AM2-2

A BIERME GEHAR

25681 2H
(FRL25FE2HB~FE2554 BZFEY)



. oYL LG
HHUBEOVHEZOME S LM ATH ‘G 2082 (GEMRL B4
AN Y £ 0 £) BTWRAPAEH YA b 4N TEREEN T TR TR
. M- WRT SR LY
"GO B QETIENH ¢ SHTHREANERTRE | YR ELLNTRYOL LY L LA 0N SUGTNHD h B TERORL Oy

WHORL o YROETS %

G @R Y C T ERERYAC b G O P UMIEEY "2 R GRB QB GRPRON Y A9 WELHQ DOUHALUR
BB N DWHIAE " LHIERN? 20 R —A L L LAO— B0 L LR PEF L OFEHEQY L L C0E W TS
—LOFFATHO X A LOY < L L “YNHE? BEIXORRREZ 44 RBLNITLTALLL YA LG LTWRICHRIZE
. . R TICHERAE B2 2SH
LM S L O EERNEEARONWITEEL S & 7 TAON AUBIEO QU2 " DEBE QS R2LWH X L4 LIEEOHEYY
QX LLTERBBISN Y CRLREARLZLNERIVNATH 0¥ L2 REMOTR—OPYATHY O~ LARHHER L E 4G
W CYCRLEENAU NGRS LE Y VLR T B O%LLE AR YL V& F TEOHERY "FEIHO%I8EE? R L6 RUILHT
U ETERHELEWYNIATHYT L S L (2 TEEUT 2 R6e ARtk fib "2
RUEAR £ £ "YNHZBBEBORSEOUI WY 217 ENEE YIRS RN 1 EHMIE A ONPS 4L IR BT QRS

SR O K

BERFGNOT | AU RIT)
 WRBETOT BB WU DY D ok CORBT BRI R MER AT YA S TSN TR ST ALy
| : ) Z <2 [1—-»T18D
vice | (EEe s I | w2

S VOOLT(I"1ddNS)9S:Z10ZABO[oNdoH|  IYk3EST (0 S Gk LACC&D
\NY

WEBIL L XL Y L8 —

NTRE - SU/T0/ET0T

' o] . Lo <
W T B T EHOHUETS B it H 28 ol - R

o 7 TR
-2



1100A

temic and neuroinflammation} was observed in saline-injected
BDL, compared to sham pigs. In BDL pigs, brain water was
increased with altered cerebral haemodynamics. in BDL pigs
PDGFR-b expression was significantly increased and highly
localised o surrounding small microvessels ot the level of cap-
illary beds, with no phosphorylated PDGFR-b detected in any
sham pig. Conclusion: The results suggest that in our porcine
model of cirrhosis, persisient pericyte activation within the cap-
illary bed of the brain, may influence cerebral haemadynamics
and play a pivotal role in the cirrhotic brain phenotype.
Whether this is @ compensatory mechanism to limit severe brain
vedema, or causal, along with any interaction with inflamma-
tion and hyperammenaemia is the focus of ongolng study.
Disclosures:

Rofiv Jolen - Consulting: Ocera Therapeulics, Conatus
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Myeloid cells require IL-6/gp130 signaling for protec-
tive anti-inflammatory functions during bacterial peri-
fonitis

Saro D, Sackett, leif E. Sander, Antje Mohs, Sonja Strouch,
Daniela C. Kroy, Konrad L, Streetz, Christian Trautwein; RWTH
University Hospital Aachen, Aachen, Germany

Background: Sepsis and sepsis related deaths represent o
major complication of patients suffering from liver cirrhosis, In
particularly, spontaneous bacterial peritoniiis (SBP} is a severe
bacteriol complication of liver cirrhosis and the mechanisms
involved in SBP are not completely understood. We recently
reported that gp130, the signaling receptor for -6 family
cytokines, is important for crosstalk between hepatocyles and
myeloid derived suppressor cells to control inflammation during
sepsis. Objective: We hypothesized that gp130 signaling plays
a role in the differeniiation of innate immune cells during bac-
terial peritonitis (BP) and is therefore involved in conirolling the
host inflammatory response during infections of the peritoneum.
Methods: to elucidate the role of gp130/IL6 signaling in
hematopoiefic cells we generated bone marrow specific gp130
knockout mice and their respective confrols by bone marrew
transplantation, Following re-engrafiment of the hematopoietic

system, caecal ligation and punciure, @ murine model of BP, .

was performed fo evaluate survival, organ damage, cytokine
production and regulation as well as immune cell response.
Results: Deficiency of gp130 in hematopoietic cells caused
increased liver apoptosis and kidney damage and rendered
mice more susceplible fo sepsisinduced meoriality due to unre-
strained inflammation. Gp130 deficient myeloid cells failed to
induce the expression of arginase-1 and IL10Q, important
immunosuppressive components, and instead express high lev-
els TNF-ot and I1-12 during peritonitis. Results from bone mar-
row derived macrophage [BMDM) experiments and gene
expression analysis of FACS sorted exudate cells further demon-
strate the defect in aclivation of anti-inflammatory program.
ming, Furthermore, we show that the L4 recepior, «
downsiream target of IL10, is reduced in BMDM, Additional in
vivo and in vitro experiments show that this gene expression
defect can be rescued by the exogenous addition of IL10 and
significantly improves survival. Conclusions: Here we demen-
strate a unique function of gp130 in promoting an anti-inflam-
matory phenotype and as a critical element for immune
homeostasis in myeloid derived cells during BP. These results
demonstrate that gp130 signals-are required for efficient M2
skewing in vitro and in vivo. These data highlight the impor-
tance of gp130 regulation in the innate immune response dur-

AASLD ABSTRACTS

HEPATOLOGY, October, 2012

ing bacterial peritonitis and in macrophage activation and may
provide a novel therapeutic approach for freatment of SBP.
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First description of human infection due to a rabbit hep-
atilis E virus strain

Deborah Delaune!, Nicole Pavis?, Fric Marchadier!, Clivier Cha-
zouilléres®, Anne-Marie Roque-Afonso'4; 'AP-HE Hopital Paul
Brousse, National Reference Centre for HAY and HEY, Villejuif,
France; 2ANSES, Maison-Alfort, France; 3AP-HP, Hopital Saint
Anloine, Hepatology, Paris, France; 4Inserm, Unité 785, Villsjuif,
france

A 47-years-old liverdransplant patient developed an acute hep-
atitis in June 2011, Acute hepatitis E virus (HEV} infection was
diagnosed on the basis of positive anti-HEV IgM and detectable
HEY RNA, Partial sequencing revealed a high homalogy with
strains isolated from Chinese rabbits. To date, no human infee-
fions due to rabbit strains have been described. Full-length
sequence was obtained and experimental infection of 2 piglets
and 2 rabbits was performed by intravenous adminisiration of -
patient’s sera. A third animal of each species was used as o
negative control. Infection was monitored by serology and real-
time HEY RNA testing up to day 32 for pigs and day 39 for
rabbits. The full length sequence presented a mean of 81 %
homology with rabbit strains and @ mean of 77 % homology
with human and enimal genotype 3 strains. Piglets remained
uninfected os assessed by undetectable HEV RINA and negafive
serology. Inoculated rabbits presented a transitory secretion of
anti-HEV anlibodies between day 7 and 14 post infection, but
HEV RNA remained undetectable in all samples. Sequence
homolegy and transitory defection of antibodies in rabbits are
arguments for ifs rabbit's arigin, Absence of pig infection further
confirms atypical characteristics since these animals are readily
infected by human genotypes 3 and 4 strains. The patient did
not travel abroad. He works as a chef in a resiaurant and is in
contact with several dead animals, including rabbits. No data
are available on HEV infection of French rabhbits, However, it is
noteworthy that China is the first supplier of fresh and frozen
rabbits used in caiering in France. Rabbit to human transmis-
sion is certainly a rare event since no similar strains have been
reported in humans. Virus fransmission may have been
favoured by immunosuppression.
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that In the env region, regardiess of the results of WB (Table), Conheluslon:
It Is speculated that the amino acld substitutions Including the start-codan,
stop-codon, and deletion mulations in the env reglon are assoclated with
the indeterminate or negative WB results of HTLV-1-Infected individuals.
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Satake: Nothing to disclose; N. Shinohara: Nothing to disclose; R. Sobata:
Nothing to disclose; K. Tadokero: Nothing to disclose; R. Taira: Nothing to
disclose; S. Uchida; Nothing to disclosa
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Freéuenclas of Amino Acld Substitutions

Chserved Number of
Ti
. Nu::Ia:Ier Amino Ackd
Results of of Blood __ Substituttons
Donors env gag
indeterminate 45 72 2
Negative 4 B 1
Pasilive 37 25 11

Establishment of Culture System for Hepatitis E Virus (HEV)
Genotypes 3 and 4 Originating from Human Bloed, and Application
of this System to the Assessment of HEV Infectlous Titer

T Owada' (t-owada@jre.onfp), M Kaneko?, G Matsumoto®, K Mig?,

§ Uchida', M Satake', K Tadokoro'. "Central Biood instiluts, Japanese
Red Cross Soclely, Tokyo, Japan; *Biomedicinal Information Research
Canter, Natlonal Instilute of Advanced Industrial Science and Techniology,
Tokyo, Japan

Background/Case Studies: The hepatilis E virus {HEV) has been consid-
ered to be orally transmitted particularly in developing countriss and regions.
However, recently, HEV has been found to be spreading worldwide includ-
ing In Industriglized rations and has also been demanstrated to be transmit-
tad by blood transfuslon, Thus, the possibliity of HEV Infection via transiusion
is a major concern globally. The objectives of this study are to establish a
culiture system for HEV and an In vitro system for the evaluatlon of the
efficacy of pathogen reduction technology. HEV Is classified into four geno-
types, among which genciype 3 (G3) is one of the most commeon worldwide,
and G4 is mainly spreading in Asia, Including Japan, and occasionally
causes severe hepatitis. Moreover, it has recently been reported that the
viris obtained from blood has a dliferent compositien of the envelopedike
structure from that obtained from feces. Hence, it Is reasonable to use G3
and G4 from HEV-RNA-posliive blood spacimens commonly isolated in
Japan when we try to develop a culture system, and to expand this system
{o a methodology for evaluating HEV infectious titer refarred fo as tissus
culture infectious dose (TCID). Study Design/Methods: Fourteen speci-

" mens containing HEV of the G3 or G4 were used, which wera elther positive

or negative for HEV-spacific IgM and IgG. Tha call lines of human hepatoma
cells (PLC/PRF/S) and human lung adenocarcinoma cells (A549) wern
inoculated with viral specimens for 2 h at 37°C, The cells infected with HEV
were incubated in a maintenance medium containing 30 mM Mg®** and 2%
FCS. The medium was collected and replaced with a fresh one every week.
HEV BNA coples ware determined by real-ime RT-PCR analysis. The
establishment of HEV infectivity was confirmad by the detection of viral
progenies in recovered media after 3 weeks of incubation. Results/
Findings: Viral progenias were delected in recovered media when the
" JRC-HER strain (G8) from blood specimens containing specific IoM or the
UA1 strain {(Gi4) containing IgM and 1§G was used. No cytepathic efiect was

observed [n any specimens, Ws found 1 TCID of the highly infectious sirakn

JRC-HES corresponds to approximately 10%5 RNA copies. Clear spherical
particles that wers likely 1o be HEV were found In the culture supamatant
of infected cell lines by eléctron microscopy. Amino acid substitution in
JRC-HES scarcely occurred after several viral passages and long-term
cultivation. Using this titration system, we found a log reduction greater than
2 for HEV infectivity when the Mirase! Pathogen Reduction System (Terumo

BCT) was used. Conclusion: We established an HEV culture system using -

G3 and G4 from HEV-RNA-posfiive blood specimens and an in vitro systern
far the titration of HEV infectivily, These systems could be useful for assess-
ing the performancs of a viral inactivation technology.

SCIENTIFIC SECTION

JRC2012T-044

TRANSFUSION -
2012-Vol. 52 Supplémant

Disclosure of Commercial Conflict of Interest

M. Kaneko: Nothing lo distlose; C. Matsumoto: Nothing to disclose; K. Mio:
Nothing to disclose; T. Owada: Nothing fo disclose; M. Satake: Nothing to
disclose; K. Tadokoro: Mothing lo disclose; 8. Uchida: Nothing to disclose

bisclosure of Grants Conflict of Interest

M. Kaneko: Nothing to disclose; C, Matsumoto: Nothing ta disclose; K. Mio:
Nothing 1o disclose; T, Owada: Nothing o disclose; M. Satake: Nothing to
disclose; K. Tadokero: Nothing to disclose; 5. Uchida: Mothing to disclose

SP457 .

Flow Cytometry Shows Biochemical Varlations and Structural
Changes in RBC Upon Binding of West Nile and Dengue Viruses
C Chancey' (caren.chancey@/da.hhs.gov), A Teixelra-Carvalho'?,

G Afiez!, L M Esplna', M Rios'. 'DETTD, FDA-CBER, Bethesda, MD,
United States; *CPqRR, FIOCRUZ, Belo Horizonte, Brazil

Background/Case Studies: West Nile (WNV) and Dengue virus (DENV) .
are enveloped positive-strand RNA viruses from the genus Flavivirus, family
Flaviviridae. WNV and DENV are primarily transmitied to hosts by mosquito
bites, but transmission can alsa oceur from human-16-human by blood trans-
fuslon. In specimens from WNV- or DENV-positive blood doners, infectious
virus bound 1o red blood cells (RBG) has been detected at levels equivalent
to those found in plasma (for DENV) or up to one log higher than in plasma
(WNV). We hypothesize that flavivirus-RBC adherence has a role In viral
dissemination and pathogenesls, and the understanding of this adherence
is Important for development of improved diagnostics and therapeutics. In
this study, we used flow cytometry to investigate the nature of WNV and
DENV binding to RBC. Study Dasign/Methods: DENV-2 (New Guinea C
strain} and WNV/DENV4-B30 chimera (altenuated virus contalning struc-
tural protelns of WMV and non-structural proteins of DENV4-B30 vaccine
canstruct} were grown in Vero cells, purifled from culture supematants, and
labeled with a fluorescent probe. RBGC were separated from whols blood
callected in either ACD or EDTA, washed, and resuspended in 0.9% saline,
Labeled virus was allowed to bind to RBC for 1 hdur, RBC were washed,
and data was coliected using a digital flow cytometer. Results/Findings:
Both DENV and WNV/DENV4-B30 bound to RBC under varying buffer and
anti-coagulant conditions. DENV showed greater binding when EDTA was
used s the anti-coagulant, and WNV/DENV4-B30 showed greater binding
when ACD was used as the anil-coagulant and when Ca+tMg+t were
absent from the binding buffer. Approximately four imes as much DENV
was requlred fo bind RBCs to yleld the same mean fluorescence Intensity
(MF1) as observed when WNV/DENV4-D30 binds. Both viruses caused
damage to RBC at virus: RBG ratios greater than 10:1, and WNV caused
lysls of RBCs at 25:1, Conclusion: Fiow cytometry Is useful for investigat-
Ing the frequancy and intensity of WNV and DENV binding to RBC, and tha
consequent morphological alterations, The optimal conditions for WNV and
DENV binding to washed RBC are slightly different, suggesting that thera
may be biochemical differences between the viruses and potentlal RBG
ligands. The difference between DENV and WNV In amount of input virus
required to reach the same MFI suggests that WNV binds RBC more effi-
clently than does DENV, which is consistant with previous studies on DENV
and WNV distribution in blood donor samples. Although the amounts of virus
used are higher than these that would be encountered in clinleal samples,
the damage to RBC caused by WNV and DENV is notable and future studies
Into the mechanism of membrane disruption are needed.
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Influenza A Virus (H5N1} Can Be Transmitted Through Blood
Transfusion In Ferrets

X Wang'® (xue.wang@fda.hhs.gov), J Tan'?, P Zhang?, J Zhao'3,

| Hewleit'?, "CBEER/DETTD, FDA, Bathesda, MD, United States; ?FDA,
Bethesda, MD, United States

Background/Case Studies: Some highly pathogenic strains of tnfluenza A
vitus can Infect rultiple organs other than the respiratory system. It has
been reported that virus can be detected In blood durlng infection with both
avian H5N1 viruses and pandemle HiN1 {swine) viruses, and 1s associated
with severe case. It Is unknown that virus infectivity in blood, Study Design/
Methods: Using the susceptible ferret animal model, we studled the infectiv-
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Parvovirus transmission by blood products — a cause for

concern?

Piivi Norja,! Riitta Lassila® and Mike Makris™*

!Department of Virology, Haartman Institute, Helsinki University, *Coagulation disorders Unit, Division of Haematology,
Department of Interngl Medicing, Hlelsinki University Central Hospital, Helsinki, Finland, *Department of Cardiovascular Selence,
University of Sheffield, and *Sheffield Haemophilia and Thrombosis Centre, Royal Hallamshire Hospital, Sheffield, UK

Summary

The introduction of dual viral inactivation of lotting factor’

concentrates has practically eliminated infections by viruses
associated with significant pathogenicity over the last
20 years. Despite this, theoretical concerns about transmis-
-sion of infection have remained, as it is known that currently
available viral inactivation methods are unable to eliminate
parvovirus B19 or prions from these products. Recently,
concernn has been raised following the identification of the

new parvoviruses, human parvovirus 4 (PARV4) and new |

genotypes of parvovirus B19, in blood products, Parvoviruses
do not cause chronic pathogenicity similar to human immu-
nodeficiency virus or hepatitis C virus, but nevertheless may
cause clinical manifestations, especially in immunosuppressed
patients. Manufacturers should institute measures, such as
minipoo] polymerase chain reaction testing, to ensure that
their products contain no known viruses. So far, human
bocavirus, another new genus of parvovirus, has mot been
detected in fractionated blood products, and unless their
presence can be demonstrated, routine testing during mann-
facture is not essential. Continued surveillance of the patients
and of the safety of blood products remains an important
ongoing issue.

Keywaords: haemophilia, coagulation, parvovirus, parvovirus 4,
clotting factor concentrate.

Patients with inherited bleedings disorders, such as severe
haemophilia A, B, von Willebrand disease (VWD), as well as
other rare bleeding disorders suffer recurrent spontancous
and traumatic bleeds and are treated with intravenous infii-
sions of the missing clotting factor, so-called replacement
therapy,

The treatment of bleeding disorders has developed enor-
mously from the use of fresh frozen plasma in the 1940s,

Correspondence: Dr Mike Makris, Department of Cardipvascular
Science, University of Sheffield, Royal Hallamshire Hospital, Sheffield
S10 2JF, UK. E-mail: m.makris@sheffield ac.uk

© 2012 Blackwell Publishing Ltd
British Journal of Haematology, 2012, 158, 385-393
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cryoprecipitate in the 1960s, and clotting factor concentrates
since the early 1970s. Owver the last 20 years recambinant
technology, aimed =zt avoidance of all animal- or human-
derived proteins during the manufacture or final formulation
of the coagulation facior concentrates, has been developed.
Until receatly, the major drive in concentrate development
has beex the reduction in infective risk. Today, the develop-
ment of allo-antibodies to factor VII (FVII) (inhibitors)
bes taken over as the main problem in haemophilia
management.

Plasrﬁa-derivcd clotting factor concentrates are prepared
by factionation of up to 30 000 pooled plasma units, Until
viral inactivation was introduced in 1985, viral infections
present in the donors could casily be transmitted to the reci-
pient. The result was that virtvally all recipients of concen-
trates prior to 1985 were infected with hepatitls C viras
(HCV) and many were also infected with human immunode-
ficiency virus (HIV) and hepatitis B virns (HBY) (Maksis
et al, 1996). The viral climination processes are based on
destruction of the viruses with éry or wet heat treatment
{sometimes under pressure), chemical treatment with combi-
nation of solvent and detergent (5/D), and nanofiltration
{Manmucci & Tuddenbam, 2001).

Virl eliminztion processes proved to be highly successful
in virtually abolishing the zisk of infeetion with HBV, HCV
and HIV. However, in 1992, a number of outbreals of hepa-
titis A transmission by concentrates were reported (Richard-
son & Bvatt, 2000). This occutred due to the fact that
hepatitis A, which does not have a lipid envelope, was resis-
tant to the viral elimination by the 8/D method used during
manufacture. Subsequently, new regulations require that all
plasma-derived clotting factor concentrates undergo two
different viral elimiration procedures before release.

Despite the success of the currently used viral elimination .
techniques, two infectious agent problems have remained,
parvovirus B19 (B19) and prion transmission. As B19 is rela-
tively resistant to all the currently available elimination meth-
ods, menufacturers introduced screening of mini-pools by
the polymerase chain reaction (PCR). Positive minipools are
not used in fractionation of blood products, but despite this,
recent evidence suggests that the risk of B19 tansmission is
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" real (Soucie e al, 2011}, Variant Creutzfeld Jacob Disease
(vCJD), 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 clotting factor concentrates has been demorstrated
(Peden eral, 2010). Prions are highly resistant to all
currently used eliminetion 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 feld inctude human par-
vovirus 4 (PARV4), which has been linked with intravenous
drug administration, both for therapeutic use, such as for
bleeding disorders, and recreational abuse. In recognition of
the difficulty of eliminating infective agents from clotting
factor concentrates, some countdes (e.g., UK, Canada and

- Ireland) decided to use exclusively recombinant clatting fac-
tors, when these became available, This can be envisioned as
protectionism in the countriés whese this kind of national
transitions have not been undertaken, The current plasma-
derived products have groven safe, at least so far,

Qur objective here is to illustrate that, in association with
intravenous repetitive coagulation factor replacemient thera-
pies - despite the current precautions — the risk of viral
transmittance cannot be completely excluded. The surveil-
lance of both old and new patients and concentrates remains
our continued task. )

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

Parvovirus taxonomy and basic features

The name parvavirus originates from the Latin word parvum,
which means simall; 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 causing
systemic infections, The family Parvoviridee is divided
into two sub-famnilies: Parvovirinze and Densovirinae (http://
ictvonline.ozgfvirusTaxonomy.aspiversion=2009). Viruses
from the scb-family Parvovirinae infect vertebrate cells and
are divided further into five genera (Table I): Parvovirus,
Dependovirus, Erythrovirus, Bocavirus, and Amdovirus. OF
these, Erythrovirus, Dependavirus and Bocavirus genera contain
viruses infecting humans. In additfon, a sixth genus, Partetra-
¥irus, containing human PARV4 and humen PARV4-like
viruses, has been proposed. The sub-family of Densovirinae
contains viruses of invertebrates,

386

Table 1. The taxonomy of parvoviruses,

Subfamily Genus Example virus, abbreviation

Parvovirinae  Parvovirus Minute virus of Mice, MVM
Canine parvovirus, CPV
D % dovi; us Adena Ivirus AAV
Goose pareovirus
Erythrovirus Hurttan parvovirus, B19
Simian parvovirus, SPV
Bocavirus Bovine parvovirus, BPY
Human bocaviruses 1-4, HBoV1-4
Amdovirus Alettian mink disease virus, AMVD
Partetravirus Humzan partetrasvirus, PARVA
{proposed} Poreine hokovirus, PHoV/PPV3
Densovirinae  Densovirus Junonia coenia densovirus
Brevidensovirus  Aedes aegypti densovirus
Tteravirus Bombyx mori densavirus
Pefudemsovirus  Periplanta fuliginosa densovirus
#Promotar g

Fig 1. Genome structure and protein encoding reading frames of
B14.

The structure of parvoviruses 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 virel replication (Fig 1). The Jength of the DNA gen-
ome is approximately 5-6 kb. In the parvovirus infection
cycle, the virus attaches to its receptor, e, globoside (P-anti-
gen) in case of human B19, on the surface of host cells (Brown
et al, 1993) and is transported into the celf by endocytosis,
Inside the host cell, the virion is transported to the nudeus
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-phase of dividing cells. In the case of dependoviruses,
co-infection with another virus is needed for efficient DNA
replication (Atchison et al, 1965).

General aspects and epidemiclogy of human
and porcne parvoviruses

Parvovirus B19

Human parvevirus B19 (B19) is the type species of the
Erythrovirus and representative member of parvoviruses.
B19 was discovered when a seram 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
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plasma-derived medical products and from mother to fetus,
B19 infections are prevalent worldwide, and seroprevalence
studies based oz B19 IgG have shown that in Europe
60-80% of adults have been infected with this virus during
their lifeime (Mossong ef al, 2008). In Asia the BIO
seroprevalence in blood donors was found to be 25-40%
(Kishote et af, 2010, Ke ef al, 2011).

B12 DNA prevalence in blood donors has been reported
by a number of studies. The zates of positivity wece 0-88% in
the USA (Kleinman et af, 2007), 0-2% in the Netherlands
(Koppelman et al, 2011) and 0-55-1.3% in the UK and
Africa {Candott et af, 2004).

B19 is erythrotropic and replicates in erythroid progeni-
tor ¢ells in human bone marrow. After short virzemia the
virus is eliminated from the blood cireulation by neutealiz-
ing antibodies produced by the host. However, B19 geno-
mic DNA remains detectable in solid tissues of seropositive
individuals. Initially, B19 DNA was detected in the synovi-
um of patients with rheumatoid arthritis but, in 1997, the
viral DNA was also detected in 48% of synovia collected
from healthy controls (Saal eral, 1992 Soderlund et af,
1997). Later, B19 was shown to persist with full-length cod-
ing capacity in several tissue types of both symptomatic
and asymptomatic persoms, most probably for a lifetirie
(Soderlund-Venermo et al, 2002; Noga et al, 2006; Manning
et al, 2007).

B19 strains have been divided into three divergent geno-
types according to their genomic sequence. Genotype 1 is the
prototypic virus and is nowadays globally the most predomi-
nant circulating virus (Hubschen et al, 2008). The genotype
2 virus was first identified in human skin and in the serum
of an Italian HIV.-positive patient with chronic anaemia
(Holcynar et al, 2002; Nguyen ef 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 19705 (Blumel et al, 2005; Notja et al,
2006; Manning et al, 2007; Grabarczyk et al, 2011, Koppel-
man et al, 2011}, The genotype 3 virus was found in France
in the serum and bone mamrow of a child with transient
aplastic anaemia (Nguyen et al, 1999). Following its discov-
ery, genotype 3 has been reported to be endemic in Ghama
and Brazil (Candotti ef al, 2004; Sapabani et al, 2006; Freitas
et al, 2008; Keller ef of, 2009). Since identification of the
genotypes 2 and 3, many commeércial 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 e al, 2004; Baylis, 2008).

Bocavirus

Human bocavirus 1 (HBaV1) was fizst identified in 2005 by
random molecular sereening 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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relatives are the bovine parvovirus (BPV) and the minute
virus of canines (MVC). The receptars and target cells of
HEoV! are unknown and, to date, HBoV1 has been cultured
only in pseudo-stratified human airway epithelivm cell cil-
ture system (Dijkenan et al, 2009). Usiug similar methods of
random amplification, three additional human bocaviruses
were identified in faccal 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 ef al, 2009; Kapoor et al, 2009, 2010; Chow et al,
2010; Kantola et al, 2010).

The seroprevalence of HBoV1 has been reported to be
more than 90% in advlts. 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 serclogical assays. Notja et of (2012) detected an HBoV1
sezaprevalence of $4-9%, but after removing cross-teacting
antjbodies the zate was 6§-4%. Similar results were obtained
by Kantola e ol {2011), who observed that adult HBoV1
seroprevalence decreased, from 96 to 59%, after removing
the eross-reacting antibadies. The Kantola study reported
HBoV2-4 seroprevalences among adults of 34% for HBoV2,
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

PARVY was identified in 2005 in a HBV-positive intravenous
drag abuser with various viral infection-related symptoms by
similar metheds to the HBoVs (Jones et al, 2005). During
the fuflowing year, a related virus variant (PARVS) was iden-
tified in plasma pools used in the menufacture of plasma-
derived medicinal products (Fryer et af, 2006). Subsequently,
the name PARVS was changed to PARVY genotype 2 (Fryer
et al, 2007a). In 2008, a third genotype of PARV4 was identi-
fied in HlV-infected African patients (Simmonds ef af,
2008}, DNAs for PARV4 genotype-1 and -2 have been found
in bone marrow, tymphoid 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 et al,
2007; Schneider er al, 2008a). In addition, several studies
described PARV4 DNA in donor blood samples and coagula-
tion factor concentrates (Fryer et al, 2006, 20072,b; Lurcharc-
haiwong ef al, 2008; Schneider ef ai, 2008b), Initiafly the
parenteral transmission route was proposed for PARVA4, but
the genotype 3 of PARV4 has also been found in subjects
without a risk of parenteral exposure (Simmonds et al, 2008;
Panning et o, 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). PPV belongs to the genus Parvovirus.
PPV1 is transmitted oronasally among seronegative dams
{female parents) and the virus is then further transmitted
through the placenta to fetus, causing reproductive failure.
Duzing the last decade, several new parvoviruses have been
identified in pigs, inclading porcine hokovirus (PHoV!
PPV3), which is related to PARV4 (Csagola et al, 2012).

Human diseases caused by parvoviruses

Until the discovery of HBoVs and PARV4, human B19 was
considered to be the only pathogenic parvovirus to humans.
The edenc-associate vinwes of Dependovirus genus are
non-pathogenic and are studied as vectors for gene-therapy,
Although B19 is associated with various clinical manifesta-
tions, subclinical infection is a common finding among both
children and adults, In healthy, immunccompetent subjects,
B19 infection is usually mild and transient, requiring no
treatment. !

The most common B19 manifestation among children is a
rash causing the disease Erythema infectiosun (EI), fifth dis-
ease or ‘slapped chesk’, and arthritis among adults (Ander-
son et al, 1984}, In B, 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 diarthoea.
Among adults, arthritis can be the only manifestation of B19
infection, affecting 45-80% of infected subjects (Andersen
-~ et al, 1985; Reid et al, 1985; White ef al, 1985). Joint symp-
toms are symmetrical and affect fingers, wrists, ankles, and
knees. Arthritis is wsually transient but in some cases it may
be prolonged and fulfill the criteria of rheumatoid arthritis
(Naides et al, 1990).

Women without Bl19-specific antibodies are at risk of
primary Bl9 infection and trans-placental transmission.
During maternal infection, the risk of vertical transmission is
approximately 30% (Brown, 2010). Intrauterine 519 infection
has been associated with fetal anaemia, hydrops, miscarsiage,
and fetal death, (Enders & 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 leukremia or lymphoma (Kurtzman et 2, 1988, 1989)
or in the HIV/HCV-infected, the B19 infection may become
persistent causing chronic anaernia. '

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, primary infections of HBoV1 are significantly associated

with respiratory illnesses, including wheezing, paeumonia,

and otitis media (Soderlund-Venermo et al, 2009; Don et al,
2010; Meriluoto et al, 20£2). HBoV1 has also been detected
in faeces from children with symptoms of gastroenteritis,
However, the significance of HBoV1 as an enteric virus is
questionable, because in many subjects another enteric virus
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was detected simultanecusly with HBoV1, and there is a
lack of evidence of teplication of HBoV1 in the enteric
tract (Albuquerque et al, 2007; Yu et al, 2008, Szomor et al,
2009). HBoV2 instead may cause gastroentesitis in young
children (Kapoor et al, 2009; Chow et al, 2010; Kantola et al,
2010).

So far, no disease associations have been confirmed for
PARV4 (Lahtinen ef al, 2011). The virus has been linked to
encephalitis (Benjamin et af, 2011),. and detected in the
blood of three mothers bearing newborns with hydrops
(Chen et al, 2011). Among patients with haemophifia, clini-
cal presentations concurrent with PARV4 serocomversion
were rash and unexplained hepatitis (Sharp et al, 2012), The
individual in whom PARV4 was first identified presented
with fatigue, voniting, 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 antivical drugs or vaccines against human
parvavirus infection. However, among immunocompetent
patients, treatment is unnecessary and infections are’ self
cleared. Immunodeficient patients with chronic B19 infec-
tion, and patients with transient aplastic anaemia and B19,
can be managed with intravenous immunoglobulin of eryth-
rocyie transfusions (Prickhofen et al, 1990; Kodud et al,
1999},

Parvoviruses in biood products

Parvavirus B19

The B1? titre in blood is at its highest, up to 10'* genome
equivalents/ml blood, during the fixst days of acute infec-
tion. Infected subjects are uswaily asymptomatic when the
viral titres are at their highest. This creates a risk of com-
taminating blood products by blood donors with asymp-
tomatic B19 infection. Siegl and Cassinotti {1998) reported
B19 DNA in 50-809% and in 30-50% of non-viraily jnacti-
vated VI concentrates and S/D-inactivated coagulation
factor IX (FIX) concentrates, respectively. A more recent
German study detected B19 DNA in 26% of coagulation
factdr concentrates of different types, callected betwesn 2007
and 2008 (Modrow et al, 20i1), The highest viral loads were
observed in the intermediate purity FVID AWE coneen-
trates, Because of its small and non-enveloped structure,
B12 Is relatively resistant to most viral inactivation proce-
dures used in the menufacturing of medical blood-derived
praducts (Willkormen er al, 1999; Koenigbauer et al, 2600;
Schmidt et of, 2001) and B19 is only partially removable
with small pore size nanofiltration (Burnouf-Radosevich
et ol, 1994). -

In Europe, in an attempt to reduce the risk of B19 trans-
mission by blood products, the blood derived products man-
ufectured after 2004 are not allowed to contein B19 DNA. of
more than 10° fu/ml, and nucleic acid testing for BI9 is
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obligatary for §/D-treated human plasma products
(European Pharmacopoeia Commission, Coundil of Europe
Buropean Directorate for the Quality of Medicines, 2011).
Similar instructions are given by United States Food and
Drug Administration (http:/fwww.fda.gov/BiologicsBloodVae
cines/GuidanceComplianceRegulatorynformation/Guidances/
defaulthtm), B19 DNA. concentrations below the 10% juw/ml
limit are not considered to lead to sercconversion (Brown
et al, 2001). However, Soucie z¢ al (2011} reported 1-7 times
higher B19 IgG seroconversion rates among children who
received plasma-derived factor concentrates sereened for Bi9
levels than among children receiving recombinant praducts.
The infectivity of B19 in the blood products is affectad 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
designed to detect all three genotypes are required. Many
in-house PCR methods and one commercial PCR method,
designed before the identification of B19 genotypes, are

prone o miss B9 penotypes 2 and 3 (Hokynar eral,-

2004; Baylis et al, 2004; Koppelman et al, 2004, 2007),
Consequently, some plasma pools have remained
contaminated with an excessive level of B9, All three
Benotypes of BI9 have been reported in ‘clotting factor
concentrates, however, with a reduced frequency for geno-
types 2 and 3 (Schueider et al, 2004 Modvow ef al, 2011),
To obtain an accurate diagnosis and safety of blood prod-
ucts, methods with capability to detect all B19 genotypes
should be used. A reference panel for B19 DNA genotypes
by the World Fealth Organization Expert Commiitee on
Biological Standardization (ECBS) was established at the
end of 2009, znd it is available for validation of 819 PCR-
based detection assays for all three genotypes (Baylis et al,
2012). Furthermore, the most recent study of B19 levels in
plasma domations described a commercial method for
simultaneous B19 and HAV screening (Koppelman ef af,
2012).

Human bocaviruses

Three studies have analysed whether HBoV1 occurs in
bleod donor plasma and plasme-derived coagulation factor
concentrates (Fryer et al, 2007b; Eis-Flubinger ef af, 2010;
Modrow efal, 20t1). None of the studies reported
positive cases of FBoV1. The absence of detectable
HEoV1 DNA in blood or plasm# donors, however, may
be due to the fuct that MBoV1 infections are most com-
men among young children (Sederlund-Venermo et al,
2009; Meriluoto e 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 virzemia could remain undetectable in manufactured
plesma pools containing hundreds or thousands of dona-

- tions.
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PARV4 DNA in blood-derived medical products

The first smudy of PARV4 in blood products was published
soon after the virus was discovered and reported PARV4
DNA with prevelence of 5.1% in manufacturing plasma
poels (Fryer et al, 2006). In this study both PARV4 geno-
type 1 and 2 DNAs were amplified, and the vimus titres ran-
ged between < 500 copies. to 10° copies/ml. A year later, the
same authors reported PARV4 genotype 1 and 2 DNAs in
4% of recently sourced plasma pools collected in Eurcpe
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 deteciable in the currently
used concentrates, Recently, a study fom China reported
PARV4 DNA in the blood of 16-22% healthy subjects, in
33% of HEV-infected subjects and in 41% of HCV-infected
subjects (Yu ef al, 2012). In addition, PARV4 DNA has
Dbeen detected in 26% of blood donor plasma pools col-
lected between 2007 and 2010 in China (Ma et al, 2012).
Table I summarizes PARV4 DNA detected in plasma- and
blood-derived medical products, Bven if the discase associa-

- tions of PARV4 are not currently known, the peevalences of

PARV4, especially those detected most recently in France
and China, raise a question of whether blood donor
minipools should be tested by screening for PARV4A DNA
similar to BI9.

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

Table Il. PARV4 DNA findings in bloed donor samples and coagu-
fation factor concentrates,

PARV4 DNA
References Blood preduct prevalence (%)
Bryer et 4t (2606) Plasma pools 51
Fryer et al (2007a,b) Plasma pocls, 87
individual plasma 4
Fryer et al (2007c) FVIII coneentrates 16
Lurcharchaiwong Blood donor sera 3-95
et al (2008)
Schneider et af (2008h)  Coagulation FEIL, FVIIL, 2t
FIX, activated
prothrombin
complex’
concentrates
Vallerini et al (2008) Blood donar sera 1
Touinss et al (2010) Blood donor plasma -6
Ma et al (2012) Plasma pocls 26
389



Review

PARV4 DNA positive samples (Servant-Delmas et af, 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, 2007a,b; S¢hneider ef af, 2008b) repre-
sents a timely population-based hazard or whether the
manufacturing processes, ie., nanofiltration, have improved
the elimination of the viruses more comprehensively, 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 haemophilia from the UK and
USA. receiving replacement therapy, 15/35 (43%) were posi-
tive for the PARV4 IgG wheveas only 1/35 (3%) of untreated
family members were positive (Sharp et al, 2009). The con-
centrates involved in treatment were non-virally inactivated

clotting factors issued from the late 1970s to the early 1980s, )

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

In a 5-year follow-up of a cohort of 194 hacmnphﬂm
patients who were born between 1972 and 1982, 1-7% of
patientsfyear serocenverted for PARV4 (Sharp et al, 2012).
They were followed between 1989 and 1994 by 6 monthly
blood sampling. At cohort enrclment, almost 2ll 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 foxrms related to PARV4 detection were xash and
exacerbation of hepatitis, PARV4 JgM became positive due-
Ing acute infections. The concentrates involved were plasma-
derived and had undergone $/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 development of antibodies (inhibitors) against
,the clotting factor, which rendess the concentrates ineffective
in controlling bleeding, Porcine BVIII comcentrate, Hyate C,
has been used ‘as a treatment of patients with congenital hae-
mophilia and ichibitory antibodies. Hyate C was developed
in 1980 and was manufactured by Ipsen Etd (Slomgh, 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, PPVi was found in several Hyate
C products and its supply was suspended. The knowlzdge
that many recipients of Hyate C were already infected by
HIV and were immunosuppressed led to concerns that PEVI
could in some cases infect humans. Soucie et ol (2000}
detected PFV1 DNA in 95% of porcine FVIII concenteates
and confirmed that PPV1 is a common, 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 PPV1, but there is no evidence of
transmission to humans from physical contact between pigs
and humans. In addition to PEV], porcine hokovirus, closely
related to PARVY, has recently been found in poreine plasma
and FVIIL preparations (Szelei ef af, 2010). The theoretical
risk that porcine parvoviruses could infect humans remains a
concern, but, if employed, PCR screening and discarding the
porcine parvovirus DNA, positive samples could eliminate the
risk of transmission. Porcine plasma-derived FVIII concen-
trates are no longer available and to our knowledge are not
being developed but a recombinant porcine FVII concea-
trate has recently started clinical trials.

Implications

New viruses and other disesse-inducing agents will always
continue to evolve. In the fist 10 months of 2010 there
were 2350 reporis of outbreaks of infectious diseases in
humans, plants and animals (www.promedmail.org). It must
be appreciated that the identification of new infections
internationally is the norm rather than the exception. The
studies of PARVZ and haemophilia have shown that the
virus can be transmitted via blood donations and plasma
products, at lrast when the viral inactivation steps include
the methods of /D and heating. We do not know the
infectivity frequency following nanofltration, but it may
eliminate the majority of the viral load (Schneider ef 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 immunecompromised, B19
has pathogenic comsequences. Overall, the current data
imply that viruses are able to escape the current plasma
fractionation and purification steps,

For infections that are potentially transmissible by clotting
factor concentrates, blood donors should be sereened sero-
logically and mini-poels 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 apents other than hepatitis
AJBIC, HIV and Parvovirus where acute seroconversion
detection is possible. Continaous viglance by the haemo-
philia community is required to identify infeetive problems
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early. Adverse event reporting studies, such as the European
Haemophilia Safety Surveillance (EUHASS) system, or
national spontanecus reporting schemes have the potential to
identify problems, but alertness to new or unusual problems
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Human Parvovirus 4
in Nasal and Fecal
Specimens from
Children, Ghana
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Marcus Panning, Eghert Tannich, Jiirgen May,
Christian Drosten, and Anna Maria Eis-Hiibinger

Nonparenteral fransmission might contribute to human
parvovirus 4 (PARV4) infections in sub-Saharan Africa.
PARV4 DNAwas detected in 8 (0.83%) of 961 nasal samples
and 5 (0.53%) of 943 fecal samples from 1,904 children in
Ghana. Virus concentrations =6-7 log,, copies/mL suggest
respiratory or fecal—oral modes of PARV4 transmission.

Human parvovirus 4 (PARV4; human partetravirus) is
a single-stranded DNA virus discovered in 2005 (1).
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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of PARV4 have also been suggested in South Africa (6),
Taiwan (8), India, (9), China (/0), and Thailand ({1 1).
PARV4 has been classified into 3 genotypes.
Genotypes | 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
the respiratory or intestinal tract, we analyzed previously
collected specimens from 1,904 children in Ghana.

The Study

Ethical approval for this study was provided by the
Committee on Human Research Publication and Ethics,
Kwame Nkrumah University of Science and Technology,
Kumasi, Ghana. Informed consent was obtained from
parents or guardians of all children.

A total of 1,904 anonymous nasal and fecal
specimens were obtained during a study on molecular
diagnostics for respiratory and enteric tract infections
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 320 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 nL of nasal swab
suspension or 200 uL 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 (/3), 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 pwification methods,
PARV4-negative nasal and fecal specimens were
spiked with quantified plasmid standards. Subsequent

Emerging Infectious Diseases - www.cdc.govield = Vol. 18, No. 10, Ocfober 2012



PARV4 in Nasal and Fecal Specimens from Children

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. EUB74248 AYB22043}) (GenBank DQ873390) {GenBank EU874248)

Nasal swab
N1 17004660 6.56 7.38 0.92
N2 2994660 7.51 8.07 0.88
N3 50-4660 7.37 8.38t 0.83
N4 1962-2056+ a.16 6.73 2,14
N4 2117-3413 4.97 5.31 0.93
NS 1962-2056 9.16 6.73 2.14
N5 21174183 5.50 6.34 0.98
NG 299-4660 7.51 8.10 0.0
N7 1962-2056 9.16 6.73 2.4
N7 2431-2914 6.24 7.01 1.25
N7 3068-3246 4.61 5.1% 1.12
N§ 624-3246 7.36 7.84 0.84

Feces
F1 17004183 6.20 6.82 0.89
F2 1700-4460 6.56 7.39 0.92
F3 1700-3716 6.08 6.52 0.85
F4 . 1700-4183 6.02 6.78 0.89
F5 17004183 6.93 6.73 1.04

*Pairwise nucleotide divergence was calculated by using the DNA distance matrx In BioEdit {(www.mbic.ncsu.edw/SicEdivbicedit html).
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.

FNucleotide sequence of the PCR product (primer sequences timmed) was amplified by using screening PCR designed for detection of PARVA genclype

3 as described (7).

quantification was equivalent between techniques and
specimens, and differences between specimen types in
several experiments were <{.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 = 107 coples/
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 net 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 accession 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 § 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.

Emerging Infectiows Diseases « www.cde.gov/eid . Vol. 18, No. 10, October 2012
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Figure 1. Parvovirus 4 DNA loads in virus-positive nasal and fecal
specimens from children, Ghana. Virus concenirations 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 phosphate-buffered saline).
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Figure 2. Phylogenetic anaiysis 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.megasoftwara.net)
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, EUB74248) with a nucleotide percertage
distance substifution model 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 ate in beldface. The source of PARV4 strains
identified in the study is indicated by capital letters (N, nasal
specimen; F, fecal spacimen). 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 iliness 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 western Africa (6)
might be caused by transmission by the respiratory or
fecal-oral route.

However, demonstration of PARVY in the respiratory
tract and feces does not identify a transmission route.
PARV4 in the respiratory tract could be caused by high
vireria, which was recently reported in a child in India with
a genotype 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
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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
(parainfiuenza 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,
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 wéstern Afiica.
Further studies are needed to assess the effect of PARV4
excretion on virus epidemiology and the chronology of
PARV4 infection. ‘
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Translused RBCs Can Be Immuncgenic in Splenectumized Mice:
of lnflammalion, Adjuvams, and Anamnestle Responses

J E Hendrickson'’ {feanna. hendncksan@emary edy), S R Stowell,
N H Smiti®, K Girard-Pierce?, K Hudsdn‘, J C Zimfing®. 'Ped;atncs and

" Paihology, Emory Universily, Atjanta; GA, United States; *Pathology,

Emory University, Atianta, GA, Unfted Sfates; *Pediatrics, Emory
Universuy, Atlanta, GA, United srates, ‘Scr:pps Research Institute, San

Glégo, CA, Uniled States; *Piget Sound Blood Center, Seatile, WA
United Stafes - .

Background/Case Studies: Patients with thalassemia major may have
higher rates of RBG ailoimnminization 'lhan the general transfused popula-
tion, and spleneclomy has beén reported to be associated with alloimmuni-
zation in this patlent population, Previous murine sfudies with BBCs
expressing the mHEL mode! antigen have shown that sglanectomy largely
ahrogates alloimmunization. However, many factors (donor as well as recip-
ient} may infidence RBC allolmmunization, and we hypothesize that some
RBG antigens under some conditions have the capacity to be immunogenic
upon Inltial exposure in splenectomized animals. Study Design/Methods:
Blood from danor mice expressing the HOD' (lysozyms, ovalbumin, ‘and
human Duffy b}, the hGPA (human glycophonn A}, or the KELZ (human
Collaho) antigen on thelr RBCs was transfused into C57BL/G or FVB reclp-
fents'wha had been surglcally splenecternlzed control animals were sham
splenectomized A subsst of reclp‘lents were pretrea!ed with' poly {I:C) or
CFA prior to transfusion; and a subset of reclplents raceived multiple KELZ
transfusions. Two wesks aftar transfusicn, -allolmmunization {lgG, 1gM) was
assessed by flow cytometric crossmaich, ulilizing transfused RBCs and
antigen negative RBCs as targets. Results/Findings: No splansciomized
mice fransiused with HOD or KELZ RBCs in the absence of induced Inflam-
mation made a detectable IgM or IgG alloantibody response (n = 3 experd-
ments, 50 animals total). However, 100% of control, sham splenettomized
animals made, detectable alloantibodie$, and confrol anitmals multiply tranis-
fused with KEL2 RECs demonstrated a boostable. respense. In contrast to
findings in the rHEL system, HOD, hGPA, and KEL2 expressing RECs lad
to detectabla afloantibodies following 1ransfuslon Into recipients pretreated
with CFA (HOD) or poly (1:C) (hGPA, KEL2) (n = 7 [ndependent axperi-
menis, 70 animals total). Conclusion: Although a spleen plays a eritical role
In pmary RBC alloimmune responses in mice transfused In thelr basgiine
state, a spleen is not essantlal for responses 1o 3 different RBC antigens
when transfusion occurs in the presenge of adjuvants or recipient inflamma-
tion, Under no studied, condition, héwever, did splenectomized animals =
make higher levels of RBC alloantibodles than their control counterpats. 1t
fas baen suggested that” sprenectomlzed thélassemia patients may have
elevated 1L-6 levels, arid the prestimed alteration,in immune function in such
patienis may ba Invalved in the teported findings; other factors to consider
In this patient population [m:lude RBG transfuslon burden, Yming of nltlal
RBC antigen exposure (pre vs post-splenactomy), and trapsfused RBC life
span. A better understanding of the potenttal Impact of, splenectomy (be 1t
surgical or autosplenectomy) on RBC allolmmunization may benefit thalds-

* semla major and sickla cell anemla patlents alike.
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Stowell: No Angwer, J. G, Zimr[ng Nothfng to disclose
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K Glrard Plerce: Nothing to disclose; J. E. Hendrickson Immucer, Grants

or Research Suppart; K. Hudsen: Nothing to disclose; N. H. Smith: Nothing
to disclose; S. R. Stowell: No Answer J. C. Zlmring: Immucor, Granis or
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HTLV-I!]I Prevalence aly Incidence trom 2008-2011 in a Large,
Geagraphically Dlverse Sample oi US Blood Donors

E P Notari' {ed. noran@redcmss org ), J Brodsky?, W R Stesle',

R Y Dodd', S L Stramer?, Transmissible Diseases, Ametican Réd Cross,
Rockvilla, MD, United States; 2Scientific Support Office, American Rad
Cross, Gaithersburg, MD, United States; *Quality Analytics Inc.,
Riverwood, IL, United States

Background/Case Studies: The number of US biood donors testing posl-
tive {pos) for HTLV-I/-l] Infectlon has decreased In recent years, but preva-
lent and incident infections are still detected and differ by gender and

. _ ) JRC2012T-042

ABSTRACT SUPPLEMENT B 1A

geographic distribution.. The feasibilly of one-time testing for HTLY was °
assessed by evaluating HTLV -incidence In repeat-donors. Study Design/
Methods: Data for HTLV-)I pos donors Identified by the  American Red
Cross (ARC) from 2009-2011 were retrieved. Antibody in donors testing
anti-HTLV-IAI repeat reactive {Abbott PRISM) were- confirmed by a 2nd EIA
{pliowed by a comhbination of IFA, westerr blot (WB) and.RIPA (CA Viral &
Ricketisial Diseases Lab). Prevalence fates were calculated by gender and
geographic distribution based on US'Census Regions. Rates for the MNorth-
east (NE), South {8}, Midwest (MW) and West (W) wers compared using
multiple pairwise chi-square comparisons with Bonferron! adjustment. Inci-
dence density (ID) was calculated as the number of seroconverters over
total donor person years (PY) with prior donation histories not to exceed
1095 days {3 years). Results/FindIngs: For the 3-year period, >18 million
donatlans were tested from 7,098,612 allogenelc donors Including 443 HTLV

. pos. Overall HTLV danation 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, respeclively (p < 0,0001, OR = 2.9, 85% CI 2.4,
8.6). Overall; tha number of HTLY pos donors by region and prevalénce
rates of PHT donors differed significantly; betwean 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 difierences were noted between the S and the NE .or the S and the W;
the MW had the lowes! rates. Of repeat donors; 36 were HTLV pos; 22 had
nonreactive dopations >3 yrs prior arid 14 .within 3 yrs. For these 14, an
overall ID of 0,18 PHT PY was calculated (95% CI, 0.10, 0.30). Female
denors accounted for nearly ak of the caleulable incident donors; the 13
fermale donors had an [D of 0:34 PHT PY (95% Cl, 0.18, 0.58) with 0,02
PHT PY (85% Cl; 0.001, 0.141) for-the 1 male. Of the 14, 7 were typed as
HTLV-I[,. 5 HTLV-UAI and 2 HTLV-I; 11/14 were IFA pos (1:64-1:1024 end-
point) with the remaining 3 confimad by WB/RIPA. Conelusion: Significant
differences in HTLV prevalence rates and gender were observed. With 14
incident Infections identifled, it is not feasible to screen denors only once for
antl-HTLV. These data are consistant with those of earlier ime periods,

Disclosure of Commerclal Conilict of Interest

J. Brodsky: Nothing to disclose; L. Y. Dodc: Abbott Laboratories; Stacks or
Bonds; Abbott Labdratories, Grants or Research Support; Novariis, Travel
Support or Honorarium; Ortho Diagnostics, Travel Support or Honorarium;
E. P, Notari: Nothing to disclose; W. R. Steele: Nothing to disclose; S. L.
Stramer: Nothing 1o disclose

Disclosure ot Grants Confllct of Interest .
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Doner Based anti-HTLY Prevalence Rates per 100,000 (PHT)

us Total Number of Lower Upper
Census Number antHTLY Provalence . 95% 95%
Region ‘of Donors ‘Posltive L Hate |, .ot cl
Northeast . 1562787 . 88 . 63 - &1 7.6
Midwest 2,123,544 77 < 29 45
South 2,298,417 161 70 60 - . 82
West 1,113,824 107, . 95 . 78 116
P3-030A

Age of Red Bloed Cells in Premature Infants {ARIPT)

D.A Fergussor® (dafergusson@ohri.ca), P C Hebert'?, L LeBel!,

N G Rouvinez-Bouali®®, J A Smyth**2, K Sankaranr*?, A T Tinmouth'®,

M A Blajchman®, L Kwacs‘J“ C Lachance™*, *Clinlcal Epidemiology,
QOHawa Hospltal Research Institute, Ottawa, ON, Canada; 2Division of
Neonatology, The Ottawa Hospital, Ottawa, ON, Canada} *Division of
Neonatology, Children’s and Women's Health Gentra of British Columbia,
Vancouver, BG, Canadla; ‘Division of Neonatology, Royél University
Hospltal, Saskatoon, SK, Canada; *Faculty-of Heaith Sclences, McMaster
University, Hamilton, ON, Canada;-°Division of Naonatology; Jewish
General Hospital, Montreal, QC, Canada; *Division of Neonatology, Sle
Justine Hospital, Mdnireal, QC, Canada; *Facully of Medicine, University
of Ollawa, Oliawa, ON, Canada; *College of Medicine, Universily of
Saskalchewan, Saskatoon, SK, Canada; "Facully of Medicine, McGIll
University, Montreal, QC, Canads; "Facully of Medicine, University of
Montreal, Monireal, QC, Canada; “Faculty of Medrcrne, University of
British Columbia, Vancouver BG, Canada

BackgroundlCas= Studms: Despita recent trends In decrsasing transfu-
sion thresholds and the development of fechnologles designed to avoid
allogensic.exposure, allogensic red biood coll (RBC) transfusions remain an
‘impontant supperlive and life-saving measure for necnatat intensive care
patients experiencing lliness and anemia of prematdrity. However, a numbar
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TRANSFUSION COMPLICATIONS

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 minipoo! (MP)-nuclelc 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 1998.
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
immunoglobulin (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 IgM and igG negative, one of which would have
been missed if more than one positive donation was
required for Inltlating ID-NAT. Retraspective ID-NAT
revealed two positive donations. The majerity 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 denations during a severe
seasonal epidemic in the New York-area. By initiating
ID-NAT after one positive donation, using retrospective
testing, and triggering 1D-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.

2664 TRANSFUSION Volume 52, December 2012

est Nile virus (WNV) is a single-stranded

RNA virus that is transmitted by the

Culex mosquito and usually infects birds,

Marmmals 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
WNYV infections lead to a febrile illness, West Nile fever,
and less than 1% of infected individuals have neurologic
disease (meningoencephalitis).! The large proportion 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 2003.5 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; WINV = West Nile virus,
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Department of Pathology and Cell Biology, Columbia University
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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%1? _

The 2010 WNV season in New York hiad the greatest
number of clinical cases of WNV infection since the original
outbreak in 1999 in that state.”® The collection area of our
bleod center includes New York City, neighboring counties
in NewYork 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
(S/CO) of 1 or greater defined a positive
result. MP-NAT was performed in pools
of 16 samples and positive MPs were
resclved by testing the individual
samples to identify the positive dona-

WNV PVDs AMONG NY BLOOD DONORS IN 2010

Detection of anti-WNV

Amti-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 hetween 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 denation. 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)

'

NAT-positive donation
identifled by ID-NAT

y

{dentify county of residence
of donor using ZIP code

v

Initiate prospective |[D-NAT
and retrospective ID-NAT In
county of residence of donor

tion(s). ID-NAT was performed on all
hematopoietic cellular therapy prod- Y

h 4

ucts. To determine if a sample initially
detected by ID-NAT would have been
detected in a MP, NAT-positive samples

No ID-NAT-positive
denatlons 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 ‘

plasma and NAT was performed. A PVD

T

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 until the
end of 14 day period in
which no ID-NAT posltive
donations are found

one that had a signal-to-cutoffratio of 17
or greater.t

Fig. 1. Algorithm for conversion hetween 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 colection 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 hezlth data

Public health data forWNV 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

HUNTERDOM

SUMERSET .

and Preveniion at http://www.cdc.govincidod/dvbid/
westnile/surv&control_archivehtm. Data for case counts
by week for New York and New Jersey were cbtained
from the United States Geological Survey.at http://
diseasemaps.usgs.gov/2010/wnv_us_human.html. Case
counts and distribution of WNV throughout counties in
New York State were found at http://www.health.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 (Massau 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,

Fig. 2. Blood center collection area. The collection area for the New York Blood Centet includes areas of New York and New Jexsey.
() Fixed donation site. Counties in New York City: Bronx, Kings (Brocklyn), 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: Hunterdon, Middlesex, Somerset, and Union.

2666 TRANSFUSION Volume 52, December 2012



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 coriginal methad of NAT
detection (MP vs. 1D)
Collection date County (state) NAT detection method
July 14 Nassau {NY) MP
July 22 Suffolk (NY) MP
July 23 Nassau {NY) MP
July 26 Suifolk (NY) D
July 28 Suftelk (NY} D
August 6 Bronx (NY) MP
August 12 Suftelk {NY} MP
August 12 Suifolk {NY) MP
August 13* Nassau (NY) D
August 13* Nassau (NY} ID
August 14 Kings {NY) MP
August 16 Suffelk {NY) 1D
August 17 Nassan (NY} 1D
August 18 Kings (NY} 1D
August 24 Suffolk {(NY) D
August 25 Suffolk (NY) D
August 30 Suffolk (NY) D
September 5 Suffolk (NY) 1D
September 7 Suffolk (NY) 1D
September 8 Middlesex (NJ) MP
* Donations detected with retrospective testing.
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WNV PVDs AMONG NY BLOOD DONORS IN 2010

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 5-8eptember 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
WNVin 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-

N ‘b ]
S L RN

Fig. 3. WNV-positive donations and WNV cases in New York and New Jersey by week during the 2010 season. Data for WNV cases for
NewYork 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; {[J} clinical WNV cases in New Jersey.
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TABLE 2, WNV-PVDs: dilution studies and detection of anti-WNV
Collection date 1:16 dilution testing Expect 1o detect by MP or ID Igh 1gG
July 14 8/8 positive MP Negative Negative
July 22 8/8 positive MP Nagative Positive
July 23 8/8 positive MP Negative Negative
July 26 8/8 positive MP Negative Negative
July 28 B/8 positive MP Negative Negative
August 6 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 137 218 positive D : Positive Positive
August 14 8/8 positive MP Negative Equivocal
August 16 0/8 positiva ID Positive Positive
August 17 0/8 positive D Positive Positive
August 191 1/8 positive D Negative Negative
August 24 0/8 posiive D ’ Positive Positive
August 25 1/8 positive D Positive Negative
August 30 0/8 positive D : Positive Positive
September 5t 4/8 positive ME/ID Negative Negative
September 7 8/8 positive MP Nagative Nepative
September 8 8/8 positive MP Negative Negative
* Donations detected with refrospective testing.
T Ponations 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
[gM and IgG positive, two were IgM positive and [gG 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 coliection 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 donaticn 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 [gG negative. Historically, PVDs
that were negative by MP-NAT and anti-WNV IgM 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, 102
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 WINV 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. i

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
from 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 Suffolk and Nassau Counties. Of these [our 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
NewYork City area on August 6, retrospective testing would
nothavebeen necessaryto 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 Joads 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 I[D-NAT
throughout the entire season and therefore may have
" missed cases with levels of vireinla 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 PVDs 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 to 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 varfables involved in selecting
a strategy for conversion between MP- and ID-NAT for
detecting WNV among blood doners. 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

SRRk R

[1] Cambodia

Date: Wed 3 Oct 2012

Source: Xinhua News Agency [edited]

http://news.xinhuan english/health -10/03/c 131 01.htm

At lcast 34 483 denguce fever cascs were reported in Cambodia in the 1st 9 months of this year [2012], a 166
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 S
children a week," sald 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 iliness 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.arg> -

http://www.promedmail.org/direct.php?id=20121007.1328469[2012/11/20 18:53:17]
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[According to the newswire above, a total of 34 483 cases and 146 fataht:es 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 Cambedia 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

http: //www.wpro, who int/emerging diseases/Dengue.Biweek|v.20Sep201 2 pdf).

For a map of Cambodia with provinces, see http://ephotopix.com/image/asia/cambodia province_map.qif. For the
interactive HealthMap/ProMED-mail map with hnks to other recent PRO/MBDS and ProMED-mail postings on
Cambeodia and neighboring countries, see htt r/1iGB, - Mod.SCM]

EE T+

(2]

Cases in various countries: -

- Thalland Maha Sarakham province. 5 Oct 2012, Dengue 713 cases; Deaths 1; Increasmg
_ http://www . pattavadailynews,

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

- hitp://www.lib.utexas.edy/maps/middle east and asia/thailfand admin 2005,jpa. - Mod.TY]

India, Delhi area. 3 Oct 2012, Dengue 98 cases; Deaths 2; Increasing. hitp://www. hmdustanmmgg= com/Indig-
news/NewDelhi/10-new- -cases-in-ci -939488.aspx

[Maps of India can be seen at

http://healthmap.org/r/1pSH. - Mod.TY]

- India, Chandigarh, Harayana/Pun]ab states 3 Oct 2012, Dengue, September 2012 only (conf) 105 cases; Deaths
1. : tlmesoﬁndla indiati .

- Pakistan, Karachl, Sindh provmce 2 Oct 2012 Dengue for 1-2 Oct 2012 (conf) 16 cases, (s5usp.) 243 cases;
Increasing.

reported-from- dlfferent-hQsmiaJ.L.b.tml

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

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

See Also

Dengue/DHF update 2012 (47): Asia 20120930.1316993
Chikungunya & dengue - Cambodia (04): comment 20120925.1308762
Dengue/DHF update 2012 (43): Asia 20120917.1297396
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TRANSFUSTON 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 warranis strict screening
measures to minimize the risk of transmitting blood-
borne pathogens, However, transfusion-transmitted
infections for which testing is not currently performed
continue to be a concern. Amang these untested
agents is Epstein-Barr virus (EBV) which, in the trans-
plant setting, is associated with lymphoproliferative
disease, a polentially fatal 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 EBY infection, and patients’ transfusion history.
Cumulative incidence of posttransplant EBV infection
wag estimated 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 grafi donors. Virtu-
ally, all recipients received blood products during the
‘peritransp[ant periad. Among sercnegative recipients,
the 30- and 60-day cumulative incidences of postirans-
plant EBV infection were 4.6 (95% confidence interval
[C1), 1.2-17.3) and 13.4% (95% C, 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 reciplents 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 immunocdeficiency virus,
human T-cell leukemia virus, syphilis, West Nile virus,
Chagas disease (Trypanosoma cruzi), and on selected
units, cytomegalovirus (CMV/human herpesvirus-5).13
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: C5A = cyclosporine A; EBNA = Epstein-Barr
nuclear antigen; HSC = hematopoietic stem cell; HSCT =
hematopoietic stem cell transplantation; IQR = interquartile
range; PTLD = postiransplant lymphoproliferative disease;
RR(s) = relative risk(s); VCA = virus capsid antigen.

From the Department of Social and Preventive Medicine; the
Department of Pediatrics, Division of Infectious Diseases; the
Department of Pediatrics, Division of Hematology-Oncology;
the Department of Pediatrics, Division of Pediatric Intensive
Care Medicine; and the Department of Microbiclogy and
Immunclogy, University of Montreal, Sainte-Justine Hospital
Research Centre, Montreal, Canada.

Address reprint requests to: Helen Trottier, Sainte-Justine
Hospital Research Center, Department of Social and Preventive
Medicine, University of Monireal, 3175 Céte Ste-Catherine,
Room A-830, Montreal, QC, Canada, H3T 1C5; e-mail:
helen.trottier@umontreal.ca.

This study was supported by a grant from the Fonds de la
Recherche en Santé du Québec (FRSQ; Grant 13904) held by jL
and MT.

Received for publication Noveraber 14, 2011; revision
received January 26, 2012, and accepted January 26, 2012.

doi: 10.1111/§.1537-2995.2012.03611.x

TRANSFUSION 2012;52:2653-2663,

Volurmme 52, December 2012 TRANSFUSION 2553



TROTTIER ET AL.

immunccompromised 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 approxirnately 50%, which increases steadily
to values of 90% to 99% in adults.!"!* Heaithy EBV-
seropositive individuals harbor approximately 0.1 to 5
infecied B lymphocytes per 10° peripheral blood mono-
nuclear cells (MNCs).'*6 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 folowing
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
literature.* Ealy studies estitnaled (iat EBV infection
could be detected 2.5 to 9 weeks after transfusion.®%
Other more recent examples of EBV transfusion-
transmitted infections have been published. One such
case was that of a 19-year-cld 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 occwrence 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
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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 bleod transplant group as these
patients were most likely to have received EBV-negative
graits 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
lymphehistiocytosis, Fanconi anemia, metachromatic leu-
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
comnrmnittee 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 dver 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 42,
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 prednisclone (tapered by 10%
weekly, starting on Day +30). Supportive care was per-
formed as previously reported.® This included weekly IV
immunoeglobulin (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 Apiil, 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 blocd 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 required 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
meonths 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 anticomplemient immune fluorescence 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

EBV TRANSMISSION IN STEM CELL RECIPIENTS

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 [CIs]) of infection until 1 year of follow-up
according to each recipient’s pretransplant serclogic
status. This was alse 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).®3* Blood prod-
ucts manufactured with pasteurization (heat inactivation)
and solvent/detergent viral inactivation procedures, such
as albumin, 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), All
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
(317.0f 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 221% of our pediatric patients were EBV
seronegative before transplantation. EBV seroprevalence
data in HSC donors were calculated after exchuding
autologous and cord blood grafts and were available for
68% of the allogeneic HSC donors (110 of 161). EBV serop-
ositivity among these denors 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, 17-34 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
EBVPCR resuits 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%
CI, 1.2-17.3) and 13.4% (95% CI, 5.8%-29.4%}, respectively,

hag evidence of EBV DNAemia as revealed by positive PCR

testing in blood. 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 transplantation Number* (%)

Autclogous
Peripheral blood stem cells 132 (31.3)
Marrow 18 (4.3)
Aliogeneic
Related marrow 115 (27.3)
Unrelated marrow 42 {10.0)
Related peripheral blood stemn cells 3(0.8)
Unrelated peripheral blood stem cells 10.2)
Unrelated cord blood 109 (25.8)
Related cord biood 2{0.8)
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 mlL
of RBCs and 9790 mL of PLTs, respectively, during the pexi-
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 postiransplant and progressed with
unexplained fever, pleural effusion, digestive symptoms,
increasing EBV DINAemia, and high EBV DNA viral load on
biopsy specimen (antrum, duedenum, 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
postiransplant and did not receive immunosuppressive
therapy before transplantation, apart from the conditiori-
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 posttransplant EBV infection in the
subgroup of children who received cord blood grafts.
Interestingly, the 30-day cumulative incidence of EBV was
8.3% (95% CI, 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. Cumulatlve incidence of posttransplant EBV infection* after HSCT according to recipient pretransplant
EBV serostatust :

Unknown pretransplant serostatus (n = 11) 18,8 (5.2-57.7)

Cumulative incldence % (95% Cl) At 30 days Al 60 days At 100 days - " At200 days At 1 year
Seronegative recipients {h = 42) 4.6 (1.2-17.3) 13.4 (5.8-29.4) 16.4 (7.7-33.1) 16.4 (7.7-33.1) 28.5 (14.2-51.9)
Recipients with prior EBV antibodles (n=185) 7.2 (4.2-121) 243 (18.8-31.5) 33.1({26.4-40.9) 38.5(31.2-46.9) 48.6 (39.5-58.5)

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 autologous transplant recipients).
1 Data are reported as percentage (95% CI).

* EBV infection measured by PCR testing in bloed, 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 mdil]).

Classification and volume of blood products
receijved by recipients and RR calculation

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 KRs 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

EBV TRANSMISSION IN STEM CELL RECIPIENTS

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
bleod 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 well 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
showm). 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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support of this we noted a significant
and clear positive trend associating EBV

Fig. 1. Kaplan-Meier curve for the cumulative incidence of posttransplant EBV infec-
tion among all HSCT recipients according to their pretransplant EBV serostatus. EBV
infection measured by PCR testing in blood. The difference between survival curves
was not significant (p value = 0.08 by log-rank test),

infection to transfusion volume. Also,
two cases of EBV DNAemia occurred in
seronegative recipients of cord: blood
grafts within 30 days posttransplant;

TABLE 3. Posttransplant EBV infection® in recipients of cord blood grafist

Cumulative incidence % {95% Cl) 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) 8.3 (2.2-29.4) B.3 {2.2-29.4) 8.3 (2.1-29.4) 27.1 {10.1-60.8)
Recipients with prior EBV antibodies (n=70) 1.4 (0.2-8.7) 10.5 (5.2-20.8)  15.8 (8.8-27.7) 18.6 (8.8-27.7) 32,1 (19.7-49.4)
Unknown pretransplant serostatus (n = 6) 0 20.0 (3.1-79.68)  20.0 (3.1-79.6) 467 (13.7-93.2) 467 (13.7-93.2)

EBV PCR] most of whom are autologous fransplant recipients).
1 Data are reporied as percentage (95% CI).

= EBV infection measured by PCR testing in blood, n = number of subjects (excludes patients who did not have EBV PCR testing [mnssmg
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Fig. 2. Kaplan-Meijer.curve for the cumulative incidence of posttransplant 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).
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TABLE 4. Type of transfused blood product and quantity recelved by
recipients
Number cf Total volume {mL)
Type patients” (%} Medlan {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 (8044}
PLT concentrates
No 4 (1.0}
Yes 413 (99.0) 1806 (825-3677) 3373 (5289)
Cryoprecipilates
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 51
Yes 417 (99)
* Total frequencies may differ slightly from the total number of recipients because
missing data are not listed. Includes data related to the first transplantation only.
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these cannot be attributed to a reactiva-
tion event of endogenous reclpient 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% decumented in the solid
organ pediatric transplant popula-
tion.®% 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 te 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 LDV
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%
Cl, 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 mi)
during the peritransplant period, a
transfusion velume 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
klood products and incidence of posttransplant EBV Infection

as the vehicle for transmission. It is
noteworthy that EBV seroconversion

Type of blood productt Adjusted RR (95% CI)

p value for trendt

also occurred after 3 months, but these

RBC
Transfusion
No : 1.00 (reference)
Yes - 2.37 (0.58-8.70)
Volume of transfuslon (mL)
0 1.00 (reference)
<B50.0 1.99 (0.47-8.44)
850.0-1890.0 2.40 (0.56-10.24)
»1850.0 2.86 (0.68-12.11)
FFP
Transfusion
No 1.00 (reference)
Yes 1.34 (0.62-2.93)
Veiume of transfusion (ml.)
[} 1.00 (reference)
<200.0 0.70 (0.22-2.25)
»200.0 3.16 (1.00-11.17)§
PLTs
Transfusion
No
Yes
Volurne of transfusion {mL) :
< 1260 1.00 {reference)
1260-2530 1.65 (0.86-3.18)
»>2530 2.19 (1.21-3.97)§

“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
0.047§ 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
6.079 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
0.012§ who developed EBV DNAemia, as
none of these patients (except for one

our analysis.

§ Results significant.

* FRs are hazard ratio estimated with Cox regression and adjusted for empirical 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
[linear], year of diagnosis [before or after 2000), and sex [male or femalg]).

1 It was not possible to analyze the risk related to the reception of PLTs because virlually
all recipients received PLT concentrates. However, it was possible to analyze the risk
associated with different volumes of PLTs transfused. Also, because of oo little data, it
was nol possible to analyze the risk related to cryoprecipitate and granulocyte transfu-
sions. Because albumin has no potential for viral transmission it was not considered in

1 Woe 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 transfusod.

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.
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 oceurred through virus contained either in the donor
graft or in the transfused blood products. If EBY 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 pericd—more so
because recipients were isolated in hospital in a HEPA
air-filtered room—this strongly points to blood products

EBV-infected cord blocd 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 PLTs 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
Bleod Services and Héma-Québec implemented system-
atic prestorage RBC unit leukoreduction in the summer of
1998; in addition, prestorage leukoreduction of PITs 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
universal 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 adult 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 (5/108-1/107 peripheral blood MNCs): and 5) the
risk of EBV transmission from REC 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
EBYV, 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-ceil
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%.12
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 ofleukoreduced blood product units. The
number of patients was too small to draw conclusions on
any potential association between blood 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 bloed donation require anonymity,
thus impeding any tracing of donorunits 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 seropositivity in
adults, but it would be theoretically pessible 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 Candoiti, 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
doner-immunocompetent recipients transfused with
whole blood. o

STUDY DESIGN AND METHODS: Samples from 252
donoer-recipient pairs were tested. Immunoglobulin G to
HHV-8 was detected with enzyme immunoassays and
confirmed with an in-house immunofluorescence 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 assays) in 28 (11%) patients and 16 (6%) donors.
Of 12 seronegative recipients (at risk of transmission)
receiving seropositive blood, one very likely transmis-
sion was idontifiod (8.3% oconfidonoo interval, 0% 23%),
The donor blood contained HHV-8 DNA and his and
four other donors' sequences clustered separately from
recorded genotypes with a 87% bootstrap constituting a
distinct genotype.

CONCLUSIONS: HHV-8 is transmitied 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. :
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urnan 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,2 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, J, and K are prevalent in Eurcpe, the
United States, North of Asia, and the Middle Bast; 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.255 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 5;

IFA = immunofluorescence assay; gPCR = quantitative poly-
merase chain reaction; $/CO = sample-to-cutoff ratio;
SNP(s) = single-polymorphism nucleotide(s).
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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
denor-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 donar.

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-
lowing the manufacturer’s instructions. Samples with a
sample-to-cutoff ratio (S/CO) value of less than 0.8 were
considered nonreactive; 5/CO values of more than 1.2
were reactive and 5/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-Salpétriere,
Paris, France,!!

HHV-8 DNA extraction, PCR, and sequencing

Viral DNA was isolated from 200 uL 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 a real-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
Ioad. To confirm qPCR 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 K526/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 Ix HiFi Buffer 3 (Roche),
1.5 mmol/L MgCl,, 0.8 mmol/L. dNTPs, 0.6 umol/L of
each primer, 2.6 units of enzyme blend (Expand High-
Fidelity, Roche), and 26.25 uL of DNase-free water. After
an initfal denaturation at 94°C for 5 minutes, a touch-
down amplification was carried out as follows: 44°C for 1
minute, 60°C for 1 minute, and 72°C for 2 mintttes. The
I-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
JNGG2017.

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 donors
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. Serclogic and molecular results of Ghanaian denor 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 0
Posttransfusion exposed* susceptible recipients ] 11 iy
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 $/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 qPCR 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 blocd 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, 2627D) 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 reported3
HHV-8 DNA has been found in blood donors and healthy
individuals in low- and higher-prevalence endemic areas
such as Italy'* and Africa.#1#!® 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
HHYV-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, 1
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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Indeed, we detected high-titer antibod-
ies (S/CO 9.5 compared to S/CO 4.5
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 5/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 confirmation of antibody to
HHV-8 in the posttransfusion sample by
an alternative method (immunofiuores-
cence), and the high antibody level
strongly suggest transfusion transmis-
sion. However, the absence of DNA in
the recipient makes impaossible to have
a direct link with the donor strain.
Therefore, community infection cannot
be totally ruled out. A second recipient
receiving bloed from DNA-positive
Doner 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 IFAs 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
transtnission 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-
legic results due to a lack of serologic cenfirmation.
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 transplantation patients
such as liver and kidney transplant recipients caused by
both transmission through the graft and reactivation of
a previous infection.” Thus, HHV-§ 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-
naian 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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Association Between Transfusion With Human
Herpesvirus 8 Antibody-Positive Blood and
Subsequent Mortality

Wolfgang Hladik,"* Philip E. Pellett, John Hancock,' Robert Downing,’ Hongjiang Gae.S Laura Packel,?
Derrick Mimbe," Esau Nzaro,? and Jonathan Mermin®

"Division of Global HIV/AIDS, Center for Global Health, Centers for Disease Control and Prevention {COC), Entabbe, and “Department of Haematology,
Mulago Hospital, Xampata, Uganda; *Department of Clinical Epidamiology, Academic Medicat Center, University of Amsterdam, The Netherlands;
*Department of Immunolegy and Microbiology, Wayne State University, Detroit, Michigan; *Division of Glabal HIV/AIDS, Center for Global Health, and
®Division of HIV/AIDS Prevention, National Center far Hepatitis, HIV, STD, and Tuberculosis Prevantion, Centers for Disease Control and Prevention
(COC), Atlanta, Georgia; and “Global Health Sciences, University of Califarnia, San Francisce

{See the editorial commentary by Operskalski, on pages 1485-7.)

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, cbservational, prospective cohort study with a 6-month follow-up, we exammed
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-positive 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 (5% 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 Castlernan’s disease, and primary effusion
Iymphoma [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
¢an exceed 50%, [1] with similarly high seroprevalence
in healthy blood donors. The possibility of V-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 prospective, 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 bloed that was negative for FHIHV-8 antibodies.

METHODS

Transfusion Recipients and Blood 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-
vicus 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-§ se-
rologic testing. Donations were screened at the Uganda Blood

6533 pretransfusion - —
specimens collected 4722 patients not
enrolled (not
) fransfused, too ill,

3 refused, died,

recipients enrolled

¥

Y

283 not

¥ pretransfusion HHY-
1528 recipients 8 seronegative
pretransfusion HHV-
8 seronegative

.| 113 without
| exposure information

Y

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

h 4

¥

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

200 (18.3%) 271 (24.8%) 621 (56.9%)
exposedto - exposed to unexposed
short-stored jong-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. Lenkoreduction 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 Conirol and Prevention (CDC) laboratory
in Atlanta, as previously described [6].

Exposure Classification and Transfusion Events

Bach transfusion was treated as a discrete event and was
counted separately. Each transfusion could comprise >1 blood
units (depending on patient bod)rI 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 >1 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 HEIV-8 antibody-positive blood stored >4 days
(long-stored); or (3) unexposed, Transfusions of blood prod-
ucts with any FIHV-8 antibody status occurring after 7 days of
the first transfusion (nsually 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
HHV-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 Follow-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 blood (14%), blood of unknown
product type (8%), and plasma andfor 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],
116-16% 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, 15% 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 foilow-
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 antj-
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 FIHV-8 antibody-posi-
tive blood, and 44.2 for recipients transfused with short-stored

HHV-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 assoclated 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 All (N = 1092}

Stored >4 days (n=271)

Stored <4 days (n = 200}

180 (0.1-78)

o B78(62 )t T 4SS
79481868 - 333 (86:0) 7
112(10.3) 25002
e 32(29) A LB

155(142)

868 (79.5)
8918.1)

912 (835

[

1.50 (0.2-59)

S e

Unexposed n= 621) PValue

—

. 1.50(0.1-78)
S L2500 A

. 18 (9.0} 89 (11.1)
B [2L5F ARy

580 (9
53 (26.5) 41 (6.6}

134 {67.0) 543 {87.4}

35 ' 37 <.0001°

Data are no. (%] unless atherwise notad.
Abbreviation: HIV, human immunodeficiency virus.
® Pvalue pased 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, 1.55; 95% CI, 1.10-3.45; P=.02). With the
model restricted to recipients of a single bloed 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, .94-3.0%; P=.08),

In a separate analysis, we restricted the risk set to recipients
of a single blood unit and kept the reference group defiried 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-8
antibody-negative blood units. In this model, additional
short-stored HHV-8 antibody-pasitive 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
HHYV-8 antibody-negative: AHR, 0.53, 95% ClI, .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

1500 « JID 2012:206 (15 November) » Hladik et al

JUIA23(] U0 ANSu] poog [enua)) i Blosjaunolpioyxo pilsdny wo., Loproumo]

TIOT L



Table 2, Risk Factors for Post-Transfusion Mortality, N = 1082 (human herpesvirus 8 [HHV-8] reference group: transfused with short- or

long-stored HHV-8 antihody-negative blood}

Recipients Unadjusted Hazard Ratio Adiusted Hazard Ratio
No. of Point Point

Risk Factor Person-time = Recipients Mortality Estimate  95% Cl PValue Estimate 95% Cl PValue
Ags, years; eontinddis © 2B - Tosa 1T 25 1027 10fef8 oA Y 11007 L geni02 78
HIV uninfected 3773 948 17.5 Ref Ref
Iipfeied i o BT 2 08 sB 050, - 433078

133 32 30.8 1.80 '

i BB . A7 - 300 Ref
304.3 791 28.0 0.89

22.5
iﬁhmﬁér of 'transfusmns 428.0' ) 13‘28{a i 25.9
[continuous)

Tra
HHV-8-seronegative blood

stored <4 days

HHV-8-seropositive blood 776 200 44.2

1.35-1.79

218 141337 192 01

Persontime In years. Mortality expressed as number of deaths per 100
characteristic. P values apply to differences in the hazards observed,

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

person-years, Mazard ratios: the hazard of death amoeng 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-§ antibody-negative transfusion {1.18)
was nonsignificant. When replacing the number of transfu-
sions with the number of blood units transfused in the rmodel
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, 1.06-134 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, 176) 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% CI, 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 difficuit 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 bloed, 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-stored HHV-8 antibody-negative blood)

Adjusted Hazard Ratio

Point

Risk Factor Estimate 95% Cl PValue

CSeoz. hgo

N‘umber of transfusions
{continuous)

HHV-8 Ab-negative blood Ref
stored <4 d

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

Abbreviations: Ab, antibody; CI, confidence interval; HIV, human
immunodeficiency virus. .

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 unexposed 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, 1. 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 more acutely ill than others.

The adjusted estimated attributable risk of death due to
transfusion with short-stored HFV-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
transfusion 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 HIV-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], espectally if it
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contained allogeneic leukocytes [17, 18], Thus, it is plausible

" that FIHV-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 leukereduction
or irradiation on the outcome of transfused short-stored
HHV-8 antibody-positive blood in transfusion recipients may
clarify the association of FIHV-8 with mortality among trans-
fusion recipients.

In conclusion, transfusion of short-stored HHV-8 antj-
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-paositive 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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3BA : -SCIENTIFIC SECTION

compared with donors without Chagas cardiomyopathy (178/240 [52%);
mean 7.1 parasites/20 mL}). In the univariate mods! PCR posiivity was
associated with pro-BNP-.level {p < 0.001), left ventricular ejection fraction
(p = 0.024), Troponin (p.< 0.001) and CKMB (p- = 0.043). Conclusion: T.
‘eruzi PCR posltivity .correlates with presence of cardiomyopathy and with
- markers of saverity of diseass Indicating a direct role of parasita persistence
in disease pathogenesis. These findings support guidelines for treatment of
chronically infected patlents and potential utility-of . cruz! PCR for progno-
sis and therapeutic monitoring.
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Increasing Rate of Babesiosm in Transfused Patients at a New York

City Hospital

C Gdss' (Chg9006@med.comell.ody), P Giardina?, M S Slmon°,

D A Kessler®, B H Shaz*, M Cushing'. 'Transfusion Médicing and

Ceifular Therapy, Weili Comell Medical College, New York, NY,

Unhted States; *Pediatrics, Well Comell Medical Collegs, New York,

" NY, United States; *Internaf Medicine, Weill Comell Medical College,
New York, NY, United States; ‘New York Blood Center; New York, NY,

United States

Background/Case Studies: Babeslosls, a tick-borne infection prirmarily due
to the Intra-erythrocytic protozoa, Babesia microtl, resuils In a wide-spectium
of clinical llinéss that ranges from asymptomatic to fatal. Asymptomatic
donors in endemlc areas are diificult to identify, and transfusion-fransmitted
babesiosis {TTB} has baen ncreasingly identified In certain reglons particu-
larly the Northeastem 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 Design/Methods: All suspected cases of
TTE are reported to the TS by cliniclans,; mlerebiologists, or epidemialogy.
TS physicians investigate the possibllity of TTB, and if RBC or granulocyte
unlts were fransfused within three months prior to the babeslosis diagnosls,
suspected units are reperted to the blood supplier and New York State
Department of Health, The patlent's chari is reviewed for demographics,
comorbidities, . specific risk factors for babeslosis, and the ¢linical course.
Resuits/Findings: Seven cases of suspected TTB were reporied from

8/2011 to 5/2012 (1 reported case for 2857 RBC units transfused). In the -

prior & years, 8 cases had been reported, 3 of which ocsurred in 2010. Four
patients (57%) had thalassemla, 3 {43%) had hematological malignancies,
and {57%)} were asplenic. The non-thatassemic patients were all older than
60 years of age. The parasitemia at diagnosis ranged from 0.3% fo 7.9%.
Five of 7 experienced laboratory evidence of hemolysis. Two pailents
required hospitallzation arid a third required transfer 1o the ICU for manage-
ment of babeslosis, Four were treated as outpatients with a prolonged
course of antiblotics, Eight of 15 (53%) diagnosed with babesiosis In the last
& years had warm REGC auloantibodies and iri 5 cases the autoantibody was
Identified within 1'month of the babeslosts diagnosls, For 2 patients, review
of pra-transfusion specimens rovealed evldence of babesia infection prior
to bransfusion. Thres patlents weara considered presumed to have TTB (1 in
6666 RBC transfused) with’ donor titers ranging fram &4 to 256. The two
remaining patients recelved blood-solely at outside hosplials. and remain
unconfirmed for TTB, No fatalitles due to TT8 occurted during this time; 1
patient died within 42 days of diagnosls from complications of thelr underly-
ing tondition. Conciusion: In the past year, our institutlon experlenced an
alarming Increase in frequency of TTB assaciated with significant marbidity
and financial cost. These results are consistent with recent publications
dacumenting the parasite's expanding geographlec range in New York State
and highlight the urgent need for donor screening assays. Until such a tést
is licensed, clinicians must be aware of this risk In transfused patients par-
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“ticularly in vulnerable populations such as the eldedy and peonates, and
patients with asplenia, hemoglobinopathies or hematologic malignancies,
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Anaplasma phagocytopm{um Transmisslon by Leukoreduced Red
Blood Cells

Hospffal medence. RI ‘Unjted States; ’thsion of Infeclfous D:sease,
Mirfarn Hospital Prowdence, R, United Stafes, 3phoda Islend B.food
Centen Providenca. AL, Uriited States; ‘Imugen Inc, Nomood MA, Umted
S!ates X

Background/Case Shidies: Human Granulocytic’ Anaplasmosis (HGA) Is
a tickbome rickettslal infectious disease caused by gram-negative, obligate
infracellular bacteria infecting neGtrophils and transmitied to humans by
species of the Ixodes tick. Ixodes seapilaris 1s endemic in the Northeast
and upper Midwest regions of the US, Only four previous sases of transfu-

glon transmitted anaplasmosls (TTA) have been described, all from the

Midwast and only one was proven to ba from a leukoreduged red blood call
{REC). Study Design/Methods: A 64 year cld male patient was admitted
to hospital with a 3 day history of fatigue, dyspnga oh exertion and melena
for several days. The Patient had a istory of chitrilc cbstructive pu1monary
disease (COPD) and was of aral prednisone. There was a history of retur-
rent gastritis with Tron deficienéy anemia. His hemoglobin on admissioh was
8.2 g/dL. Hd réceived fiveé unils of prestorage levkoreduced RBCs, subse-
quently stabilized and was discharged. Two days after d|sct1_arge, he devel-
oped headache, fever and chills and was readmitted. He was started on
antibiotics and IV methylprednisolone for exacetbation of hls COPD. The
patient’s symptoms did not improve and on day: 5 of his second admission,
the temperature was 101.4 F, and the WEC decreased to 2.2 x10%L. Poly-

morphonuciear jeukocyteés containing morulae consistent with HGA ware -

reported in the peripheral smear. Samples from the recipient and donor
segmenis from all 5 leukoreduced RBC units were retrieved and tested for
Anaplasma phagocytophilum. Results/Findings: All five donor segments
were evaluated by polymerase chain reactlon (PCR). One dohor tested PCR
positiva for HGA, This vnit had been stored for 12 days prior to transfusion.
The doner was a healthy B1 year old male from an Ixedes endemic area in
RI with. outdoor activities who reperted no tick bites. Laboratory data are
shown In the Table. Conciusion: Leukoredudtion doss not interdict the
transmisslon of H@A. TTA requires conskleration in recipients of red cell
{ransfusion with unexplained fever, regardless of the geographic location of
the transfusion since red cells are commonly exported from HGA endemic
to HGA nonendemic areas.

Disclosure of COmmerclal canflict of Interest

H. Alhumaidan: PALL Medical, Grants or Research Support; V. Berardi:
IMUGEN Inc, Ownership or Parinership; C. Esteva: NoAnswerJ Sweeney:
Nothing io disclose; B. Westley: No Answer; C. Young: No Answer

Disclosure of Grants Conliict of Interest

H. Athumaldan: PALL Medical, Grants or Research Support; V. Berards:
IMUGEN Inc, Grants or Research’ Support; C. Esteva: No Answor; J.

Sweeney: Nothing to disclose] B. Weslley: No ‘Answer; C. Young: No
Answer .

Anaplasma phagocytopliium ~

Donor testing (ségment) Serology  ELISA positive Igh > 17.4 [96 > 12.1
’ FCR _Pusﬂlve

Recipiant testing {WB and serum)  Serclogy  ELISA lgG negatwe IgM nat repurted
.. PCR. " Pnsl tive
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Pathogen inactivation technology applied to a blood
component collected from an asymptomatic carrier of
Leishmania infantum: a case report
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Vox Sanguisis

Asymptomatic Leishmania infections have been the main cause of transfusion
transmission 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

Received: 19 December 2011
revised 11 May 2012
gceepted 12 May 2012,

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 Leishmadnia infuntum is
endemic in the Mediterranean basin. Most L. infantum
infections are asymptomatic and resolve spontaneously in
immunocompetent individuals. A minority progress to
classic visceral leishmaniasis [1]. Zeishmania Infeclion is
naturally transmitted through the bite of phlebotomine
sand flies, but transmission of Leishmania by transfusion
has also been reported {2]. The existence of asymptomatic
L. fnfantum 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 Ledsk-
mania infection in blood donors [1,3-5], at present there
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de les llles Balears, C/Rossellé | Cagador, 20 07004, Balearic Islands, Palma
de Mallorcz, 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 Leish-
manita 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 L 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 230 X 10'!/component. Apheresis products were
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suspended in approximately 35% plasma and 65% platelet
additive solution (Intersol, 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 carded out on peripheral bload.
samples on the day of the donatlon. RT-PCR was also car-
tied 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/LEM7S) 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 Leishmania DNA 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-FCR 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.
*Tnn witre’ 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 ‘iz »itro’ cultures were negative after
6-month follow-up.

Discussion

-Asymptomatic carrers 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 blood 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 £, fnfan-
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 Auihor{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 Zefshmania
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 Q01 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 Leishmania nucleic acids are rapidly
degraded following parasite death [10].

Until now, studies into pathogen inactivation technolo-
gies applied to the reduction in Zeishmania risks have been
based on ‘in vitrd' studies. Basically, Zeishmania-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 vifro’ spiking studies, this gives more weight to
the indicaticn that it will be able to inactivate the low doses
presented in asymptomatic blood donors. The application
of this technology should, therefore, provide a wide margin
of safety.

The INTERCEFT 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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http://www,sermadridsur.com/noticias/el-brote-de-leishmaniasisque-afecta-a-municipios -del-sur-no-remitio-en-
012-con-150- 3123

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 viscera!l 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 typ'es 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.org/r/1zim.)
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TRANSFUSION COMPLICATIONS

Cost-effectiveness of prion filtration of red blood cells to reduce
the risk of transfusion-transmitted variant Creutzfeldi-Jakob
disease in the Republic of Ireland

Conor Teljeur, Martin Flattery, Patricia Harrington, Michelle O'Neill, Patrick S. Moran,
Linda Murphy, and Midirin Ryan

arfant Creutzfeldt-Jakob disease (vC/D) is one

BACKGROUND: Variant Creutzfe[dt-dakob disease ofa group of rare, progressive fatal noninflam-
(vCJD} is a rare, progressive fatal neninflammatory matory newrodegenerative diseases known as
neurodegenerative disease. [reland has the second: ] transmissible spongiform encephalopathies
highest rate of vCJD In the wotld with an ongoing risk (TSEs).! CJD is the most common TSE affecting humans; a
of vCJD transmission through blood transfusion. Prion- new variant form, termed vCJD, was first described in
removing filters have been developed fo reduce the risk 1986, This variant form is characterized by having a differ-
of vCJD fransmission. This study almed to avaluate the ent neuropathologic profile, a younger age: of onset, dif-
cost-offectivensss of implementing a policy of prion fil- ferent clinical findings, and the absence of abnormal
tration of red blocd cells (RBCs) in the Republic of elecoencephalogram findings typical of other CJD
freland. ‘ " forms.? The origin of vCJD is linked to the consurnption of
STUDY DESIGN AND METHQDS: A cost-effectiveness beeffrom catdle infected with a bovine form of the disease,
moede] was developed to simulate the fikelihood of RBC bovine spengiform encephalitis (BSE)* which was preva-
recipients developing clinical vCJD as a result of being lent in the United Kingdom and elsewhere in the 1980s
transfused with infected RBCs. Model vardables were and 1990s. Of the 224 cases of vCID worldwide to date, 175
collected from pubfished ilterature and expert opinion. have accurred in the United Kingdom,* where the inci-
Costs were estimated based on the processing dence peaked in 2000, declining since. Ireland has the
changss redquired to implement prion fiftration. second highest rate of vCJD in the world behind the
RESULTS: In the absence of prion filtration, it is esti- United Xingdom, with four cases reported to date in a
~mated that fwo individuzls will develop clinical vCJD poputation of 4.5 million.*

arising from RBC fransfusions over a 10-year fime There is an ongeing risk of vCJD transmission from
horizon. The discounted life-years lost will be 18.5 transfusion of blood or blood products orlginating from
years. With prion filtrafion, there will be no deaths or subclinical carriers of the disease, Measures have been
life-years lost. The discounted cost of universal prion taken by transfusion services worldwide in accordance

fittration 1s €68.2 milllon over 10 years with a corre-
sponding incremental cost-effectiveness ratio of €3.7
million per life-year gained. In 25.3% of simulations
there were no deaths from vCJD infection through
Infected blood fransfusions, irrespective of prion
fltration,

CONCLUSION: Prion filtration is considered not cost-
effective by fraditional measures. Although numerous

ABBREVIATIONS: BSE = bovine spongiform encephalitis;

IBTS = Irish Blood Transfusion Service; ICER = incremental cost-
effectiveness ratio; QALY = quality-adjusted life-year; TSE(s) =
transmissible spongiform encephalopathy (-ies); VAT = value-
added tax; vCJD = variant Creutzfeldt-Jakob disease.

non-cost-effective blood safety stiategles have been From the Health Information and Quality Authority, Dubtin,
imptemented In the past, consideration should be given Treland,

to the most efficient use of finite resources in ransfu- Address correspondznce to: Conox Teljeur; Health Informa-
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with best available evidence to minimize this risk, These

measures include donor deferral policies, importation of
plasrna 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.S All of these
cases occurzed in the United Kingdom before the intro-
duction of universal lenkoreduction of RBCs. The high
incidence of vCJD in Ireland has raised econcems that
there may be a significant risk of secondary transmission
through infected blood products.®
. Prototype blood tests have been cleveloped for detec-
tion of vCID 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 clairned, substantially reducing any
residual prion protein present in donated blood.? The
use of such filters would complement existing measures
adopted to contain the risk of transmission. Although
prion-removing filters may alter the compasition of RECs
that are passed through them, the resulting RECs are con-
sidered safe for transfusion.1 The aim of this study was to
evaluate the cost-effectiveness of implementing a policy
of prion filtration of RBCs in the Republic of Ireland.

MATERIALS AND METHODS

Literature review on efncacy and safety of

prien filters

Published litexature was obtained by searching MEDLINE,
CINAHL, the Cochrane Library, Database of Abstracts of
Reviews of Effects, NHS Economic Bvaluation Database,
and EBSCO Psychology and Behavioural Sciences Collec-
tion and Health Business on the PubMed and EBSCO
systems. Regular aleris were established on PubMed and
EBSCO and relevant information retrieved via alerts was
cwrrent 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 assessing health care interventions in Ire-
land." As no published quality-of-life data were found for
vCID, er 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

2286 TRANSFUSION Volume 52, Navember 2012

and social care system in Ireland with only direct costs
to the Trsh Blocd Transfusion Service (IBIS) and
Health Service Executive included. The target population
inctuded all individuals receiving a transfusion of RBCs,
It was assumed that no additional tzansfusion-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 ocour
at different times. It reflects a societal preference for ben-
efits to be realized in the present and eosts to be experi-
enced in the future. Costs and benefits were discounted at
the rate 0f 4% as prescribed in Irish guidelines.' & 10-year
time horizon was used for evaluating costs. Benefits were
deterrnined 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
analysis was not possible. Variable vahues were deter-
mired using peer-reviewed literature, with gray literature
and éxpert opinion used in the absence of peer—xewewed
evidence,

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

_xecipients; the latter estimated the costs associated 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
scenazios. This was converted into a fully probabilistic
model thet allowed the inherent uncertainty around vari-
able estimates to be incorporated,

The transmission model simulated the likelihood of
RBC recipients developing vCTD as a result of being trans-

_ fused with blood donated by individuals who were sub-

clinical cartiers of vCJD. There are approximately 96,000
donors and 32,000 recipients of units of RECs each year in
Ireland. The median age of recipients is 69 and on average
41% of recipients are ative 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 vCID; 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 prevalenceinIreland (2 in 4.5 million} to the UK {276 in
62 iillion). The infectivity of human blood has been
inferred from animal studies, All confirmed clinjcal cases



COST-EFFECTIVENESS OF PRION FILTRATION

TABLE 1. Transmission model variable distributions and vajues

Variable

Medlan (85% CI} Distibulion

Nationel prevalence of preclinical vC.JD*

Suscepibility 1o developing clinleal vCJD (%)

Donations per infected donor {units per annum)

Percentage of collected units used (%)

Infectivity of vCJD Infected blood {ID/mL) . !
Infectivity remeved by leukoredustion (%)

Residual plasma (mL)

Top and top (TT) . 20.2 (i38.7-268.7) Normal (20.2, 3.3)'8

Top and batiom (TB) 9.3 (5.2-13.4) Nomal (9.3, 2.1)%
Incubatlon (years) )

MM hormozygous 7.6 (5.6-9.5) Normal (7,60, 1.02)"

Nor-MM homozygoust 21.3 {15.2-28.6) Log noremat (3.06, 0.15)
Percentage population MM homozygous 39.2 (34.5-44.00 Beta (156, 242)=
Probabllity of Infectious doses after prion filtvation 6.9 % 10° (2.5 107-3.7 x 10°%) Befa {1, 9,909)%

153 (35-113)T Beta (3, 12,671) x 0,158

9.7 {5.0-16,6) Beta (10, o)™

1{1-4} Sampled®
B (86-91) Beta (512, 63)' .
0.3 (0.9-35.6) Gamma (1.57, 0,135)"

50.0 (32.4-67.5) Beta (14.9, 14.9)%7

the United Kingdom.

* Afactor of 0,158 Is appiied to the prevalence to reflect the refative difference In observed indlgenous clinical cases between Irefand and

¥ Prevalence has been multiplied by national poputation of 4.5 milllon to give number of infected Individugls natlenally.
f Asthere ara no chserved casss of chnical v&JD in nen-MM-homozygous Individuals, this distibution is based on expert oplnlon alone.
Beta=c and B in parentheses; Gamma = shape and rate In parenthes

@s; normel and log normal = mean and 5D I parantheses.

of vCID to date have been methionine-homozygous (MM)
at Codon 129 af the prion protein expressing gene (PRNE).
However, it cannot be ruled out that clinical vOJD could
occur in individuals with other polymorphisms? A
Poisson dose-response model was used that entailsa high
probability of infection even at minimal exposure levels,
Under this model, there is a 93% probability of transmis-
sion with exposure to only five infectious doses. Suscepti-
bility may also be linked to the age of the recipient, but
there are insufficient data to support a parameterization.2
Values for susceptibility and incubation period in non—
MM-homozygous individuals are unknown and were
based on published modeling exercises?'® T was
assumed that all individuals can be infected by exposure
to infected RBCs but that only those who are susceptible
iy go on to develop clinicat vCID. To generate plausible
Tesults, susceptibility and incubation length must he
negatively comelated.® There is no biologic rationale forf a
negative correlation and this relationship may simply
reflect a shortcoming of the model rather than the char-
acteristics of vCJI) 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-
hemozygous individuals. The efficacy of the filter is
derived from a single stucy that determined that 1 in
10,000 infectious doses would not be retained by the fil-

ter?The filters therefore appear to bevery 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 RBECs and thesefore the model takes into
account the propertions processed by each method in the

IBTS. It is thought that vCID infectivity in human blood js
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.?
Leukoreduction is assumed to remove approximately 50%
of infectivity.

The wide distributions around variable values 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-homozygons 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 postteansfusion 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 Lid,
Mouvaux, France) and the Leukotrap Affinity Plus com-
bined WBC and prion-removing filter system (PRF2BE;
Pall Medical, Portsmouth, UK). Unlike the PRF2BE, the
P-Capt bas heen independently validated and could be
edopted immediately. Such studies typically take 3 to
4years to complete and it is therefore asswmed the
PREZBE 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 identified (see Table 2). The costs inputs for the
cost-efflectiveness model relate to the incrementat cost of
prion filtration. Wheze appropriate, cost savings related to
the reduced consumption of existing resources were
included. Costs considered in estimating the marginal

Volume 52, November 2012 TRANSFUSION 2257
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TABLE 2, Cost data Included in the model

{2010 costs)*
Item Cost (€)
P-Capt filter 55,00 (46.20-63.80)
PRF2BE ftert 43.70 (36.71-50.69)

Processing cost per unit
{excluding prion fiftration)

243,71 (208.92-283.50)

Wafer 2,73 (2.23-3.17)
Macopharma bag 9.87 (B.28-11.45)
Pell bag B.75 (7.35-10.15)
Classic bag 6.95 {5.84-8.08)
FIX assay B.20 (5.21-7.19)

Waste bin (per unit} 0.12 (0.10-0.14)

Incineration.(pes unit) E 0.26 (0.22-0,30)}

Mean anmual staffing costsi 295,074.00
(247,862.16-342,255.84)

* Data are reported as median (95% CI).

T Filter price estimated based on guoted prica In sterling for
purchase of 150,000 units,

$ Comprises three medical laboratory aldes and one senlor
medicat sclentist, Salary cost Includes socfal insurance,
penslon ¢osts, and IBTS overheads,

unit cost for the intervention included the eost of pro-
curement, processing, storage, and distribution of
prion-filtered RBCs. Consistent with national guidelines,
value-added tax (VAT) was not applied to costs® Filter
costs were supplied by the manufacturers, Prices for the
PRFZBE filter system were quoted in sterling and con-
verted 1o Euro using the exchange rate at the ime 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' exchangerate. Prices for processing equip-
ment were supplied by the IBTS. Salaries were derived
fror 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 distdbution
(c=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 umits 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, Pron 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 consequences for transfusion-
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 PRF2BE 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.

2288 TRANSFUSION Volume 52, November 2012

Withuse of the PRE2EE 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 lenkoreduced plasma was alse included, A Factor
(FXassayis used as aprocess control measure toindicate
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-removing filters. For the cost-
effectiveness model, the cost of filters orily changes every

" second year while all consumables vary from year to year,

Every 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 PRE2BE filter
is less expensive, applying the price fluctuation of +20%
results in the P-Capt filter being less expensive in some
simulations. .

The budget impact analysis was also determined fora
5-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
analysis with the difference being that prices are inclusive
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 exemnpt.

The model was developed and run in the open-source
statistics program R The model was run for 25,000
simulations. Discounting was applied to the resulis
from each year and the results were then aggregated to
generate a simulation-level result, The incremental cost-"
effectiveness ratioc (JCER) was computed as the additional
cost of prion filation 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
baunds, respectively, for each outcome, A univariate sen-
sitivity analysis was used to determine the fmpact of
setting each individual variable in turmn to the upper and
lower bounds, respectively, while varying all other vari-
ables as per the standard model. The results of the sensi-
tvity analysis are presented using a tornado plot, which
ranks the variables by their impact on the results.
Although the discount rate was not varied in the main
model, it was varied between 0 and 6% in the univariate
sensitivity analysis. The same discount rate was appliéd to
casts and benefits. ‘

RESULTS

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



absence of prion filtration, the infected umits of blood will
be transfused to six recipients (95% CI, 0-26) that are sus-
ceptible to clinical vCID. Of those six, two (95% CI, 0-11)
will survive to 5 years posttransfusion and two individuals
(95% 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 (35% CI, 0-102.5). With prion
filtration, there will be no deaths or life-years lost. The
discounted cost of universal prion filiration will be €658.2
million over 10 years. The corresponding ICER is €3.7
million {(95% CI, €0.7 m-sq) per life-year gained.

TABLE 3. Outcomes with and without
prion filiration*

Without prion With prion
Cutcome filtratlon filtration
Deaths from clinical vCJD 2 {0-8) 0 (0-0)

Discounted lifs-years lost
Discounted llle-years galned
Discounted cost (€m)

ICER (€mVLYG)

Flve-year budget impact (€m)

* Data are reported as median (95% CI).

18,5 (0-1025) O (0-0}
18.4 (0-101,3)
68.2 (51.7-75.0)
3.7 {0.7=e)
51.6 (46.4-57.5}

Deathis witheout prion filtration

COST-EFFECTIVENESS OF PRION FILTRATION

In 25.3% of sitnulations there were no deaths from
vCID infection through infected blood transfusions, irre-
spective of prion filzation. Indeed, this is the single most
probable outcome. For simulations where there was at
least one predicted death, the inwoduction of prion filtra-
ton was predicted to prevent all deaths in 96.8% of cases.
The probability of different ocutcomes 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 sirulations
resulting in no life-years gained using prion flration. Just
aver 83% of simulations had an incremental benefit ofless
than 50 Life-years gained. Given the shorter life exp ectancy
positransfusion coupled ‘with the older age profile of
transfusion reciplents, 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 €3 million by Year 5 when the
PRE2BE filter is available. When the budget impact of
prion filtration is distributed across the units transfused, it
represents an add.monal cost of €74 (95% CI, €66-€82) per
unit, in other words an additional 30%
on the price of a unit of RBCs.

Aunivariate sensitivity analysis was

carried out to assess the influence of dif-

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

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

disease. The upper and lower bounds
for prevalence are equivalent td 413 and

w
e

53

b7l

4003

%
G

35 cases of subclinical disease nation-
ally, If the prevalence of subclinical

¢ @mm

VCID nationally is 35 cases, for example,

oo

002
k=3

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

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

Deaths prevented by prion filtration
i
.
2

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

odi2 ICER oi €7.8 million per life-year gained

when susceptibility is at its lowest value

i | oo | and €2.8 million at its highest value.

When the discount rate is at its lowest
#et 1 value the mean ICER is €3.1 million per

Fig. 1. Balloor plot showing probability of different outcomes with and without
prion filtration. Notes: 1) The value in a cell represents the probability of that par-
ticular outcome. For example, there is a probability of 0.005 that there will be three
deaths without prion filration where two of the three would be prevented by filtra-
tion. Blank cells have zero probability. 2) For clarity the balloon, plot only extends to
10 deaths—this exclndes 0.8% {n = 194) of simulations with more than 10 deaths,

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

Iife-year gained.

] The cost-effeciiveness acceptability
curve for prion filtration is shown in
Fig. 4. Thecost-effectiveness acceptabil-
ity curve shows the probability that
prion filtration is cost-effective over a
range of willingness-to-pay thresholds.
The probability of cost-effectiveness is
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Fig. 2. Plot of cost against health benefit for 25,000 model simulations. Note: In 25.3%
deaths from vCJD fnfection through infected blood transfusions, irrespective of prion
Irish popudation.
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Fig, 3. Tornado plot of univariate sensitivity analysis. Note: base-case and upper and
lower values for each variable are derived from Tables I and 2, The upper and lower
bounds for the discount rate were 5.7 and 1.7%, respectively. Exchange rate variation
is approximately +5% per annum,
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t . i 1
200 250 300

{n = 6334) of simulations there were no
filtration. 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
€1million 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.

DISCUSSION

In the absence of a policy to prion filter
RBCs, it wes estimated in this study
that arising from transfusion of vCfD-
infected RBCs over the next 10 years in
Ireland there will be two (35% CI, 0- 8)
deaths from vCJD. This would corre-
spond with 18,5 (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-€w) 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-
eifective by aditional measures of cost-



COST-EFFECTIVENESS OF PRION FILTRATION

per the Itish 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 witheut controversy,

Prehabllity of belng cost efiective

particularly when potential benefits do
not accrue for a long time (such as in
vaccination programs and other pre-
ventative public health strategies).

Maximum willingness-te-pay (€m f life-year gained)

Fig. 4. Cost-effectiveness acceptability curve, Note: as prion filtration offers no
benefitin 25.6% (n = 6397) of simulations, the probability of cost-effectiveness never

exceeds 0.744,

effectiveness. Although there is no explicit threshold in
Eeland, historically an upper limit of €45,000 per QALY has
been used, although this has been lowered in recent
years, notionally fo €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 immunodeficlency virus [HIV), hepatitis B, and
hepatitis C) was found to be not cost-effective in pub-
lished Buropean and US studies, with ICPRs 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 counties, including freland.s
The introduction of NAT in Ireland must be viewed in
context. From the 1970s to the early 19305, some patients
with hemophilia and von Willebrand disease received
contaminated blood products lezding t6 HIV and hepati-
tis C infections. Contaminated anti-D was alsa adminis-
tered resulting in hepatitis C infections. This historical
context, coupled with favorable economic conditions at
the time, facilitated the inttoduction 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
decision on prion filtration. A possible reason for the dif-
fering standaxds of cost-effectiveness of blood safety sirat-
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 alsa lead to
aloss of donors.

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

Prion filtration is predicted to result in
18.4 (95% CI, 0-101.3) life-years gained
with discounting compared to 36.3 (95%
CIL 0-228.2) life-years gained without
discounting. Differential rates of 3.5
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 €23 million (95% CI, €0.5 11t-8w) per life-
year pained. While this represents a substantial
reduction from the estimate of €3.7 million per life-
year gained, prion filtration would still be con-
sidered not cost-effective by traditional standards for
cost-effectiveness, .

The guality 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 isin line with the findings of this study® Untl
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-
sionthrough infected blood products. In a study published

. in2010, the possibility ofa second wave ofvCJD casesin the
" United Kingdom was investigated, distinguishing between

primary and secondary transmission.? It was estirnated
thatover the next 100 years the number of vCJD deaths due
to secondary ransmission would be approximately 1.7
times the number of vCJI) 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 bloed transfusion, This would be
within the confidence bounds estimated by this study.
The cost-effectiveness modet i§ subject to a number
oflimitations that may impact on the results or thefr 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 varfables, By
using 2 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 modei is
assumed to be constant over the 10-year time horizon.
This represents a pessimistic view: the risk of Pprimary
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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-homozygous indi-
viduals are susceptible to developing clinical disease, thent
prion filiration wauld 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
vCID were included, Costs to the individual (for example,
out-of-pocket expenditure.related to tieatment or trans-
port to appointments) or to society (for example, lost pro-
ductivity in those diagnosed with vCJ/D) were not
considered.

The knowledge of vCJD and its transmission is tmited
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 filiration as a means to preventa civil risk, itis
pragmatic to view the potential exposure in a pessimistic
rather than optimisticlight. Given Ireland's !egacy‘regaxding
hepatitis C and HIV infection, a conservative approach js
mmore appropriate, As knowledge improves, models can be
refined to hopefully produce more accurate and precise
estimates of the future course of vCID.

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 vCID. The introduction of prion
filtration for all transfusion recipients was found to be
not cost-efiective by traditional standards of cost-
effectiveness. Although the results of this study may be
closer to a worst-case scenario as a result of conservative
medeling assumptions, they should not be viewed as
improbable. Prion filivation could have a true ICER that is
substantially higher than €3.7 million per life-year gained.
Although other bluod 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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Information received on 07 Dec 2012 from Dr Figuelredo Marques Gullherme Henrique, Director,
Departamento de Saede Animal, Ministerio da Agricultura, Pecuaria e Abastecimento, Brasilia, Brazil
Summary:
Report type: Immediate notification
Date of start of the avent 18 Dec 2012
Date of pre-confirmation of the event 15 Jun 2012
f 7 - Report date: 07 Dec 2012

Date submitted to OIE: 07 Dec 2012

Reason for notification: 1st occurreﬁce of a listed disease
Manifestation of disease: Sub-dinical infection

Causal agent Prion responsible for bovine spongiform encephalopathy
Nature of diagnosis Laboratory tadvanced)'

This event pertains to the whele country

New outbreaks
Sumimary of outbreaks: Total outbreaks: 1
Qutbreak Location: Parana { Sertanopolls }

Total animals affected
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Species / Susceptible / Cases / Deaths / Destroyed / Slaughtered
Cattle/148/1/1/0/0

Outbreak statistics:

Specles: Cattle

Apparent morbidity rate: 0.68 percent
Apparent mortality rate: 0.68 percent
Apparent case fatality rate: 100 percent

Proportion susceptible animals lost* 0.68 percent *

*Removed from the susceptiblg pobulation through death, destruction and/or slaughter;

Epidemiology N
Saurce of the outbreak(s) or origin of infection: Unknown or inconciusive

Epidemiological comments: On 18 Dec 2010, the Official Veterinary Services (CVS) were Informed by
the owner of a holding in the municipality of Sertanopolls (State of Parana) on a recumbent bovine
showing limb stiffness which was detected during routine Inspection. Next day, when the OVS were
going to visit the holding, they were Informed by the stockman that the animal was dead.

The OVS went to the holding to collect infermation and samples for the diagnosis of the cause of the
death. As It is an area where rables Is present In herblvores, sampies were taken for the dlagnosis of this
disease and for differential diagnosis, as recommended by the national protocol. The animal was
properly buried on site. The animal was a beef breeding cow almost 13 years old at the time of death,
according to information cbtalned during the epidemiological investigations.

According to regulations and routine procedures to be implemented In case of suspected neurological

diseases, the sample was tested for rabies and it was negative. As it was an adult animal negative for

rabies, the sample was sent for laboratory analysis within the survelliance system for bovine spongiform
encephalopathy (BSE). N

On 11 Apr 2011, a negative histopathologlcal result for BSE was obtained In a laboratory accredited by
the OVS. The sample was sent to the National Reference Laboratory, National Agricultural Laboratory
(LANAGRO-PE), Recife, Pernambuco, for BSE diagnosls and It testéd positive on 15 Jun 2012 by
immunohistochemical test. :

The delay between the 2 tests was caused by an incident occurred in one of the laboratories of the
accredited network for the diagnosis of BSE. That led to overload the system and to prioritize the
diagnosls of samples which met BSE-risk characteristics, as established by the OIE. The sample
betonged to the group "fallen stock” and to the age group "over ¢ years," according to the Article
11.5.22 of the OIE Terrestrial Animal Health Code. This classificatlon led to consider the sample as
showing a low diagnosis priority level, which resulted in a longer than expected delay from
histopathological to immunchistochemical tests. .

According to the procedure manual on response to the occurrence of a BSE event in Brazil and as it is
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the 1st occurrence in the country, the sample was sent for confirmatory dlagnosié to the OIE Reference
Laboratory for this disease, Animal Health and Veterinary Laboratories Agency (AHVLA), Weybtidge,
United Kingdom, The sample tested positive in immunohistochemical test on 6 Dec 2012.

The epidemiclogical investigation shows that the animal's death was not caused by BSE and suggests
that it may be an atyplcal case of the disease occurring in the oldest animals. Information collected
during the epldemiological investigation shows also that the-animal was reared in an extensive system

on grazing.

Note by the OIE: Brazil is still recognized by the OIE as having a negligible BSE risk in accordance with
Chapter 11.5. of the OIE Terrestrial Animal Health Code.

Control measures
Measures applied: No vaccination
No treatment of affected animals

Measures to be appiied: No other measures

Diagnostic test results

Laboratory name and type: Anlmal Health Laboratory - IMA ( National laboratory )

Tests and results
Species / Test / Test date / Result

Cattle / histological test / 11 Apr 2011 / Negative

Laboratory name and type: Naticnal Agricultural Laboratory (LANAGRO-PE) ( National laboratory )

Tests and results:
Specles / Tests / Test date / Result

Cgttle / immunochistochernical tests / 15 Jun 2012 / Positive

Laboratory name and type: Animal Health and Veterinary Laboratories Agency (AHVLA) ( OIE's
Reference Laboratory)

Tests and results:
Species / Test / Test date / Result

Cattle / Immunohistochemical test / 06 Dec 2012 / Positive
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[This Is the 1st report of BSE (Bovine Spongiform Encephalopathy) in Brazil. While the OIE regards Brazil
as a negligible risk, there are some countries who may view this differently, especially as they look at
meat that may be exported.

The determination of this case as a sporadic case may take some investigation or analysis. Without such
an analysis to prove this was a sporadic case, there is a large shadow of doubt that may creep over
countries importing product from Brazil,

‘Other countrles and likely the OIE will be looking to see what type of surveillance program Brazil may
put Into effect. With an eye toward the export markets, Brazil wili likely analyze the situation and put
into place a survelliance mechanism and a thorough investigation of the situation.

Parana, Brazil, may be found on the interactive Healthmap/ProMED-mail map at:

http: //healthmap.org/r/3vzA - Mod. TG] v
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BRIEF REPORT

Human-to-Human Transmission
of Severe Fever With
Thrombocytopenia Syndrome
Bunyavirus Through Contact With
Infectious Blood

Xiaoyan Tang,"* Weili Wu.>* Haifeng Wang,** Yanhua Du,’ Licheng Liu,*8
Kai Kang,' Xueyong Huang,' Hong Ma,' Feng Mu,® Shigiang Zhang,’
Guohua Zhao,” Ning Cui,* Bae-Ping Zhu? Aiguo You,' Haomin Chen,!

- Guohua Liu,! Weijun Chen,2** and Bianli Xu'

'Center for Disease Control and Prevention of Henan Pravince, Zhengzhou; Key
Laboratory of Genome Sciences and Information, Beijing Institute of Genomics,
Chinese Academy of Sciences, *State Key Laboratory of Pathogen and Biesecurity,
Institute of Microbiology and Epidemiology, Academy of Military Medical
Sciences, and “Chinese Filed Epidemiology Training Program, Beijing; *Beijing
Genomics Institute in Wuhan, Wuhan, %Center for Disease Control and Prevention
of Xinyang City, and 7154th Kospital, Xinyang, People’s Republic of China

‘We investigated an outbreak of severe fever with thrombo-
cytopenia syndrome (SETS) that occurred during May and
June 2010, to identify the mode of transmission. Contact
with the index patient’s blood was significantly associated
with development of SFTS (P =.01, by the ? test for linear
trend); the frequency of contact with the index patient’s
blood increased the risk of SFTS in a dose-response manner
(P =.03, by the %2 test for linear trend). We concluded that
human-to-human transmission caused this cluster of cases.

Keywords. severe fever with thrombocytopenia syndrome
virus (SFTSV); human-to-human transmission; blood.

In May 2007, a life-threatening disease characterized by the
sudden onset of fever, thrombocytopenia, and leukopenia was
first reported in several provinces in central and northeast
China [1,2]. A novel bunyavirus was identified as the causative
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agent of this disease. The disease is referred to as fever, throm-
bocytopenia, and leukopenia syndrome (FTLS) or as severe
fever with thrombocytopenia syndrome (SFTS), and the virus
is designated FTLSV or SFTSV, respectively [}, 2]. Tick bites
were presumed to be the mode of transmission, although no
definitive evidence assaciated with this hypothesis has been
identified [1, 2]. 7

During May-June 2010, a cluster of 5 suspected cases of
SFTS occurred in Henan Province in cgntral China, with 1
death. We investigated this cluster to confirm the diagnosis
and identify the mode of transmission.

METHODS

" We defined a laboratory-confirmed case of SETSV infection as

the presence of =1 of the following findings: a blood culture
positive for SFTSV, identification of viral RNA through
reverse transcription polymerase chain reaction (RT-PCR),
and seroconversion or a 4-fold increase in anti-SFTSV immu-
noglobulin G (IgG) titers between acute- and convalescent-
phase sera.

We collected acute-phase serum from the index patient and
paired sera from the ill contacts, with acute-phase sera collect-
ed <7 days after onset and convalescent-phase sera collected
>6 weeks after onset. Sera were also collected from the asymp-
tomatic contacts of the index patient 6 weeks after exposure.
Ticks were collected from the domestic animals (2 cows and 1
dog) kept by the index patient. An immunofluorescence assay
was used to detect anti-SFISV IgG [1], and RT-PCR
{QlAamp viral RNA Mini Kit 52904, Qiagen, Hilden,
Germany), using a specific RNA-dependent RNA polymerase
gene primer set, was performed to detect SFTSV RNA [1].

" Virus was isolated by inoculating acute-phase sera into 2 wells
of Vero E cells.

In a retrospective cohort study, we performed a verbal
autopsy of the deceased index patient by questioning his wife,
younger son, and daughter; the village clinic doctors; the head
of the village; and the doctors and nurses who treated the
patient. We also interviewed the ill and asymptomatic contacts
of the index patient about their symptoms of SFTS and possi-
ble risk factors for infection, including their exposure to the
index patient, exposure to wild animals, and history of tick
bites. All participants provided verbal informed consent for
anonymous use of their specimens and clinical information
for research. The institutional review boards of all participat-
ing institutions approved this study.
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CASE REPORT

The index patient was a 58-year-old man, who, on 20 May
2010, experienced a sudden onset of fever (39.5°C), fatigue,
myalgia, cough, and nausea. He initially received a diagnosis
of influenza and was treated for 4 days in the village clinic
with cefazolin, Shuanghuanglian (an herbal antiviral and anti-
biotic [3]), and dexamethasone (for fever reduction). On 25
May, his symptoms worsened, and he developed facial flush-
ing and conjunctivitis and began vomiting, and he was trans-
ferred to municipal hospital A. On 26 May, he was transferred
to municipal hospital B, where he received a diagnosis of sus-
pected human granulocytic anaplasmosis [4] and was treated
with doxycycline. However, his condition continued to deteri-
orate progressively; hé developed nasal and oral bleeding at
approximately 6:15 aM on 30 May and died at approximately
12:45 pm. During the verbal autopsy, the index patient’s next
of kin denied that the index patient had a history of tick bite
before onset of iliness. The index patient mostly worked in the
field around his house duﬁng the 15 days prior to the onset of
his illness. However, he often took cows to graze in the hills,
and ticks were often found on the cows. During our investiga-
tion, we found that the index patient had 2 cows and 1 dog.
We collected 9 ticks from the 2 cows, but no ticks were found
on the family dog; all ticks, however, tested negative for
SFTSV RNA by RT-PCR[1]. .

We identified 31 contacts with the index patient during his
illness, including 16 healthcare workers, 10 family members, 4
relatives and friends, and the village funeral director. During
6~8 June, 4 of these individuals (13%) developed secondary
SFTSV infection, with clinical signs and symptoms consistent
with SFI'S (Supplementary Figure 1) {1]. Of these 4 individu-
als, 3 were members of the index patient’s family. Since 2006,
one son (son 1) had resided in another city (Ninbo, Zhejiang
Province), approximately 1300 km away, in which SFTSV in-
fection has never been reported [1, 2]. Hearing of his father’s
grave illness, son 1 went directly to the hospital on 29 May
. and stayed at the bedside for 2 days, until his father’s death.
Son 1 became ill on 6 June. The index patient’s other son {son
2) resided in the same village as the index patient, and he had
visited his father every 3-5 days before his father became ill
(1]. Son 2 began caring for the index patient on 25 May. The
index patient’s daughter resided in another county, approxi-
mately 20 km away, and went to the hospital to care for her
father during 26-30 May. She had not seen her father during
the 30-day period before 26 May. Son 2 and the daughter
both became ill on 7 June, The only nonfamilial secondary
case was the village funeral director, who resided in the same
village and had unprotected contact with the index patient’s
blood from 1:00-4:00 pM on 30 May, after he sustained a cut
on his right index finger while washing and clothing the body
with his bare hands. He became ill on 8 June. All secondary

cases denied tick bites, contact with wild animals, or exposure
to other patients with SFTS during the 15-day period before
the onset of their illness.

During the index patient’s final hours of life, while he bled
profusely from his mouth and nose, 5 of 10 family members
were at the bedside; none wore rubber gloves or gowns. Three
of these family members helped to wipe off the index patient’s
blood without wearing personal protection, ‘and- blood
splashed onto their faces. All 3 became ill, showing clinical
signs and symptoms consistent with SFTS [1]. The other 2
family members had no contact with the patient’s blood but
were only present in the ward; neither became ill. Four rela-
tives and friends visited the index patient and talked with him
during the early stages of his illness, when there was no bleed-
ing, and none became ill.

The 16 healthcare workers with contact with the index
patient consisted of 8 doctors and 8 nurses. Before the index
patient was transferred to hospital B, 2 village doctors and 2
doctors in hospital A had unprotected contact with him
during physical examinations, including taking his tempera-
ture and testing for coated tongue and lymph node enlarge-
ment, and intramuscular injection; none wore wear rubber
gloves or gowns and none became ill. Following transfer of the
index patient to hospital B, 4 healthcare workers had protected
contact with the index patient before he developed bleeding,
during physical examinations, including taking his tempera-
ture and testing for coated tongue and lymph node enlarge-
ment, and intravenous injections; none became ill. When he
was bleeding on 30 May, 8 healthcare workers provided care,
including wiping off his blood and administering intravenous
injections, but only 1 did not wear rubber gloves, surgical
masks, and gowns. None of these workers became ill.

RESULTS

Overall, contact with 'the index patient’s blood was signifi-
cantly associated with developing secondary illness (P=.01,
by the %2 test for linear trend), whereas contact with the index
patient’s respiratory secretions, urine, and feces was not
(Table 1). Of the various modes of exposure, contact with the
index patient’s blood on mucous membranes or skin wounds
(P < .01, by the y* test for linear trend) and not wearing per-
sonal protective equipment while providing care (P=.01, by
the % test for linear trend) were significantly associated with
disease risk. Additionally, frequency of contact with blood was
associated with disease risk in a dose-response fashion
(P=.03, by the x” test for linear trend; Table 2).

Two isolates of SFTSV were obtained, one from the acute-
phase sera of the index patient and the other from son
1. Whole-genome sequencing showed that the 2 isolates
(GenBank accession numbers: HNO1: HQ642766, HQ642767,
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Tahle 1. Risk Factors for Secondary Severe Fever With Thromhoeytopenia Syndrome Among 31 Close Contacts of the Index Patient,

Henan Province, China, May—June 2010

" Close Contacts, No.

. Developed

Secretion Overall Secondary Case

Attack Rate, % s OR (95% CIi?

A A 5

Unexposed 29 ' 4

Abbreviations: Cl, confidence interval; OR, odds ratio.
® Caleulated using the 2-sided Fisher exact test.

and HQ642768; HNG69: JF682776, JF682777, and JF682778)
were nearly identical (99.99% similarity). These 2 isolates
showed slightly less similarity (99.83% and 99.83%, respective-
ly) with an isolate obtained from a patient in Xinyang City on
23 June 2009 (GenBank accession numbers: HN20: JE682773,
JF6B2774, JF682775). '

Tahle 2, Risk Factors for Secondary Severe Fever With Throm-
hocytopenia Syndrome Among 12 Close Contacts Exposed to the
Index Patient’s Blood, Heran Province, €hina, May-June 2010

Close
Contacts, No.

Developed Attack
Secondary Rate,
Owverall Case % P

Variahle

iy -

Mucosa, mouth, 4 4
nose, wound

Personal protective
equipment

? Calgulated using the Fisher exact test.
b Caleulated using the 2-sided ¥? test for trend.

The acute-phase sera from all 5 disease-positive patients
were positive for SFTSV RNA by RT-PCR and negative for
IgG to the virus. The convalescent-phase sera from the 4 sec-
ondary patients had IgG to SFTSV. The sera IgG titers were
1:80 (for son 1), 1:160 (for son 2), 1:640 (for the daughter),
and 1:160 (for the funeral director). Sera from all 27 asymp-

tomatic contacts tested negative for both viral RNA (by RT- -

PCR) and I1gG to the virus.

Although contact with the index patient’s blood was a point
source of exposure, other exposures were also possible. We
estimated that the incubation period of SFTSV for this mode
of transmission was 7~13 days. However, our sample size was

- small, and this incubation period might not apply to other

modes of transmission, such as tick- or mosquito-borne
infection.

The index patient was treated with dexamethasone for fever
reduction, during the first 4 days after onset of illness. Dexa-
methasone and other glucocorticoids lower innate immunity
and increase the severity of viral infections [5, 6]. Although it
was impossible to determine the role of dexamethasone in the
severity of the index patient’s illness, it is nonetheless advis-
able that dexamethasone not be used to treat simple fever. Ste-
roids may have increased the number of circulating virions in
his blood and excreted into other body fluids. This may have
led to human-to-human transmission of SFTSV.,

DISCUSSION

In summary, we have documented an outbreak of infec-
tion with the recently identified SFTSV and provided strong
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epidemiologic and viral genomic evidence that SFTSV can be
transmitted between humans through contact with infected
blood. This finding underscores the importance of protecting
healthcare workers and patients’ family members from expo-
sure to blood. Our data also indicated that practicing standard
isolation precautions (7) may minimize the risk of virus trans-
mission by blood.

Since the submission of this manuscript, probable human-
to-human transmission of SFTSV has been reported in pa-
tients who were not treated with stercids [8, 9]. We recom-
mend that healthcare workers and family members caring for
patients with suspected SFTS, as well as persons handling the
bodies of those who have died of this disease, wear personal
protective equipment, including gloves, gowns, eye protection,
and masks, and avoid touching patients’ blood and other body
fluids. Patients with SFTS should be isolated until they no
longer have detectable viremia, and all who come in contact
with these patients should be monitored for fever until the
end of the incubation period (>13 days). Those who develop
symptoms should be isolated and tested.

Supplementary Data

Supplementary materials are available at The Journal of Infactious Diseases
online (http:#jid.oxfordjournals.org/). Supplementary materials consist of
data provided by the author that are published to benefit the reader. The
posted materials are not copyedited. The contents of all supplementary
data are the sole responsibility of the authors. Questions or messages
regarding errors should be addressed to the author.
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Over the past three months, WHO has received reports of nine cases of
human infection with a novel coronavirus. Coronaviruses are a large family
of viruses: different members of this family cause illness in humans and
animals. In humans, these ilinesses range from the common cold to
infection with Severe Acute Respiratory Syndrome (SARS) coronavirus
(SARS CoV).

Coronavirus Infections

More on coronavirus Infections

This summary provides the latest information on all reported cases and
provides details of a WHO mission to Jordan, which has concluded since
the last web update.

Thus far,.the Iaborétory confirmed cases have been reported by Qatar (two
cases), Saudi Arabia (five cases) and Jordan (iwo cases). All patients were
severely ill, and five have died.

A total of five confirmed cases have been reported from Saudi Arabla The
first two are not linked to each other and lived in different parts of the
country; one of these has died. Three other confirmed cases are
epidemiologically linked and occurred in one family living within the same
household; two of these have died. One additional family member in this
household also became ill, with symptoms similar to those of the confirmed
cases. This person has recovered and tested negative, by polymerase
chain reaction (PCR) tests, for the virus.

Two confirmed cases have been reported in Jordan. Both of these patients
have died. These cases were discovered through testing of stored samples
from a cluster of pnetmonia cases in health care workers that occurred in

April 2012,

in November 2012 staff from WHO Headquarters and the Eastern
Mediterranean Regional Office were invited to Jordan to assess severe
acute respiratory infection (SARI} surveillance and infection prevention and
control measures, and to review the April 2012 outbreak. The mission
included hospital site visits, interviews with patients, relatives and
caregivers, and review of case files. in addition to the two previously
confirmed cases, a number of health care workers with pneumonia
associated with the cases were also included in the review and are now

considered probable case.

The main findings of this mission are:

http://www.who.int/csr/disease/coronavirus_infectionsfupdate_20121221/enfindex.html -
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+ The index case among this cluster could not be determined.

+ All patients had significant respiratory disease presenting as
pneumonia. Disease was generally milder in the unconfirmed probable
cases. One pafient who is a probable case had symptoms that were
mild enough to be managed at home and was not admitted to hospital.

+ No patient in this cluster had renal failure.

« One patient presented with pneumonia and was discovered fo also have
pericarditis. This patient had laboratory confirmation of infection and has
dled.

« A second patient developed disseminated inlravascular coagulation as a
complication of severe respiratory disease. This patient alsc had
laboratory confirmation of infection and has died.

+ The method of expostre is uncertain.
» There was ho history of fravel or contact with animals among confirmed
_or piobable cases.

Most family fnembers and health care workers who were closely exposed
to confirmed and probable cases did not develop respiratory disease.
However, the appearance of pheumonia in some who provided care and in
at least two family members with direct personal contact increases the
suspicion that person-to-person fransmission may have occurred. The
possibility of exposure to a common source has not been definitively
excluded. Further investigation with serological testing (when it becomes
available) to confirm additional cases rnay help determine the types of
exposures that result in infection.

The current understanding of this novel virus is that it can cause a severe,
acute respiratory infaction presenting as pneumecnia. The additional
unconfirmed probable cases in Jordan indicate that milder presentations
may also be a part of the clinical appearance asscciated with infection,
Acute renal failure has occurred in five of the nine confirmed cases but was
not a prominent feature of the Jordanian cluster. In addition, pericarditis
and disseminated intravascular coagulation have now been seen in two
confirmed cases.

WHO recognizes that the emergence of a new coronavirus capable of
causing severe disease raises concerns because of experience with SARS.
Although this novel coronavirus is distantly related to the SARS CoV, they
are different, Based on current information, it does not appear to tfransmit
easily or sustainably between people, unlike the SARS virus.

WHO has closely monitored the situation since detection of the first case
and has been working with partners to ensure a high degree of
preparedness should the new virus be found to be sufficiently transmissible
to cause cormmunity outbreaks. Some viruses are able to cause limited
human-to-human transmission under condition of close contact, as occurs
in families, but are not transmissible enough o cause larger community

outbreaks.

Actions taken by WHO In coordination with national authorities and
technical partners include the following:

« Investigations are ongoing to determina the fikely source of infection and
the route of exposure. Close contacts of confirmed cases are being
identified and followed up.

http://www.who.int/cst/disease/coronavirus_infections/update 20121221 /en/index.html




* An interim survelllance recommendation has been updated to assist
~ clinicians to determine which patients should undergo laboratory testing
for the presence of novel coronavirus. _

* Laboratory assays for the virus have been developed. Reagents and
other materials for testing are available, as are protocols, algorithms and
reference laboratory services. WHO has aclivated ifs laboratory network
to assist in testing and other services. WHO has now Issued preliminary
guidance for laboratory biorisk management.

» The three affected countries either have already or are in the process of
acquiring the capacity to test for the novel coronavirus in national
laboratories and have enhanced their surveiliance activities according fo
WHO guidance along with other countries in the area.

* WHO has created a webpage for coronavirus infections, with guidance
for surveiliance, infection control, biorisk management, and iaboratory
testing, which can be found at: '
http:/fwww.who.int/csr/disease/toranavirus_infections/enfindex.htmi

Based on the current situation and available information:

* WHO encourages all Member States to continue their survelllance for
severe acute respiratory infections (SARI) and to carefully review any
unusual patterns.

Further, testing for the new coronavirus of patients with unexplained

pneumonias should be considered, especially in persens residing in or

returning from the Arabian peninsula and neighboring countries. Any
new cases should be promptly reported both to national health
autharities and to WHO.

* When collecling specimens for testing, priority should be given to
collection of lower respiratory tract specimens stich as sputa and
endotracheat aspirates {for intubated patients).

« In addition, any clusters of SARI or SARI in health care workers should
be thoroughly investigated, regardless of where in the world they occur.
These investigations will help determine whether the virus is distributed
more widely in’ the human population beyond the three countries that
have Identified cases.

= Health care workers should be advised to scrupulously adhere to
standard infection control precautions for all patients. Droplet
precautions should be added to standard precautions for any patient
known or suspected to have an acute respiratory infection, including
patients with suspected or confirmed infection with nove! corenavirus.
Alrbome precautions should be used for aerosol-generating procedures,
including intubation and related interventions. Details can be found on
the website listed above.

« WHO does not advise special screening at points of entry with regard to
this event nor does it recommend that any travel or trade restrictions be
applied.

-

WHO continues to monitor this situation closely. Unless information is
received that changes our understanding of this virus and the disease it
causes, the next web update is expected fo be posted during the second
week of January 2013. '
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In this report:
[1] HPA press release
[2] ECDC

[3] WHO GAR update
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[1] HPA press release

‘Date: 13 Feb 2013
Source: HPA UK Press Release [edited]
w.hpa.org.uk/New, MNationalPre s5/2013Pr leases/130213sta entonlates naviry ient

The Health Protection Agency (HPA) can confirm a further case of novel caronavirus infection in a family member of
the case announced on Monday [11 Feb 2013]. The patient, who is a UK resident, does not have any recent travel
history and is currently receiving intensive care treatment at The Queen Elizabeth Hospital, Birmingham. It is
understood that this patient has an existing medical condition that may make them more susceptible to respiratory
infections. This latest case brings the total number of confirmed cases giobally to 11, of which 3 have been diagnosed
in the UK. :

Professor John Watson, head of the respiratory diseases department at the HPA, said: "Confirmed novel coronavirus
infection in a person without travel history to the Middle East suggests that person-to-person transmission has
occurred and that it occurred in the UK. This case is a family member who was in close personal contact with the
earlier case and who may have been at greater risk of acquiring an infection because of their underlying health
condition. To date, evidence of person-to-person transmission has been limited. Although this case provides strong
evidence for person to person transmission, the risk of infection in most circumstances is still considered to be very
low. If novel coronavirus were more infectious, we would have expected to have seen a larger number of cases than
we have seen since the 1st case was reported 3 months ago. However, this new development does justify the .
measures that were immediately put into place to prevent any further spread of infection and to identify and follow up
contacts of known cases, We will continue to provide advice and support to healthcare workers looking after the
patlents and to contacts of both cases. In light of this latest case, we would like to emphasise that the risk associated
with novel coronavirus to the general UK population remains very low. The HPA will continue to work closely with
national and international heaith authorities and will share any further advice with health professionals and the public
if and when more information becomes available.”
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Notes to editors:

Laboratory confirmed cases to date: 11

Saudi Arabia: 5 (3 deaths)

Jordan: 2 (2 deaths)

UK: 3 {1 patient from Qatar - receiving treatment, 2 patients from UK, 1 with recent travel to Pakistan and Saudi
Arabia - both receiving treatment)

Germany: 1 (patient from Qatar - discharged)

Coronaviruses are causes of the common cold but can also include more severe illness, such as SARS (severe acute
respiratory syndrome). This new coronavirus was 1st identified in September 2012 in a patient who died from a severe
respiratory infection in June 2012. The virus has so far only been identified in a small number of cases of acute,
serious respiratory illness who presented with fever, cough, shortness of breath, and breathing difficulties.

For further information, see the HPA's coronavirus web pages, which inciude a Q&A page on this topic [see

http://www.hpa.org.uk/webw/HPAweb&Page&HPAwebAutol istName/Page/1317136202637).

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

WLitTs

[2] ECDC Update
Date: 13 Feb 2013

Source: ECDC (European Centre for Disease Control) [edlted]
http:

i 2 D=844&RogiF =9 % 2Fpress? Ws% ists? W

Epidemiological update: Case of severe lower respiratory tract disease associated with a novel coronavirus:

On [13 Feb 2013], the HPA announced that one family contact of the previcusly-confirmed case reported on [11 Feb
2013] was lahoratory-confirmed to be infected with the novel coronavirus (NCoV). This 2nd case from the same family
was hospitalised on [9 Feb 2013] with a short history of resplratory symptoms. The patlent has an exlsting medical
condition that may make him more susceptible to respiratory infections. He does not have a recent travel history and
is currently receiving intensive care treatment.

The cases have been notified through the EU alerting system for communicable diseases.

This brings the total of laboratory-confirmed cases of severe pneumonia caused by the NCoV to 11 globally (see table
below).

The information available suggests human-te-human transmission of the NCoV in this family cluster.

The HPA reports that surveillance of family, close contacts of the 2 patients, and healthcare workers treating the 2
patients is ongoing, as per the UK National Guidelines. None are currently presenting with symptoms consistent with
NCoV.

The HPA is also following-up regarding passengers who may have been exposed while flying with the case announced
on [11 Feb 2013] and are in contact with the airline concerned.

In light of this human-to-human transmission of the NCoV within the family cluster, ECDC is now updating its risk
assessment, previously published on {7 Dec 2012].

Case No: Date Onset / Age (years) / Sex / Probable place of infection / Date reported / Source / Outéome
1. April 2012 / 45/ F / Jordan** / 30 Nov 2012 / WHO/IHR / Dead

2: April 2012 f 25 / M / Jordan®** / 30 Nov 2012 / WHO/IHR / Dead
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3: 13 Jun 2012 / 60 / M / Kingdom of Saudi Arabia* / 20 Sep 2012/ Kingd{om of Saudi Arabia, ProMED / Dead
4: 3 Sep 2012 / 49 / M / Qatar / Kingdom of Saudi Arabia*** / 22 Sep 2012 / HPA/WHO / Alive
5: NK / NK / NK / Kingdom of Saudi Arabia* / 4 Nov 2012 / Kingdom of Saudi Arabia, ProMED, SMJ / Alive

6: 12 Oct 2012 / 45 / M / Qatar
*kdk f 23 Nov 2012 / RKI/WHO / Alive ] -

7: NK / NK/ M/ Kingdom Qf Saudi Arabia* / 19-23 Nov 2012 / Kingdom of Saudi Arabia, ProMED, WHO / Alive
8: 28 Oct 2012 / NK / M / Kingdom of Saudi Arabia* / 23 Nov 2012 / WHO / Dead
- 91 October 2012 / NK / M / Kingdom of Saudi Arabia* / 28 Nov 2012 / WHO / Dead
10: 24 Jan 2013 /60 /M / Pakistan, Kingdom of Saudi Arabia*/ 8 Jan 2013 / EWRS / Alive, Hospitalised
11: 6 Feb 2013 / NK/ M / United Kingdom* / 12 Feb 2013 / HPA / Alive, Hospitalised

* Part of family cluster
** Healthcare worker and part of outbreak linked to hospital .
*%* Patient transferred to UK

*%%% patient transferred to Germany N
NK: not known

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

2k ok ok ok ok

[3] WHO GAR update
Date: 13 Feb 2013
Source: WHO GAR [edited]

hitp: //www.who.int/csr/don/2013 02 13/en/index.html

Novel coronavirus infection - update [13 Feb 2013]:

The United Kingdom {(UK) has informed WHO of another confirmed case of infection with the novel coronavirus
(NCoV). The patient is a UK resident and a relative of the case announced on [11 Feb 201.3].

The latest confirmed case does not have any recent travel history outside the UK and is currently hospitalized in an
intensive care unit. It is understood that this patient has pre-existing medical conditions that may have increased
susceptibility to respiratory infections. ' '

Confirmed NCoV in a person without recent travel history indicates that infection was acquired in the UK. To date,
evidence of person-to-person transmission has been limited. Although this case is suggestive of person-to-person
transmission, on the basis of current evidence, the risk of sustained person-to-person transmission appears to be very
low. ' :

The Health Protection Agency (HPA) is fo]lowinnl:; up on all close contacts (farnily and healthcare workers) who may
have been exposed to either of these 2 new confirmed cases.

As of [13 Feb 2013], a total of 11 confirmed cases of human infection with NCoV have been notified to WHO, with no
change in the number of fatalities i.e., 5 deaths since April 2012, -

Based on the current situation and available information, WHO encourages all Member States to continue their
- surveillance for severe acute respiratory infections (SARI) and to carefully review any unusual patterns. Testing for the



e taama |

new coronavirus should be considered in patients with unexplained pneumonias, or in patients with unexplainad
severe, progressive, or complicated respiratory illness not responding to treatment.

Any clusters of SARI or SARI in healthcare workers should be thoroughly mvestlgated regardless of where in the world
they occur.

New cases and clLlsters of the NCoV should be reported promptly both to national health authorities and to WHO.

WHO does not advise special screening at points of entry with regard to this event nor does it recommend that any
travel or trade restrictions be applied.

WHO continues to monitor the situation closely.

Communicated by:
. ProMED-mail Rapporteur Marianne Hopp

[The above mentioned case of severe acute respiratory infection {SARI) is currently the 11th confirmed case of severe
respiratory disease attributable to infection with the novel CoV 1st identified in a fatal case in Saudi Arabia (see prior
ProMED-mail posts listed below). It is also the 3rd incident of infection with this novel CoV that occurred in a close
contact of an earlier confirmed case, suggesting possible person to person transmission of the virus, There was a
cluster of 3 confirmed cases in a family in Saudi Arabia in November 2012 and a cluster of 2 confirmed cases among
“U staff in a hospital in Jordan in May 2012. As stated clearly in the 3 reports of this update, evidence thus far does
10t seem to suggest an ease and facility of person-to-person contact of this organism as yet.

The table of cases presented in the ECDC report above is a very useful presentation and summary of the current
publicly available information on the descriptive epidemiology of known confirmed cases of severe acute respiratory
illness due to infection with this novel CoV. Information on exposure histories of each of the patients is not available
(some of the earlier cases were reported to have had contact with farm animals in Saudi Arabia and Qatar, but similar
information was not available on all cases). To date, cases that have been confirmed have been linked to geographic
presence in the Middle East prior to.onset of illness (Jordan, Saudi Arabia or Qatar; with one case also having visited
Pakistan during the period prior to onset of iliness). The absence of cases reported from other areas among individuals
without history of contact with this region of the world may or may not reflect the true geographic distribution of this
hovel CoV, as there may be a bias against testing for this virus in the absence of such stated exposure history ("seek
and ye shall find," or the corollary, "don't look and you won't find"™),

The scienlific communily is eagerly awaiting the details of epidemiologle Investigations conducted on the 11 previously
‘confirmed cases of infection with the novel CoV, especially those addressing exposure to possible animal sources
{bats, bat saliva and excrement, farm animals, ete.) and dates of contacts/dates of onset of previous clusters. In
addition, information on fleld studies on bats and farm animals in the Middle Eastern countries addressing infection of
animals with the nove| CoV is eagerly awaited as well.

For the interactive HealthMap/ProMED map of the UK, see hittp://healthmap.org/r/1INY. For the interactive
HealthMap/ProMED map of the Middle East, see hitp://healthmap.org/r/1HAl. -~ Mod.MPP]
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Introduction ‘ and high mortality, placing VHF agents amongst the most virulent
human pathegens [4]. All known VHFs are zoonoses, and to date

Viral hemorrhagic fever (VHF) encompasses a group of diseases have been attributed to only four families of enveloped, single-
characterized by fever, malaise, bleeding abnormalities, and stranded RINA viruses — Arenaviridae, Bunyaviridee, Filpviridae and
circulatory shiock [1,2,3]. Quality research on these infections is Flaviviridoe, Viruses from these families have caused major deadly
hindered by the fact that they are sporadic and often occur in outbreaks on the African continent (Fig. 1). Lassa fever virus
geographically remote and politically unstable regions of the (drenapiridae) causes an estimated 500,000 cases each year in West
developing world. Most VHF diseases are associated with a short  Africa [5]. Crimean-Congo hemorrhagic fever {CCHF) and Rift
incubation periad (2-21 days), abrupt onset, rapid clinical course, ~ Valley Fever viruses (Bunyaviridaé) are associated with outbreaks in
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West, South and East Africa [6]. Ebola and Marburg viruses
(Filoviridas) have caused several sporadic human outbreaks with
high mortality (50-90%) in Central Africa, where they have also
decimated local great ape populations [7]. Yellow fever and
dengue viruses (Flaviviridag) are widely distributed throughout Sub-
Saharan Africa where they cause both endemic and sporadic
epidemic diseases in human populations [8].

Rhabdoviruses are members of the family Rhabdoviridae and
order Mononegavirales and are enveloped viruses with single-
stranded, negative-sense RINA genomes [9]. Their genomes
encode at least five core proteins in the following order: 3'-
nucleoprotein (N}, phosphoprotein (P}, matrix protein (M),
glycoprotein () and large protein, or RINA-dependent RNA
polymerase (L)-5' (N-P-M-G-L). Rhabdoviruses are currently
divided into six genera, with the two genera Ephemerovirus and
Vesiculovirus, together with about 130 unclassified viruses, forming
the dimarhabdaovirus supergroup (“dipteran marnmal-associated
rhabdovirus™) [10]. Notably, although rhabdoviruses span all
continents and exhibit a wide host range, infecting plants,
invertebrates, vertebrate animals, and humans, relatively few are
known to cause human infections. Rabies virus (RABV) and
related viruses from the Lyssamnu genus and Chandipura virus
(CHPV) from the Vesiculovirus genus are known to cause acute
encephalitis syndromes [11,12]. Other viruses from the genus
Vesiculovirus cause vesicular stomatitis (mucosal ulcers in the mouth)
and “flu-like” syndromes in both cattle and humans {13].

Unbiased next-generation or “deep” DNA sequencing is an
emerging method for the surveillance and discovery of pathogens
in clinical samples [14]. Unlike polymerase chain reaction (PCR),
deep sequencing does not rely on the use of target-specific primers,
Thus, the technique is particularly vseful for the identification of
novel pathogens with high sequence divergence that would elude
detection by conventional PCR assays, Deep sequencing has been
usedl previously to discover a new hemorrhagic fever-associated
arenavirus from southern Africa, Lujo virus [15], as well as 2 new
polyomavirus in human Merkel cell carcinoma [16]. With the
depth of sequence data now routinely extending to > 100 million
reads, de¢ move genome assembly of novel viruses directly from
primary clinical samples is feasible, as demonstrated by assembly
of the 2009 pandemic influenza H1N1 virus genome from a single
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patient’s nasal swab without the use of a reference sequence [17].
Here we repart the critical role of deep sequencing in the discovery
of a novel rhabdovirus associated with a small outbreak of
fulminant hemorrhagic fever in the remote village of Mangala,
Bas-Congo province, Democratic Republic of Congo {DRC),
between May 25 and June 14, 2009.

Results

Case Reports from an Acute Hemorrhagic Fever Qutbreak

Patient 1. The first case was a 15-year-old boy who presented
to the health center in Mangala village (Boma Bungu Health
Zone) on May 25, 2009 with malaise, epistaxis (nose bleeding),
conjunctival injection, gingival bleeding, hematemesis (vomiting
with blood), and watery diarrhea with blead (Table 1). No fever or
respiratory symptoms were noted, Hemorrhagic symptoms initial-
ly appeared on May,24, and the patient died 2 days later from
sudden circulatory collapse. The patient lived in the Tshela
neighborhood of Mangala village and attended the local public
school. All close contacts were monitored for 21 days, and none
developed any signs of illness.

Patient 2. The second case was a [3-year-old girl. She
attended the same public school as Patient 1 but was in a different
class. She also lived in the Tshela neighborhood of Mangala
village, about 50 meters from Patient 1's house. They knew each
other but had no known face-to-face contact during the previous
weeks. This patient presented to the health center on June 5, 2009
with headache, fever, abdominal pain, epistaxis, conjunctival
injection, mouth bleeding, hematemesis, and diarrhea with blood.
She was examined by a nurse and received acetaminophen and
dipyrone for fever and quinine for possible malaria. Symptoms
appeared on June 4, and the patient died suddenly on June 7,
three days after onset. None of her close contacts developed
symptoms during the 21 days of monitoring after her death.

Paticnt 3. The third case was a male nurse aged 32 years
working in the health center visited by Patients 1 and 2. His disease
appeared suddenly on June 13, 2009 with epistaxis, ocular and oral
lLiemorthage, hematewmesis, and diarrhea with Blovd, Two days after
the onset of hemorrhagic symptoms, he developed fever, anarexia,
headache, fatigue, and abdominal pain. He was transferred to the
regional general hospital of Boma (Fig. 1), a city of about 200,000
inhabitants, where a serum sample was obtained on June 15, just
prior to treatment with fluid resuscitation, blood transfusion, and
empiric antibiotics. Laboratory tests for malaria, tuberculosis,
dengue, and bacterial sepsis were negative, and the patient
recovered spontaneously a few days later. All persons in Mangala
and Boma who had contact with Patient 3 were monitored for 21
days, and none became ill. Patient 3, like the two other patients,
lived in the Tshela neighborhood of Mangala village, about 50
meters from Patients 1 and 2. Importantly, patient 3 was directly
involved in the care of Patients I and 2 when they presented to the
health center with hemorrhagic symptoms.

No disease outbreaks had been reported in the past in Boma
Bungu Health Zone with the exception of a cholera diarrheal
outbreak in 2006, and, notably, no cases of hemorrhagic disease
had previously been reported. In addition, although DRC is a
country endemic for filovirus infection {(Fig. 1), no outbreaks of
Ebola or Marburg fever have ever been described in Bas-Congo
province. No animal die-offs or other unusual events in assaciation
with these cases were noted.

Initial Sample Collection and Diagnostic Testing

A cluster of three human cases of typical acute hemorrhagic fever
occurred between May 25 and June 13, 2009 in Mangala village,
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Figure 1. Map of Africa showing countries that are affected by viral hémorrhagic fever {VHF) outbreaks. Ebola VHF is pictured in
orange, Marburg VHF in green, Crimean-Congo HF in violet, Lujo VHF in pink, and Lassa VHF in blue, Yellow faver and dengue VHE, which exhibit a
wide geographic distribution throughout Sub-Saharan Africa, are not shown. Mangala village, located in the Bas-Congo province in DRC, is

represented by a red star.
dol:10.1371/journal.ppat.1002924.g001

lecated in a remote tropical forest region in Central Africa. Cases
were characterized by abrupt disease onset, high fever of >39°G
when present, overt hemorrhagic symptoms with epistaxis,
conjunctival injection, mouth and gastrointestinal bleeding, fol-
lowed by death within 3 days of symptom onset in two patients

--(Table-1):-The first-patient, who died <48 hours-after presentation,
exhibited hemorrhagic symptoms without a documented fever, and
only the third adult patient recovered from his illness, All- three
patients lived within a 2500-m? area in the same neighborhood of
Mangala, a remote village in Bas-Congo province of DRC (Fig. 1),
The first two patients died rapidly in Mangala village, and no blood
samples were collected. A blood sample was collected from the third
surviving patient threedays after symptom onset and sent to Centre
International de Recherches Médicales de Franceville {GIRMF) for
etiological diagnosis. The sample tested negative by TaqMan real-
time PCR. assays for all viruses known to cause acute hemorrhagic
fever in Aftica (data not shown).

PLOS Pathogens | www.plospathogens,org

Discovery and Genome Assembly of the BASY
Rhabdovirus -
To identify a potential causative pathogen in the third surviving
patient with unknown hemorrhagic fever, RINA extracts from the
serum sample were analyzed using unbiased deep sequencing
(Fig."2). The initial Roche 454 pyrosequéncing library yielded a
total of 4,537 sequence reads, of which only a single 220 bp read
(0.022%) aligned with any annotated viral protein sequence in
GenBank. The translation product showed similarity to a segment
of the L protein, or RNA-dependent RNA polymerase, from
Tibrogargan and Coastal Plains rhabdoviruses, with 41% identity
to Coastal Plains virus (GenBank ADGB6364; BLASTx E-score of
2%10°%). This finding suggested the presence of a novel, highly
divergent rhabdovirus in the patient’s serum. Attempts to extend
the initial sequence by primer walking or PCR using rhabdovirus
consensus primers failed due to limited sample availability; thus,
we resorted to ultra-deep sequencing en an Illumina HiSeq 2000.
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Table 1, Demographics of and clinical symptoms developed in the three patients suspected to be infected by Bas-Congo virus

Age

Et

May 24

Patient 1 Patient 2 Patient 3
; . Feémale ™
15 13
Margaa T gl .
Tshela Tshela Tshela
 Scoclbsy, - schsolgid Ty L F

June 4 June 13

e

doii10,137 1joumalppat. 10029240001

Out of the 140,164,344 reads generated from Illumina sequencing,
4,063 reads (0.0029%) had nucleotide or protein homology to
rhabdoviruses with an E-score of <107°. These reads were used as
“seeds™ for iterative de nove assembly, resulting in construction of
an estimated 98.2% of the genome of the novel rhabdovirus. We
provisionally named this rhabdovirus BASV, or Bas-Congo virus,
referring to the province from which the outbreak originated.

The coverage of BASV achieved by deep sequencing was at
least 10-fold across nearly the entire genome and included 29,094
reads out of ~ 140 million (0.021%) (Fig. 2). The viral load in the
patient’s serum was 1.09%10° RNA copies/mL by quantitative
RT-PCR. The only moderately high titer is consistent with the fact
that the sampled patient was a survivor of BASV infection and
would thus be anticipated to have relatively lower viral titers in the
blood, as also seen for survivors of Ebola virus infection [18].

Cultivation of the patient’s serum in Vero, BHK, LLC-MK,
{rhesus monkey kidney), CCL-106 (rabbit kidney) and C6/36
{dedes albapictus mosquito) cell cultures failed to show cytopathic
effect, and serial quantitative BASV RT-PCR. assays on primary
and passaged cell culture supernatants turned negative. Subse-
quent electron microscopy of inoculated cell cultures was negative
for viral particles. In addition, no illnesses or deaths occurred in
suckling mice inoculated intracerebrally with the BASV-positive
serum and observed over 14 days.

Phylogenetic Analysis of BASV and Comparison with
other Rhabdoviruses :
Phylogenetic trees reveal that BASV belongs to the dimarfiabdo-
viridee supergroup and is distantly related to members of the
Tibrogargan group and the Ephemerovirus genus, although it
clusters separately from other rhabdoviruses in an independent
deeply rooted branch (Figs. 3 and 4; Fig. S1). Comparative
analysis of the concatenated BASV proteins with representative
dimarhabdoviruses reveals very low overall amino acid pairwise
identity of 25.0 to 33.7%, depending on the virus (Fig. 5). Notably,

PLOS Pathogens | www.plospathogens.org

BASV diverges significantly from either of the two main
recognized human pathogens among rhabdaviruses, rabies virus
or Chandipura virus.

The sequence divergence of BASV relative to other rhabdaovi-
ruses is also correlated with differences in genome steucture (Fig. 5).
The prototype genome organization of rhabdoviruses, found in
lyssaviruses, is N-P-M-G-L. However, molecular analysis of nove]
rhabdoviruses has often revealed more complex genomes, with up
to 10 additional open reading frames (ORF) located within an
existing gene or interposed between the five core genes [19,20,21].
Rhabdoviruses from the Tibrogargan group (TIBY and CPV)
share a distinctive genome structure with three additional genes,
two between M and G (Ul and U2) and one between G and L
(U3) [22]. Interestingly, BASV also has these three additional
genes (U1-U3), confirming the phylogenetic relationship and
overall structural similarity to the Tibrogargan group viruses.
Based on their size, the U3 proteins of TIBV, CPV, and
presumably BASV are candidate viroporins [22]. BASV is more
distant structurally and phylogenetically from the Ephemero and
Hart Park Group rhabdoviruses (Figs. 3-and 4), which do not
contain Ul or U2 genes, but rather an additional two or three
genes between G and L (including a putative U3 viroporin in
BEFV referred to as the alpha-1 protein) (Fig. 5, asterisk). Moussa
virus (MOUV), another rhabdovirus recently discovered in Africa
(Fig. 4), does not contain any accessory genes but instead, shares
the prototype N-P-M-G-L rhabdovirus structure [23].

BASV Serological Testing of the Case Patient and Close
Contacts

To confirm that BASV is infectious to humans, convalescent
sera were collected in early 2012 from surviving Patient 3 as well
as five additional health care workers from Mangala identified as
close contacts and tested in a blinded fashion for the presence of
neutralizing antibodies to BASV (Fig. 6). Two of the six sera tested
strongly positive with 50% protective doses between 1:1,000 and
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Figure 2. Deep sequencing and whole-genome de nnovo assembly of BASV. After initial discovery of BASV from a single 454 pyrosequencing
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1:3,000 (Figs. 6A and 6F). Moreover, the observed neutralization
was highly specific for BASV-G, since no neutralization was
observed with pseudoviruses harboring the vesicular stomatitis virus
glycoprotein (VSV-G). One of the neutralizing sera had been
collected from surviving Patient 3 (Fig. 64, “Patient 3”), whereas the
other serum sample, containing even higher titers, corresponded to
an asymptomatic nurse directly caring for Patient 3 during his
period of acute hemorrhagic illness (Fig. 6F, “Contact 5).
Specifically, Contact 5 was the primary health care provider to
Patient 3 at the health center and during his transfer to the general
hospital at Boma. All 6 individuals, including Patient 3, tested
negative for BASV viremia by specific RT-PCR (data not shown).

Epidemioclogical Screening for BASV in the DRC

BASV was not detected by PCR in 43 seram samples from
other unknown cases or outbreaks of hemorrhagic fever reported
in the DRC from 2008-2010 (Fig. 74, pink). Five of these 43
samples originated from the Bas-Congo outside of Mangala village

PLOS Patﬁogens | www.plospathogens.org

and the Boma Bungu Health Zone. In total, the unknown
hemorrhagic cases/outbreaks spanned 9 of the 11 provinces in the
DRC, and all 43 samples also tesied negative by PCR. for the
known hemorrhagic fever viruses circulating in Africa (data not
shown), Fifty plasma samples collected from randomly selected
blood donors in the Kasai-Oriental province of DRC (Fig. 74,
star; Table 82) were also screened and found to be negative for
BASV-neutralizing antibodies {Fig. 7B).

Discussion

Among more than 160 species of rhabdoviruses identified to
date, fewer than 10 have been isolated from humans [24]. In
addition, while human fection by rhabdoviruses has previously
been associated with encephalitis, vesicular stomatitis, or “flu-like”
illness, the discovery of BASV is the first time that a member of the
Rhabdovirus family has been associated with hemorrhagic fever in
humans with a fulminant disease course and high fatality rate. To
our knowledge, this is also the first successful demonstration of
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de now assembly of a novel, highly divergent viral genome in the
absence of a reference sequence and directly from a primary
clinical sample by unbiased deep sequencing.

Several lines of evidence implicate BASV in the hemorrhagic fever
outbreak among the 3 patients in Mangala. First, this virus was the

PLOS Pathogens | www.plospathogens.oryg

only credible viral pathogen detected in the blood of the lone
survivor during his acute hemorrhagic ilness by exhaustive desp
sequencing of over 140 million reads, Analysis of the Illumina deep
sequencing reads for the presence of other viral pathogens yielded
only endogenous flora or confirmed laboratory contaminants (Table
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S1 and Fig. 52). Some enteric pathogens, such as E, coli O157:H7,
Campylobacter, Shigella, and Salmonella, are diagnosed through
fecal laboratory testing and not blood, and have been associated with
hemorrhagic diarrhea [25]. However, these outbreaks are typically
foodborne and associated with larger clusters and much greater
numbers of clinical cases than reported here [26,27,28]. Further-
more, enteric diarrheal cases rarely present with systemic symptoms
such as fever or generalized mucosal hemorrhage, with bleeding
most often limited to the gastrointestinal tract, and overall mortality
rates are generally low [26]. Thus, the clinical syndrome observed in
3 patients with hemorrhagie fever in the DRC, a region endemic for
viral hemorrhagic fevers, is much more consistent with infection by a
VHF disease agent. BASV is a plausible hemorthagic fever
candidate because it is a novel, highly divergent infectious virus,
thus of unknown pathogenicity, and was detected at a titer of >1
million copies/mL in blood from an acutely ill individual. In
addition, there is ample precedent for hemorrhagic disease from
rhabdoviruses, as members of the genus Novirhabdovirus cause severe
hemorrhagic septicemia in fresh and saltwater fish worldwide [20}
(Fig. 4). The detection of BASV seropositivity in an asymptomatic

PLOS Pathogens | www.plospathogens.org

close contact {Fig. 6) is not surprising given that up to 80% of patients
infected with Lassa virus do not exhibit any hemorrhagic fever
symptoms [30,31].

Pricr to the BASV outbreak, no hemorrhagic disease cases had
been reported in Boma Bungu Health Zone, BASV was also not”
detected in 43 serum samples from unknown, filovirus-negative
cases or outbrezks of hemorrhagic fever from 2008-2010 spanning
9 of the 11 provinces in the DRC (Fig. 7A). In addition, a
serosurvey of 50 random blood donors from Kasai-Orjental
province in central DRC was negative for prior exposure to BASV
(Fig. 7B). Taken together, these data suggest that the virus may
have emerged recently and locally from Boma Bungu in Bas-
Congo, DRC.

We were unable to isolate BASV despite culturing the RNA-
positive serum in a number of cell cultures and inoculation into
suckling mice. One explanation for these negative findings may be
that the virus inoculation titers of <50 uL. were insufficient,
although this is surprising given the concentration of >1 million
copies per mL of BASV in blood from the lone survivor. A more
likely explanation is viral inactivation resulting from the lack of
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adequate cold chain facilities in remote Borma Bungu. Viral RNA became ill with acute hemorrhagic fever over a 3-week period
can often still be detected by RT-PCR in sera that is culture-  within the same 2500-m” area of Mangala village, suggesting that
negative [32}. In support of this premise, we have observed that  all 3 cases were infected with the same pathogen. Waterborne or
the BASV-G/VSVAG-GFP pseudotyped virus efficiently infects  airborne transmission would be expected to result in more
and replicates in a variety of insect and mammalian (including  numerous cases than the 3 reported. There were no. reports of
humanj) cell lines (Steffen, ef ef,, manuscript in preparation). In the animal die-offs that would suggest potential exposures to infected
absence of a positive culture, a “reverse genetics” approach to  wild’ animals or livestock. Taken together, these ohservations
produce recombinant BASV particles, if successful, would greatly - suggest that an unknown arthropod vector could be a plausible
facilitate further study of the virus, as established previously for source of infection by BASV. This hypothesis is consistent with the
other rhabdoviruses such as VSV [33]. Phylogenetic and structural relationship of BASV to rhabdoviruses

Based on our findings, some speculations on the origin of and in the Tibrogargan group and Ephemerovinis genus, which are
‘routes of transmission for BASV can be made. All 3 patients  transmitted to cattle and buffalo by Cufizsides biting midges [9]. In
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from six individuals are depicted as percent of infectivity in the absence of serum. The six individuals tested include a patient with hemonrhaagic fever
{panel A, “Patient 3"), the nurse directly caring for him (panel F, “Contact 57), and other health care workers in Mangala village (panels B-E), All data
points represent the average of triplicate assays; error bars indicate standard deviations. Similar results were obtained in an independent experiment

using murine levkemia virus (MLV)-based pseudotypes (data not shown).

doi10.1371/journal.ppat.1002924.006

addition, the recent discovery of Moussa virus {MOUV), isolated
from Culex mosquitoes in Cote d'Ivoire, Africa [23], implies the
presence of hitherto unknown arthropod vectors for rhabdoviruses
on the continent. Nevertheless, at present, we cannot exclude the
possibility of other zoonotic sources for the virus or even
nosocomial bloodborne transmission (as Patients 1 and 2 have
not clearly been established to be BASV cases by serology or direct
detection), and the natural reservoir and precise mode of
transmission for BASV remain unknown. A community-based

PLOS Pathogens | www.plospathogens.org

serosurvey in Boma Bungu and an investigation to track down
potential arthropod or mammalian (e.g. rodents and bats) sources
for BASV are currently underway.

Although we cannot exclude the possibility of independent
arthropod-borne  transmission events, our epidemiologic and
serologic data do suggest the potential for limited human-to-
human transmission of BASV. Patient 3, a nurse, had directly
taken care of Patients 1 and 2 at the health center, and another
nurse (Contact 5), who had taken care of Patient 3 (but not
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Patients 1 or 2) had serologic evidence of asymptomatic BASV
infection. We present a hypothetical model for BASV transmission
during the hemorrhagic fever outbreak in which the initial
infection of two children in Mangala (Patients I and 2} was
followed by successive human-to-human transmission events
involving two healthcare workers (Patient 3 and Contact 5)
{Fig. 8). This pattern of transmission from the community to health
care workers is also commonly seen in association with outbreaks
of Ebola and Crimean-Congo hemorrhagic fever [6,34].

‘While rhabdoviruses are distributed worldwide, some authors
have suggested that the Rhabdoviridee fimily probably originated
from tropical regions of the Old or New World [9]. The discovery
of BASV in Central Africa suggests that additional rhabdoviruses
of clinical and public health importance likely await identification,
especially in these poorly investigated geographic regions. Active
epidemiclogical investigation and disease surveillance will be
needed to fully ascertain the clinical and public health significance
of BASV infection in humans, as well as to prepare for potentially
larger human outbreaks from this newly discovered pathogen.

Methods

Ethics Statement _

Written informed consent for publication of their case reports
was obtained from the sole survivor of the hemorrhagic fever
outbreak and the parents of the two deceased children, Written
informed consent was obtained from the surviving patient and 5 of
his close contacts for analysis of the serum samples reported in this
study. Samnples were analyzed under protocols approved by the

PLOS Pathogens | www.plospathagens.org

institutional review boards of University of California, San
Francisco, the University of Texas Medical Branch, and the
National Institute of Biomedical Research (INRB) and CIRMF in
Gabon, and the Institutional Animal Care and Use Committee
(IACUC) of the University of Texas Medical Branch.

Diagnostic Samples

No diagnostic samples were available from Patient 1 or Patient
2. Blood was collected in a red top serum tube from Patient 3 on
June 16, during the acute phase, three days after hemorrhagic
onset. The sample was transported at 4°C to the BSL4 facility at
CIRMF. Serum was chtained by centrifugation at 2300 rpm for
10 min. No other acute samples from Patient 3 were available. In
January of 2012 (~2.5 years after the cutbreak), convalescent sera
were collected from Patient 3 and close contacts (other warkers at
the health center) for BASV neutralization testing. Forty-three
serum samples from other unknown hemorrhagic fever cases or
outbreaks representing 9 of 11 provinces in the DRC were
available for BASV PCR testing (Fig. 7A). Fifty available plasma
samples from random blood donors (median age 27.5 years; age
range 1-76 years) in Kasai Oriental province, DRC, were also
tested for antibedies to BASV (Fig. 7A and B; Table $2),

Nucleic Acid Extraction and Viral PCR Testing

RINA was extracted from 140 pl of serum using the QIAamp
viral RNA mini kit {(Qfagen). Tagman real-time reverse-transcrip-
tion-PCR (RT-PCR) testing for known hemorrhagic fever viruses
was performed using primers and probes specific for Marburg
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virus (MARYV), all four species of Ebola virus {Zaire, ZEBOV; Sudan,
SEBOV; Cote d'Ivoire, CIFBOV, and Bundibugyo, BEBOV),
Crimean-Congo hemorrhagic fever virus (CCHFV), Yellow fever
virus (YFV), Dengue virus (DENV), Rift Valley fever virus (RVEV)
and Chikungunya virus (CHIKV} (available upon request).

Discovery of the BASV Rhabdovirus by 454
Pyrosequencing

200 pL of serum sample were inactivated in 1 mL of TRIzol
{Invitrogen), and nucleic acid extraction and purification were
performed according to the manufaciurer’s instructions. Roche
454 pyrosequencing using randomly amplified cDXNA libraries was
performed as deseribed previously [35]. Viral sequences were
‘identified using BLASTn or BLASTx by comparison to the
GenBank nonredundant nucleotide or protein database, respec-
tively (E-score cutoff= 1079,

De novo Assembly of the BASV Genome by lllumina
Sequencing

To recover additional BASV sequence, two sets of cDNA
libraries were prepared from DNase-treated extracted RINA using
a random PCR amplification method as described previously [36],
or random hexamer priming according to the manufacturer’s
protacol (IHumina), The libraries were then pooled and sequenced
on two lanes of an lllumina HiSeq 2000. Raw Ilumina sequences
consisting of 100 base pair (bp) paired-end reads were filtered to
exclude low-complexity, homopolymeric, and low-quality se-
quences, and directly compared using BLASTn or BLASTx
alignments to a library consisting of all rhabdovirus sequences in
GenBank. The initial read obtained by 454 pyrosequencing as well
as other reads aligning to rhabdoviruses were then inputted as
“seeds” into the PRICE dz now assembler [37] (Fig. 2), with a
criterion of at least 85% identity over 25-bp to merge two
fragments. De nowo assembly of the BASV genome was performed
iteratively using PRICE and the Geneious software package
(Biomatters) [38]. The near-complete whole genome sequence of
the novel rhabdovirus (~98.2% based on protein homology to
other rhabdoviruses) was determined to at least 3 x redundancy by
de novo assembly as well as PCR and Sanger sequencing of low-
coverage regitons. Sanger sequencing was also performed to verify
the accuracy of the assembly and confirm the genomic organiza-
tion of BASV (Fig. 2).

Deep Sequencing Analysis of the BASY Serum Sample for
Other Pathogens

Rapid classification of the ~140 million 100-bp paired-end
Iumina reads was performed using a modified cloud computing-
based computational analysis pipeline [17] (Veeraraghavan,
Sittler, and Chiu, manuscript in preparation). Briefly, reads
corresponding to human sequences were taxonomically classified
using SOAP and BLAT software [39,40]. Other reads were then
identified using BLASTn or BLASTx by comparison to GenBank-

derived reference databases (E-score cutoff=1077),

PCR Quantitation of BASV Burden

To estimate the viral load in the patient’s serum, we first
designed a set of specific PCR primers for detection of BASV
targeting the L protein, BASV-F (5'- CGCTGATGGTTTTT-
GACATGGAAGTCC-3")/BASV-R (3'-TAAACTTCCTCTC-
TCCTCTAG-3", for use in 2 SYBR-Green real-time quantitative
RT-PCR assay. A standard curve for the assay was constructed as
described previously [36]. The viral load in the patient’s serum
was determined by comparison to the standard curve.

PLOS Pathogens | www.plospathogens.org
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Structural Features and Phylogenetic Analysis

Predicted open reading frames (ORFs) in the BASV genome
were identified with Geneious [38]. Multiple sequence (Figs. 3 and
4; Tig. S1) and pairwise {Fig. 5) aligtnments of BASV proteins
relative to corresponding proteins from other rhabdoviruses were
calculated using MAFFT (v6.0) with the E-INS-i option and at
default settings [41]. To generate the phylogeny trees, all
rhabdoviruses in GenBank were included as well as representative
members of other families within the order Munonegavirales.
Bayesian tree topologies were assessed with MrBayes V.32
software (20,000 sampled trees; 5,000 trees discarded as burn-in)
[42). Convergence was confimed by the PSRF statistic in
MrBayes, as well as by visual inspection of individual traces using
TRACER from the BEAST software package [43]. Trees were
visualized after midpoint rooting with FigTree V1.31 [43].

Virus Cultivation in Cell Cuitures or Suckling Mice

Initial attempts were made to culture the virus using a total of
200 uL. of BASV-pesitive serum inoculated onto confluent
monolayers of Vero E6 and C6/36 (Aeder albopicius mosquito) cells
in G-well plastic tissue culture plates at 37°C and 28°C,
respectively, in a 3% CO, environment as previously described
[44]. From 20-50 pL of serum were used to inoculate the cells,
which were examined daily for cytopathic effect (CPE) at days 5, 7,
and 14. Supernatants were harvested and two additional blind
passages were performed, each passage followed by 14 days of
observation for CPE. Cell culture supematants were also
monitored for evidence of viral replication by quantitative RT-
PCR. ’

Using the remaining 100 ul. of BASV-positive serum, further
attempts were made to culture the virus in 5 cell lines and in suckling
mice, The serumn sample was split in half and diluted 1:20 or 1:10 in
phosphate-buffered saline with 20% fetal bovine serum (FBS) to
allow sufficient volume to inoculate cell cultures or mice,
respectively. The first diluted sample was inoculated intracerebrally
into a litter {n=12) of 1 day old mice. Pups were observed daily for
14 days for lethality or signs of clinical illness. The second diluted
sample was inoculated into 12.5 em? tissue culture flasks of Vero,
BHE, LLC-MK; (rhesus monkey kidney), CCL-106 (rabbit kidney)
and C6/36 cells, Vertebrate cells were held at 37°C for 14 days and
observed for evidence of CPE. Mosquito cells were maintained at
28°C for 10 days. Since no CPE was observed in any of the cultures,
cells were subsequently fixed for transmission electron microscopy
to see if viral particles could be visualized [45).

Construction of VSVAG-GFP Pseudotypes and BASV
Serum Neutralization Testing

A pseudotype system based on a vesicular stomatitis virus (VSV)
construct carrying a reporter gene for green fluorescent protein
(VSVAG-GFP) and bearing the predicted synthesized BASV
glycoprotein (BASV-G) was used to generate a serum neutraliza-
tion assay for BASV. Briefly, the predicted BASV glycoprotein
(BASV-G) was synthesized (Genscript) and subcloned into the
pCAGGS expression plasmid. Human embryonic kidney 293T
cells were seeded (DMEM + 10% FBS + penicillin/streptomycin +
Glutamax (Gibco) + non-essential amino acids (Gibeo)) in 10 cm
culture dishes 24 hours prior to transfection. Cells were transfected
with 20 pg BASV-G, VSV-G, or empty pPCAGGS DNA per dish -
following a caleium phosphate transfection protocol [46]. The
culture medium was replaced 15 hours post-transfection and cells
were stimulated with 6.2 mM valproic acid for 4 hours before the
medium was replaced again, At 36 hours post-transfection the

‘transfected cells were infected with VSVAG-GFP/VSV-G pseu-
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dotypes at a multiplicity of 0.1-0.3. The inoculum was removed
after 4 hours and replaced by fresh culture medium. At 24 hours
post-infection, infectious supernatants were harvested, filtered
through 0,45 pum filters, and concentrated 10-fold by centrifuga-
tion through a 100-kDA filter (Millipore). Concentrated viruses
were aliquoted and stored at —80°C.

For serum neutralization testing, human hepatoma Huh-7
cells were seeded (DMEM +10% FBS + penicillin/streptomycin
+ Glutamax (Gibco) + non-essential amino acids (Gibco)) in 48-
well plates 24 hours prior to infection. Per well 10 pl of
pseudovirus harboring either BASV-G or V3V-G (adjusted to
obtain 25-50% infection of target cells) was mixed with 10 pl of
the respective serum dilution and incubated for 45 minutes at
37°C. Subsequently, the mix was added to the target cells
(performed in triplicate) and cells were incubated for 24 hours at
37°C. The infected cells were detached with trypsin and washed
with PBS before fixing with 2% paraformaldehyde for 1 hour at
room temperature. GFP expression in infected cells was
quantified by flow cytometry using a LSR II (BD Biosciences)
and the collected data was analyzed with FlowJo software
(TreeStar).

Abbreviations and Nucleotide Sequence Accession
Numbers -

The annotated, nearly complete sequence of BASV has been
submitted to GenBank (accession number JX297815). Deep
sequencing reads have been submitted to the NCBI Sequence
Read Archive (accession number SRA056894). Accession num-
bers used for the phylogenetic analyses in Figs 3, 4, and S1 are
listed as follows, in alphabetical order; ABLV, Australian bat
lyssavirus (NP_478343); ARAV, Aravan virus (ABV03822),
BEFV, Bovine ephemeral fever virus (NP_065400); BYSMYV,
Barley yellow striate mosaic virus (BYSMV); CDV, Canine
distemper virus (AAR32274); CHPV, Chandipura virus
(ADO63669); CPV, Coastal Plains virus (ADG86364); COCV,
Cocal virus (ACB47438); DURV, Durham virus (ADB88761);
DUVV, Duvenhage virus {ABZ81216); EBLVI, European bat
lyssavirus 1 (ABZ81166), EBLV2, Eurcpean bat lyssavirus 2
(ABZ81191); EBOV, Ebola virus (AAG40171, AAA79970,
BAR69010); EVEX, Eel virus European X virus (CBH20130);
FDLYV, Fer-de-lance virus (NP_899661); FLAV, Flanders virus
(AAN73288); HeV, Hendra virus (NP_047113); HIRRV, Hirame
rhabdovirus (ACO87998);, HMPV, Hurman metapneumovirus
(L_HMPVC); HPIV-1, Human parainfluenza virus type 1 (AA
A69579); HPIV-2, Human. parainfluenza virus type 2 (CAA
40788); HPIV-3, Human parainfluenza virus type 3 (AAA46854);
HFIV-4, Human parainfluenza virus type 4 (BAJ11747); INHV,
Infectious hematopoietic necrosis virus (NP_042681); IRKV, Irkut
virus (ABV03823); ISFV, Isfahan virus (CAH17548); KHUV,
Khujand virus (ABV03824); LBV, Lagos bat virus (ABZ81171);
LNYV, Lettuce necrotic yellows virus (YP_425092); MARAV,
Maraba  virus (AEI52253); MARYV, Marburg virus
(YP_001531159); MeV, Measles virus (AF266288); MMV, Maize
mosaic virus (YP_052855); MOKYV, Mokala virus (ABZ81206};
MOUV, Moussa virus (ACZ81407); MUV, Mumps virus (AF
201473); NCMV, Northern cereal mosaic virus (NP_597914);
NDV, Newcastle disease virus (ADH10207); NGAV, Ngaingan
virus (YP_003518294); NiV, Nipah virus (AAY43917); OVRYV,
Oak Vale rhabdovirus (AEJ07657); PFRV, Pike fry rhabdovirus
(ACP28002); RABV, Rabies virus (NP_056797); RSV, Respira-
tory syncytial virus (NP_056866); RYSV, Rice yellow stunt
rhabdovirus (NP_620502); SIGMAV, Sigma virus (ACUB5444);
SCRYV, BSiniperca chuatsi rhabdovirus (YP_802942); SHRYV,
Snakehead virus {AADS6771); SMRV, Scophthalmus maximus
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thadovirus (ADU05406); SVCV, Spring viremia of carp virus
(NP_116748), SYNV, Sonchus yellow net virus (NP_044286);
TIBV, Tibrogargan virus (ADGB86355); TUPV, Tupaia virus
{AAX47602); TVCV, Tomato vein clearing virus (YP_224083);
VHSV, Viral hemorrhagic septicemia virus (NP_049550); VSIV,
Vesicular stornatitis virus, Indiana (NP_041718); VSNJV, Vesicular
stornatitis virus, New Jersey (P16379); WCBV, West Caucasian bat
virus (ABV03821); WONGYV, Wongabel virus {YP_002333280).

Supporting Information

Figure 81 Phylogenetic analysis of the N, P, M, and G
proteins of BASV and other rhabdoviruses, Each phyloge-
netic tree is rooted by using the corresponding protein from
hwman parainfluenza virus type 1 (HPIV-1), a paramyxovirus, as
an outgroup, Abbreviations and accession numbers used for the
phylogenetic analysis are provided in Methods.

(TIF)

Figure 52 Confirmation of laboratory contamination by
rotavirus and absence of rotavirus in BASV serum by
specific PCR. An RT-PCR assay for detection of Group A
rotaviruses was performed using primers NSP3F (5'-AC-
CATCTWCACRTRACCCTCTATGAG-3') and NSP3R (5'-
GGTCACATAACGCCCCOTATAGC-3"), which generate an
87-bp amplicon (Freeman, et al., (2008) ] Med Virol 80: 1489-
1496). PCR conditions for the assay were 30 min at 50°C, 15 min
at 95°C for the reverse transcription step followed by 40 cycles of
95°C, 30 s/55°C, 30 5/72°C, 30 s and 72°C/7 min for the final
extension. PCR products are visualized by gel clectrophoresis,
using a 2% agarose gel and 1 kB ladder. Rotavirus is readily
detected in extracted RNA from a stool sample taken from an
ongoing study of viral diarrhea in the laboratory (lane 1), but not
in two separate aliquots of extracted nucleic acid from the BASV
serumn sample (lanes 2 and 3).

(TIF)

Table S1 Viral reads in the deep sequencing data
ocorresponding to the BASV-positive serum snomple.
(DOCXK)

Table 52 Demographics of 50 blood donors from Kasai-
Oriental province, DRC, randomly selected for BASV
antibody screening.

DOCX)
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Published Date: 2012-09-29 11:34:14
Subject: PRO/JAH/EDR> Ross River virus - Australia (05): (WA)
Archive Number: 20120929.1315179

ROSS RIVER VIRUS - AUSTRALIA (05): (WESTERN AUSTRALIA)
A R AR KKK 05 S K SRR o o o 3 o s o o e ook e ok ok KKK oK KK K R s Sk ok ok o o ok ok

A ProMED-mail post
WWW. DI il.or
ProMED-mail is a program of the

International Society for Infectious Diseases
http://www igi

Date: Sat 29 Sep 2012
Source: The West [edited]

http://au.news.vahoo.com/thewest/a/-/breaking/14991504/huge-rise-in-ross-river-cases/

Outbreaks of a serfous mosquito-borne disease have exploded in WA [Western Australia state] this year [2012],
with 5 times more people contracting Ross River virus than 3 years ago. The virus, which can leave victims with a
lifetime of debilitating symptoms and side-effects, infected 1570 people across the State in 2011-20132.

Public health officials in Mandurah branded the 2011-2012 mosquito season the worst on record.
WA cases of Ross River virus reached 332 in 2009-2010 and the number more than doubled to 770 In 2010-2011.

Department of Health entomologist Peter Neville said there had been more mosquitoes over the past 2 years. "It's
largely to do with weather events," he said. "Over the last 2 years we have been under La Nina weather
conditions.” Those conditions meant more rain and higher minimum temperatures, leading to more mosquitoes. He
said there was a spike in Ross River virus cases every 3-4 years.

Infected people get a fever, headaches, rashes and painful, swollen joints. "In some cases it can last up to 12
months," Dr Neville said. "In some people, it can be quite devastating. The virus can reduce people's capacity to
work. It's quite debilitating."

A report to the City of Mandurah this week revealed the council has struggled against mosquitoes. "The
continuation of the La Nina weather event resulted In local weather and tide behaviour that made mosquito
management very difficult due to consistent inundation of breeding sites and the frequent hatching of salt marsh
mosquito larvae,” envirecnmental health officer Brendan Ingle wrote.

http://www.promedmail.org/direct.php?id=20120929.1315179[2012/11/20 18:51:16]



ProMED-mail {
Ross River virus cases in the Peel region soared from 68 in 2009-2010 to 206 in 2011-2012,

Mandurah residents complained this week that swarms of mosquitoes make it impossible for them to go outside
and warned the city's reputation was being harmed.

Mandurah mayor Paddi Creevey said the council had quadrupled the amount of insecticide sprayed to kill mosquito
larvae. "What we can't control is the

El Nino/La Nina effect, and when those tides stay up and they inundate the breeding areas, no amount of spraying
will kill them," she said.

People are urged to be especially vigilant about mosquitoes at dawn and dusk. [They are advised te] wear long,
loose clothing and apply insect repellent.

[Byline: Angela Pownall]

Communicated by:
ProMED-mail Rapporteur Kunihiko lizuka

[Ross River virus infections in Western Australia have increased significantly in 2012, In the ist 2 months of 2012,
there were 511 cases slale-wide, The above report indicates that there have been 1570 cases In the 2011-2012
transmission season. Ross River virus is a zoonetic alphavirus transmitted by a wide range of mosquitoes including
_Aedes_ and _Culex_species, and causes acute polyarthritis in humans. - Mod.TY '

A HealthMap/ProMED-mall map can be accessed at: hitp://healthmap.org/r/21Bk.]
See Also

Ross River virus - Australia (04) (VI) 201204273.1109313

Ross River virus - Australia (03): (VI) 20120419.1107581

Ross River virus - Australia (WA, TA) 20120325.1079874

Ross River virus - Australia (WA) 20120302.1059212
................................................. jw/ty/mi/eip/iw

®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.
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Published Date: 2013-02-15 17:55:17
Subject: PRO/AH/EDR> Australian bat lyssavirus - Australia: (QL) 3rd victim
Archive Number: 20130215.1544648

AUSTRALIAN BAT LYSSAVIRUS - AUSTRALIA: (QUEENSLAND) THIRD VICTIM

A ProMED-mail post
http://www il.or
ProMED-mail is a program of the

International Society for Infectious Diseases
http://www,jsid.or

Date: Fri 15 Feb 2013
Source: World News, AAP report [edlted]

A north Queensland boy was likely bitten or scratched by a bat or a flying fox carrying Australian bat lyssavirus,
and he's now critically ill in hospital. An 8-year-old Queensland boy is critically ill with the bat-borne virus that
causes fits [seizures], paralysis and death. It's only the 3rd confirmed case of the rabies-like Australian bat
lyssavirus recorded in the country. The other 2 victims, both infected in Queensland, died.

It's assumed the north Queensland boy was bitten or scratched by a bat or a flying fox carrying the deadly virus.
It's believed he was infected about 2 months ago and a few weeks ago developed a brain infection that led to fits
[seizures]. He's now so unwell he cannot give doctors any clues about how he came to be infected, "We're not sure
of the circumstances because the child is now too sick to tell us," ‘Queensland Chief Health Officer Jeannette Young
told reporters on Friday [15 Feb 2013].

"He's critically unwell. The previous 2 cases did not survive and the vast majority of people who contract rabies
[rabies virus and Australian bat lyssavirus are distinct virus species - Mod.CP] overseas die, unfortunately "The
other 2 cases were recorded in 1996 and 1998.

Dr Young said the family was incredibly distressed given the prognosis for the boy. The time from exposure to the
virus to the development of symptoms is variable. Of the 2 known human cases, one became ill several weeks
after being bitten by a bat while the other became iil more than 2 years after a hat bite. The virus causes
paralysis, deliriurn and convulsions. Death is usually caused by respiratory paralysis. It's theoretically possible that
the virus could be passed from human to human but that is considered very unlikely. And so far the boy's family
has not shown any signs of symptoms but they ve been given post-exposure drugs [rabies virus vaccine?] as a
safeguard.

Dr Young said it's assumed any bat in Australia could carry the disease, and bat behaviour is not an accurate guide
to infection. She said the best protection against the virus was to avoid handling any bat or flying fox. "Only people
who have been trained in the care of bats, and who have been vaccinated against rabies, should ever handle bats
or flying foxes," she said. "It is important to also encourage young children to never handle bats, particularly if
they should come across a sick or injured one,”

Federal MP Bob Katter, who holds the north Queensiand seat of Kennedy, says it's time to revisit the idea of culling
bats. The independent MP has long supported culling because bats spread disease, ruin farmers' crops and are a
pest. He says Premier Campbell Newman has broken a pre-election promise to do something about bat colonies
that have invaded some Queenstand towns. "Clearly the Liberal National Party puts the welfare of bats over the



s tnran )

lives of human beings," Mr Katter told reporters on Friday. He said bat populations were out of control thanks to
laws preventing farmers and others from killing them, :

Communicated by:
Gert van der Hoek
Senior Moderator
FluTrackers.com
WW r .com/forum/i

[Gert van der Hoek is thanked for drawing attention to this report.

Australian bat lyssavirus [ABLV} is classified as a district species in the genus _Lyssavirus_ of the family
_Rhabdoviridae_. It is closely related to rabies virus, but restricted to bats. It is antigenically similar enough to be
neutralised by standard anti-rables virus vaccine which can be used for post-exposure prophylaxis if administered
before the onset of symptoms of disease. However in the present case in view of the lapse of time between
exposure and appearance of symptoms it is unlikely that post-exposure prophylaxis could be successful.

According to Queensland Health

(http://access.health.gld gov.au/hid/InfectionsandParasites/Virallnfections/australianBatlyssavirus fs.asp):

Australlan bat lyssavirus (ABLV) is a virus that can be transmitted from bats to humans, causing serious illness,
‘e virus was 1st identified in 1996 and has been found in 4 kinds of flying foxes/fruit bats and one species of

insect-eating microbat. Evidence of previous infection has been found in blood tests from a number of other bat

species. It is therefore assumed that any bat in Australia could potentially carry the virus.

Since November 1996, 2 people have died as a result of ABLV infection after being bitten by bats, ABLV is one of
12 types of lyssavirus which are found around the world, ABLV is the only one of these known to occur in
Australia. ABLV infection in humans causes a serious iliness which results in paralysis, delirium, convulsions and
death, Death is usually due to respiratory paralysis. Transmission of the virus from bats to humans is thought to
usually be by a scratch ar bite, but also potentially by being exposed to bat saliva through the eyes, nose or
mouth (mucous membrane exposure). ABLV is unlikely to survive outside the bat for more than a few hours,
especially in dry environments that are exposed to sunlight. The time from exposure to the virus to the
development of symptoms is variable; of the 2 other known human cases of ABLV infection, one became ill several
weeks after being bitten by a bat while the other became ill more than 2 years after a bat bite,

There is no available treatment for ABLV. In all potential exposures to ABLV (bites, scratches, mucous membrane
exposures), seek medical advice immediately, even if you have been vaccinated. Proper cleansing of the wound is
the single most effective measure for reducing transmission. If bitten or scratched, immediately wash the wound
thoroughly with soap and water for at least 5 minutes. If avallable, an antiseptic with anti-virus action such as

widone-jodine, iodine tincture, aqueocus iodine selution or alcohol (ethanol) should be applied after washing. If
bat saliva contacts the eyes, nose or mouth, it is necessary to flush the area thoroughly with water. Seek medical
attention as soon as possible, The best protection against being exposed to the virus is for members of the
community to avoid handling any bat or flying fox.

Anyone who has been potentially exposed to ABLV, and has never received pre-exposure vaccination, will require
an injection of rabies immunoglobulin and a series of 4 rabies vaccine injections over one manth (on days zero, 3
7, and 14). Queensland Health will fund these injections, which are called 'post-exposure prophylaxis,' and your
local public health unit will arrange for these injections to be delivered to your GP or hospital. These injections are
recommended for anyone who has been exposed to ABLV, regardiess of how long ago the exposure occurred.
People with a weakened immune system will require a further (5th) dose of vaccine given at day 28 and follow up
blood tests to confirm their immunity. Post-exposure vaccination may be delayed for up to 48 hours if the bat is
available for testing, without placing other people at risk of exposure.

1]

A map of Australia, shooing the location of Queensland can be accessed at: http://mapsof.net/map/australia-
states-rs01# UR6fsaXElac, - Mod.CP

A HealthMap/ProMED-mall map can be accessed at: http://healthmap.org/r/lz *.]

See Also

2011
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Australian bat lyssavirus - Australia (02): (VI) flying fox 20110714.2130

Australian bat lyssavirus - Australia: (VI) flying fox 20110526.1601

2010

Australian bat lyssavirus - Australia: (QL) flying fox, human exp.,
“corr. 20100107 .0074 :

Australian bat lyssavirus - Australia: (QL) flying fox, human exp

20100106.0061 '

2009

Australian bat lyssavirus, human, susp. - Australia (NSW)

20090320.1122

Australian bat lyssavirus, flying fox - Australia (QLD)

20041111.3050

................................................. cp/ejp/dk

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



PEGLISA M/YHAPPN

LY (COREFH OHEA[OA
RO T EY
YA LG AT R

08T I H 19T T e S Ak
OV e 5 I T-ZH W Sy s ek
02T H [ T-3r @,&%M
CA L TR
[§EH T2 T S

"G QLN ,
MO ERWRI4AF-L TN TRV TR B9 VBB O 2340 @D SR

8 YR QN IR B E (B YY) B R 1AW VTG0 URTERUEEOY VR H LHOTd
QT SNFBEN L) 2N W NKTRERTE PO k-1 H | 2102 "0@Y &S NL O LOETH LT EFEH AT

UKOBRS

HEOXISE

L2 EMEG T TS 5L N ERERZEYNF A0S T O 4 )1 L4 L8000 LURBEM s
b4 R MH M ) 54 L LTI B OO PO N L QR M M SBELQEAYC QAT R L I AL 4L N EEEZ T
fu COGQOBERFE 2N SR O B M I OERUR SR BEPHEIF TEH o le "L URSE B YRURDRIAZR
ons[p X oleN MeH *jfeesO M E EITIQUE T *YN WG (VTR EFH B QR [n VY OTRIE T 2H) YFeeC "2

AL X QIRELF RO E

B RR R 40 S

. mﬂm%%ﬁ%@wwﬂ URTHLENFTH AL EEW TN LT (YSTRESEE O s "V ICHEHE) Y67 "HhzH L H0T=610¢
i . WENE — )L G LLT G ASIENEEE e =0
S
o welEiom e (353) 9N
! =+ LRI 0TS TR
mmEOme_MN%:OMNH“MMM“MMUOWUﬁMﬂwN [259 13-'2R4 enﬂ_ﬂﬂﬁw.m.‘__m_n . (BE-dep ) e H A T-SRT R
EET PUTY W 3 LRl —
NHRE 61 '11 2102
HE S SREE
BEWHHSH| UXOEWEIYE | HEVE—X =i -
ETHEE i HES

¢l "°N

-




http://www.who.int/csr/don/2012_10_08a/en/index.html JRC2012T-049

. -‘i\ World Health
S Organization

Global Alert and Response (GAR)

Ebola outbreak in Democratic Republic of

Share Print

Congo — update
8 OCTOBER 2012 - As of 7 October 2012, 49 cases (31 laboratory R‘;Ia:e;;:ksﬂ‘bw
confirmed, 18 probable) with Ebola haemorrhagic fever {EHF) have been
reported in the Democratic Republic of Congo (DRC). Of these, 24 have Ebola haemorrhagic fever
been fatal (10 confirmed, 14 probable). Fact sheet

) Interim infection control
The cases reported are from Isiro and Viadana health zones in Haut-Uélé recommendations for care of patients
disfrict in Province Orientale. with suspected or confirmed filovirus

(Ebola, Marburg) haemoarrhagic fever

Ministry of Health {MoH) continues to work with partners, under the
National Task Force to identify all possible chains of transmission of the
ilness and ensure that appropriate measures are taken to interrupt
transmission and stop the outbreak. The task force includes Médecins
Sans Frontieres (MSF); the International Federation of Red Cross and Red
Crescent Societies (IFRC); US Agency for International Development
(USAID); US Centers for Disease Control and Prevention (CDC); and the
United Nations Children’s Fund (UNICEF) and WHO.

Response operations continue in the areas of coordination; Infection
Prevention and Control (IPC); surveillance and epidemiology; case
management; public information and social mobilization; psychosocial
support; anthropological analysis; and logistics. ‘

WHO and the Global Outbreak Alert and Response Network (GOARN)
have deployed experts to support operational response, including
establishment of a field laboratory and in the area of infection prevention
- 1 contral in health care ssttings.

Initial samples were tested and confirmed by Uganda Virus Research
Institute (UVRI). CDC established a field laboratory in Isiro in the beginning
of the outbreak and Public Heaith Agency of Canada (PHAC) is continuing
to provide support on rapid diagnosis in the field with their mobile
laboratory facilities in Isiro.

Ongoing activities in Isiro and neighbouring areas include: training of health
care workers on IPC in health care facilities, provision of support on case
management, strengthening surveillance, workihg with traditional healers in
raising awareness about EHF, providing psychosocial support fo affected
families; and conducting outreach to schools.

With respect to this event, WHO does not recommend any travel or trade
restrictions to be applied to the DRC.

General information on controlling infection of EHF in health-
care settings ‘

Human-to-human fransmission of the Ebola virus is primarily associated
with direct contact with blood and body fluids. Transmission to healthcare



http://www.who.int/csr/don/2012 10 08a/en/index.html

 workers has been reported when appropriate infection control measures
have not been observed.

Health-care workers caring for patients with suspected or confirmed Ebola
virus need to apply infection control measures to avoid any exposure to the
patient's blood and body fluids and/or direct unprotected contact with the
possibly contaminated environment. In addition, it is important that
Standard Precautions, particularly hand hygiene, the use of gloves and
other personal protective equipment, safe injection practices and other
measures are applied to all patients in all health care settings at all times.
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Published Date: 2013-02-05 17:56:11 .
Subject: PRO/AH/EDR> Nipah encephalitis, human - Bangladesh (03)
Archive Number: 20130205.1530748

NIPAH ENCEPHALITIS, HUMAN - BANGLADESH (03)
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A ProMED-mail post
ProMED-mail is a program of the
Internaticnal Society for Infectious Diseases

http://www.isid.grg

Date: Tue 5 Feb 2013

Source: Financial Express [edited]

http://www.thefinancialexpress-bd.com/index. php?ref=MiBfMDIfMDVEMTNIMVS40FSxNTkxODg=

After staging a comeback in the country this winter, deadly Nipah virus has so far claimed the lives of 10 people,
Including 2 in the capital, out of 12 infected as of 3 Feb [2013], reports UNB (United News of Bangladesh). Among
the casualties, there have been 2 from each of Dhaka, Pabna, and Natore and one from each of Rajbari,
Jhenaidah, Naogaon, and Rajshahi, according to Bangladesh's Institute of Epidemiology Diseases Control and
Research (IEDCR). It says 2 of the victims of Dhaka consumed raw date palm juice from Bhaluka, Mymensingh.
Dr Mushtuq Hossain, the principal scientific officer {(medical sociclogy) of IEDCR, told UNB on Monday [4 Feb 2013]
that those died and who have been affected by the deadly Nipah virus consumed raw date palm juice. Mushtuq
cautioned that no one should drink raw date palm juice and fruits that were partly eaten by animals earlier. "One
should drink date juice after its proper boiling and eat raw fruit after washing it properly.”

Asked about the symptoms of the disease, Mushtugq said high fever, senseless talking, acute chest pain, respiratory
problems, and severe headache are the symptoms of the disease. "If any patient has those symptoms he or she
should be admitted to nearby hospital for treatment." Mushtuq added that the attendants of the Nipah virus
affected patients should take precautionary steps while taking care of the patients as the virus is contagious.
Human Nipah virus (NiV) infection, an emerging zoonotic disease, was ist recognised in a large outbreak of 276
reported cases in Malaysia and Singapore from September 1998 through May 1999.

NiV is a highly pathogenic paramyxovirus belonging to genus Henipavirus. It is an enveloped RNA virus.

But now, according to Mushtuq, the disease is only found in Bangladesh. Some 139 patients out of 180 infected
people so far died in the outbreak of the disease in Bangladesh.

-~ communicated by: ProMED-mail from HealthMap alerts <promed@promedmail.org>

[The number of Nipah virus infections and deaths continues to slowly rise so far this year (2013). Curiously, the
above report makes no mention of the source of palm sap or fruit contamination. The reservoir hosts of Nipah virus
are giant fruit bats (_Pteropus_ species). They shed virus, particularly during the breeding season when pregnant
or lactating. Because these sporadic cases occur in geographically scattered areas, increasing the degree of public
awareness, and need for either boiling the sap or preventing access to sap collection vessels by the bats by placing
barriers around the jars, is a major public health education challenge. - Mod.TY

An image of a _Pteropus_ fruit bat can be found at http://rpmedia.ask.com/ts?

u=/wikipedia/commong/thumb/3/3d/Pteropus_aiganteus fa01.1PG/180px-Pteropus glganteus fa0l.1PG.

A HealthMap/ProMED-maiI‘ map can be accessed at http://healthmap.org/r/1yvE.]

See Also

Nipah encephalitis - Bangladesh (02) 20130128.1518442
Nipah encephalitis - Bangladesh: 20130124.1513132
2012

Nipah encephalitis,\human - Bangladesh (03): (JI): 20120212.1040138
Nipah encephalitis, human - Bangladesh (JI) (02), Susp.: 20120128.1024955



Nipah encephalitis, human - Bangladesh: (JI) 20120125.1022056
2011 .

Nipah encephalitis, human - Bangladesh: (RP) (05) 20110308.0756
................................................. sb/sh/ty/eip/sh
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CORRESPONDENCE

tory tract infections cautioning against their mis-
use.* Linezolid may become subject to similar
misuse by physicians who prescribe it for the
treatment of undiagnosed infections, as has been
reported,* This observation is consistent with
our own at a tertiary care hospital in India. In the
recent guidelines on pnenmonia from India, we
have called for restrictions on the use of linezo-
lid.® It is desirable that future guidelines on re-
spiratory and other infections advise against its
‘use early in the course of an infection.

Sahajal Dhooria, M.D.
Ritesh Agarwal, M.D., D.M.
Digamber Behera, M.D.

Postgraduate Institute of Medical Education and Research
Chandigarh, India
riteshpgi@gmall.com

No potential conflict of interest relevant to this letter was re-
ported.

1. Singla R, Caminero JA, Jaiswal A, et al. Linezolid: an effec-
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DO 10.2056/NEJMc1214183

TO THE EDITOR: Lee et al. report that 82% of the
patients with XDR tuberculosis who were treated
with linezolid had drug-related toxicity. This
prompted the authors to ask for careful drug
monitoring by means of conventional bload
analysis. Can we do more? Preliminary evi-
dence®* has suggested the potential relation be-
tween the pharmacokinetics of linezolid and its
tolerability, providing the rationale for rargeting
linezolid dosage on the basis of its plasma con-
centrations — that s, therapeutic drug monitor-
ing. Purther study is warranted to determine
whether therapeutic drug monitoring can serve
as a predictive tool to improve the safety of pa-
tients requiring long-term therapy with linezolid.

Dario Cattaneo, Pharm.D., Ph.D.
Giovanna Qrlando, M.D., Ph.D.
Laura Cordier, M.D.

Luigi Sacco University Hospital
Milan, Italy
orlando,giovanna@hsacco.it

No potential conflict of interest relevant to this letter was re-
ported.
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Human Borrelia miyamotoi Infection in the United States

TO THE EDITOR: Borrelia miyamotoi, a spirochete
that is genetically related to the species of bor-
relia that cause relapsing fever, has been detected
in all tick species that are vectors of Lyme dis-
ease.»? It was detected in Ixodes scapulaiis ticks
from Connecticut in 2001 and subsequently has
been detected in all areas of the United States
where Lyme disease is endemic. The first human
cases of B. miyamotoi infection were reported in
Russia in 2011.* We now provide evidence of
B. miyamotoi infection and the prevalence of this
infection among people in the United States,
Enzyme-linked immunosorbent assays and
confirmatory Western blot assays of archived

serum samples obtained from three groups of
patients who were living in areas where Lyme
disease was endemic between 1990 and 2010
were used to detect antibody against B. miyamotol
GIpQ protein (an antigen that is nonreactive to
B. burgdorferi antibody).* Group 1 consisted of
584 patients who participated in serologic sur-
veys for tickborne infections on Block Island and
Prudence Island, Rhode Island, and Brimfield,
Massachusetts, Patients in the serologic survey
were healthy at the time of blood sampling and
were enrolled during the spring and autumn of
each year. Group 2 included 277 patients from
southern New England who were evaluated for

N ENGL } MED 368;3 NEJM.ORG JANUARY 17, 2013
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Group, Patient No., and No. of
Serum Phasej Assay Method Coinfectionf  Symptoms
ELISA Western Blot
IgM . IgG
Group 1
Pati‘ent 1 Positive at 1:320 dilution Positive Positive - None None
Patient 2 Positive at ;:326 dil@tion Positive - Neghﬁive_ None None
Patient 3 Positive at 1:320 dilution E Positive Positive None None
Patient4 . - . quitﬁfc‘at 2153_2Q t:ii[t:ltié'ns ‘ Netdone Positive None None
Patient 5 Positive at =1:320 dilution§ Net done Positive None None
Patient6 - . Positivéat 1:320 dilution Positive Positive None - None -
Group 2
Patient7 ° " lidsgfiggz at1:320 dilution§ - Notdone  Positive Noné s
Patient 8 " Positive at 1:326 diiu’;ion Negative Positive None 9
PatteﬁtQ o f?oisjt'i\?g at 1320d|[ut|on ’ NégatiVe ' P_olsit‘ive - None 8
Patient 10 Positive at z1:320 dilutienf Not done Positive Naone 6
Patient 11 - Positive 3t 51:320 dilution§ .~ Notdone. . Positivé  ~  None 3
Patient 12 Pé'sifive at 1:128b dilution Negative Positive Lyme disease 4
. Patient 13~ " Positive at 1:320 dilution . ' Negative * * Positive’." - Lyme disease  Uncertain
Patient 14 Positive at 1:320 dilution .POSit'IVE Positive Lyme disease  Uncertain
Patierit 15, R o SR '
Acute . Negative at 1:160 dilution Negative Negative Babesiosis 12
| Convaléscaht - . Positiveat 1:1280 dilition”  'Positive - Pesitive -
Group 3
Patient16: . . Positiveat 11280 dllution ' Positive’ - Positive © Nome ' 5
Patient 17
o Aéute :_‘ q't_;;:é:(? dilhtron "' positive - Negative © ' None 1o
Convalescent Positive at 1:320 dilution Positive Positive
Patiént I8 -
Acute Negative at 1:30 dilution Positive Positive Lyme disease 12
_ .Cépva‘lle‘ls;f:nt‘ . P twe ‘ait‘ 320 dilution | Negative Pasitive -

* ELISA denotes enzyme-linked immunosorbent assay.
1 See the text for the definition of the various groups.

% The diagnosis of Lyme disease was based on a typical erythema migrans skin lesion in Patients 12, 13, 14, and 18.
Patients 8 and 16 had an atypical erythema migrans skin lesion (<5 ¢m in diameter),
§ Tests to determine the presence of antibody in serum dilutions greater than 1:320 were not performed,

suspected Lyme disease. Group 3 consisted of
14 patients from southern New York who were
evaluated at a Lyme disease clinic with a viral-
like illness in the late spring or summer; these
patients did not have symptoms or signs sugges-
tive of an upper respiratory tract infection or
gastroenteritis,

The seroprevalence was 1.0% in group 1,
3.2% in group 2, and 21.0% in group 3 (P<0.001

for comparisons among the three groups). In one
patient in group 2 and two patients in group 3,
the antibody titer was at least four times as high
in the convalescent serum samples as in the
acute serum samples; these findings suggest
that these patients were recently infected with
B. miyamotoi (Table 1). All symptomatic patients
presented with a viral-like illness and were
treated with doxycycline or amoxicillin, Unlike

M ENGL) MED 368;3 NEJM.ORG JANUARY 17, 2013
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the patient with well-documented B. miyamotoi
infection described by Gagliotta et al.? elsewhere
in this issue of the Journal, none of the three
patients with evidence of recent B. miyamotoi in-
fection in our study were immunocompromised.
One patient had B, miyamotoi seroconversion and
no etythema migrans skin lesion or laboratory
evidence of human granulocytic anaplasmosis
coinfection (Patient 17). This patient had a tem-
perature of 39.4°C, chills, sweats, a headache,
neck stiffness, fatigue, myalgias, arthralgias,
abdominal pain, a cough, a sore throat, and
right ingninal lymphadenopathy. He was treated
successfully with 14 days of doxycycline. The
identification of B. miyamotoi antibody in 18 of
our study patients, including seroconversion as-
sociated with symptoms in 3 patients, suggests
that B, miyamotoi infection may be prevalent in
areas where Lyme disease is endemic in the
United States.
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Checklists for Invasive Procedures

TO THE EDITOR: In recent years, the World Health
Organization (WHO) has undertaken a number
of global and regional initiatives to improve the
safety of surgical care. Its 2008 Safe Surgery
Saves Lives campaign introduced the concept of
a checklist, which was intended to identify and
control risk during each of the three phases of an
operation: before induction of anesthesia (“sign-
in"), before incision of the skin (“time-out™), and
before the patient leaves the operating room
(“sign-out”}. It has been well received by the
spectrum of health care professionals in the op-
erating room* and has been shown to reduce
mortality and morbidity.2

However, the concept has faltered in moving

beyond the operating room, despite the rapidly .

expanding list of invasive procedures now taking
place in nonsurgical, interventional specialties.
The same sign-in, time-out, and sign-out phases
are eminently applicable to procedutes per-
formed in the endoscopy suite, the cardiac cath-
eter laboratory, and interventional radiology
rooms. These patients are deserving of the same
safety considerations that are being afforded to
those undergoing an operation; the essential
objectives listed by the WHO inciude appropriate
consent, approptiate personnel and equipment,
correct procedural site, avoidance of known al-

N ENGLJ MED 368;3 NEJM.ORG JANUARY 17, 2013
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Toxoplasmosis in cord blood transplantation

recipients

G. Bautista, A. Ramos, R. Forés, C. Regidor, E. Ruiz,

A de Laiglesia, B. Navarro, J. Bravo, F. Portero, I. Sanjuan,
M.N. Fernandez, R. Cabrera. Toxoplasmosis in cord blood
transplantation recipients.

Transpl Infect Dis 2012; 14: 496-501. All rights reserved

Abstract: Toxoplasmosis is a devastating opportunistic infection
that can affect immunocompromised patients such as cord blood
fransplantation {(CBT) recipients. The clinical characteristics of 4
toxoplasmosis CBT patients treated at our institution are
reviewed, together with 5 cases collected from the literature. The

' rate of toxoplasmosis in our hospital was 6% in CBT recipients
and 0.2% in other types of allogeneic hematopoietic stem cell
transplantation (P < 0.001). Five patients (56%) presented
disseminated toxoplasmosis and 4 patients (44%) had localized
infection in the central nervous system. In 5 of the 9 patients
considered (56%), cytomegalovirus viral replication had been
detected before the clinical onset of toxoplasmosis. Seven patients
(78%) had previously developed graft-versus-host disease. All
patients who exhibited disseminated disease died due to
Toxoplasme infection. Pre-fransplant serology was positive in 1
patient, negative in 3 patients, and not performed in another. Only
1 of these 5 patients with disseminated disease had received
Toxoplasma prophylaxis with cotrimoxazole. It could be concluded
that mortality in CBT patients with disseminated toxoplasmosis is
unacceptably high. The negative results of serology in the
majority of these cases, and its unspecific clinical presentation,
makes diagnosis exceedingly difficult, Betfer diagnostic tests and
prophylaxis strategy are needed in CBT recipients.
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Toxoplasmosis is a devastating opportunistic infection
in hematopoietic stem cell transplant (HSCT) patients
that is caused by the protozoan Toxoplasma gondii,
and is associated with high mortality (1). It can
induce symptoms lmited to the central nervous
system, lung, heart, and eyes, or cause disseminated
infection (2). Iis incidence shows marked geographi-
cal variations, being highér in Southern Europe in
comparison with other developed regions (3). Primary
infection in immunocompetent hosts leads to latency
of the-parasite -as-cysts-in-musele-and--other-tissues
(4). Toxoplasmosis in HSCT recipients usually results
from the reactivation of latent infection rather than
being due to primary infection. A few cases have been
reported in HSCT recipients with negative Toxoplasma
antibody titers, suggesting transmission of infection
via marrow or blood products (5).

496

Cord blood transplantation (CBT) is associated with
prolonged and severe impairment of cellular immunity
and is considered an important risk factor for
Toxoplasma infection and other opportunistic infec-
tions (1, 6-8). The experience of toxoplasmosis in CBT
patients communicated in the literature up to now has
consisted of reports of isolated cases (1, 6, 9, 10).

We report 4 cases of toxoplasmosis in CBT recipi-
ents treated in our institution and review similar previ-
ously reported cases in HSCT patients.

Methods

In our institution, some eligible patients have received
a single unit of CBT following myeloablative condi-
tioning, supported by the co-infusion of a relatively



low number of T-cell-depleted, mobilized hematopoi-
etic stem cells (MHSC) from a third-party donor
(“dual” CBT). This strategy results in early recovery
of circulating granulocytes and high rates of CB
engraftment and full chimerism, making CBT with
single units of relatively low content feasible in adults
(11). A minimum of 1.5 x 107 total nucleated cells,
and 0.1 x 10° CD34+ cells/kg recipient body weight
before freezing, were infused. Third-party donors
were selected based on their suitability to donate and
undergo an MHSC collection procedure with granulo-
cyte colony-stimulating factor mobilization, negative
serological cross-match with the patient, cytomegalo-
virus (CMV) serology, age, and gender. For most
patients, the preparative regimen consisted of fraction-
ated total body irradiation to a total of 10 Gy in
5 doses over 3 days (—8 to —6) with Iungs shielded at
8 Gy; fludarabine, total dose of 120 mg/m? (30 mg/
m?/day intravenous [IV], days ~5 to —2); cyclophos-
phamide 120 mg/kg total dose (60 mg/kg/day IV
over 1 h, days —3 and —2); and equine antithymocyte
globulin  (Lymphoglobuline, Imtix-Sangstat, Lyon,
France} 30 mg/kg on day —1, versus Thymoglobulin
(Genzyme, Cambridge, Massachusetts, USA) 0.5 mg/
kg day —3 and 2 mg/kg/d davs —2 and —1. Busulfan
at a total oral dose of 8 mg/kg (6.4 mg/kg IV after
2004) substituted for total body irradiation when the
latter was contraindicated. Patients were nursed in
positive pressure air-filtered rooms. Gut decontamina-
tion using ciprofloxacin was initiated on day —8 and
continued until the absolute neutrophil count (ANC)
dropped below 0.5 x 10%/L, when patients were
switched to IV meropenem. Patients also received
daily cotrimoxazole (1200/240 mg/12h IV from
day -8 to —1), and 3 times per week from CB engraft-
ment until day +180. After May 2004 (when the third
case was diagnosed) chemoprophylaxis against toxo-
plasinosis was changed to pre-transplant cotrimoxaz-
ole, oral azithromycin 1 g twice a week untii CB
engraftment, and then pyrimethamine/sulfadoxine
(Fansidar®; Roche Pharmaceuticals, Nutley, New
Jersey, USA) and folinic acid, continued until day +180.
Patients also received fluconazole from day —8 until
ANC recovery, immunoglobulin (400 mg/kg weekly
from day —3 to +60), and acyclovir (200 mg/8h from
day —8 to +35, when it was switched to the oral route.
The enzyme-linked fluorescence assay (VIDAS®,
hioMérieux Inc., Marcy I'Etoile, France) technique was
employed for Toxoplasma IgG antibody determination.

A definition of possible, probable, and definite toxo-

plasmosis had previously been proposed (12). Patients
who had clinical and radiological evidence suggestive
of brain Toxoplasma disease plus a positive polymerase

Bautista et al: Toxoplasmosis in cord blood transplants

chain reaction (PCR) test from cerebrospinal fluid
(CSF) (or other biological specimen), but who had no
histological confirmation, were classified as having
probable Toxoplasma disease. Disseminated toxoplas-
mosis was defined as clinical, radiological, or histologi-
cal evidence of disease affecting >1 organ. Samples of
CSF (0.5 mL) were concentrated by centrifuging at
1800 3 g for 10 min. The samples were incubated and
shaken in 100-mL portions of lysis buffer (10 mM Tris-
HCl [pH 8.3], 1.5 mM MgCl,, 50 mM KCl, 0.1 mg of
gelatin per mL, 0.5% Tween 20, 20 mg of proteinase K)
at 55°C for 90 min. After inactivating the proteinase K
at 94°C for 10 min, the suspension was centrifuged at
12,000 rpm for 5 min, and the supemnatant, which con-
tained the DNA, was moved to a new tube, T. gondii
infections were initially confirmed by nested PCR ampli-
fication of the repetitive and conserved gene B1 (13). -
Toxoplasma disease was considered the main caust -
of death when no other relevant complication
occurred prior to death. Patients were considered to
have died from another cause if they had responded
to therapy before death from an unrelated complica-
tion. Patients were considered evaluable for response
to anii-Toxoplasma therapy if they completed at least
4 days of treatment. Response to therapy was defined
as an improvement of clinical signs and symptoms
attributable to Toxoplasma disease despite residual
findings in physical examinations or imaging studies.
A search of literature was conducted in MEDLINE
to find documented cases of toxoplasmosis in CBT
recipients between 1980 and March 20i1. The key
words used were “cord blood stem cell transplanta-
tion,” “hematopoietic stem cell transplantation,” “toxo-
plasmosis,” and “Toxoplasma.” Care was taken to
exclude cases likely to reflect duplicate reporting. Six
cases were detected. One case was not included in
the study owing to paucity of clinical information (8)..
A comparison was undertaken of the clinical charac-
feristics of patients who developed toxoplasmosis with
those without the disease in our cohort. In the case
of pafients who received >1 transplant, only the clini-
cal features of the first transplant were considered.
Continuous variables were compared with the
Student #test or the Mann-Whitney test when a nor-
mal distribution could not be assumed. Categorical
data were compared with the chisquare, chi-square
for trends, or. Fisher’s exact test when appropriate.

Results

Since our institution began the CBT program, 75
trangplants have been performed in 70 patients
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(5 patients received a second transplant due to failure
of the first CBT which, in all cases, oceurred during
the first 3 months). Four cases of toxoplasmosis were
diagnosed in these pafients between 1993 and 2007
(6%). This rate was higher than that observed in
patients receiving other types of allogeneic HSCT
treated in the same institution (0.2%, 1 case in 2008
out of 401 transplanted patients, P < 0.001). Hemato-
logical diseases that gave rise to CBT were acute lym-
phoblastic leukemia (2 patients), acute myeloid
leukemia (1 patient), and accelerated phase-chronic
myeloid leukemia (1 patient). Three patients suffered
graft-versus-host disease (GvHD) before toxoplasmosis.
CMYV replication was demonstrated before the onset
of the disease in all 4 cases. In 2 of them, there was
also CMV disease (viral syndrome and esophagitis,
1 patient each). In our institution, there were no sig-
nificant differences in age, gender, underlying disease,
proportion of uncontrolled disease at transplantation
or engraftment day in CBT between patients with and
without toxoplasmosis. There were more cases of
CMV replication during the first 6 weeks in patients
who suffered from toxoplasmosis (P = 0.148). After
May 2004 (when azithromycin prior to engraftment
was added to the toxoplasmosis prophylaxis), the
incidence of toxoplasmosis decreased from 15%
(3 cases in 20 CBT patients) to 2% (1 case in 50 CBT,
P=0.067). Three patients (75%) had positive pre-
transplant recipient serology and 1 patient had nega-
tive. Two third-party donors had positive serology, in
another patient it was negative and, in the last one,
the result was unknown. None of these patients who
developed toxoplasmosis and had a positive (or
unknown) pre-transplant or third-party denor serology
received prophylaxis with trimethoprim/sulfamethox-
azole or pyrimethamine/sulfadoxine (P = 0.062).
Administration of these drugs was not commenced
owing to their potential hematological toxicity in
patients that did not achieve adequate CBT
engraftment.

The clinical characteristics of these 4 patients,
together with the other 5 patients included from the
literature review, are shown in Table 1 (1, 6, 10, 11).
The mean age was 29 years (range 7-53 years) and 5
patients (56%) were male. The underlying disease was
acufe leukemia in 7 patients (78%). A total of 5
patients (56%) presented disseminated toxoplasmosis
and 4 {44%) with localized infection in the central ner-
vous system. Of the 5 patients (56%) who presented
with disseminated disease, only 1 had positive donor
serology (they were negative in 3, and not reported in 1).
All of them died due to Toxoplasma infection. One
patient developed disseminated toxoplasmosis despite

having had negative pre-transplant serology, negative
third-party donor transplant serology, and having
been infused seronegative hemotherapeutic products,
In 5 of 9 patients (56%), CMV viral replication
was detected before the clinical onset of toxoplasmo-
sis. In all, 7 patients (78%) developed GvHD. Those
patients who received adequate treatment for >4 days
survived.

Discussion

The high incidence of toxoplasmosis in CBT patients in
our institution is consistent with that reported in rela-
tion to other infections (6-8, 14-16). The high seropre-
valence of toxoplasmosis in southern Europe, together
with the increasing number of CBTs to be performed in
the coming years, could lead to a significant rise in
toxoplasmosis in these patients (3, 12, 15-17).

The timing of disease onset (+48 day) in CBT
recipients was earlier than that observed in patients
with other types of allogenic HSCT (10, 12). This
finding could be related to distinctive features of
CBT, such as the severe impairment of cellular
immunity and the absence of specific immunity in
the donor (10, 16, 17). '

As observed in other HSCT patients, the develop-
ment of GvHD seems related to the risk of toxoplasmo-
sis (12). The intensification of immunosuppression for
GvHD control could induce the reactivation of latent.
Toxoplasme infection (18-20). However, the difference
in the frequency of occurrence of this complication
between patients with and without toxoplasmosis in
our institution was not significant. Antithymocyte
globulin in the conditioning regimen and lymphocy-
topenia early after HSCT could increase the risk of
developing toxoplasmosis (21, 22). Another interesting
point is the analysis of the relationship between CMV
replicafion and the subsequent development of
toxoplasmosis. All 4 patients treated in our hospital
showed viral replication before the onset of
toxoplasmosis, which is compatible with the immuno-
modulatory effect of CMV replication in Toxoplasma
reactivafion, as has been seen in other opportunistic
infections (23-26).

The proportion of disseminated disease in the
9 CBT cases described was similar to that detected in
patients with other types of HSCT (1). The majority
of “probable” CBT cases were diagnosed with PCR
amplification of specific T. gondii antigens or DNA
sequences in CSF (22, 27). This technique can be
used in blood, CSF, and bronchoalveolar lavage fluid
(22, 23, 27, 28). However, results in published studies
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are difficult to judge because PCR technigques are not
standardized clinical tests (29).

As could be expected, in our institution, a tendency
to a more positive pretransplant serological status
was seen in recipients who developed toxoplasmosis
than in the other patients. However, a significant pro-
portion of these patients had previous negative
Toxoplasma serology. This fact, also observed in other
toxoplasmosis studies in FSCT patients, has been
mainly attributed to primary infection suffered a few
days after transplantation and to the fact that, in heav-
ily pre-treated patients, the titers may drop just below
the level of positivity (5, 30). However, this fact is
intriguing because some patients had not left the hos-
pital, had not eaten uncooked food, and had not
received transfusions from seropositive donors,
thereby puiting the reliability of Toxeplasma serology
results into question.

Altogether, 3 of the 9 cases presented (33%) devel-
oped the disease despite prophylaxis (31, 32). Some
prophylaxis failures have been attributed to underdos-
ing cotrimoxazole (doublestrength, 2 or 3 times a
week). One of the most remarkable results of this
study was the finding of increased risk of toxoplasmo-
sis in patients who should have received prophylaxis
as recommended in the ASBMT guidelines (ie.,
trimethoprim/sulfamethoxazole or pyrimethamine/
sulfadoxine), but in whom it was not administered
because of poor or delayed engraftment (5). In most
cases, the rationale for not using these drugs is their
bone marrow toxicity (5). Although litile information
is available about the role of azithromycin in the treat
ment and prevention of toxoplasmosis, we thought it
could be effective in CBT (33). For this reason, in our
instifution, it was decided to prescribe post-transplant
prophylaxis with azithromycin in seropositive recipi-
ents before the transplant engraftment, and a2 signifi-
cant decrease in the incidence was noted (15% versus
.2%) (34, 35). .

The mortality from toxoplasmosis in the 9 CBT
patients studied was quite high (56%); however, this
was gimilar to that reported in other types of HSCT
(36). Interestingly, all patients with disease located in
the central nervous system survived, whereas all
patients with disseminated forms died (12). The
majority of patients who suffered from disseminated
infection had a negative pre-ransplant serclogy. In
many of these patients, the diagnosis was achieved
very late because of a lack of clinical suspicion due to
negative serology and a non-specific clinical presenta-
tion. None of these patients received Toxoplasma-
specific treatment for >4 days. Therefore, one of the
biggest challenges in this field is to consider disseminated

toxoplasmosis as a possible diagnosis, even when the
serology is negative.

One strategy to improve this dramatic situation
could be fo perform periodic Toxeplasmae genome
determinations in blood using PCR amplification of
T. gondii DNA. in patients who, despite negative serol-
ogy, are considered to have a higher risk of develop-
ing toxoplasmosis, such as those with GvHD or
reactivation of an immunomodulating infection (1, 4, 10).
However, the use of prophylaxis and/or preemptive
therapy based on PCR presents several problems.
This technique is not available in many hospitals and
could produce false-positive and -negative results. In
addition, preemptive therapy based on PCR did not
prevent the development of 6 cases of toxoplasmosis
among 16 patients with positive blood- PCRs (6).
Finally, the clinical meaning and prognosis of a posi-
tive Toxoplasma PCR in an asymptomatic patient is
unknown {6).

One limitation of this study is that not ali the rele-
vant data were available in some of the cases, such as
pretransplantation Toxeplasma serology, prophylaxis
administered, conditioning regimen, engraftment day,
or previous CMV replication.

In summary, toxoplasmosis is an important infection
in HSCT patients. A high mortality has been shown in
the cases of disseminated toxoplasmosis in CBT stud-
ied. The negative results of serology in the majority
of these cases and its unspecific clinical presentation
make diagnosis exceedingly difficult. Better diagnostic
tests are needed to identify recipients at risk of
Toxoplasma disease in CBT. An improvement in
Toxoplasma prophylaxis protocols is desirable in CBT
recipients. The possible role of azithromycin in the
prevention of toxoplasmosis in these patients should
be analyzed in future studies.
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The Health Ministry has confirmed 4 cases of people with tickborne spotted fever and 4 more that are likely, so a sanitary
cordon has already been implemented in 4 colonies of Saltilio [Coahuila]. Of the 4 confirmed cases, one is located in
Saltillo, another in Parras de la Fuente, and 2 in Torreon, while the 4 probable cases are of the state capital [Saltillo].

Faced with this emergency, which has killed at least 2 girls in the Valle de las Aves colony in this sector and in the colonies
of Lomas de Zapaliname, Pedregal, and Nueva Imagen, preventive measures were undertaken since last weekend [10-11
Nov 2012].

Luis Armando Hernandez Perez, head of Sanitary District no 8 of the Ministry of Health, said that these areas lack services
such as water, sewage, pavement, and that nearby there Is a stream full of garbage, whi¢h becomes a breeding ground so
that dogs that inhabit the area fill with these animals and transmit them to humans.

To receive adequate treatment the patient must be attended within the 1st 7 days of when symptoms first appeared.
Treatment is mainly based on antibiotics and in some cases the patlent must remain hospitalized.

[byline: Aracely Gallegos]

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

[_Rickettsia rickettsii_ , the cause of Rocky Mountain spotted fever, has been identified in southern Canada, the USA,
northern Mexico, Costa Rica, Panama, Brazil, and Argentina (1-6). Same synonyms for Rocky Mountain spotted faver in
other countries include tick typhus, Tobla fever (Colombia), Sao Paulo fever and febre maculosa (Brazil), and fiebre
manchada (Mexico).
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