i
Malaria 912(83.5) 220 (81.2) 163 (81.5) 23
( ERETE S A LT : :
951 6981 243 B9 ; 607,
111(10.2) 28 (10.3) 34(17.0)
Median 43 50

Data are no. {%} unless otherwise noted.
Abbraviation: HIV, human immunodeficiency virus.
® Pvalue based on difference in mean values.

transfusion of either long-stored HHV-8 antibody~positive or
long-stored HHV-8 antibody-negative positive blood
(Table 3).

With the multivariate model restricted to recipients of a
single transfusion (n=937), the hazard for death due to
receipt of short-stored HHV-8 antibody-positive blood re-
mained (AHR, 1.95; 95% CI, 1.10-3.45; P=.02). With the
model restricted to recipients of a single blood unit (n = 868),
the hazard for death upon receipt of short-stored HHV-8 anti-
body-positive blood was similar but not statistically significant
(AHR, 1.70; 95% CI, .94-3.09; P = .08).

In a separate analysis, we restricted the risk set to recipients
of a single blood unit and kept the reference group defined as
recipients of a single short-stored HHV-8 antibody~negative
blood unit. In this model, recipients of a single short-stored
HHV-8 antibody-positive blood unit had a significantly
higher mortality than reference group recipients (AHR, 2.19;
95% CI, 1.06-4.53; P=.03), whereas there was no excess risk

of death among recipients of a single long-stored HHV-8 anti-
body-negative or HHV-8 antibody-positive blood unit. We
also analyzed the data in a separate multivariate model similar
to that shown in Table 2 except that exposure to HHV-8 anti-
body-positive blood was expressed as the continuous number
of short- or long-stored HHV-8 antibody-positive or HHV-§
antibody-negative blood units. In this model, additional
short-stored HHV-8 antibody-positive blood units transfused
provided no survival benefit (AHR, 0.94; 95% CI, .61-1.43);
whereas for all other blood units, each additional transfused
unit had a protective effect on survival (long-stored HHV-8
antibody-positive: AHR, 0.67; 95% CI, .49-.93; short-stored
HHV-8 antibody-negative: AHR, 0.53, 95% CI, .33-.83; com-
pared with transfusion with long-stored HHV-8 antibody--
negative units).

We also altered the main model (as shown in Table 2) such
that the number of transfusions (by HHV-8 serostatus and
storage time) replaced the categorical exposure variables and
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Table 2. Risk Factors for Post-Transfusion Mortality, N = 1092 (human herpesvirus 8 [HHV-8] reference group: transfused with short- or

long-stored HHV-8 antibody-negative blood}

Recipients Unadjusted Hazard Ratio Adjusted Hazard Ratio
No. of Point Point
Risk Factor Person-time  Recipients  Mortality Estimate 95% CI PValue Estimate 95% CI P Value
Age; years; continuotis L Tag80 010920 259 1021015108 04 Y A 10009810278
HIV uninfected 377.3 948 17.5 Ref
HIV infected’ . o i aie S37400 0 M 01095 596 74.03-8.80.°.01 - 4,33-9/76/. 1,001
HIV unknown 133 32 30.8 1.80 67-4.94 25 77591 .14
Not pretransfusion. anermic: .- 68 17 - -30:1 - Ref e :
304.3 791 280 0.88 87 63
W0 2840 2080 088 %58 8
369.3 912 225 Ref o
180 4367007192 -
4280 1328° 259 185 135173 01 160 136188 <0001
2438 621 201 Ref
107.2 271 26.0 1.30 58
HHV-8-seropositive blood 776 éOO 44.2 2.18 1.41-3.37 ) 1.21-3.05 .01

stored <4 days

Person-time in years. Monality expressed as number of deaths per 100
characteristic. P values apply to differences in the hazards observed.

Abbreviations: Cl, confidence interval; HIV, buman immunodeficiency virus.
2 Refers to number of transfusions (rather than recipients).

person-years, Hazard ratios: the hazard of death among patients by differing

the overall number of transfusions. In this model, too, short-
stored HHV-8 antibody-positive blood was associated with an
increased risk for death (AHR for each additional transfusion,
1.79; 95% CI, 1.33-2.41; P =.0001), whereas the AHR for each
additional long-stored HHV-8 antibody-positive transfusion
(1.23), short-stored HHV-8 antibody-negative transfusion (1.11),
and long-stored HHV-8 antibody-negative transfusion (1.18)
was nonsignificant. When replacing the number of transfu-
sions with the number of blood units transfused in the model
shown in Table 2, the AHR for exposure to short-stored
HHV-8 antibody-positive blood remained significant
(AHR, 2.25; 95% CI, 1.44~3.53; P <.001), and each additional
blood unit transfused carried a significant risk for death
(AHR, 1.19; 95% CI, 1.06-1.34; P=.004), similar to the
number of transfusions. When including both the number of
blood units and the number of transfusions in the same main
model, HIV infection, additional transfusions during follow-
up (AHR, 2.76), and exposure to short-stored HHV-8 anti-
body-positive blood (AHR, 1.76) remained significant
predictors for death, whereas each additional blood unit
(of any HHV-8 antibody status) transfused was associated
with a decreased risk of death (AHR, 0.67; 95% CI, .48-.92;
P=014).

Stratifying the analysis by the major reason for transfusion
did not alter the point estimate of association but led to wide
confidence intervals for the AHR in each strata (data not
shown). We detected no significant effect related to age, illness
leading to transfusion, or blood product type transfused on
the association between exposure and death. We estimated the
median adjusted population attributable fraction of mortality
due to short-stored HHV-8 antibody-positive blood to be
13.7% (95% Cl, 2.9%-23.4%), which decreased from 16.9% at
the beginning of follow-up to 11.0% at the end of follow-up.

We excluded deaths occurring within the first week follow-
ing transfusion. During this time period, a total of 104 deaths
occurred, with a median time to death of 2 days (IQR, 1-4
days). Transfusion of HHV-8 antibody-positive blood was not
associated with an increased risk of death within these 7 days
(overall: AHR, 0.95; P=.83; for short-stored HHV-8 anti-
body-positive blood: AHR, 0.61; P=.23; and for long-stored
HHV-8 antibody~positive blood: AHR, 1.14; P=61). Con-
founding by passive antibody transfer made it difficult to
identify active HHV-8 seroconversions among the deceased.
Three active HHV-8 seroconvertors were identified (2 recipi-
ents of short-stored HHV-8 antibody-positive blood, 1 recipi-
ent of long-stored HHV-8 antibody-positive blood, none in
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Table 3. Risk Factors for Post-Transfusion Mortality, N=1074
{human herpesvirus 8 [HHV-8] reference group: transfused with
short-stared HHV-8 antibody-negative blood}

Adjusted Hazard Ratio

Point
Risk Factor Estimate 95% Cl PValue

R R L

RGS, years, Gantinus
H!V uninfected

BgIT 440983 <0001
2.29 .83-6.35 .‘1 1

56
Sy
06

133-186 <0001

L8
HHV-8 Ab-positive blood 24
stored >4 d
005

Hazard ratios: the hazard of death among patients by differing characteristic.
P values apply to differences in the hazards observed.

Abbreviations:  Ab, ibody; Cl, confi interval; HIV, human
immunodeficiency virus. N

the unexposed group), which was insufficient for further
analysis.

DISCUSSION

In this study, recipients of HHV-8 antibody-positive blood
stored <4 days had a 1.9-fold greater risk of death than recipi-
ents of HHV-8 antibody-negative blood. The risk of death in-
creased with each additional unit of short-stored HHV-8
antibody-positive blood transfused; in contrast, unexposed re-
cipients experienced no additional risk from receipt of addi-
tional HHV-8 antibody-negative units regardless of their
storage time.

‘We note several study limitations. We were unable to collect
extensive information on the causes of death. Due to the ob-
servational study design, study participants were not truly ran-
domized to the different exposure categories. However, this
was unlikely to have biased our results because we adjusted for
the number of transfusions received throughout the observa-
tion period. Also, the mortality risk remained when we

restricted analysis to recipients without repeat transfusions
during follow-up, and it remained when we right-censored
both exposed and unéxposed in the same fashion (ie, upon
receipt of an HHV-8 antibody-positive transfusion during
follow-up).

Our adjusted analysis accounted for several confounders,
some of which remained significant in our model. However,
several observations support the hypothesis of an exposure-
related risk of death, First, the mortality risk was significant
only for transfusion with short-stored blood. This is consistent
with our earlier finding that most transfusion-associated
HHV-8 infections were likely due to short-stored HHV-8 an-
tibody—-positive blood [6] and a similar infection risk differen-
tial is known for other infectious agents (eg, cytomegalovirus)
[8, 9]. Further, the increased mortality risk for each additional
short-stored HHV-8 antibody-positive blood unit transfused
suggests a dose-response relationship between exposure and
subsequent death that was not observed for HHV-8 antibody-
negative units and remained after controlling for the total
number of transfusions. Lastly, the absence of an exposure-
related risk of death during the first 7 days following transfu-
sion indirectly supports our hypothesis because a causal asso-
ciation between transfusion of HHV-8 antibody-positive
blood and post-transfusion death would likely take time to
manifest itself and suggests that at the time of the baseline
transfusion recipients of HHV-8 antibody-positive blood were
not mote acutely ill than others.

The adjusted estimated attributable risk of death due to
transfusion with short-stored HHV-8 antibody-positive blood
implies that approximately 5 (95% CI, 1.0-8.0) of the 34
deaths among recipients of short-stored HHV-8-antibody-
positive blood or 4.2% of all 111 deaths may have been due to
transtusion of short-stored HHV-8 antibody-positive blood.
The association with mortality could be due to transfusion-
associated HHV-8 being rapidly and highly pathogenic in
some patients or to a different infectious agent or other hazard
associated with HHV-8 seropositivity. We previously estimated
the excess HHV-8 infection risk due to transfusion of short-
stored HHV-8-antibody-positive blood alone as 4.2% (95% CI,
.1-8.3) [6], or approximately 13 excess HHV-8 infections in
this cohort. Among exposed patients who completed >4 weeks
of follow-up before dying, there was no serological evidence of
HHV-8 infection. However, some individuals may have died
of acute illness before seroconversion would have been detect-
ed in the context of our sampling intervals. Acute disease has
been associated with HHV-8 infection in both immunocom-
petent [10, 11] and immunocompromised persons, including
well-documented severe disease in HIV-infected patients and
organ transplant recipients [12-15]. All of our study partici-
pants were sufficiently ill to require transfusion; their immune
status may have been further compromised by the immuno-
suppressive effects of transfused blood [16], especially if it
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contained allogeneic leukocytes (17, 18]. Thus, it is plausible
that HHV-8 itself directly contributed to the observed mortal-
ity. Additional research that considers cause of death, HHV-8
DNA in donors and recipients, or the effect of leukoreduction
or irradiation on the outcome of transfused short-stored
HHYV-8 antibody-positive blood in transfusion recipients may
clarify the association of HHV-8 with mortality among trans-
fusion recipients.

In conclusion, transfusion of short-stored HHV-8 anti-
body-positive blood was associated with increased risk of
death during the 2-28 weeks following transfusion. If this as-
sociation is confirmed, blood transfusion systems in HHV-8
endemic areas will face a dilemma. Donated blood is a scarce
resource in most countries, particularly in sub-Saharan Africa;
removal of HHV-8 antibody-positive blood would further ex-
acerbate existing shortages. The benefits of transfused blood
will need to be weighed against its known and potential
adverse effects.
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compared with donors without Ozmomm nua_23<ovm§< Gum\ﬁo [52%);
mean 7.1 {20 ml). tn the model PCR p y was
associated with pro-BNP level (p < 0.001), left ventricular m_oa..o: fraction
(p = 0.024), Troponin {p.< 0.001) m:n CKMB (p- = 0.043). Conclusion: 7.
cruzi PCR posttivity with p of pathy and with
 markers of severily of disease .:a_nm.__._u a direct role of parasite persistence
in disease pathogenesis.- These findings support guidelines for treatment of
chionically infected patients and potential utility of T. cruzi PCR for progno-
sis and therapeutic monitoring.
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ase B i atick-b primarily due

to Sm intra-erythrocytic protozoa, Babesia microt, results in a wid

ase s: Human Granulocyti is (HGA) is
a ._nx_uo:_m rickettsial infectious disease caused by gram-negative, obligate
intraceliular bacteria infecting neltrophils and transmitted to hurans by
species of the Ixodes fick. Ixodes scapidaris is endemic in the Northeast
and upper Midwest regions of tha US. Only four previous cases of transfu-
sion transmitted anaplasmosis (TTA) .have been described, all from the |
Midwest and only ane was proven to be from a leukoreduced red blood ce!l
{RBC). Study DesignMethods: A 64 year old male pafient was admitted
to hospital with a 3 day history of fatigue, dyspnea on exertion and melena
for several days. The Patient had a history of chronic obstructive _uc_Eo_..ma\
disease (COPD) and was on oral prednisone, There was a :_m.oé of recur-
fent gastritis with iron Snty anemia, His on issioh was
§ recelved five units of prestorage leukoreduced RBCs, subse-
ed and was discharged. Two days after discharge, he devel-
oped headache, fever and o:_:m and was readmitted. He was started on
i and IV e for tion of his COPD. The
patient’s symptoms did not improve and on day. 5 of his second admission,
the temperature Emw 101.4 F. and the WBC decreased to 2.3 x10°L. Poly-

of clinical lingss that rangss from to fatal. As
donors in endemic areas are difficult to identify, and fusi d

g morulae with HGA were
reported in the vaav_..o_.w_ smear. mman_mm from the recipient and .donor

babesiosis (TTB) has been Increasingly identified in certain regions particu-
larly the Northeastern U.S. We describe a 10-month experience at our
institution, during which 7-cases of suspected TTB were reported to the
transfusion service (TS). Study ummnn.ssm»ronm >= m:mvmﬁma cases of
TIB are Eno:mu to the TS by clini

TS phy the ility of TT8, and if mmo or aﬁ:c_nnSo
unlts were :w:m.:mma within three months prior to the

from all 5 leuk BBC units were rotrieved and tested for

h i R F All five donor segments

weare g_:ﬁon by polymerase nsw_: reaction (PCRY). One donor tested PCR
positiva for HGA, This unit had been stored for 12 days prior to transfusion.
The donor was a healthy 81 year old male from an Ixodes endemic area in
R with. ouldoor activities who reported no tick bites. Laboratory data are
shown in the Table. Conclusion: Leukoreduction does not interdict the

suspected units are reported 1o the blood supplier and New York mﬁo
Department of Health. The patient’s chart is reviewed for di

i of HGA. TTA requires consideration in recipients of red celt
with ined fever, of the focation of

comorbldities, -specific risk factors for babesiosis, and the clinlcal course,
Resuits/Findings: Seven cases of suspected TTB were reported from
8/2011 to 5/2012 {1 reported case for 2857 RBC units transfused). In the
prior 6 years, 8 cases had been reported, 3 of which occurred in 2010. Four
patients {57%) had thalassemia, 3 (43%) had hematological malignancies,
and {57%) were asplenic. The non-thalassemic patients were all older than
60 years of age. The parasitemia at n_no:om.m ranged from 0.3% to 7.9%.
Five of 7 experi of ysis. Two patients
required hospitalization and a S_a required =.m=m§ to the ICU for manage-
ment of babesiosis. Four were treated as with a prol

the ion since red cells are commonty exported from HGA endemic
1o HGA nonendemic areas.
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Pathogen inactivation technology applied to a blood
component collected from an asymptomatic carrier of
Leishmania infantum: a case report

T. Jimenez-Marco,™ R. Fisa, " C, Riera,? E. Girona-Llobera,' M. Sedefio,’ A. Saura2 L. Iniesta,? C. Guillen? & J. Muncunill?
‘Fundocié Banc de Song i Teixits de les liles Bolears, Balearic Islands, Mollorco, Spain
2 aborotori de Porasitologia, Focultat de Farmacia, Universitat de Barcelono, Borcelona, Spain

Vox Sanguinis

Asymptomatic Leishmania infections have been the main cause of transfusion
transimission in endemic areas. Polymerase chain reaction has been used to detect

L. infantum DNA in the peripheral blood of asymptomatic Leishmania carriers.
In our region, the prevalence of asymptomatic L. infantum infection in donors is
markedly high (5:9% of donors studied). We investigated the ability of pathogen
inactivation technology, using amotosalen and UVA illumination, to eliminate
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L. infantum in a blood component collected from an asymptomatic L. infantum
infected donor. This is the first report of the INTERCEPT system being used to
eliminate a parasite from a component collected from a donor.

Key words: donors, malaria and protozoal infections, pathogen inactivation.

Introduction

Visceral leishmaniasis caused by Leishmania infantum is
endemic in the Mediterranean basin. Most L. infantum
infections are asymptomatic and resclve spontaneously in
immunocempetent individuals, A minority progress to
classic visceral leish iasis [1]. Leish ja infection is
naturally transmitted through the bite of phlebotomine
sand flies, but transmission of Leéshmania by transfusion
has also been reported (2). The existence of asymptomatic
L. infantum carriers, associated with intermittent low-den-
sity circulation of the parasite {1,3), has been proposed as
the main cause of transmission by blood.

In the Balearic Islands, the prevalence of asymptomatic
L. infantum infection in blood donors is substantially high
(L. infantum DNA in blood was detected in 5-9% of blood
donors studied) [4], which is consistent with other findings
regarding asymptomatic carriers from the Mediterranean
region [1,5].

Although some research studies have investigated Leisk-
mania infection in blood donors {1,3-5], at present there
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de les llles Balears, C/Rossell6 i Cagador, 20 07004, Balearic Islands, Palma
de Mallorca, Spain
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are no Leishmania donor screening tests that are capable of
meeting Blood Bank criteria with respect to speed, stan-
dardization and automation.

As no suitable donor screening tests are currently avail-
able, several methods have been used to eliminate Zeish-
mania in blood products {6,7]. As an approach to reducing
the risk of transfusion transmission in our area, we investi-
gated the ability of a pathogen inactivation technology
using amotosalen HCl and ultraviolet-A (320-400 nm)
light [INTERCEPT Blood System for Platelets; Cerus, BV,
Amersfoot, the Netherlands} to eliminate . infantum in
apheresis platelet units obtained from an asymptomatic
infected blood donor.

Materials and methods

This study was conducted under a protocol approved by the
Balearic Island Ethic Committee after written informed
consent was obtained from the participating donor.
A 53-year-old- male donor, previously known to be
asymptomatically infected with L infanfum by detecting
L. infantum DNA in his peripheral blood, was enrolled in
this study. He gave a platelet apheresis donation using the
Amicus device (Fenwal, Lake Zurich, IL, USA). According
to the Spanish specifications for platelet products, the tar-
geted platelet content of each unit suitable for transfusion
had to be 23-0 x 10'!/component. Apheresis products were

Leishmania infantum inactivation 357

suspended in approximately 35% plasma and 65% platelet
additive solution (Intersel, Fenwal) and treated according
to the INTERCEPT manufacturer's instructions for use. Wes-
tern blot (WB) and real-time polymerase chain reaction
(RT-PCR) analyses were carried out on peripheral blood
samples on the day of the donation. RT-PCR was also car-
ried out on the platelet unit both before and after inactiva-
tion with the INTERCEPT.

Anti-Leishmania antibodies were tested by WB using a
whole L infantum antigen (MHOM/FR/78/LEM75) as
previously described [8). We considered a serum positive
when immunoreactivity against the' 14 and/or 16 kDa
L. infantum antigen fraction was observed,

The presence of LeishmaniaDNA was analysed by amplifi-
cation of kinetoplast DNA sequence by RT-PCR as previously
described {9). DNA was extracted in duplicate, and each
amplification was performed in triplicate using the ABI Prism
7700 system. In total, six DNA amplifications were per-
formed for each platelet unit. RT-PCR was considered posi-
tive for Leishmania spp. when the threshold cycle {tC) was
<45. The tC for a given sample is the first cycle of the PCR
reaction where fluorescence is detected above the baseline.
‘In vitro’ culture was performed as previously described [4].
All samples were cultured regardless of the RT-PCR results.

Results

The Leishmania-specific antibodies were revealed by WB in
the sera of this donor and showed the characteristic 16-kDa
band. Both WB and RT-PCR analyses on peripheral blood
samples were positive on the day of the donation. The
preinactivation platelet units were detected positive by
RT-PCR at 0-01 parasites/ml in five of six DNA amplifica-
tions performed. After inactivation, the platelet unit was
RT-PCRs negative. All ‘in vitro’ cultures were negative after
6-month follow-up.

Discussion

Asymptomatic carriers of L infantum are a major cause of
transfusion transmission in endemic areas [2]. There is a
reasonable possibility that blood products from infected
persons, if parasitemic at the time of biood donation, may
transmit leishmaniasis to the recipient. Several methods
based on pathogen inactivation technology have been used
to prevent transfusion-acquired leishmaniasis [6,7], includ-
ing the INTERCEPT Blood System {7]. Peripheral blood PCR
is a good, noninvasive alternative to traditional diagnosis
methods, such as microscopic examination and/or bone
marrow and spleen aspirate cultures, for detecting L. infan-
fum asymptomatic carriers [1,3,4]. PCR testing can be con-
sidered as a true direct method for detecting parasite
presence as DNA is rapidly degraded following parasite

© 2012 The Author(s)
Vox Sanguinis © 2012 International Society of Blood Transfusion
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death [10]. Culture methods, in reality, have a low sensitiv-
ity compared with the high sensitivity of PCR when these
methods are used for the detection of asymptomatic carriers
[3,4]. This may be due to the low level of circulating para-
sites in asymptomatic individuals, ranging from 0-001 par-
asites/ml to 1 parasite/ml [11}, which it is sufficient to
render a positive PCR but not a positive culture result [12].

Therefore, culture techniques do not seem to be the best
method to detect asymptomatic carriers due to the low level
of circulating parasites found in these individuals.

We studied a blood donor with detectable Leishmania
DNA in peripheral blood but who was otherwise a healthy
individual. WB and RT-PCR analyses performed on the
donor’s peripheral blood samples taken on the day of the
donation were positive. The preinactivation platelet unit
RT-PCR was .positive at 0-01 parasites/ml. However, the
‘in vitro’ culture results were negative. This result is not sur-
prising given the small size of the ‘inoculum’ {0-01 para~
sites/ml), which is far below the dose that is considered
necessary to produce cell growth (over 10* parasites/ml)
[12]. However, RT-PCRs were negative after platelet unit
inactivation, thereby guaranteeing the absence of viable
parasites since Zeishmania nucleic acids are rapidly
degraded following parasite death [10).

Until now, studies into pathogen inactivation technolo-
gies applied to the reduction in Leishmania risks have been
based on ‘in vitro' studies. Basically, Leishmania-infected
monocytes and/or promastigotes were deliberately added
at high doses to blood components collected from healthy,
noninfected donors. The presence of viable postinactivation
parasites in these studies was evaluated by culture methods
[6,7). In reality, it is more likely that the levels of parasites
in blood donations from asymptomatic individuals, and
which need to be inactivated, are much lower than those
used for ‘in vitro’ spiking studies. Essentially, if pathogen
inactivation technology is able to inactivate the high doses
used for ‘in vitro’ spiking studies, this gives more weight to
the indication that it will be able to inactivate the low deses
presented in asymptomatic blood donors. The application
of this technology should, therefore, provide a wide margin
of safety.

The INTERCEPT Blood System may represent an interest-
ing approach to prevent transfusion-transmitted leishmani-
asis. However, these findings need to be confirmed through
additional studies,
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The outbreak of leishmaniasis that has affected the southern municipalities (of Madrid) has not decreased in 2012,
with 150 cases reported.

According to the "Report on the Health Status of the Population of Madrid, 2012," the outbreak of leishmaniasis is
not over, as evidenced by the 150 cases detected last year [2012], including nearly 500 cases which have
emerged in the last 3 years. These cases have occurred in southern municipalities of the region, such as
Fuenlabrada, Leganes, Getafe or Humanes, near the green zones of Bosquesur.

Leishmaniasis is spread by the bite of an insect (a _Phlebotominae_ female sand fly that has previously bitten an
infected animal) and can lead to death if the visceral disease occurs and if it is left untreated.

The strong increase occurred from 2009, with 471 cases, compared to 15 or 25 that had been reported in previous
years. The cases have been found in municipalities in southern Madrid, such as Fuenlabrada with 322 cases,
Leganes with 37, Getafe with 20 affected, and Humanes, which had 5 patients. All of them were near the green
area of Bosquesur, which officials believe may be the focus of leishmaniasis.

This disease is transmitted by a sandfly that has previously bitten an infected animal. It is believed that hares and
rabbits, which proliferate in Bosquesur, can act as reservoirs or carriers of the parasite.

Leishmaniasis causes 2 types of disease: cutaneous, and visceral, which can affect organs such as the spleen and
liver and is fatal if not treated properly.

Last year [2012], the community declared Fuenlabrada an "Emergency Area," allowing the free hunting of rabbits
to try to control the extent of the problem. The Ministry of Health said that by the end of 2012, there were 3 cases
of visceral leishmaniasis, while in 2011, there had been 47, which was good progress. Still, the outbreak is not
considered to be over. So far this year [2013], there have been 3 new cases.

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

[Dogs are considered the main reservoir of Leishmania in Spain (M.G. et al. Current situation of _Leishmania
infantum_ infection in shelter dogs in northern Spain. Parasit. Vectors. 2012;5:60). It has been hypothesized that
rabbits, hares, and squirrels may also be hosts, but this remains to be demonstrated. - Mod.EP

A HealthMap/ProMED-mail map can be accessed at: http://healthmap.ora/r/1zJm.]
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BACKGROUND: Variant Greutzfeldt-Jakob disease
(vCJD) Is a rare, progre fatal
neurodegenerative disease. Ireland has the wmnosa
highest rate of vCJD in the world with an ongolng risk
of vCJD transmission through blood transfusion. Prion-
removing filters have been developed to reduce the risk
of <O..=u transmission. This study aimed to evaluate the
of imp| ing a policy of prion fil-
tration of red blood cefls (RBCs) in the Republic of
Ireland.
STUDY DESIGN AND METHODS: A cost-effectiveness
model was developed to simulate the likelihood of REC
reciplients developing clinical vCJD as a result of being
transfused with infected RBCs. Model variables were
collected from published Iiterature and expert opinion.
Costs were estimated based on the processing
changes required to implement prion filtration.
RESULTS: In the absence of prion filtration, it is esti-
mated that two Individuals will develop clinicat vGJD
arsing from RBC transfusions aver a 10-year time
horizon. The discounted fife-years lost will be 18.5
years. With prion filtration, there will be no deaths or

life-y lost. The d cost of | prion
m_...m:c: is €68.2 _._._____o: over 10 years with a corre-
ir t-effecti ratio of €3.7

million per life-year galned. in 25.3% of simulations
there were no deaths from vCJD Infection through
infected blood transiusieons, irrespective of prion
filtration,
CONCLUSION: Prion filtration Is considered not cost-
ffe by traditional Although

t-affective blood safety ies have been
implemented in the past, consideration should be given
to the most efficlent use of finite resources in transfu-
sion medicine.

ariant Creutzfeldt-Jakob disease (vCJD) is one
of a group of rare, progressive fatal noninflam-
matory nmﬁo&mmmumnmnim diseases known as
i halopathie
(TSEs).! CJD is the most ncE.BuDA.mm affecting E.EEE a
new variant form, termed vCJD, was first described in
1996. This variant form is characterized by having a differ-
ent neuropathologic profile, a younger age-of onset, dif-
ferent clinical findings, and the ‘absence of abnormal
electroencephalogram findings typical of other CJD

rm

" forms.? The origin of vCJD is linked to the consumption of

beef from cattle infected with a bovine form of the disease,
bovine spongiform encephalitis (BSE)® which was preva-
lent in the United Kingdom and elsewhere in the 1980s
and 1990s. Of the 224 cases of vCJD worldwide to date, 175
have occurred in the United Kingdom,* where the inci-
dence peaked in 2000, declining since. Ireland has the
second highest rate of vCJD in the world behind the
United Kingdom, with four cases reported to date in a
population of 4.5 million.¢

There is an ing risk of vCJD t ission from
transfusion of blood or blood products originating from
subclinical carriers of the disease. Measures have been
taken by transfusion services worldwide in accordance

ABBREVIATIONS: BSE = bovine spongiform encephalitis;
IBTS = Irish Blood T Service; ICER =1 cost-
mmnanﬁummm ratio; D>~.< quality-adjusted life-year; TSE(s) =

hal (-ies); VAT = value-
added tax; vCJD = variant nﬁ:ﬂmﬁn Jakob disease.
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Ireland. ’
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with best available evidence to minimize this risk. These
measures include donor deferral policies, importation of
plasma from countries with a low incidence of vCJD and
BSE, and universal leukoreduction of red blood cells
(RBCs). Worldwide there have been four documented
cases of vCJD infection arising from transfusion of RBCs,
resulting in three deaths from clinical vCJD.5 All of these
cases occurred in the United Kingdom before the intro-
duction of universal leukoreduction of RBCs. The high
incidence of vCJD in Ireland has raised concerns that
there may be a significant risk of secondary transmission
through infected blood products.

Prototype blood tests have been developed for detec-
tion of vCJD in symptomatic individuals, but as yet there
are no tests sufficiently sensitive to screen blood from
individuals who are asymptomatic carriers of the infec-
tious agent.™ Prion-removing filters have been developed
to further reduce the risk of vCJD transmission from trans-
fusion of RBCs by, it is claimed, substantially reducing any
residual prion protein present in donated blood.? The
use of such filters would 1 existing

and social care system in Ireland with only direct costs
to the Irish Blood Transfusion Service (IBTS) and
Health Service Executive included. The target population
included all individuals receiving a transfusion of RBCs.
It was assumed that no additional transfusion-related
adverse events would arise due to filter-related changes in
the composition of RBCs. Discounting is a technique that
allows comparison between costs and benefits that occur
at different times. It reflects a societal preference for ben-
efits to be realized in the present and costs to be experi-
enced in the future. Costs and benefits were discounted at
the rate of 4% as prescribed in Irish guidelines. A 10-year
time horizon was used for evaluating costs. Benefits were
determined as the life-years gained based on infections
prevented from blood transfusions in the 10-year horizon.
The benefits could therefore extend beyond the 10-year
horizon as long as the original transfusion took place
during the 10-year interval. No utility data associated with
VCID or CJD were available to develop a suitable quality-
adjusted life-year (QALY) measure, hence a cost-utility

lysis was not possible. Variable values were deter-

adopted to contain the risk of transmission. Although
prion-removing filters may alter the composition of RECs
that are passed through them, the resulting RBCs are con-
sidered safe for transfusion.®* The aim of this study was to
evaluate the cost-effectiveness of implementing a policy
of prion filtration of RECs in the Republic of Ireland.

MATERIALS AND METHODS

Literature review on efficacy and safety of

prion filters .

Published literature was obtained by searching MEDLINE,
CINAHL, the Cochrane Library, Database of Abstracts of
Reviews of Effects, NHS E ic Bvaluation Datat

and EBSCO Psychology and Behavioural Sciences Collec-
tion and Health Business on the PubMed and EBSCO
systems. Regular alerts were established on PubMed and
EBSCO and relevant information retrieved via alerts was
current to December 16, 2010. Given the limited data
available on the topic, a broad search was used to capture
as many potentially relevant results as possible. No date
restrictions or other filters were applied to limit the
retrieval to specific study designs or document types.

Economic model

A cost-utility analysis is the preferred type of economic
evaluation for ing health care inter ions in Ire-
land." As no published quality-of-life data were found for
vCID, or for TSEs generally, a cost-effectiveness analysis
was performed as an alternative in this study. Prion filtra-
tion of all RBCs was compared to a policy of no filtration.
The perspective was that of the publicly funded health
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mined using peer-reviewed literature, with gray literature
and éxpert opinion used in the absence of peer-reviewed
evidence. .

The model comprised two distinct components: the
transmission model and the costs model. The former
simulated the transfusion of infected units of RBCs into

ipi the latter esti: the costs iated with
prion filtration. The transmission model was adapted
from a model originally developed by the UK Department
of Health. The UK model was deterministic and estimated
cost-effectiveness for a number of best- and worst-case
scenarios. This was converted into a fully probabilistic
model that allowed the inherent uncertainty around vari-
able estimates to be incorporated.

The ission model simulated the likelihood of
RBC recipients developing vCJD as a result of being trans-

. fused with blood donated by individuals who were sub-

clinical carriers of vCJD. There are approximately 96,000
donors and 32,000 recipients of units of RBCs each year in
Ireland. The median age of recipients is 69 and on average
41% of recipients are alive 5 years after transfusion.) The
model relied on a number of key variables (see Table 1):
the prevalence of subclinical vCJD in the donor
population; the infectivity of blood sourced from an
infected donor; the susceptibility of the recipient to devel-
oping clinical vCJD; once infected, the incubation period
before developing clinical vCJD; and the efficacy of the
filter. The prevalence of subclinical vCJD in Ireland was
estimated using the results of the UK Hilton study.® To
account for the difference in observed clinical cases, the
prevalence was multiplied by the ratio of indigenous clini-
cal prevalence inIreland (2 in 4.5 million) to the UK (176 in
62 inillion). The infectivity of human blood has been
inferred from animat studies. All confirmed clinical cases

COST-EFFECTIVENESS OF PRION FILTRATION

TABLE 1, i model variable distributi and values

Variable - Median (85% CI) Distributi
National prevalence of preclinical vCJD* 153 (35-413)1 Beta (3, 12,671y« 0.1589
Susceptibility to developing clinical vCJD (%) 9.7 {5.0-16.6) Beta (10, 50)*
Donations per infected donor (units per annum} 1 (1-4} Sampled's
Percentage of collected units used (%) 89 (86-51) Beta (512, 83)* .
Infectivity of vCUD infected blood (ID/mL) ! 9.3 (0.9-35.6) Gamma (1.57, 0.135)"¢
Infectivity remaved by leutkoreduction (%) 50.0 {32.4-67.5) Beta (14.9, 14.9p17
Residual plasma (mL)

Top and top (TT} . 20.2 (13.7-26.7) Normal (20.2, 3.3)"

Top and bottom (TB) 9.3 (5.2-13.4) Normal (9.3, 2.1)'®
incubation (years) :

MM homozygous 7.6 (5.6-9.6) Normal (7.60, 1.02)"®

Non-MM homozygoust 21.3 {156.9-28.5) Log normal (3.08, 0.15)
F ion MM 39.2 (34.5-44.0) Beta (156, 242)
Probability of infectious doses after prion filtration 6.9 x10% (2.5%107-3.7 x 10°%) Beta (1, 9,999)

the United Kingdom.

} As thore are no observed cases of clinlcal vCJD in

* Afactor of 0.158 Is applied lo the prevalence 1o reflect the relative difference in observed indigenous clinical cases between Ireland and

TF has bean lied by natlonal of 45 million to give number of infected individuals nationally.
MM i it

Beta=c and B in parentheses; Gamma = shapa and rate in parentheses; normal and log nommal = mean and SD In parentheses,

this di Is based on expert opinion atone.

of vCJD to date have been methionine-homozygous (MM)
at Codon 129 of the prion protein expressing gene (PRNP).
However, it cannot be ruled out that clinical vCJD' could
occur in individuals with other pol phisms.Z A
Poisson dose-response model was used that entails a high
probability of infection even at minimal exposure levels.
Under this model, there is a 99% probability of transmis-
sion with exp to only five infections doses. Suscepti-
bility may also be linked to the age of the recipient, but
thereare insufficient data to support a parameterization.®
Values for susceptibility and incubation perod in non-
MM-homozygous individuals are unknown and were
based on published deling ises? It was
assumed that all individuals can be infected by exposure
to infected RBCs but that only those who are susceptible

may go on to develop clinical vCJD. To generate plausible
results, susceptibility and incubation length must be
negatively correlated. There is no biologic rationale fof a
negative correlation and this relationship may simply
reflect a shortcoming of the model rather than the char-

acteristics of vCJD transmission. Susceptibility was setata
lower range and a corresponding short incubation period

was used for this study. The same values for susceptibility
to clinical vCJD were applied to MM and non-MM-

homozygous individuals. The efficacy of the filter is

derived from a single study that determined that 1 in

10,000 infectious doses would not be retained by the fil-

ter.® The filters therefore appear to be very efficacious, but.
no subsequent studies are yet available to either confirm

or contradict those findings.

There are two methods for extracting RBCs from
whole blood: top and top and top and bottom. The
method used impacts on the amount of residual plasma in
the processed RBCs and therefore the model takes into
account the proportions processed by each method in the

IBTS. It is thought that vCJD infectivity in human blood is
distributed such that half is in the plasma and the remain-
ing 50% split between the white blood cells (WBCs)
and buffy coat; hence the amount of residual plasma
in RBCs affects the amount of residual infectivity.2
Leukoreduction is assumed to remove approximately 50%
of infectivity,

The wide distributions around variable valyes reflect
the uncertainty in the underlying scientific evidence (see
Table 1). There were no data to support the choice of incu-
bation period in non-MM-homozjgons individuals, so
expert opinion was used to select a plausible value. The
age-sex profile of recipients was sampled from national
hospital inpatient data and posttransfusion survival data
were based on a UK study.!2

Costs model

Two models of prion-removing filter were considered in
this assessment: the P-Capt filter (MacoPharnia Ltd,
Mouvaux, France) and the Leukotrap Affinity Plus com-
bined WBC and prion-removing filter system (PRE2BE;
Pall Medical, Portsmouth, UK). Unlike the PRE2BE, the
P-Capt has been independently validated and could be
adopted immediately. Such studies typically take 3 to
4years to complete and it is therefore assumed the
PRF2BE filter system could only be adopted after 4 to
5 years under the assumption that it will be shown to have
equivalent efficacy to the P-Capt filter.

Costs related to the introduction of prion filtration of
RBCs were ldentified (see Table 2). The costs inputs for the
cost-effectiveness model relate to the incremental cost of
prion filtration, Where appraopriate, cost savings related to
the reduced cc ption of existing r were
included. Costs considered in estimating the marginal

Volume 52, November 2012 TRANSFUSION 2287
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TABLE 2. Cost data included in the model
(2010 costs)*

ttem Cost (€}
P-Capt filter 55.00(48.20-63.80)
PRF2BE filter} 43,70 (36.71-50.69)
Processing cost per unit 248.71 (208.92-288.50)
{excluding prion tiltration)
Water 273 (2.29-3.17)
Macophiarma bag 9.87 {8.29-11.45)
Pall bag 8.75 (7.35-10.15)
Classic bag 6.95 (5.84-8.06)
FIX assay 6.20 (5.21-7.19)
‘Waste bin (per unit) 0.12 (0.10-0.14)
Incingration.(per unit) 0.26 {0.22-0.30)
Mean annual staffing costst 295,074.00
(247,862.16-342,285.84)

* Data are reportad as median (35% Ci).

1 Filter price estimated based on quoted price in stering for
purchase of 150,000 units.

4+ Comprises three medical Jaboratory aides and one senior
medical sclentist. Safary cost includes social insurance,
pension costs, and IBTS ovarheads.

With use of the PRF2BE filter, no leukoreduced plasma (for
issue as fresh-frozen plasma) would be generated. In
Ireland, approximately 500 units are generated locally per
annum with the remaining units required imported from
abroad. The cost of an additional processing step to
produce leukoreduced plasma was also included. A Factor
(F)IXassayis used as a process control measure to indicate
filter exposure. It is assumed that 1% of prion filtered units
will be selected for testing using F IX assays.

Two-year supply contracts are expected to apply to
the purchasing of prion g filters. For the cost-
effectiveness model, the cost of filters orily changes every
second year while all consumables vary from year to year.
Bvery 2 years, at the point of filter costs changing, it is
assumed that the IBTS will select from the two filter

models based on lowest price. Although the PRF2BE filter '

is less expensive, applying the price fluctuation of +20%
results in the P-Capt filter being less expensive in some

unit cost for the intervention included the cost of pro-
curement, processing, storage, and distribution of
PPN

The budget impact analysis was also determined for a
S-year time horizon using the same perspective as the
economic analysis. The data for the budget impact analy-
sis are the same as those used in the cost-effectiveness

prion-filtered RBCs. Consi with nati

lysis with the difference being that prices are inclusive

value-added tax (VAT) was not applied to costs.!! Filter
costs were supplied by the manufacturers. Prices for the
PRF2BE filter system were quoted in sterling and con-
verted to Euro using the exchange rate at the time of the
analysis (€1.14 to GBP£1.00, October 2010). Variation in
the exchange rate is assumed to follow a normal distribu-
tion (mean, 1; standard deviation [SD), 0.025) around the
previous years’ exchange rate. Prices for processing equip-
ment were supplied by the IBTS. Salaries were derived
from IBTS pay scales and subsequently adjusted for pay-
related costs. All costs were based on 2010 prices. All costs
were varied by *20% according to a beta distribution
(a=2,p=2).

The costs are based on the total number of units pro-
cessed rather than transfused, as not all processed units
are transfused, Some units are not used within the allow-
able time or else are brought to the operating room and
then not transfused, Approximately 148,000 units are pro-
cessed per annum with 137,000 used. Prion filtration has
been associated with a reduction in the hemoglobin (Hb)
content of filtered RBCs. The reduction in Hb content per
unit may have clinical cor for fusion-
dependent patients with a percentage of these patients
requiring additional units of RBCs annually. It was
assumed that this would equate to an increase of 0.5% in
the number of units required nationally per annum,

The P-Capt filter represents an additional processing
step after leukoreduction whereas the PRE2BE is an inte-
grated WBC and prion removal filter. The use of the P-Capt
filter would require an additional sterilé connector device
(wafer) and associated waste bin and incineration charges.
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of VAT, and no discounting is applied. All items are subject
to VAT at 21% apart from staff and the cost per unit of the
processed RBCs, which is classified as VAT exempt.

The model was developed and run in the open-source
statistics program RZ The model was run for 25,000
simulations. Discounting was applied to the results
from each year and the results were then aggregated to

generate a simulation-level result. The incremental cost-"

effectiveness ratio (ICER) was computed as the additional
cost of prion filtration divided by the additional benefits of
prion filtration, in this case calculated as life-years gained.
The median, 2.5th percentile, and 97.5th percentile were
computed for each outcome across all simulations, These
values represent the point estimate, lower and upper
bounds, respectively, for each outcome. A univariate sen-
sitivity analysis was used to determine the impact of
setting each individual variable in tum to the upper and
lower bounds, respectively, while varying all other vari-
ables as per the standard model. The results of the sensi-
tivity analysis are presented using a tornado plot, which
ranks the variables by their impact on the results,
Although the discount rate was not vatied in the main
model, it was varied between 0 and 6% in the univariate
sensitivity analysis. The same discount rate was applied to
costs and benefits,

RESULTS

Over 10 years an estimated 45 donors (95% confidence
interval [CI], 2-142) infected with subclinical vCJD will
donate a total of 70 units (95% CI, 3-224) of RBCs. In the

absence of prion filtration, the infected units of blood will
be transfused to six recipients {95% CI, 0-26) that are sus-
ceptible to clinical vC]D. Of those six, two (95% CI, 0-11)
will survive to 5 years posttr: and two individual:
(5% CI, 0-8) will develop clinical vCJD and die from this
disease (Table 3). In the absence of prion filtration, the
life-years lost will be 18.5 (85% CI, 0-102.5). With prion
filtration, there will be no deaths or life-years lost. The
discounted cost of universal prion filtration will be €68.2
million over 10 years. The corresponding ICER is €3.7
million (35% CI, €0.7 m-=) per life-year gained.

COST-EFFECTIVENESS OF PRION FILTRATION

In 25.3% of simulations there were no deaths from
vCJD infection thraugh infected blood transfusions, irre-
spective of prion filtration. Indeed, this is the single most
probable outcome. For simulations where there was at
least one predicted death, the introduction of prion filtra-
tion was predicted to prevent all deaths in 96.8% of cases.
The probability of different cutcomes is shown in Fig. 1.

The benefits in terms of life-years gained follows a
very skewed distribution (Fig. 2). The clustering of results
with a gain of 0 is pronounced with 25.6% of simulations
resulting In no life-years gained using prion filtration. Just
over 83% of simulations had an i 1 benefit of less
than 50 life-years gained. Given the shorter life expectancy
posttransfusion coupled ‘with the older age profile of
transfusion recipients, not all cases of prevented infec-
tions will result in life-years gained.

The median 5-year budget impact is €51.6 million. In
the first few years, when only the P-Capt filter is available,
the annual budget impact is approximately €11 million
but this reduces to under €9 million by Year 5 when the
PRE2BE filter Is available. When the budget impact of
prion filiration is distributed across the units transfused, it
an additional cost 0f €74 (95% CI, €66-€82) per

unit, in other words an additional 30%
on the price of a unit of RBCs.

TABLE 3. Outcomes with and without
prion filtration”
Without prion With prion
Qutcome filtration fittration
Deaths from clinical vCJO 2 (08) 0 (0-0)
Discounted life-years lost 18.5 (0-102.5) 0{0-0)
Discounted life-years gained 18.4 (0-101.3)
Discounted cost (€m) 68.2 (61.7-75.0)
ICER (€mALYG) 3.7 (0.7-)
Five-year budget impact (€m) 51.6 (46.4-57.5)
* Data are reported as median (95% Cl).
Deaths without prion fiftration
o 1 2 a 4 H [ 7

A univariate sensitivity analysis was
L] v " carried out to assess the influence of dif-

ferent variables on the ICER (Fig, 3). The
single most significant variable that

p on the calculated ICER is the
prevalence estimate of .subclinical

disease. The upper and lower bounds
for preval are equivalent 16 413 and

35 cases of subclinical disease nation-

ally. If the prevalence of subclinical
vCID nationally is 35 cases, for example,

then the ICER will be €13.4 million per
life-year gained. If, on the other hand,

[iN

the prevalence is 413 cases nationally,
then the ICER will be €2.4 million per

Deaths prevented by prion filtration
«
&
§

life-year gained. The susceptibility is the
next most influential variable with an

otz ICER of €7.8 million per life-year gained

when susceptibility is at its lowest value
ogr | non | and €2.8 million at jts highest value.

When the discount rate is at its lowest
°@ | value the mean ICER is €3.1 million per

Fig. 1. Balloont piot showing probability of different outcomes with and without

life-year gained.
The cost-effectiveness acceptability

priox filtration, Notes: 1) The value in a cell represents the probability of that par- curve for prion filtration is shown in

ticular For ple, thereisa

©0f0.005 that there willbe three  Fig, 4, The cost-effectiveness acceptabil-

deaths without prion filtration where two of the three would be prevented by filtra- ity curve shows the probability that
tion. Blank cells have zero probebility. 2) For clarity the balloon plot only extendsto  prion filtration is cost-effective over a
10 deaths—this excludes 0.8% (n = 184) of simulations with more than 10 deaths. range of willingness-to-pay thresholds.

Outcomes with a probability of less than 0,001 are not shown,

The probability of cost-effectiveness is
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Fig. 2. Plot of cost agalnst health benefit for 25,000 model simulations. Note: in 25.3% (n = 6334) of simulations there were no

deaths from vCJD infection through infected blood of prion fil

Irish population.

Nafional prevalence of pre-clinical vCJD
‘Susceptibility to developing cnical vCJD

Discount rate

LAPRF2BE filter cost

Incisbation period {non-Ma homozygous)
Euro:Steding exchangs rate

Incubation period (MM homozygous)
Pall bag cost

Classic bag cost

Percentage population MM homozygous

Infectivity of vCJD infected blood
Prababity of Infsctious dosss aker Biraian
Residual plasma (1) :

MacoPharma bag cost Sk

Water cost 1
P-Captfiter cost R ) 1
F X assay cost

Waste bin charges

infectivity removed by leukoreducion
Residual plasma (T8}

Units of RBCs {precessing cast)

Incineatlon charges |

0 1 2z 3 4 5 6 7 8 9 10 11 12 13 14
Incremental costs (Emillion / fife-year galned)

Fig. 3. Tornado plot of univariate sensitivity analysis. Note: base-case and upper and
lower values for each variable are derived from Tables 1 and 2. The upper and lower
bounds for the discount rate were 5.7 and 1.7%, ively. Exch: rate i
is approximately 5% per annum.
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Benefits are for the total transfused

zero below a willingness-to-pay thresh-
old of €228,000 per life-year gained. The
probability of cost-effectiveness is 0.09
at a - willingness-to-pay threshold of
€lmillion perlife-year gained. The prob-
ability of cost-effectiveness exceeds 0.5
at a willingness-to-pay threshold of €3.7
million per life-year gained.

DIsCussIOonN

In the absence of a policy to prion filter
RBCs, it was estimated in this study
that arising from transfusion of vCJ/D-
infected RBCs over the next 10 years in
Ireland there will be two (95% CI, 0-8)
deaths from vCJD. This would corre-
spond with 185 {95% CI, 0.0-102.5) life-
years lost. A policy of universal prion
filtration of RBCs is predicted to prevent
these two deaths. However, the single
most likely outcome is that there will be
no deaths arising from vCJD transmis-
sion through infected RBCs. Compared
to the base-case of no prion filtration,
the estimated ICER is €3.7 million (95%
CI, €0.7 m-€~} per life-year gained. The
5-year budget impact of prion filtration
would be€51.6 million (95% CI, €46.4 m-
€57.5 m), which corresponds to an addi-
tional €74 per unit of RBCs transfused.
The ICER of €3.7 million per
life-year gained is considered not cost-
effective by traditional measures of cost-

COST-EFFECTIVENESS OF PRION FILTRATION

per the Irish guidelines for the eco-
nomic evaluation of health care tech-
nologies, the same discount rate is
applied to both costs and benefits.'!
This practice is not without controversy,

Probabllity of balng cost effective

G T et ae oo Particularly when potential benefits do

not accrue for a long time (such as in

TreTorsssoessseseemasssess e ses ool vaceination programs and other pre-

ventative public health strategies).
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Fig. 4. Cost-effectiveness acceptability curve. Note: as prion filtration offers no
benefitin 25.6% (n.= 6397) of si the ility of cost-effe

Prion filtration is predicted to result in
10 184 (95% CI, 0-101.3) life-years gained
with discounting compared to 36.3 (95%

Cl, 0-228.2) life-years gained without

never & ing. Differential rates of 3.5

exceeds 0.744.

effectiveness. Although there is no explicit threshold in
reland, historically an upper limit of €45,000 per QALY has
been used, although this has been lowered in recent
years, notionally to €20,000 per QALY. Internationally, the
cost-effectiveness of blood safety strategies does not
compare favorably to that of other health technologies.
For example, the addition of nucleic acid testing (NAT) to
an existing strategy of viral serologic testing (including
human immunodeficiency virus (HIV], hepatitis B, and
hepatitis C) was found to be not cost-effective in pub-
lished European and US studies, with ICERs ranging from
€300,000 to €47 million per QALY.** Despite being not
cost-effective, NAT has been adopted by blood transfusion
services in most developed countries, including Ireland.!s
The introduction of NAT in Ireland must be viewed in
context. From the 1970s to the early 19905, some patients
with hemophilia and von Willebrand disease received
contaminated bloed products leading to HIV and hepati-
tis C infections. Contaminated anti-D was also adminis-
tered resulting in hepatitis C infections. This historical
context, coupled with favorable economic conditions at
the time, facilitated the introduction of NAT. With no
reported Irish cases of vCJD transmission through
infected RBCs and less favorable economic circum-
stances, the precedent of NAT is unlikely to influence a
decislon on prion filtration. A possible reason for the dif-
fering standards of cost-effectiveness of blood safety strat-
egies relates to their purpose—they are aimed at risk
reduction rather than improved effectiveness. It is pos-
sible that society has a greater preference for risk reduc-
tion than health gains.*® Blood transfusion in Ireland is
managed through a State agency so liability claims must
also be considered. The negative publicity generated by
failing to prevent cases of vCJD infection may also lead to
a loss of donors.

The effect of discounting is not inconsiderable in this
economic evaluation. Owing to the long incubation
period after infection with vCJD, benefits from prion fil-
tration (life-years saved) do not occur for many years. As

and 1.5% for costs and benefits, respec-

tively, have been used in the United
Kingdom. By applying these differential rates, the ICER
reduced to €2.3 million (95% CI, €0.5 m-€=) per life-
year gained. While this represents a substantial
reduction from the estimate of €3.7 million per life-
year gained, prion filration would still be con-
sidered not cost-effective by traditional standards for
cost-effectiveness. .

The quality of the model was assessed by evaluating
the plausibility of the results compared to similar studies,
The only study to estimate future cases of vCJD in Ireland
predicted that there would be one to two future clinical
cases—this is in line with the findings of this study Until
now, cases of vCJD have been driven by primary infection,_
through consumption of BSE-infected beef, Based on the
assumption of susceptibility, there is a large cohort who
may never develop vCJD, but who are carriers that could
infect others. It is therefore possible that a second wave of
vCID may occur in the future due to secondary transmis-
sionth hinfected bloodp Inastudy published

. in2010, the possibility ofa second wave of vCJD cases in the

United Kingdom was investigated, distinguishing between
primary and secondary transmission.? It was estimated
thatover the next 100years the number of vCJD deaths due
to secondary trar ion would be approxi ly 1.7
times the number of vCJD deaths observed to date. If that
ratio is applied to Ireland then there would be approxi-
mately seven cases in the next 100 years or less than one
case per decade through blood transfusion. This would be
within the confidence bounds estimated Dy this study.
The cost-effectiveness model is subject to a number
of limitations that may impact on the results or their inter-
pretation. There is substantial uncertainty around both
the suitable point estimates and the associated ranges of
probable values for many of the key model variables. By
using a fully probabilistic model, the uncertainty in the
variable values is reflected in the uncertainty in the esti-
mate of cost-effectiveness. The prevalence in the model is
assumed to be constant over the 10-year time horizon,
This represents a pessimistic view: the risk of primary
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transmission through the consumption of infected meat
products is believed to have been eliminated; accordingly
the number of subclinical donors in the population will
decline over time. The cost-effectiveness results reflect
the conservative approach adopted—that all genotypes
can develop the disease. To date, however, all deaths due
to confirmed clinical vCJD have been in MM homozy-
gotes. In assuming, as we have done, that non-MM-
homozygotes may develop clinical vCJD, we may be
overestimating the number of cases of vCJD arising
from blood transfusion. If only MM-h indi-
viduals are susceptibie to developing clinical dxsease, then
prion filtration would have a true ICER that is substan-
tially higher than €3.7 million per life-year gained. The
costs considered in this study were limited to the direct
costs to the publicly funded health care system. No costs
attached to treatment of individuals with symptomatic
vCJD were included. Costs to the individual {for example,
out-of-pocket expenditure related to treatment or trans-
port to appointrments) or to society (for example, lost pro-
ductivity in those diagnosed with vCJD} were not
considered.

The knowledge of vC]D and its transmission is limited
and constantly being updated with new information. While
the evidence is sometimes seemingly contradictory or at
odds with our understanding of the disease process, it pro-
vides an opportunity to refine variable values. The variable
values used in this study may be viewed as conservative and
reflective of a worst-case scenario. Emerging evidence sug-
gests that some variables, such as infectivity, may be lower
than previously thought and hence overstated in this
model* However, taking a public health perspective and
viewing prion filtration as ameans to preventa civil risk, it is
pragmatic to view the potential exposure in a pessimistic
rather than optimistic light. Given Ireland’s legacy regarding
hepatitis C and HIV infection, a conservative approath is
more appropriate. As knowledge improves, models can be
refined to hopefully produce more accurate and precise
estinates of the future course of vCJD.

In conclusion, in the absence of a reliable screening

test for donors with subclinical vCJD, it has been proposed
that prion filtration of RBCs would complement existing
risk reduction strategies and further reduce the risk of
transfusion-transmitted vCJD. The introduétion of prion
filtration for all transfusion recipients was found to be
not cost-effective by traditional standards of cost-
effectiveness. Although the results of this study may be
closer to a worst-case scenario as a resuit of conservative
modeling assumptions, they should not be viewed as
improbable. Prion filtration could have a true ICER that is
substantially higher than €3.7 million per life-year gained.
Although other blood safety interventions regarded as not
cost-effective have been implemented, the most effective
use of finite resources in transfusion medicine must be
taken into consideration.
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