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Babesia Infection through Blood Transfusions:
Reports Received by the US Food
and Drug Administration, 1997-2007

Diane M. Gubernot' Charles T. Lucey,' Karea C. Lee? Gilliam B. Conley.’ Leslie G. Holness,' and Robert P. Wise?

'Office of Blood Research and Review, Centar for m_o_onm.nm Evaluation and Research, US Food and Drug Administration, 0tfice of Biost
and Epidemiology and US Public Health Service, and *Office of Compliance and Bistogic Quality, Rockville, Maryland

Background. Human babesiosis is an illness with clinical manifestations that range from asymptomatic to
fatal. Although babesiosis is not nationally notifiable, the US incidence appears to be increasing. Babesia infection
is a transfusion-transmissable disease. Ani estimated 70 cases were reported during 1979-2007; most of these cases
were reported during the past decade,

Methods. We queried the 3 following US Food and Drug Administration safety surveillance systems to assess
trends in babesiosis reporting since 1997: fatality reports for blood donors and transfusion recipients, the Adverse
Event Reporting System (which includes MedWatch), and the Biological Product Deviations Reporting system.

"We analyzed fatality reports for time frames, clinical presentations, and patient and donor demographic
<characteristics. ’

Results. Eight of 9 deaths due to transfusion-transmitted babesiosis that were reported since 1997 cﬂ:l&.

within the past 3 years (2005-2007). Four implicated donors and 5 patients lived in areas where Babesia infection

. is not endemic. Increasing numbers of Biological Product Deviations Reports were submitted to the US Food and

Drug Administration over the past decade; the Adverse Event Reporting System received no reports,
_ Conclusions.  After nearly a decade with no reported death due to transfusion-transmitted babesiosis, the US
Food and Drug Administration received 8 reports from November 2005 onward. The increased numbers of deaths

reported and Biological Product Deviations Reports suggest an increasing incidence of transfusion-transmitted’

babesiosis, Physicians should consider babesiosis in- the differential diagnosis in immunocompromised, febrile
patients with a history of recent transfusion, even in areas where Babesia infection is not endemic. Accurate and
timely reporting of babesiosis-related donor and transfusion events assists the US Food and Drug Administration
in developing appropriate public health—control measures.

Human babesiosis is. a protozoal zoonotic illness that
is transmitted primarily by Ixodes scapularis ticks in
North America. Of >100 Babesia species that infect ver-
tebrate hosts, Babesia microti, Babesia divergens-like or-
ganisms, Babesia duncani (previously known as WA-1),
CA-1, and MO-1 infect humans in the United States
[1). The majority of US babesiosis cases are attributed
to B. microti, which is found mostly in the northeastern
and upper midwestern states.

Clinical manifestations range from mild, self-limited
flu-like symptoms to severe :Emw.n. fatigue, fever, an-
otexia, arthralgia, myalgia, depression, vomiting, and
anemia. Complications can include acute respiratory
failure, congestive heart failure, and renal failure {2, 3].
Patients who are immunocompromised, mmEm:F coin-
fected with other tick-transmitted infectious pathogens,
and/or elderly are at risk of increased disease scverity
{1, 4, 5].

After acquiring Babesia parasites from a tick bite,
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infected individuals may develop symptoms within 1~
4 weeks. Most cases are probably not reported, because
many infections are asymptamatic, symptoms are mild,
or a patient may be colsfected with Borrelia burgdorferi
(with Babesia infection remaining undiagnosed) (6-8).
In addition to a probable lack of clinical awareness,

especially in areas of nonendemicity, many states have
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no reporting requirement (6, 9, 10], and babesiosis, unlike
Lyme discase, is not nationally notifiable. Infected patients can
harbor circulating parasites for months or years without symp-
toms; patients with chronic low-level parasitemia may un-
knowingly transmit the organisms through donating blood (7,
8]. There is no licensed test for Babesia screening of donated
blood products.

The majority of an estimated 70 transfusion-transmitted Ba-
besia infections since 1979 involved B. microti; most of these
infections were reported in the past decade (D. Leiby, personal
communication) [7]. The national standatd blood donor ques-
tionnaire includes questions about prior babesiosis infection
and general donor health [11]. Individuals with previously di-
agnosed babesiosis are indefinitely deferred (ineligible to donate
blood). However, mild Babesia infections may remain unrec-
ognized, and infected individuals may not recall recent tick
bites (12].

The purpose of this article is to alert clinicians and the public
health community of reported deaths related to transfusion-
transmitted babesiosis; to describe the US Food and Drug Ad-
ministration’s (FDA’s) surveillance systems for adverse events
and product manufacturing deviations related to donor blood
collection, distribution, and transfusion; and to encourage the
reporting of suspected cases of transfusion-transmitted

babesiosis.

METHODS

The FDA's surveillance systems. The FDA receives infor-
mation about suspected complications of blood collection and
transfusion via the 3 following systems: fatality reports for
blood donors and transfusion recipients, the Adverse Event
Reporting System (AERS; which includes the FDA MedWatch
program), and the Biological Product Deviations Reporting
(BPDR) system (table 1).

Blood establishments are required to notify the FDA “when
a complication of blood collection or transfusion is confirmed
to be fatal” [13, p. 58). Center for Biologics Evaluation and
Research medical officers review documentation from the re-
porting facility and reports from FDA investigatots to assess
the relationship, if any, to the blood donation or transfusion.

Biologics manufacturers are required to submit reports of
adverse experiences to the AERS, the FDA's computerized da-
tabase for postmarketing safety surveillance. The voluntary
MedWatch program allows health care professionals and con-
sumers to report adverse events to the AERS.

The FDA's BPDR system receives reports of “any
event...associated with the manufacturing, to include testing,
processing, packing, labeling, or storage, or with the holding
or distribution of a licensed biological product or blood or
blood components.... in which the safety, purity, or potency of
a distributed product may be affected” {14].

Data query. We queried these systems for babesiosis-
related blood donation or transfusion events reported from 1
October 1996 (FDA fiscal year 1997) through 31 December
2007 {first quarter of fiscal year 2008). We analyzed fatality
reports for time frames, clinical presentations, and patient and
donor demographic characteristics. Babesiosis-related reports
to the BPDR system typically describe either possible trans-
fusion-transmitted disease or postdonation illness, with poten-
tial implications for the safety of the donated blood units, We
categorized cases reported to the BPDR system as postdonation
iliness: and potential transfusion transmission-related events.
To avoid distortion of BPDR trends, we excluded reports of
infected donors identified prospectively through antibody assay
research [7].

RESULTS

Reported deaths of blood donors and recipients. 'Before 2005,
the FDA received the last fatality report of transfusion-trans-
mitted babesiosis in 1998; there were 2 reports in 2005, 3 in
2006, and 3 in 2007. Clinical Eanzﬁmo:m (table 2) were con-
sistent with natural tick-borne Babesia infection in asplenic,
immunocompromised, or other patients with serious comorbid
chronic disease [12]. All were infected with B, microti and had
received RBCs; | death was attributable to a unit of frozen
deglycerolized RBCs. Recipients'developed symptoms in 2.5-7
weeks and died within 2 months after transfusion of the im-
plicated blood units (table 3). FDA medical review verified that
transfusion-transmitted babesiosis contributed to each death.

BPDR. Figure 1 summarizes 10 years of BPDRs for po-
tential transfusion-transmitted Babesia infection and postdon-
ation babesiosis. The numbers that were received range from
0in fiscal year 1999 to 25 in fiscal year 2007.

AERS. Since 1997, the AERS has. not received any report
of transfusion-transmitted babesiosis.

Laboratory and blood blish t
All fatal cases (in blood recipients) reported here were initially
diagnosed with use of a thin peripheral blood smear. For each
fatality, subsequent donor testing by immunofluorescence an-
tibody assay revealed elevated B. microti antibody titers (=1:
128). Al implicated donors were indefinitely deferred from
donating blood. - ’

n 3¢

DISCUSSION

Babesiosis has gairied attention as an emerging zoonotic disease
with an expanding known geographical range (6, 9, 15, 16].
Since November 2005, the FDA leatned of 8 deaths involving
p‘ua?ao?»nwzmawznm babesiosis and has received increasing
reports of norfatal cases and postdonation illness. Because of
the likelihood of underreporting to the FDA’s surveillance sys-
tems, these data suggest that the incidence of transfusion-trans-

mitted babesiosis may be increasing.

26 -+ CID 2009:48 (1 January) + Gubernot et al,
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Table 1. US Food and Drug Administration (FDA) surveillance systems for biologics.

Publicly accessible data
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egatve PCR result
Connecticut 2 months be-
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Resident of Maryland; traveled -
kniown tick bite; B.

Resident of Rhode Island; 8.
Resident of Texas: history af
Residant of Minnesota; B. mi-
Resident of Connacticur, 8.
Resident of Ohio; wraveled to
Residen: o New Jarsey: 8.

CBC. complete blood count; G, gastrointestinal;

inistration.

Ciinical course

oasitiva PCR resutts and an IgG titer of 1:2048 tor 8. microtl

4+, confinmed by PCR as 8. micron; atovaquone, clindamycin, and
qumine {ailed 1o prevent raspiratory failure, ypotension, cardiac comph-

cations, and progressive shock .
Initially teated for bacterial sepsis tvancomycin and ceftazidimel, then para-  Resident of indiana, vaveled. 1o

tonal failurel; axaminaton for anerrua and faligua dentilied Babesia spe-
cies on PB smear (positive PCR resutt); treated with quining and clinda-

mycin; Sevelopad 3113 of adult raspiratery distress syndrame; sxoeri-
romycin; died on hospital day 12 with persistent parasitemia, progressive

renal failure, anemia, and attered meantal status

Batesia specws identiod by PB smear, treated; developed altered mentat

alterad mental statua and disseminated intavascular coagulation and
damycin arg quinine and vansferred to ICU because of respicatory

distress

sitermia was treatad with exchange transfusion: originally received & mis-

mission, with 8abesis infection diagnosed (by P8 smaar} and veated on

hospital day 2: death due 10 muitiple medical problems.
fine pius avtomated RBC exchange by apheresis, which reducad parasi-

thtombocytopenis diagnosed  temia from 26% to 5%: daveioped altered mental status: the pabent

BUN levet of 80 glal., ad 3 creatinine levet af 2.5 mg/cl. lindicaring

died of muitiple-organ tadure, Staphylococcus aunsus preumaonia, and

acute myocadial infarction

enced thrombotic cerebrovascular accident on day 5 of reatrment watl
Low plateiet coun: on CBC with B% Babesia ipecies found by manual PB

high fever
Babesia species identified by PB smear; Lreated with 2tovaquone and azith-

s@tus, tespiratory distress acd Gl bieed

e

Babesla species identified by PB smear; treated with clindamycin snd qui-
died;

CBC showing a hemocrit of 21%, a plaielet level of 21,000 plazelers/ml,
Sapsis examination and braad-spectrum antibiotics started at hospital ad-

that were teported to the US Food and Drug Adm
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creasing fom 29% 1 23%

g

we report here the information pravided. BUN, blood urea nitrogen:

1CU, intensiva cara unit; IFA, indirect immunofluorescence antibody assay; P8, peripharal bicod.
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. severe
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acute

Medical history
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dte

st
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tive heart failure, Gi bioed fequiring transfusion at previ-  ceiving hémodialysis
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onary artery bypaas graft), Gl bleeding, and pokvp re-
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tamy, and cholecystectomy

nary hyperiension, kan overload. and multiple
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iopathic theombocytopenia, and multipie other medical

problems.
Connecticut  Chvoric ver disease (partal hypertension with gastroeso-  Low-grade fevec complaints of  Sabasia spacies identlied by PB smadr; kreated; developed acute tubutar

transtusion dependentt and Gl bleed
and history of splenectormy, coronary artery disease, id-

moval with transtusion
End-stags renal disease {receipt of hemodialysis], conges- Nausea with fever while re-

Conganital hypoplastic aneimya Dismond Blacktan sy

Recent history o
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Texas
Ohio *
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Rhode Island  Chronic myelomonocytic laukemia with cheonic anemia

y of deaths

Sex .
Maie
Male
Male
Femala
Female’
Fermale
Female

Female

Q
43
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88
57
76
n
82

«9  Female New Jarsey linsulin-dependent Ciabates, enc-stage fenal disease lre-
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Patient  years

NOTE. The information in this table was reported through a passive surveiliance system;
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Table 2.

Tatle 3. ing of clinical events in fatal cases involving transt t itted Babesia infection reported to the US Food
and Drug Administration, .
Patient

Timing v 2 3 4 5 6 7 8 3
Daze of implicaled 9 Aprit 16 November 6 December 24 August 20 Sep @ 7 20 26 Novarmbar

1998 2005 2006 2006 2006 2006 2007 2007 2007
Latency period. days 3 38 50 5] 18 30 29 43 a1
Time to a&n-&«_mw days. 43 42 50 34 19 36 n 57 45
Time 10 daath, days 49 55 57 42 6 41 34 50 47

* Periods from the date of implicated transfusion to the onset of symptoms are approximate (based on available estimated dates of symptom onset).

® Posttranstusion diagnosis of Babesia infection,
€ The patient died prior to diagnasis of Babesia infection.

Babesia infection should be considered among potential eti-
ologies for otherwise unexplained fever in patients who have
recently received blood products. Because of the mobility of
donors and transportation of blood products, babesiosis should

be considered even beyond geographical regions with naturally -

occurring disease. As noted in table 2, several donors did not
live in areas of endemicity but had traveled to these regions
before donating blood.

Patients presented with symptoms (table 2) that were typical
of natural infections, Most developed altered merital status,
renal failure, or respiratory distress. The interval from blood

30

25

No. of BPDRs
&

- M
1897 1898 1899 2000 2001 2002 2003 2004 2005 20068 2007
Fiscs! Year

B Potential Implication In Yranafuslon-Transmitted Disease

[ Postsonation iess

Figure 1. Summary of babesiosis-related Biological Product Deviation
Reports {BPDRs} received by the US Food and Drug Administration (FDA}
during fiscal years 1397-2007 (the FDA fiscal year is from 1 October
through 31. September). These data.do not include reports of infected
donars identified prospectively through antibody assay research trials.
BPDRs may include >1 recipient, unit, or donation. Patential implication
intransfusion-transmitted disease refers to reparts that indicate the safety
of 2 blood component unit that may have been affected {e.g., instances

" when' a blood transfusion recipient received a diagnosis of babesiosis,

" but the donor could not be contacted for confimmation). Postdonation
illness refers to fliness in donors who notified the blood collection es-
tablishment after donation that they bad received a diagnosis of babe-
slosis. Whether these donors were infected at the time of donation was
ynknown; all units (not yet transfused) from these donors were withdrawn,
and the donors were indefinitely deferred.

transfusion to symptom onset was 2.5-7 wecks (table 3). An
carlier article reported a 1-9-weck time frame for transfusion-
transmitted babesiosis [17]. These ranges of latency periods
contrast with the natural infection incubation time of 2—4
weeks.

With I exception, all patients received transfusions from Au-
gust through December, consistent with the seasonality of Ba-
besia infection, Chronic parasiternia in the donor may have
accaunted for the 1 case involving a blood transfusion in April.

Implicated donations were identified in all cases; the donors
tested positive by peripheral blood smear or immunofluoresc-
ence antibody assay. Four donors’ samples also tested by PCR
had negative results. They may have been convalescent and no
longer parasitemic or were PCR negative because of the small
sampling volume. All donors were asymptomatic at donaton
and remembered no tick bite.

Because many babesiosis cascs may escape recognition, ques-
tioning donors has limited preventive value [17]. Babesia spe-
cies can survive blood banking procedures, including refrig-
eration, leukoreduction, and filtration; pathogen transmission

. through transfusion of RBCs, deglycerolized RBCs, or platelets

can occur {!, 18-21], Babesia parasites can survive i frozen

RBCs, because the glycerol treatment prevents ly:

In view of the short periods between symptom onset and
death (5-17 days) (table 3}, examination of a peripheral bicod
ty and the level

smear {or other testing, depending on availat

of clinical suspicion) for possible Babesia species should be
considered early in the evaluation of unexplained fever during
the first few weeks after transfusions, particularly in asplenic
or otherwise immunocompromised patients. Infectious disease

consultation may be required* to microscopically distinguish
Babesia species from Plasmodium organisms.

Although babesiosis is not nationally notifiable, reporting
transfusion-transmitted Babesia infections to public health au-
thorities can.allow investigators to identify infected donors and
interdict remaining units. lavestigation of prior donations also
allows testing of associated recipients.

Similarly, blood collectors should immediately report post-
ies to expedite

denation babesiosis to the transfusion fac

Babesia Transmission through Blood Transfusion » CID 2009:48 (1 January) « 29
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prompt withdrawal of potentially infected unexpired blood
components. We remind blood establishments of the require-
ment to submit fatality and BPDRs to the FDA.

Our data cannot distinguish whether the increase in the
numbers of deaths and reports to the BPDR system reflect an
increasing incidence of babesiosis and/or improved diagnosis
and reporting, State Health Departments (e.g., in New York
and Connecticut) have also seen an increase in the number of
babesiosis case reports over the past 10 years (22-25).

Each year, >5 million recipients receive >14 million trans-
fusions of whole blood or RBCs [26). Transfusion-transmitted
babesiosis appears to be rare, but increased clinician awareness

of the possibility of babesiosis in febrile transfusion recipients *

may facilitate earlier diagnosis and more successful treatment.
It will also trigger timely public health investigations to interdict
extant infected units and alert other associated recipients, pro-
tecting others from this potentially fatal blood-borne pathogen.

Addendum. During final revisions of this article in late
September 2008, the FDA received a report of another death
associated with transfusion-transmitted babesiosis. An elderly
woman in Minnesota died ~3 weeks after receipt of 2 units of
RBCs. One of the donated units’ retention segments was pos-
itive for Babesia species by serologic testing and PCR.
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these findings, and showed both haplotypes have aitered he® and hr®
antigen expression, and the assoclated ¢ and e antigens are altered to
the extent that alioanti-c and alloanti-e were produced. We also describe
a homozygous proband with an alloantibody to the high-prevalence
antigen that is anti al to JAL. Methods: Samples from 15 JAL+ persons
mily including two C. ian, six African
American Blacks, one Puerto Rican Black, and six Brazilian Blacks) were
tested. Hemagglutination studies were performed by standard methods
using reagents from multiple sources. Results: The JAL+ status of the
RBCs was delarmined with three anti-JAL (J Pas., Allen, MacD). RBCs
from both Caucasian JAL+ probands had the (C}(s) haplotype and altered
C. e, hr¥, and hr® antigens. RBCs trom Black JAL+ persons had the {(c}(e)
haplotype and expressed sltered c, e. 1, V, hr%, VS, and h® antigens. Of
six anti-C reagents, all agglutinated the two Caucasian samples moderately.
Of nine anti-c reagents tesied with RBCs from the non-Caucasian pro-
bands, reactivity ranged from strong to negative; nolably, clone MS42
reacted strongly, MS33 and BS240 reaclted moderately, and Gamma
clone 951 was non-reaclive. Of 12 anti-e reagents, reactivity ranged from
strong to negative; notably, clons MS62 and MS63 reacted moderately,
MS69 and HIRO38, 41, and 43 reacled weakly 1o moderately, and MS16
(depending on the formulation) was weakly reaclive or non-reaclive.
Al RBC samples were lested with al least two examples of ant-V, -he8; -
VS, and -h®, some gave woak reactions while others did not react.
Plasma from one proband contained alloanti-t, from another contained
alloanti-e, and from a third contained an alloantibody that falled 1o react
with O- - and Rh,. RBCs, This apparent ant-Rh17 recognizes the high-
prevalence antigen anfithetical to JAL that we have named CEST. Conclu-
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of c and e, the 114Trp
JAL.
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Connle Westhoff, Sunitha Vege, Christine Lomas-Francis, Kim Hue-Roye,
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Malarla and Chagas

$37-020E .
Malarla Antibody Testing—A Safe and Efficient Strategy to Minimise
the Risk of Transfusion Transmitted Maiaria (TTM) ~

C Seed' (akeller® arcbs.redcross.onp.au), G Kee?, S Ismay?, T Wong?,

A Keller'. 'Australian Red Cross Blood Service, Parth, Australia?Sydney,
Australia. .

Background: Until recently, owing 1o the lack of a sultable tast, scraening
for malaria in Australian blood donors Involved collecling a medical and
travel history and excluding the ‘celiutar’ blood componsnts from donors
with a llal malaria exp This strategy mi the residual risk
of TTM to less than 1 in 10 million but resulted in the unavallabiiity for
transfusion of approximatety 35,000 red blood catis (RBC) per anmum. In
July 2005 the Australian Rad Cross Blood Servica (ARCBS) implomented
an aflernative siralegy basad on screening donors with potential malaria

Xp for malarla a

slons: The presence of the JAL antigen has a gt ive and q

effect on the expresslon of, in Caucasians C, e, hr*, and hr* antigens, and
in people of Black Alrican ancestry c, e, f, V, hr¥, VS, and hr® antigens.
The qualitative effect on iwo antigens is revealed by two patients who
raceived biood transfusions and made alioanthc or alicanti-e. This Is the
first description of an antlbody to the high-p antigen

to JAL

Disclosure of Conflict of Intorest

Christine Lomas-Francls, Connls Westhofi, Denden Alcantara,

Pamela Nickle, Joan Uehlinger: Nothing lo Disclose

Marion E. Reid: Not Speciiied

$36-0200

The JAL Antigen {RH48) Is Encoded by an ARG114TRP Mutation
c hoff' (mreid@ org), S Vege', C Lomas-Francis?,
K Hue-Roye®, L Castilho®, M E Reld*. 'American Aed Cross.
Philadelphia, PAZNew York Biood Center, Long Island City, NY:
INaw York Blood Center, New York;*Hemocanlro, Unicamp,
Campinas, Brazil.

Background: Two JAL-positive {Rh4B+) haplotypes have been described.
One, found in Caucastans, has altered C and e antigens ((C)(s}], and the
other, found in people of Alrican Black anceslry, has allered ¢ and e
antigens [(c)(e)] (Lomas, et al., Vox Sang 1890;59:39). The purpose of

risk exp 3%: Since July 2008, donations from donors
identified ag having had malaria and recovered. or having traveled to or
resided In a malarial country within the last 3 years are sligible for testing.
RBC from these donors were collected, quaraniined and samples tested
using a commarcial malarla antibody EIA. Non reactive (NR) donations
were then issued for ion and the d donors re-instated for
cellular comp EIA rep v
were not Issued and subject to supplementary tesiing (real-time plasmodial
PCH and antigen im hic tast). C ly suppl
tal test negative donors were considered ‘antibody positive without evi-
dence of cument Infection, Donors reactive on either or both suppiemaental
tesls ware considered potentially infected and referred immediatety for

- clinical assessment. Results: A total of 122,713 donations were tested by

EIA belwesn July 2005 and February 2008, of which 117,900 (36.1%) were
NR and the remaining 4,813 (3.9%) repeat reactive (RR). From donors
re-instated by @ NR EIA, ARCBS issued for transfusion an additional
159,287 RBC and 17,815 platelels representing the combined retum from

their tested donation, and ions made during the peried
of thelr original restriction. Of the 4,813 EIA RR samples, one had low leve!
but Abl L tal DNA by PCR (index sample 31 and

* foliow-up u!:m_o 50 coples/ul) but was antigen negative. The donor, a
. migrant trom Liberia had a history of malaria during childhood but was

ymp at follow up. C The tesling sirategy has delivered
In excess of 50,000 additional RBG and §,000 addional platelets annually
since ption. This has kedly jency by

this study was lo determine the molecular basis d with
of the JAL antigen. Methods: Samples from fiteen JAL+ probands; two
Caucasian, six Alrican Amerlcan Blacks, slx Brazilian Blacks, and one
Puerto Rican were included In the study. Hemagglutination studies were
performed by sfandard methods. DNA, extracted from peripheral biood
leukocyles, was amplilied by PCR and analyzed by sequencing. Reticuloc-
tye RNA isalation and Rh-cONA analysis was performed by slandard
molecular methods. Results: Sampies from Caucasian JAL+ probands had
RHCE*Ce, and those from Black JAL+ probands had RHCE"¢e. but all had
a 340C > T (Argi14Trp) missense mutation In exon 3 of RHCE regardless
of the Ce or ce background allgle. The JAL-encoding RHCE ce aflele also
had 733C > G (Leu245Val) and red cells from informative heterozygoles
. and homozygotes did nol express 1, hr%, or hr® antigens, and had dra-
matically weakened V, and VS antigens. Expression of ¢ antigen was also
allered, as the RBCs were non-reaclive wilh one of three monoclonal
anti-c tested. In kind, expression of C on the Ce allele was allered, as
was the e antigen expressed from both the ce or Ce allele thal encoded
JAL. Conclusions: Expression of the JAL {Rh4B) anfigen results from
340C > T {Arg114Trp) on either a Ce or ce background. Although the
Ce allele encading the JAL anligen has bean reported as CeMA by.Nolzat-
. Pirenne et al., {Transfusion 2002;42:627) and the ce allsle as caS{340)
by the same authors (Blood 2002; 100:4223), these allsles have not previ-
ously been recognized as encoding the JAL antigen. Those samples
were studied because of alterad expression of C or e antigen, respectively.
We show here for the first time that, in addition to atered expression of C

95

ing the proportion of _B:u_:-_c_ow components from ww_m__ao donors,
‘The lack of @ reported TTM case since implementing the new strategy
suggests that this dividend has been achieved without measurably impact-
ing recipient safety.
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Malsria Defarrals: Time to Lessen the Impact of Travel Deferrals
M Nguyen' (gibble® usa.redcross.org), D Leiby', T Goff’,

J Gibbie®, *American Red Cross, Rockville, MD?American

‘Red Cross, Baltimore, MD;*Amarican Red Cross, Blood Servicss,
Baltimore, MO.

Background: Human malaria, caused by five species of the intraerythro-
cytic protozoan parasite Plasmodium, remains a blood safety concem.
However, blood banks are adversely impacted by ongaing donor loss due
to an increasing number of malaria deferrals. Among the 1% of donors lost
because of malaria deterrals, the majority (31%) were associated with travel

. to malaria endemic areas. In conlrast, the only 2 transfusion-ransmitted
malaria cases reported in the US sinca 1998 were atiributed to donors with -

past residence in an endemic region. This study investigated the relationship

of 4 months after their last -

dly reactive {RR) donations -
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Short Report: Chloroquine-resistant Plasmodium vivax in the
Republic of Korea

Kkot Sil Lee,t Tae Hyong Kim,t Eu Suk Kim, Hyeong-Seok Lim, Joon-Sup Yeom,
Gyo Jun, and Jae-Won Park*

Department of [nternal Medicine, Kwandong University College of Medicine, Seoil, Republic of Korea; Department of
Internal Medicine, Soonchunhyang University College of Medicine, Seoul, Republic of Korea; Department of Internal
Medicine, Dongguk University College of Medicine, Seoul, Republic of Korea; Department of Pharmacology, Ulsan University
College of Medicine, Seoul, Republic of Korea; Department of Internal Medicine, Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine, Seoul, Republic of Korea; Departments of Microbiology and
Biochemisiry, Graduate School of Medicine, Gachon University of Medicine and Science, Incheon, Republic of Korea

Absuract.  The number of Plasmodium vivax malaria patients in the Republic of Korea and North Korea since the
re-emergence of malaria in 1993 is estimated to be approximately one million. To cope with this situation, the Army
of the Republic of Korea has performed chemoprophylaxis with hydroxychloroquine and primaquine since 1997. The
cumulative number of soldiers in the Army of the Republic of Korea given chemoprophylaxis exceeded 1.4 million
by 2007. Extensive chemoprophylaxis contributed to preventing a rapid increase of malaria patients in the Army
of the occurrence of chloroquine (CQ)-resistant P vivax

of the Republic of Korea, but increased the possibility
strains. In this study, treatment responses of P. vivax ma
2003-2007, and CQ resistance was confirmed in 2 of 484 enro

laria patients in the Republic of Korea monitored during
lied patients. Our results are the first report of CQ-resistant

P vivax in a temperate region of Asia. Continuous surveillance is warranted to monitor the change in CQ resistance

frequency of P, vivax in the Republic of Korea.

Plasmodium vivax malaria, which was endemic oa the
Korean Peninsula for many centuries until the late 1970s,
re-emerged in 1993 in the Republic of Korea.! The malaria-
prevalent area has been confined to the area adjacent to
the Demilitarized Zone (DMZ) from the early stage of the
re-emergence, and malaria occurrence in the Republic of
Korea has been directly influenced by the prevalence of
malaria in the region of North Korea located near the DMZ.!
The total number of malaria patients in the Republic of Korea
and North Korea since the re-emergence likely approaches
one million.’™ To cope with the situation, the Army of the
Republic of Korea has performed chemoprophylaxis with
hydroxychloroquine (HCQ) and presumptive anti-relapse
therapy with primaquine since 1997.f The cumulative number
of the soldiers in the Army of the Republic of Korea given
chemoprophylaxis exceeded 1.4 million by 2007. This exten-
sive chemaprophylaxis campaign has helped prevent a rapid
increase of malaria patients in the Army of the Republic of
Korea. However, this success is tempered by the increased
possibility of chloroquine (CQ)-resistant P. vivax strains.’

In this study, 484 patients from 6 hospitals in the Republic
of Korea (5 in the malaria-prevalent region and 1 in Seoul}
were enrolied during 2003-2007. Blood samples were col-
Jected from all patients before HCQ treatment and 24 hours
after completion of treatment. Treatment responses were
monitored by investigation of fever clearance time and par-
asite clearance time. Plasma concentrations of HCQ before
and 24 hours after completion of treatment were measured
by validated reversed-phase high-performance liquid chroma-
tography® with slight modifications.” Additional examinations
or blood collection were not performed. The study protocols

* Address correspondence to Jae-Won Park, Department of Micro-
biology, Graduate School of Medicine, Gachon University of Medicine
and Science 1198, Kuwol-1-dong, Namdong-gu, Incheon 405-760,
Republic of Korea. E-mail: seorak@dreamwiz.com

+ These authors contributed equally to this work.
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were reviewed and approved by the institutional review board
of each hospital. All patients enrolled in this study were admit-

.ted to the hospitals during HCQ treatment, and HCQ was

taken under the physician supervision. There were no prob-
lems with HCQ treatment compliance.

Among 484 patients enrolled in the five-year study, HCQ
treatment failed in two patients (Table 1). These two patients
had not been in malaria-prevalent areas in other nations dur-
ing the two years prior to their present hospitalization.

Patient A was a 26-year-old man (civilian) who had been
discharged from the military in May 1998. Chemoprophylaxis
was not performed during his military service. He was admit-
ted to hospital I.located in Goyang, a malaria-prevalent area
in Kyonggi Province, on July 30, 2003. Plasmodium vivax
malaria. was confirmed and be was administered 2,000 mg of
HCQ over a three-day period. More specifically, on day 0, he
was given 800 mg of HCQ, with doses of 400 mg administered
6 hours and 24 hours later (day 1), and 48 hours later {day 2).
Despite administration of the first cycle of HCQ treatment,
fever did not subside until day 6 and P. vivax trophozaites
were evident in a peripheral blood smear obtained on day 6.
Parasite density on day O (before the treatment) and day 3
(24 h-after completion of HCQ treatment) were 3,500/uL
and 300/uL, respectively. Gene amplification by species-
specific primers for small subunit ribosomal RNA? showed
that Plasmodia in the patient’s peripheral blood was P, vivax.
The plasma concentration of HCQ 24 hours after the comple-
tion of HCQ treatment was 165 ng/mL. The patient was com-
pletely ciired by administration of an additional cycle of HCQ
treatment commencing on day 6.

Patient B was a 72-year-old woman. She was admitted to
hospital II located in Seoul on July 24, 2007 (day 0), because
of fever and chills. Plasmodium vivax malaria was diagnosed
and HCQ was administered on July 25-27 (days 1-3). Treat-
ment was unsuccessful in resolving the fever and severe
headache, and parasites were evident both microsco-
pically and by small subunit ribosomal. RNA amplification
until day 4. Parasite density on days 0 and 4 was 3,800/uL.

216 LEE,KIM AND OTHERS

TasLe 1
Demographic and clinical characteristics of two patients unsuccessfully treated with the conventional HCQ regimen. Republic of Korea®

Period of HCQ Plasms concentration Parasite density beforeiaficrt Regimen for
Patient Hospital (location} administration of HCQt (ng/mL) HCQ treatment (parasitcsivl.) complete cure
A I (Goyang) July 30-August 1,2003 165 3,500/300 Additional
administration
of HCQ
B 11 (Seoul) July 25-27,2007 150 3,800/440 Quinine sulfate

and doxycycline

+ HCQ = bydroxyehloroquine.
1 Measured 24 hours after completion of HCQ treatment.

and 440/uL, respectively, The plasma concentration of HCQ
24 hours after the completion of HCQ treatment was 150 ng/
mL. Salvage treatment with quinine sulfate and doxycycline
was carried out for seven days beginning on day 4, followed
by administration of primaquine, This regimen completely
resolved the infection.

Chloroquine-resistant P. vivax strains have been reported
from various areas®™? since its emergence in Papua. New
Guinea in 1989.% In the Republic of Korea, a large-scale
chemoprophylaxis campaign has been performed since 1997.
However, prophylaxis has consistently failed in many cases
despite attainment of sufficiently high plasma concentrations
of HCQ. Moreover, the length of time required for the elimi-
nation of P, vivax from patients’ blood by HCQ treatment has
increased in the current decade.!

Hydroxychloroquine has been reported to be as active as CQ
against malania parasites,'*!¢ and 400 mg of HCQ is the molar
equivalent of 309.6 mg of HCQ base and 295.0 mg of CQ base.
Therefore, a CQ concentration of 10 ng/mL in plasma, which is
the minimum effective concentration against CQ-susceptible
P vivax, is equivalent to an HCQ concentration of 10.5 ng/mL
of plasra. In this study, treatment with 2,000 mg of HCQ over
a three-day period was not effective in 2 (0.4%) of 484 patients.
For these two patients, plasma concentrations of HCQ 24 hours
after completion of HCQ treatments were much higher than
the minimum effective concentration of CQ against £, vivax."”
For the 482 patients with successful therapeutic outcomes, the
mean and the standard deviation of plasma concentrations
of HCQ 24 hours after completion of HCQ treatments were
220 ng/mL and 121 ng/mL, respectively, which were in not dis-
tinct from the two patients in whom HCQ treatment failed.
This indicates that HCQ was absorbed and metabolized nor-
mally in the two patients, precluding the possibility that the
treatment failure was caused by personal factors. In the two
patients, parasitemias were reduced markedly, but not cleared,
by HCQ administration. Patient A was cured by additional
administration of HCQ; this success may have been the result
of the infecting P vivax being exposed 1o an increased trough
concentration of HCQ for an extended period because of the
cumulative dosage.

The present observations are the first report of CQ-resistant
P, vivax from a temperate region of Asia. Surveillance activity
should be strengthened to monitor the change of CQ suscepti-
bility of P vivax in the Republic of Korea.
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Simian Malaria in a U.S. Traveler ——— New York, 2008

Four species of intraerythrocytic protozoa of the genus Plasmodium (P. falciparum, P. vivax, P. ovale, and P. malariae) are known to
cause malaria in humans. However, recent reports from Asia suggest the possibility that a fifth malaria species, Plasmodium knowlesi
is emerging as an important zoonotic human pathogen. Although more than 20 species of Plasmodium can infect nonhuman primates
until recently, naturally acquired human infections of simian malaria were viewed as rare events lacking public health significance.
When viewed by light microscopy (the gold standard for laboratory diagnosis of malaria), many of the simian species are almost
indistinguishable from the four Plasmodium species that cause infection in humans (Table). Molecular techniques, such as
polymerase chain reaction (PCR) amplification and microsatelite analysis, are needed for definitive species determination. This report
describes the first recognized case of imported simian malaria in several decades in the United States, diagnosed in 2008 in a patient
from New York who had traveled to the Philippines. Atypical features of the parasite seen on light microscopy triggered further
molecular tasting, which confirmed the diagnosis of £, knowlesi To date, all simian malaria species have been susceptible to
chloroquine treatment Molecular analysis of certain malaria parasites isolated from ill travelers returning to the United States from
Asia or South .>3m1nm can more accurately assess the burden of simian malaria parasite infections in humans.

The first recognized case of naturally acquired simian malaria was a 1965 case of £ knowles/infection in an employee of the U.S,
Army who had retumed home from an assignment in Southeast Asia (/); subsequent reports were few and unconfirmed. In 2002,
investigators in Malaysia noted an increasing number of £. malsriae cases with atypical features, including increased clinical severity
and higher parasitemnia (2. By using a nested PCR assay, more than 50% of these malaria cases were determined to be 2. knowlesi,
none were £. malariae, as originally determined by microscopy (2. In a retrospective evaluation by the same investigators during
2001~-2006, 28% of 960 specimens from patients in Sarawak, Malaysian Bomeo, were found to be 2. knowlesi aftor being
morphologically diagnosed most often as £, malarize (3. The group also reported four unusual fatalities attributed to severe malaria
caused by P. malarize that was later confirmed as . knowfes/by PCR. Additional cases of naturally occurring 2 knowlesi infection in
humans have been reported from Singapore (4), the Tha~Burma border (5), the Philippines (6), Yunnan Province in China { 7, and
Finland, where a returning traveler mﬂoa Malaysia was S.ma_mm:oga _:a_m_:\ as having infection s:nr P. falcipsrum (8).

Case Report

In the recent U.S. case, a woman aged 50 years with no previous history of malaria who was born in the Philippines but had lived in
the United States for 25 years, retumed to her home country to visit friends and relatives on October 17, 2008. While there, she
stayed on the island of Palawan in a cabin located at the edge of a forested area known to be a habitat for long-tailed macaques.
She had not taken malaria chemoprophylaxis and had not used any Bomn:an_lm/\o_am:on SmmmcSu. toth of which are recommended
preventive measures for travelers to this area.

The woman returned to the United States on October 30, 2008, and noted the onset of a headache. Fever and chills ensued, and

. symptoms persisted for several days, after which she sought medical attention. In the emergency department. she was noted to be

hypotensive and to have thrombocytopenia. Examination of thick and thin malaria smears (Fizure 1) was ordered, and an initial,
erroneous diagnosis of babesiosis was made by a Iaboratory technician. Upon review by the laboratory supervisor the following
morning, the diagnosis was reassessed as malaria with 2.9% of red celis parasitized. However, the atypical appearance of the

. Plasmodium sp. seen in the smears prevented a species—specific diagnosis. The woman was treated successfully with atovaguone—~

proguanil and primaquine for Plasmodium of undetermined species.

An ethylenediaminetetraacetic acid (EDTA) blood tube and two stained smears were sent to New York state's Wadsworth Center
Parasitology Reference Laboratory for confirmation of Em_mlm and molecular determination of species by PCR. The Wadsworth
Center confirmed the presence of atypical rings and schizonts of a Plasmodium species (Figure 1), but conventional PCR targeting
the small subunit (SSU) of rRNA did not yield a product consistent with any of the four species of Plasmodium known to infect
humans. The specimen also was negative for the variants of £ ovale, which are 0083037\ seen in Southeast Asia. However, primers
specific for the SSU rDNA of the genus Plasmodium yielded a 1,055-bp PCR product that was sequenced and noted to be a 99%

match over its full length to the SSU rRNA gene from £, knowlesi(H strain) (9). These data confirmed that the infection was caused
by P. knowlesi

Reported by: JG Ennis, AE Teal, A Habura, PAD, S Madison-Antenucci, PhD, JS Kerhly, PhD, Div of Infectious Diseases, New York
State Dept of Health. PM Arguin, MD, JW Barnwell PhD, WE Collins, PhD, S Mali MPH, L Stutsker. MD, A Dasilva, DSe, Div of
Parasitic Diseases, National Center for Zoonotic, Vector~8omne, and Enteric Diseases: J Hwang, MD, EIS Officer, COC.

Editorial Note:

Several conditions need to coincide for simian species of Plasmodium to infect humans: 1) human erythrocytes must be susceptible
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to invasion by simian parasites, 2) humans must be near or in forests where nonhuman simians are infected, and 3) anopheline
mosquitoes that feed on both humans and nonhuman simians must be present (70). Many areas in Asia and South America have
overlapping populations of nonhuman primates that serve as reservoirs for simian malaria and competent Anopheles mosquito
vectors that are necessary to transmit the infection to humans (Table, Figure 2) (/). For P. knowlesiin Asia, the normal hosts are
long-tailed and pig—tailed macaques and mitered-leaf monkeys, which are found with Anopheles mosquito vectors of the
Leucosphyrus group, enabling transmission of infection (/). Other simian malaria species known to infect humans include P. simium
and P. brasilianum in South America and P. cynomolgiand P. inuiin Asia (7,10). .

Most simian malaria infections in humans can cause mild or moderate disease but often are self-fimited, not requiring antimalarial
therapy (/). However, P. knowlesi, with its 24-hour asexual replication cycle, can result in large parasite burden and severe,
life—threatening disease (J). Severe malaria imported from Asia should alert the physician to the possibility of infection with 2.
knowlesi Health-care providers also should consider hospitalization if the patient with malaria reports travel to forested areas of
Asia, where P. knowles/transmission occurs. Simian P o pecies are st ptible to all available antimalarials in the United
States. Although definitive diagnosis as a simian species of Plasmodium cannot be made in time to guide selection of antimalarials at
the initiation of therapy, treatment for undetermined Plasmodium species will effectively treat all simian species. Use of current
treatment and chemoprophylaxis guideiines are appropriate for treating and preventing simiiin malaria infections in humans.

Health~care providers of patients with malaria and iaboratories that dagnosa rmlana imported from Asia or non—faiciparum malaria
from South America should refer appropriate specimens to a Clinical Laboratory lmprovement Amendments (CLIA)- verified state
health reference laboratory or CDC's Division of Parasitic Diseases Reference Laboratory for species confirmation by molecular
testing. In the United Statss, approximately 1,500 malaria cases. are reported each year, almost all imported from areas where malaria
is endemic; approximately 200 of these cases are imported from Asia or South America. In the United States, the potential for riot
recognizing a Plasmadium infection of simian origin is high because diagnosis usually relies on microscopic examination of Giemsa—
stained smears rather than diagnosis by molecular techniques. Only a fow laboratories (including state and federal public health
reference and commercial laboratories) routinely use molecular assays, and even fewer have the capacity to confirm simian species.

The substantial number of recent human cases of simian malaria reported in Malaysia and the wider region (including the travel-
associated case described in this report) underscores the need to define the scope and magnitude of the probiem (2—8). Persons
wishing to send specimens for speciés confirmation by CDC should collect pretreatment blood in EDTA or scid citrate dextrose
blood collection tubes. Instructions and specimen submission forms are available online at http://www.cdc gov/malaria/smscs him.
Contact information for local or state health department laboratories is available at http://www.aphl.grg/abdutaphl/aboutphis/pages
/memberlabs.aspx. As with all suspected cases of malaria, health-care providers with questions regarding diagnosis or treatment
should call the CDC Malaria Hotline at 770-488-7788 (Monday—Friday, 8:30 am. to 4:30 p.m, EST); Health—care providers seeking
emergency consultation after hours should call 770-488-7100 and request to speak with a.CDC Malaria Branch clinician.
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Yan Liu, MD}
Daxin Ni, MD

China. A cluster of cases among health care workers and family members following ex-
posure to a patient with fulminant disease consistent with HGA prompted investigation.
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Objective To irivestigate the origin and transmission of apparent nosocomial cases

of febrile iliness in the Anhui Province.

Design, Setting, and Patients After exposure to an index patient whose fatal ill-
ness was characterized by fever and hemorrhage at a primary care hospital and re-
gional tertiary care hospital's isolation ward, secondary cases with febrile illness who
were suspected of being exposed were tested for antibodies against Anaplasma phago-
cytophilum and by polymerase chain reaction (PCR) and DNA sequencing for A phago-
cytophilum DNA. Potential sources of exposure were investigated.

Main Outcome Measure Cases with serological or PCR evidence of HGA were
compared with uninfected contacts to define the attack rate, relative risk of iflness,
and potential risks for exposure during the provision of care to the index patient.

Results In a regional hospital of Anhui Province, China, between November 9 and
17, 2006, a cluster of 9 febrile patients with leukopenia, thrombocytopenia, and el-
evated serum aminotransferase levels were diagnosed with HGA by PCR for A phago-
cytophilum DNA in peripheral blood and by seroconversion to A phagocytophilum.
No patients had tick bites. All 9 patients had contact with the index patient within 12
hours of her death from suspected fatal HGA while she experienced extensive hem-
orrhage and underwent endotracheal intubation. The attack rate was 32.1% vs 0%
(P=.04) amang contacts exposed at 50 cm or closer, 45% vs 0% (P = .001) among
those exposed for more than-2 hours, 75% vs 0% (P <.001) among those reporting
contact with blood secretions, and 87.5% vs 0% (P=.004) among those reporting
contact with respiratory secretions from the index patient.

Jianguo Xu, MI}, PhD

UMAN GRANULOCYTIC ANAPLAS-

mosis (HGA) is an emerging

tick-borue infectious disease

that was recognized in the
United States in 1990" and in Europe in
1997.* The disease name was changed
from human granulocytic ehrlichiosis to
HGA in 2001 when the causative rickett-
sia was reclassified from the genus ehrli-
chia as Anaplasma phagocytophilum.® Al-
though the clinical presentation of HGA
is variable and although it may be diffi-
cultto diagnose, the annual numberof in-
fectionsreported in the United Statessince
1990 has steadily increased.*” Seroepide-

For editorial comment see p 2308,
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Conclusion ‘We report the identification of HGA in China and fikely nosocomial trans-

tmission of HGA from direct contact with blood or respiratory secretions.

JAMA, 2008;300(19):2263-2270

www.jama.com

miiological datasuggest that infectionrates
in endemic areas are as high as 15% 1o
36%,%*implying that the diagnosis is of-
ten missed or that infection is mild or
asymptomatic. Because epidemiological,
clinical, and microbiological information

about HGA s limited, the disease is likely
underrecognized and underveported
worldwide.”

Despite the pathogen's global distri-
bution, otily a limited nwnber of labo-
ratory-confirmed cases have been re-
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ported from countries in Europe, where
the median seroprevalence rate is 6.2%,
similar to that in North America.’ Se-
rological and malecular evidence also
suggests that human infection exists in
Korea, Japan, and China ' Herein, we
report the first cases of HGA acquired
in China, as well as the unusual find-
ing of nosocomial human-to-human
transmission.

METHODS

Laboratory Diagnosis

Patients suspected of HGA exposure
were tested for serwin IgG to A phago-
cytophilwm using the 1gG IFA kit (Fo-
cus Diagnostics, Cypress, California),
screening at a 1:64 dilution and ttrat-
ing if reactive.” Nested polymerase
‘chain reaction (PCR) using blood DNA

(Qlaamp DNA Mini Kit, QIAGEN;
Hilden, Germany) was used to detect
A phagocytophilum DNA with Ana-
plasma and Ehrlichia genus-common
and A phagocytophilum species-
specific rrs primers (165 rRNA gene),'
and A phagocytophilum species-
specilic groEL primers.}” Au A phago-
cytophilum rrs plasmid and DNA from
healthy people or distilled water were
used as controls. Positive reactions were
confirmed by direct sequencing, Poly-
merase chain reaction was conducted
in 2 independent laboratories, the Na-
tional Institule for Communicable Dis-
ease Control and Prevention in Bei-
jing, and at the Anhui Province Center
for Disease Prevention and Control in
Hefei city. Each laboratory used its own
primers, reagents, and patient blood
DNA. All samples were tested concur-
rently with negative and no template
countrols (water) under the same con-
ditions. Polymerase chain reaction
samples from healthy people and nega-
tive controls consistently had nega-
tive results,

" To exclude other infections, sero-
logical, antigen detection, and PCR di-
agriostic lests were conducted. These
included tests on blood from the first
3 1o 5 days after onset for reverse tran-
scription (RT)~PCR of PCR for nucleic
acids of Lassa fever virus, Ebola virus,
Marburg virus, Hantaan virus, Junin vi-

2264 JAMA, Novemmher 19, 2008—Vol 300, No. |9 (Reprinted)

rus, yellow fever virus, Crimean-
Congo hemorrhagic fever virus, cox-
sackievirus, respiratory syncytial virus,
adenovirus, Mycoplasing pneumoniae,
Chlamydia species, Ehrlichia species,
Rickettsia species, and Oricntia
tsulsugamushi.

Tests were also conducted on oro-
pharygeal swabs from the first 3 105
days after onset for inlluenza A virus
antigens, and by PCR for influenza A
viruses, influenza B virus, and influ-
enza virus subtype H5 nucleic acids.
Tests for acute-phase serum were con-
ducted to detect IgM and IgG to se-
vere acute respiratory syndrome vi-
rus, as well as to detect IgM or IgM plus
IgG antibodies by capture enzyme-
linked immunosorbent assay against
Bunyaviridae, Filoviridae, Lassa fever
virus, Ebola virus. Marburg virus, Han-
taan virus, Junin virus, yellow fever vi-
rus, and Crimean-Congo hemor-
rhagic {ever virus.

Epidemiglogical Investigation

All comitacts of the index patient, in-
cluding patients with similar clinical
presentations and healthy persons, were

interviewed before laboratory diagnos-

tic results were obtained. A possible case
of HGA was defined as a paticnt with a
clinically compatible illness (fever,
headache, chills) and laboratary find-
ings including thrombocytopenia and
leukopenia but who lacked scrologi-
cal or wmolecular tests for A phagocyto-
philum. A confirnmed case was defined
as a patient with a clinically compat-
ible illness (as above) and in keeping
with the US Cenlters for Disease Con-
trol and Prevention (CDC) criteria
(hup:/www.cde.gov/ncphi/disss/mudss
/casedel/ehriichiosis_2008.hum) by
either seroconversion, a 4-fold in-
crease in A phagocytophilum I1gG ant-
body titer in acute and convalescent
sera, or a positive PCR result for both
A phagocytophilum rrs and groEL con-
firmed by direct sequence analysis."

Contact Questionnaire

All contacts of the index patient were
asked to complete a questionnaire about
their health status and profession; ex-

perience with tck bites; exposure to the
index patient—where, when, and how
they had contact; exposure Lo wild ani-
mals; extent of outdoar activity; expo-
sure to the index patient's blood and
respiratory sccretions or to grossly
bloody oropharyngeal secretions; pres-
ence of skin lesions during exposure;
whether skin surfaces were washed al-
ter exposure; whether they were ex-
posed to the patient’s stool or urine; and
the timing of these events, Health care
workers were asked about their use of
masks and gloves.

Ethical and Human Subjects

Review

The study was approved by the cthics
committee of China CDC, according to
the medical research regulations of Min-
istry of Health, China. Oral informed
consenl was obtained from all study
participants.

Statistical Analysis

All statistical calculations were per-
formed using Epi Info 6.04d (htp:
/iwww.cde.gov/epiinfo). To identily
specific exposure risk factors, retro-
spective cohort comparisons were
evaluated by calculating attack rates,
relative risk, and 95% confidence in-
tervals and by Fisher exact test; siguifi-
cance was defined as a 2-tailed P <.05.

RESULTS

Index Case

A 50:year-old woman with a 1-day
abrupt onset of sudden fever (39.2°C),
headache, myalgia, arthralgia, dizzi-
ness, and malaise presented to the vil-
lage clinic on October 31, 2006, and was
treated with ribavirin, cephalothin, dexa-
methasone, and amidopyrine for 4 days.
At9PMon Novermnber 3, she was admit-
ted 1o the local hospital because of gum
bleeding, facial edema, nausea, vormnit-
ing, and oliguria, a temperature of
39.7°C, blood pressure of 85/60 mm Hg,
and pulse rate of 96/min; a rish was
noted over her trunk. Laboratory test-
ing showed Jeukopenia {white blood cell
count, 3300/pL), thrombocytopenia
(platelet count, 18X 10%pl), elevated
serum aspartate aminotransferase

©2008 American Medical Association. All vights reserved,
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(629 UML) aud alanine aminotransfer-
ase (69 U/L), clevated creadnine (2.6 mg/
dL), and clevated blood urea nitrogen
(48 mg/dL) levels, Dipstick urinalysis re-
vealed 3* hematuria and 3" protein-
uria (protein, 3 g/1.). (To convert aspar-
tate aminotransferase and alanine
aminotranslerase to microkat per liter,
multiply by 0.0167; creatinine to mi-
cromole per litcr, by 88.4; and urea ni-
trogen to millimole per liter, by 0.357)

Her condition progressively deterio-
rated, so she was transferred to a re-
gional hospital at 11 AM, Novemnber 4.
By 7 pM, the patient became ob-
tunded, cyanotic, and purpuric and was
bleeding from her nose and mouth. This
extensive mouth and nose bleeding re-
quired frequent aspiration and con-
taminated the working area surfaces,
health care workers, and family mem-
bers who were with her. Family mem-
bers assisted with patient care by wip-
ing blood fromn the patient’s mouth and
nose, rinsing and reusing the same tow-
cls. By 7:38 PM the patient developed
rapidly progressive dyspnea and wors-
ening oxygen saturation and tequired
endotracheal intubation. The patient re-
mnained hypoxic and hiypotensive with
muldorgan failure and copious bleed-
ing from the nose and mmouth. Despite
all efforts, the patient died a1 6:45 AM,
November 5, 2006. The final diagno-
sis was hemorrhagic fever with renal
syndrome, even though no IgG anti-
bodies to Hantaan virus were de-
tected. A postmortem examination was
not performed, and no blood or tissue
samnples remained for retrospective
laboralory testing.

Retrospective questioning of the pa-
tient's family revealed that she was bit-
ten by atick 12 days before onset of fe-
ver: she liad killed several mice in her
hoine 9 days before onset, and her hus-
band had hunted and brought homne
“wild animal carcasses™ 3 days before
onset of illness. A timeline of events is
shown in the FIGURE.

Nosocomial Cases of HGA

Between Novemnber 9 and 17, 2006, 9
patients were identified at the regional
hospital with fever higher than 38.0°C

©2008 American Medical Association. All rights reserved,
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(9 of 9 patients), myalgia (5 of 9),
diarrhea (7 of 9), leukopenia (white
blood cell count, 1200-3700/uL in 9
of 9}, thrombocytopenia (platelets,
39-115 X 10%ul in all 9), and elevated
serum aspartate aminotransferase and
alanine amjnotransferase (7 of 9)
(TABLE 1). All patients had contact
with the index patient, including 5
family members, 2 physicians, and 2
nurses who had accompanied or
treated her between November 4 and
5 (Figure).

The initial secondary case experi-
enced fever on November 9, 4 days af-
ter death of the index case, followed on
November 11 by another patient, on
Noveruber 12 by 3 patients, and on No-
vember 14 by 3 more patients. The last
patient reported illness on November
17, 12 days after the death of the in-
dex patient. The patients were be-
tween 25 and 67 years (mean, 36.2
years), and 6 were men. All were pre-
viously healthy. The average incuba-
tion period was 7.8 days (range, 4-12
days). All had fever of at least 38.5°C
for 1 1o 6 days (mean, 4 days). Diar-
thea was characterized as 1 to 3 loose
stools per day persisting for 1 to 2 days.
All patients had relative bradycardia.
One patient developed acute respira-
tory distress syndrome as a complica-
tion of Aspergillus pneumonia and tu-
berculosis during his hospitalization.
The other 8 patients were wildly af-
fected, vecovered, and were dis-
charged in good health.

Contact Investigation

The index patient had contact with 63
persons after onset of illness: 21 family
raembers aud 42 health care workers. Of
the 42 health care workers, 18 were from
the local hospital, including 2 from the
village clinic, and 24 were from the re-
gional hospital. Of the 21 family mem-
bers, 4 had contact with the index pa-
tient in only the local hospital, 13 only
in the regional hospital, and 4 in both.
The 9 secondary cases occurred among
the 39 health care workers and rela-
tives with patient exposure at the re-
gional hospital, representing an attack
rate of 23%. All 9 caved for the index case

in the final 12 hours of her life while she
was in the critical care unit and during
the endotracheal intubation proce-
dure. No one whose only contact with
the index patient was before these 12
hours was infected.

Serological and Molecular
Diagnosis .

Anaplasma phagocytophilum IgG sero-
conversions were detected for all 9 pa-
tients, and a 4-fold I1gG titer increase
was observed in 7 of 9 patients
(Table 1). Nested PCR using genus-
cownmon rrs and species-specific rrs and
groEL primers identified A phagocyto-
phihan DNA in the blood samples from
all 9 patients when they were in the
acute phase, whereas all healthy and
template controls had negative test re-
sults. The identity of amplicons from
each of the 9 patents was confirmed by
sequencing; all rrs sequences (206 base
pairs) were identical and all groEL se-
quences (446 nt) were identical (Gen-
Bank accession numbers: rrs
EF211110-17 and EF473210; groEL
EF47320108 and EF473209). Al-
though the rrs sequences were identi-
cal to most other human-derived strains
globally, sequences from groEL were
identical to some US strains (Wiscon-
sin and New York) but differed from A
phagocytophilum in China (93.6%;
EU008083), Germany (99.4%,
AY281850), and California (99.7%;
U96727). These data support the
premise that a single clone was respon-
sible for all of the 9 secondary cases. Al-
though peripheral blood smears were
examined for all 9 patients at the time
of illness, no convincing evidence of A
phagocytophilum morulae was ob-
served. All RT-PCR, PCR, antigen de-
tection, and IgM antibedy detection
tests for microbial and viral etiologies
were negative.

Risk Factors

The exposure data implicate transmis-
sion at the regional hospital, permit-
ting focus on risk factors in 39 indi-
viduals, including 24 health care
workers and 15 family members
(TABLE 2). Two family members who

{Reprinted) JAMA, November 19. 2008—Vol 300, No. 19 2265
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Figure. Timeline of Critical Events for the Index Patient and Direct Contact Intervals of Family Members and Health Care Workers With the
Index Patient and Exposure of Patients With Nosocomial Human Granulytic Anaptasmosis
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had contact with the index case after
her death were not included.

Noue of the 9 secondary cases re-
ported tick bites, exposure to wild ani-
mals, or participation in hunting activ-
ity in the preceding 2 months, and only
1 reported recent outdoor activity. For
all 9 secondary cases, culture seralogi-
cal, antigen detection, and nucleic acid
detection studies for other infectious
ctinlogies were negative.

Of 24 regional hospital health care
workers who had contact with the in-
dexpatient, 18 were on duty during the
final 12 hours, and 4 of the 18 who were
involved in the endotracheal intuba-
tion were infected. Of these 4, 3 were
invelved in endotracheal intubation and
care during times of hemorrhage. Six-
teen of 24 health cave workers (67%)

HUMAN GRANULOCYTIC ANAPLASMOSIS IN CHINA

from the regional hospital wore masks
and 9 of 24 (38%) wore gloves.

Of 17 family members who
reported contact with the index
patient at the regional hospital, 13
were present during endotracheal
intubation, 5 of whom were infected.
Of these S individuals, 3 reported
blood contamination of skin and pos-
sible mucocutancous exposures, sug-
gesting direct contact with blood or-
respiratory secretions as the mecha-
nism of transmission.

Among the 28 individuals who
reported close contact (<50 cm) with
the index patient during the final 12°
hours of her life, 9 were inlected. In
contrast, none of the 11 individuals

- who reported a physical distance of

more than 50 cm from the index

patient during the same time was
infected. The index patient was
exposed to 20 contacts for more than
2 hours, and 9 were infected, whereas
none of 19 contacts exposed fewer
than 2 hours was infected. All 9
irifected patients-reported contact
with blood (P = .002) and 7 had con-
tact with respiratory secretions (rela-
tive risk, 7.0; 95% confidence interval,
1.7-29.1; Table 2). Those persons
with skin expsoure to blood
(P<.001) or respiratory secretions
(P =.004), or those with preexisting
skin lesions or injuries followed by
exposure to blood (relative risk, 3.6;
95% confidence interval, 1.1-7.6;
P=.02) were significantly more likely
to be infected (TABLE 3). Neither
exposure to stool nor exposure to

Table 1. Clinical, Laboratory, and Serological Findings of 9 Patients With ¢ izl Human Granulocytic Anapl
Infected Patients
r 1
2 3 4 -8 8 7 8 -9 10
Clinical findings?® T
Days hosphalized 19 21 - 19 19 18 18 21 19 36
Temperaiurs =38.5°C Yes Yes Yes Yas Yes Yes Yes _ Yes Yes
Malaise Yes Yes Yes Yes Yes Yes Yes Yes Yes
Chills Yes Yes Yes Yes Yes Yes Yes Yes . Yes
Diarrhea Yes No Yes Yes No Yes Yes Yas Yes
Myalgia Yes No Yes Yes No No Yes No Yas
Coryza/pharyngitis No No No No  Yes Yes No No Yes
Headache Yes No No Na No Yes No No No
Nausea No No Yes No No No .  No No - Yes
Edema No No No No No Yes No No No
Gum bleeding . No No No No No Yes No No No
Dysuria No No No “No No No No No’ Yes
Labaoratory values
Lowest biood count,
ranga of normal
White blood cell, 2600 1900 2700 2100 2500 1200 1800 3700 2200
4500-11 000/L2 . .
Platelet, 46 48 85 . 39 115 47 40 52 42 -
150-350 X 10%/uL B .
Highest liver enzymes, UL .
AST, men <38; women <32 252 116 ND 77 ND 50 50 7 78
ALT, men <40; women <3t 84 66 - ND ’ 64 ND. 89 89 - 74 - 138
Anaplasma phagocytophilum IgG titers
Days after onset . .
o-7 <64 <64 <64 64 64 - <64 <64 <64 <B4
20-25 NO 84 64 128 128 128 ND- G4 128
55-70 256 256 <64 256 256 <64 84 128 ND
A Phagocytophilum PCR results :
rs Yes Yes Yes Yes Yes Yes Yes Yes Yes
groEL Yes Yes Yes Yes Yes Yes " Yes Yes Yes
ALT, alanipe amic AST, espartate D. not done PCR, polymerase chain reaction. '

'warcal rnndlngs thal were documented dmng the couras of each patient's hospﬂuﬁzal

©2008 American Medical Assoclation. All rights reserved.
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urine from the index case resulted in
increased risk (0.6 and 1.1, respec-
tively).

COMMENT

Nine cases of A phagocytophilum
infection were confirmed at the
regional hospital in the Anhui Prov-
ince of China in a 9-day period. All
presented with HGA as described in
North America and Europe” and ful-
filled the US CDC laboratory criteria
for the diagnosis of HGA."* The most
remarkable aspect of these cases was
that transmission was very unlikely to
be tick-borne, but was closely associ-
ated with blood or respiratory sccre-
tion exposure from an index patient
who died of a fulminant febrile illness

with hemorrhage. Although the index
patient ¢an only be categorized as a
possible case, clinical and historical
support for the diagnosis of HGA is
strong. She had a tick bitc within
the known incubation period and
had a clinical presentation compatible
with severe HGA.* Moreover, the
epidemiological investigation of
exposed individuals with HGA impli-
cates her as the index case. Unfortu-
nately, no tissue or serum sample is
available to confirn retrospectively
her diagnosis.

Human granulocytic anaplasinasis
aud human monocytic ehrlichiosis
were initially identified with presenta-
tions now recognized as relatively
uncormunon for their natural histo-

Table 2. Risk Factors for Acquisition of Human Granulocytic Anaplashosls Among 39
Contacts Exposed to Index Patient While at-the Regional Hospital

NoJTotal {%)
r
Attack Rate Attack Rate Relative Risk
With Exposure  Without Exposure  (95% Confidence P
Exposure to index Patiert Factor Factor Interval)® Valye®
%50 cm to nose and mouth 9/2R (32.1) o1t () 04
>2h 9/20 (45.0) 019 (0) 001
During or after intubation 9/30 (30.0) 09 {0 .09
During massive hemarThage 479 (44.4) 5/30(16.7) 2.7(0.8-7.9) a7
period
- Any diract blood.contact 9722 {40.9) w17 (0 .002
Direct raspiratory or tracheal 713 (53.8) 2/26 (7.1 7.0(1.7.20.1) 403
secralion contact

Alnfirilo or not abio [o ba cukculaled.
DFisher exact test {2 1aled).

Table 3. Risk Factors for Human Granulocytic Anaplasmosls Assoclated With Direct Expo:ure
to Index Patient's Blood and Respiratory Secretions

NoJTotal (%)
r 1
Attack Rate Attack Rate Relative Risk
With Expasure  Without Exposure  {95% Confidence
Exposure Factor Factor Factor Interval)® Value®
Any direct blood contact
during hemonthage
On'skin 912 (75.0) 0100 <.001
Open wounds ) 4/4 (100.0) 5/18(27.8) 3.6(1.1-7.6) .02
or abvrasions
Not washed timely 4/8 (50.0} SN4(35.7) 1,4{0.5-3.8) 66
Drect respiratory or racheal
- secréfion contact
On skin 7/8 (87.5) 05 () 004
Open wounds 44 (100.0) | 3/8(33.3) 3 0(1.2-7. 6} .07
or abrasions -
Not washed timely /6 (50.0) 477 (57.1) 0.9(0.3-2.4) .62

Sinfritg or not able to ba cakatated. !
OFisher axact test [2-talec).
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ries. '™ Infection can be severe, with
intensive care unit admission required
in 7% of padents and fatalities occur-
ring in up to 1%, yet most infections
are sporadic and probably self-
limited.* Based on the mild to wmoder-
ate severity observed in & of the 9 sec-
ondarily infected patients, Chinese
HGA conforms ta the spectrum of
clinical severity observed in North
America.*™"® The fatal outcome in the
index case is clinically similar to that
observed for other HGA fatalities,
including exsanguination with sepsis
syndrome possibly relating to cyto-
kine overproduction, opportunistic
infections, and increased FIGA sever-
ity in the setting of preexisting medi-
cal conditions such as diabetes melli-
tus 72

A phagocytophilum transmission in
China and Asia is predicated on the
presence of this zoenotic.agent in vee-
tor ticks and vertebrate hosts,
Although studies in Asia are limited,
at least 8 have examined A phagocyto-
philum infection of ticks, including
2284 Ixodes persulcatus Licks, of which
4.4% carvied A phagocytophilum DNA,
a prevalence similar to-that in Euro-
pean and North American Ixodes spe-
cies ticks.!*'*Y Likewise, 9% and
24% of Apodemus species field mice in
northern China and Korea, respec-
tively, and 64% of Crosidura lasiura
shrews in Karea are infected.!3:# 343828
Although no proven cases of HGA
have been previously identified in
China, at least 1 study describes A
phagocytophilum DNA in the blood of
4 Chinese patients with tick bites,'**
and seroepidemiological investiga-
tions demonstrate that 2% to 9% of
febrile patients in Korea,'®! and
between 0.5% aud 6% of healthy Chi-
nese residents have A phagocytophilum
antibodies.”

Rare exarples of nontick transmis-
sion of HGA exist in the literature
and include direct exposure to deer
blood ?? transfusion,” and transpla-
cental transinission.? Similarly, under
the proper circumnstances other rick-
eusial infeations are transinissible via
aerosol, direct contact with mucous

@2008 American Medical Association. All rights reserved.
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membranes or conjunctivae, or
rhechanical fomite transmission %%
Direct exposure to small blood vol-
umes probably carries a low risk
because experimental and natural
infections of whitc-1ailed deer result
in only low-level bacteremia * How-
ever, it is possible thar this Jow risk
may be offset by large volumes of ani-
mal blood and tissues, such as those
to which butchers are exposed.

Another factor related to (ransmis-
sibility is the blood burden of A
phagocytophilum, which appears to
increase with immunosuppression
resulting in absolute infected neutro-
phil counts as high as 2.7 to 5.9 X 10%
L.'8+° 1t is unclear to what degree the
sustained dexamethasone treatinent of
the index case contributed to trans-
mission. The final consideration is the
likelihood of health care worker and
family member exposure to sufficient
volumes of infectious body fluids to
account {or transmission. It is not
unusual {or occupational blood expo-
sure to occur among those caring for
patients with hemorrhage or during
procedures such as intubation or sur-
gery, for which the relative risk is 3 to
4 times higher than for other medical
specialties.”! 1n western socicties,
most {amily members are excluded
from these events and health care
waorlkers are increasingly protected by
training and barriers such as gloves,
gowns, aud masks.'? However, retro-
spective questioning of our cases
clearly indicated that both family
members and health care workers not
only participated in these events but
were unlikely to use gloves and 'so
reported that body surfaces were con-
taminated by potentially infectious
fluids. Moreover, many participants
did not acknowledge use of postexpo-
sure precautions, such as hand and
skin washing.

Although it is likely that routine
blood and bady fluid precautions will
protect against such future events, strict
adherence o protective protocols is
mandatory even if communicability is
deemed unlikely. The lessons of this
study remain relevant to the daily hos-

©2008 American Medical Association. All rights reserved.
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pital and health care unit operations to
prevent any additional nosocomial out-
breals of HGA. Moreover, as China ad-
vances into its future, it must also now
become prepared to deal with the in-
creasing threat that tick-borne rickert-
sial pathogens have been already
brought to the United States and Eu-
rope.
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Fatal group C streptococcal infection due to transfusion of
a bacterially contaminated pooled platelet unit despite routine
bacterial culture screening
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BACKGROUND: An elderly man with chronic
myelomonocytic leukemia developed respiratory dis-
tress and died less than 48 hours after transfusion of a
poo! of eight whole blood—derived platelets (PLTs).
Blood cultures from the recipient and cultures of rem-
nants from the pooled PLT bag grew group C strepto-
coccl {(GCS). An investigation was conducted to identify
both the infection’s source and the reascns for the
false-negative screening resuit.

STUDY DESIGN AND METHODS: Red biood cell
{RBC) units (cocomponent from the eight donations)
were traced, quarantined, and cultured. Specimens
from the implicated donor were obtained. Isolates were
identified and typed by 16S rRNA and pulsed-fisid gel
electrophoresis (PFGE). The blood center screening
method was reviewed.

RESULTS: B-Hemolytic GCS, cultured from 1 of 8 RBC
units, linked the fatal case to a single donor. The ‘
donor's throat swab.collected 20 days after donation
was positive for the presence of GCS, identified as
Streptococcus dysgalactiae subsp. squisimilis. Isclales
from the recipient, RBC unit, residual PLTs, and donor's
throat swab were indistinguishable by PFGE. The donor
denied any symploms of infection before or after dona-
tion. PLT bacterial screening at the blood center was
performed using a commercially available bacterial
detection system {BacT/ALERT, bioMérieux) with a
thrashold of 15 colony-forming unils per bag.
CONCLUSION: An asymptomatic donor was implicated
as the source of GCS-contaminated PLTs. Current
screening methods for PLTs are not sufficient to detect
all bacterial contamination, Pooled PLTs are a particular
challenge because the small volume of individual units
places limits on culturing strategies. Improved detection
of bacterlal contamination of PLTs is needed.
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acterial infection due to transfusion of con-

taminated platelet (PLT) components is an

important patient safety concern.*? Before the

adoption of a standard requiring blood collec-
tion and wansfusion service members to limit and detect
bacterial contamination in all PLT components by AABB
in 2004,% the estimated rate of bacterial contamnination of
PLT products ranged from 1 in 2000 to 1 in 3000 PLT units,*
although the frequency of recognized sepsis from these
products is much lower. Not all bacterially contaminated
PLT units will result in a clinjcally recognized septic
reaction; thus, the estimated rate of transfusion-related
sepsis {1 in 100,000 units) for pooled PLTs before 2004 is
likely to represent a substantial underestimation of the

ABBREVIATIONS: GCS = group C sticptococcl; PFGE = pulsed-
field gel clectrophoresis; WB = whole biooed.
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problem.® inplementation of routine hacterial screening
by blood centers represents an important advance toward
ensuring the safety of PLT compenents. It does not,
however, eliminate the risk of transfusion-related sepsis
and death.**” Current bacterial screcuing methods for
PLTs have different levels of sensitivity, and none of them
is likely to detect all pathogens.® Although culture is
considered one of the best bacterial screening methods
available, false-negative culture results can occur that
lead to transfusion of bacterially contaminated blood
components.”

Bacteria that contaminate blood products may origi-
nate from donor skin {lora, from donor asymptomatic
bacteremia, or from contamination during blood
processing.*** Most pathogens reported as causes of
transfusion-related sepsis are organisms associated with
skin contaminants,>™ suggesting that contamination is
more likely to occur at the time of collection,

In this article, we report a PLT unit with a false-
negative bacterial detection screening result. The event
resulted in the death of the recipient by an unusual organ-
ism not previously associated with transfusion-related
sepsis. An investigation was conducted to determine both
the source of PLT contamination and the reasons for the
false-negative screening result.

CASE REPORT

In April 2007, public health officials at the Florida Depart-
ment of Health were notified of a fatal group C streptococ-
cal infection after blood transfusion. The Centers for
Disease Control and Prevention (CDC) was invited to
assist in the investigation and.the Food and Drug Admin-
istration (FDA) was notified of the potential transfusion-
associated fatality. The patient was a 67-year-old man with
refractory leukemnia who received a paool of eight whole
blood (WB)-derived PLTs. The patient was diagnosed with
chronic myelomonocytic leukemia in April 2006, He never
responded to chemotherapy treatments and required fre-
quent transfusions. On April 16, 2007, when the patient
presented to an outpatient infusion center to receive a PLT
transfusion, his PLT count was 5 x 10° per L and he had no
symptoms of infection. He received a pool of 8 (instead of
the usual 8) WH-derived PLT uinits because of his previous
history of poor response to PLT transfusions. No medica-
tion was given before transfusion. The PLT units were
screened for bacteria using blood culture media (BacT/
ALERT bottle, bioMérieux, Durham, NC), and no growth

was observed after 5 days of incubation in the instrument..

At the end of the transfusion, the patient had chills for
which a narcotic analgesic was administered. One hour
after the transfusion was completed the patient became
tachycardic, hypotensive, and hypoxic,.The patient was
transferred to the intensive care unit where his clinical
status rapidly deteriorated, requiring ventilatory support

2178 TRANSFUSION Volume 48, October 2008

123

and vasopressor agents. Sepsis was suspected, and broad-
spectrum antibiotics were begun after blood cultures were
collected. The following day, the palient’s condition
continued to worsen. He died less than 48 hours after the
transfusion,

The patient’s blood cultures were positive 1 day after
the collection and showed Gram-positive cocci in pairs
and in short chains, later identified as group C strepto-
cocci (GCS). Because the patient had onset of his illness
soon after receiving PLTs, transfusion-related bacterial
infection was' suspected and an investigation was
initiated.

MATERIAL AND METHODS

Culturing of blood components

The patient recefved PLTs derived from units of WB from
eight different donors pooled by the hospital just before
the time of transfusion. Seven of the 8 WB-derived PLT

. units were 3 days old, and 1 was 4 days old at the time of

transfusion, Cultures of remnants from the pooled bag
and of residual PLTs from each of the eight 50-mL
individual-donor PLT bags were obtained. Cultures were
performed at the hospital microbiology laboratory using
the bacterial detection system (BacT/ALERT) for the
recipient’s blood and both chocolate agar plate and non-
automated broth culture for residual PLTs and remnants
of the pooled bag.

Cocomponents from each of the eight donations,
including red blood cells (RBCs) and fresh-frozen plasma,

‘were traced and qiiarantined. An 8-mL sample from each

of the 8 RBC units was obtained and cultured by the blood
center in the bacterial detection system,

Donor investigation and culturing

The implicated donor was interviewed, and specimens for
culturing were collected including blood and swabs from
throat, nose, antecubital skin, and perineal areas.

- Isolate characterization

Isolates were submitted to the CDC for identification and
typing. The isolates were characterized phenotypically
using a conventional biochemical identification scheme
and a rapid identification system (Rapid ID 32 Strep
system, bioMérieux).'*" Comparative 16S rRNA gene
sequencing'® and pulsed-field gel electrophoresis (PEGE)
analysis were performed as previously described.'®!’
PFGE patterns were analyzed with computer software
(Bionumerics, Applied Maths, Inc., Austin, TX). A dendro-
gram was generated using unweighted pair group with
arithmetic means and the Dice coefficient with a position
tolerance of 1.25 percent and an optimization of 0.5
petcent. .

Dice {Opt0.50%) {Tol 1 J“ - 3%) (H>0.0% $»0.0%] [0.0%-300.0%]

Sal bragnderup §.40.21 br

Sal braenderup 5.40.;

Fig. 1, PFGE and dendrogram of S. dysgal iae subsp. equisi

Recipient's biood culture 1
Recipient’s blood culture 2
Residual from pooled PLT bag

» RBC unit from impficated donor
ﬁﬁlﬁﬁ Same RBC unlt fiom implicated donor

Ponor's throat swat

ilis isolates recovered

from the recipient’s blood, a pooled PLT bag, an individual PIT unit, and the donor's

RBC unit and throat swab, Florida, 2007.

Blood center screening method and validation test
Becatuse the WB-derived PLT units used to make the pool
were screened for bacterial contamination before being
released, the screening method and the quality control
(QC) test validation were reviewed.

RESULTS

Culturing of blood components

Cultures of the remnants from the pooled bag and of
the residual PLTs from four of the eight individual
PLT bags grew Gram-positive cocci later identified as GCS.
The remaining RBC units, cocomponents of the eight
WB-derived PLTs, were still available at the blood center
and one of these RBC units also grew GCS. The presence
of GCS in one RBC cocomponent, in addition to the
WB-derived PTL units, allowed the event to be linked to
a single donor.

Donor investigation and culturing

The implicated blood donor was a healthy 18-year-cld girl
with no history of illness in the 2 weeks before or since

donation. She denied exposure to any sick people before

donation and reported living with her parents, both- of
whom were apparently healthy. She had a history of four
prior WB donations in the previous 19 months. In two of
these four prior donations, WB-derived PLT was prepared,
cultured negative, and transfused uneventfully. Culture
of the donor's throat swab taken approximately 20 days
after donation was positive for the presence of GCS. All
othier cultures from the donor failed to demonstrate GCS
growth.

CDC laboratory resuits ]

The B-hemolytic Streptococcus specimen isolated from
recipient’s blood, remnants from the pooled bag, RBC
unit, and donor’s throat swab were confirmed to possess
the Lancefield group C antigen. The converitional bio-
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chemical test teactions and the rapid
identification systemn results were iden-
tical for all isolates, and the isolates were
identified as Streprococcus dysgalactiae
subsp.  equisimilis. The 168 rRNA

sis with reference strain 16S sequences
in the CDC Streptococcus database
showed the highest similarity (99.86%)
to S. dysgalactiae subsp. equisimilis.
PFGE analysis revealed that all isolates
were indistinguishable (Fig. 1).

Review of blood center screening method and
validation test

The following methods describe the procedure for blood
donation preparation and PLT culture screening per-
formed at the blood center. Before blood collection, the
antecubital area is scrubbed for 30 seconds using a single-
use applicator with a solution of 2 percent (wt/vol) chlo-
rhexidine gluconate and 70 percent (vol/vol) isopropyl
alcohol (ChloraPrep, Enturia, Inc., Leawood, KS). Blood
collection is then performed using a single-use blood
collection kit (Fenwal, Chicago, IL).

After the separation of PLTs from PLT-rich plasma,
units are rested at room temperature (e.g., 20-24°C} for
2 hours. The units have an integrally attached tubing
segment 3 to 12 inches in length. After the resting period is
completed, the attached tubing segment containing
between 1.6 and 2.4 mL of PLT-rich plasma is stripped and

refilled three times to ensure that the tubing is filled with

PLT-rich plasma thatis representative of the content of the
bag. The segments are then sealed and labeled with the
corresponding unit number, cut, and placed in an incuba-
tor at 37°C for 24 hours. This subsequent incubation is
performed to accelerate the bacterial growth in the seg-
ments as demonstrated previously.'® At the completion of
the incubation time, the segments are welded to a sam-
pling harness using a sterile connecting device (TSCD,
Terumo Medical Corp., Sommerset, NJ), The content of up
to six segments is drawn from the segments using the
syringe in the hamess (Fig. 2). The syringe content is then
inoculated into a single aerobic blood culture botte
(BacT/ALERT), and the bottle is incubated {or § days for
bacterial growth. PLT units are released if no growth is
detected after 12 hours of incubation in the culture bottle.
A final interpretation on the culture bottle is made after
5 days of incubation at 37°C.

The test for the detection of bacterial contamination
was validated by spiking studies using pellcts with
standardized concenuaton (EZ-CFU, MicroBiologics,
St Cloud, MN) of Staphylococcus epidermidis (ATCC
12228), Escherichia coli (ATCC 8739), and Staphylococcus
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Fig. 2. Procedure for paoled PLT culture screening performed
at the blood center. The syringe In the harness is used to draw
the contents of up to six tubing segments containing PLT-rich
plasma.

aureus (ATCC 6538).'* During these validation tests, the
detection limit for bacterial contamination was shown to
be approximately 15 coleny-forming units (CFUs) per bag.

DISCUSSION

This is the first reported case of infection and death due to
transfusion of GCS-contaminated PLTs. 3-Hemolytic GCS
are pathogenic to humans and other mammals.?®®
Although lesser known than groups A and B streptococci,
both group Cand group G streptococci are part of skin, oral
cavity, nasopharynx, gastrointestinal, and vaginal normal
flora.”** Invasive infections due to GCS have been increas-
ingly recognized,? #* likely due to improvementin diagnos-
tic laboratory techniques and improved reporting. The
mostcomman species of GCSisolated in human infections
is S. dysgalactiac subsp. equisimilis2*% Outbreaks of
pharyngitis by GCS have been reported, especially among
college students;**" invasive infection by these microot-
ganisms in otherwise healthy people is less common and
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includes skin and soft tissue infections (e.g., cellulitis, ery-
sipelas), septic arthrits, abscesses, osteomyelitis, infective
endocarditis, and bacterernia. Population-based surveil-
lance for streptococcal infections in Denmark and Canada
have shown that the incidence of invasive GCS infection
ranges from 0.4 to 0.5 per 100,000 inhabitants per year, with
ahigher prevalence in persons older than 60 years of age or
with underlying conditions. **+*

This fatal transfusion reaction associated with a false-
negative screening test highlights the residual risk of
sepsis and death from PLT units screened for bacterial
contamination, Several factors could explain the reason
for the negative culture result after 5 days of incubation in
the blood culture bottle (BacT/ALERT): 1) the sampling
process may have been inadequate and too little volune
from individual WB-derived PLT bags was available in the
tubing segments, resulting in no viable organisms in the
culture bottle; 2) insufficient volume from the syringe
may have been inoculated into a single aerobic culture
bottle;™* or 3) the bacterial load of PLT unit at the time of
testing was below the detection limit of the blood center
screening process (i.e., 15 CFUs/bag).

Although GCS also has been reported as a skin con-
taminant,*? introduction through phlebotomy is less
likely due to the aseptic processes used for venipuncture.
Contamination of the PLT unit was probably due to bac-

teremia in the donor, although she bad no clinical mani- .

festations of skin or pharyngeal diseas¢ when evaluated.
The implicated donor, an apparently heéalthy young girl,
likely developed transient asymptomatic bacteremia due
to the presence of GCS in her oral cavity at the time of

donation. As a result of the investigation, this donor has -

been indefinitely deferred for blood donation.

GCS was also isolated from three other PLT units
besides the implicated donor’s unit. A probable explana-
tion for this is that if the fifth PLT unit pooled in the bag by
the hospital was from the implicated donor, this unit may
have contaminated the port of the pooling bag, subse-
quently contaminating PLT Units 6, 7, and 8.

Persistence of bacterial growth in contaminated PLT
components occurs due to the relatively warm' storage
temperature of PLT units. At 20 to 24°C, a small bacterial
inoculum can grow quickly, resulting in a large number of
organisms in the PLT unit by the time of transfusion.
Because this rapid bacterial growth occurs under normal
PLT storage conditions, older units (=5-day storage) are
more likely to have higher bacterial load than younger
units (=5-day storage). Because of this phenomenon, FDA
mandates that the storage period of WB-derived PLT units
cannot be longer than 5 days. More septic reactions
including fatalities have been reported with older PLT
units.” [nterestingly, the fatal GCS case reported in this
article was caused by a PLT unit transfused on Day 3 after
collection, suggesting a very rapid bacterial growth during
storage and hence a high bacterial load in this recently

collected unit; this phenomenon has previously been

noted in association with Grain-negative organisms.?
Detection of bacterial contamination in pooled

WB-derived PLTs remnains a challenge. Because of the

.short storage time for WB-derived PLTs (ie, 5 days), the

blood center in our investigation performs sampling
within 2 hours after separation of the components. This
techniqgue does not allow for an additional 24-hour
holding period to improve the sensitivity of the test. Both
the shorter holding period and the smaller sampling size
(i.e., 1.6 to 2.4 mL in each tubing segment) are likely to
decrease the sensitivity of the method when compared to
comparable apheresis testing procedures. The sensitivity
of the method described, however, is likely to be superior
to pH and glucose measurements commonly used for
WB-derived PLTs QC. At the blood center reporting this
case, the overall incidence of true-positive bacterial con-
tamination (i.e., confirmed by replicate growth on the
units frorn which the tubing segment was obtained) using
the method described is 1 in 21,000 WB-derived PLT
units*® (which can be estimated as 1 in 3500 WB-derived
PLT pools if we assume that 1 segment in each pool of
6 was contaminated), whereas the fncidence of true-
positive bacterial detection on apheresis PLT units at this
same institution is 1 in 2700.

Althouigh alternative devices for prepooling and sam-
pling for culture have been approved by the FDA,3 these
alternatives, as currently configured, require the use of
proprietary blood collection bags, leukoreduction filter,
and bacterial growth detection systems that are not com-
patible with the bacterial detection systerns used at. all
blood establishments, including the blood establishment
where the PLTs in this feport were prepared.

The BacT/ALERT culture method was approved by
the FDA in 2002 for QC of bacterial contamination of
single-donor PLT (SDP) units only. Because use of the
BacT/ALERT method for individual WB-derived PLT units
is not practical due to the small volume of each unit, a
study was conducted in 2005 to validate the use of this
method for the detection of bacterial contaminadon
in WB-derived PLTs in a pooled format This study
demonstrated that the BacT/ALERT method is capable of
detecting very low concentrations of bacteria in a single
WB-derived PLT unit when the contaminated unit is
pooled with 5 other sterile units for culturing. In this
validation study, both aerobic and anaerobic bottles
were used. Although the use of one acrobic bottle and one
anacrobic bottle is strongly recommended by the manu-
facturers of BacT/ALERT, the majority of the blood centers
only use one aerobic bottle™ as reported in our investiga-
tion, A recent study done by Brecher and Hay* using Sta-
phylococcus lugdunensis suggested that the use of both
aerobic and anaerobic bottles may significanty increase
sensitivity of screening, particularly when the inoculum is
low. It is unclear, however, whether this increase in sensi-
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tivity is due to the use of anacrobic media or simply
reflects an increase in total volume inoculated.

Non-culture-based screening methods have been
suggested for detection of bacterial contamination in
WB-derived PLT units;® however, these methods are typi-
cally less seusitive than culture. FDA recently approved
a rapid test to be used to supplement current screening
strategies for detection of bacterial contamination in
PLTs.* This supplemental test is to be used near the time
of -transfusion and can detect bacterial contamination
that was not detected by culture. The performance of
this new test in WB-derived PLTs is unknown, however,
since studies were conducted using leukoreduced apher-
esis PLTs.

Our report and others*®™* indicate that current
screening methods to prevent transfusion of bacterially
contaminated PLTs can be improved. Further studies to
evaluate the sensitivity of culture and non~culture-based
screening methods for detection of bacterial contamina-
tion in WB-derived PLTs are necded. Efforts to improve
recognition of bacterial contamination of PLTs also need
to continue. If transfusion-related bacteremia is sus-
pected, the residual blood product unit should be saved by
the hospital and the blood center imumediately informed.
Timely information will allow blood centers to rapidly
trace and quarantine potentially contaminated cocomp-
onents made from the same donation. Finally, the BacT/
ALERT package insert's recommendations should be,
followed, particularly concerning the use of one aerobic
and one anaerobic culture bottle with sufficient volume.
B-Hemolytic streptococei are facultative anaerobes and
may be better recovered under anaerobic conditions.””
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vCJD abnormal prion protein found in a patient with haemophilia at
post mortem :

17 February 2009

_ Evidence of infection with the agent (abnormal prion protein) that causes variant Creutzfeldt-Jakob Disease (vCJD) has

been found at post mortem in the spleen of a person with haemophilia.

The patient, who was over 70 years old, died of a condition unrelated to vCJD and had shown no symploms of vCJD or any other
neurological condition prior to his death. The vCJO abnormal prion protein was only identified during post mortem research tests.

The Health Protection Agency is working with the UK Haemophilia Centre Doctors Organisation to ensure all patients with bleeding
disorders are made aware of this preliminary information which is being further investigated. This new finding will not change the
way patients with haemophilia are cared for or treated.

i final view as to how vCJD abnormal prion protein was transmitted.to this haemophilia patient has yet to be reached because
investigations are continuing to determine the most likely route of transmission. It is known that the patient had been treated with
several batches of UK sourced clotting factors before 1999, which is when measures to improve the salety of blood in relation to
vCJD were introduced. The patient's treatment had included one batch of Factor VIll that was manufactured using plasma from a
donor who went on to develop symptoms of vCJD six months after donating the plasma in 1996.

This is the first time that vCJD abnormal prion protein has been found in a patient with haemophilia, or any patient treated with
plasma products. This new finding, however, does not change the public health vCJD ‘at risk status of patients with bleeding
disorders. :

Haemophilia patients have previously been informed by their doctors of their possible increased risk of exposure to vCJD via clotting
factors. In 2004 all patients with bleeding disorders who had been treated with UK-sourced pooled plasma products between 1980
and 2001 were told that, owing to potential vCJD infectivity from these products they were to be classified as at-risk of vCJD for
public health purposes.

Professor Mike Catchpole, Director of the Health Protection Agency's Centre for Infections, said:

“This new finding may indicate that what was until now a theoretical risk may be an actual risk to certain individuals who have
received blood plasma products, although the risk could still be quite low. We recognise that this finding will be of concern for
persons with haemophilia who will be awaiting the completion of the angoing investigations and their interpretation.

The priority is to ensure that patients are informed of this development and have access (o the latest information and specialist
advice from their own haemophilia centre doctor as soon as possible.

“This finding does not change our understanding of the risk from vCJD for other people in any specific way. But it does reinforce the
importance of the precautionary measures that have been taken over the years.

“Since the risk of vCJD transmission through blood was.first considered, a number of precautionary measures have been introduced
to minimise the risk frem the UK blood supply. UK pfasma has not been used for the manufacture of clotting factors since 1999 and
synthetic clotting factors are provided for all patients for whom they are suitable.”

Ends

Notes for editors
1) The post-mortem tests were carried out as part of a research study join{ly coordinated by the UK Haemophilia Centre Doctors
Organisation and the National CJD Surveillance Unit. The study was commissioned in 2001 and is ongoing.

2) The likelihood of a person who is infected with the vCJD abnormal prion protein going on to develop symptoms of the disease is
uncertain and may depend on individual susceptibility. It is possible that infected individuals may never develop symptoms.

3) Haemophilia is a genetic blood condition in which an essential clotting factor is either partly or completely missing. This causes a
person with haemophilia to bleed for longer than normal, Treht3@nt for haemophilia is usually by replacing the missing clotting



factor (factor VIII) through regular injections which helps the blood to clot and minimises the likelihood of long term joint damage.

4) 1n 2004 all patients with bleeding disorders who had been treated with UK-sourced pooled plasma products (e.g. clotting factors
for individuals with haemophilia) between 1980 and 2001 were told that, owing to uo,m::m_ vCJO infectivity from these products, 53
would be classified as at-risk of vCJD for public health purposes.

The start date of 1980 is thought to be the earliest date the agent (abnormal prion protein), 5% causes BSE in cattle and vCJD in
humans, could have entered the food chain. The end date of 2001 is the last possible expiry date of any product am:imoean by
UK fractionators that had been sourced from UK donors up until 1998,

5) The government introduced a number of measures from 1997 onwards to safeguard bicod and plasma supplies.

' Since 1997 all cases of vCJD that are reported to the National CJO Surveillance Unit and diagnosed as having ‘probable’
vCJD, result in a search of the UK Blood Services blood donor records. If the patient has donated blood, any unused parts of
that blood are immediately removed from stock. The fate of all used components of blood from the donor is traced, and surviving
recipients informed of their risk.

* In July 1998, the Department of Health announced that plasma for the manufacture of blood products, such as clotting factors,
would be obtained from non-UK sources.

* Since October 1999, white blood cells (which may carry the nam»mmn risk of §=m5_8=m vCJD) 3m<m been removed from all
blood used for :m:m‘cwﬂo:

* In August 2002 the Department of Health announced that fresh adNo: plasma no_. :omcsn babies and young children born
after 1 January 1996 would be obtained from the USA, extended to all children under 16 years of age (Summer 2005).

* in December 2002, the Department of Health completed its ucqo:mwo of the largest remaining independent US plasma”
collector, Life Resources Incorporated. This secures long-term supplies of :o:.cx blood plasma for the benefit of NHS umca

» Since April 2004, blood donations have not been accepted from people who have themselves received a blood transfusion in
the UK since 1980. This has been extended to include apheresis donors and donors who are unsure if they had previously had a .
blood transfusion (August 2004).

» Since late 2005, blood donations have not been accepted from donors i:o% u_ooa was ﬁsﬂcmoa to patients who _m:#
developed vCJD.

* The UK Blood Services continue to promote the mnu_.ou:m_o use of Eooa and tissues and m_~m3m=<¢m throughout the NHS.

6) Specialist advice and care concerning vCJD is available from:

The National CJD Surveillance Unit, based at the Western General Hospital Edinburgh: Ebnrmhuppck .:._m zzm ZN._ozm_ _u:os
Clinic, based at The Hospital for Neurology and Neurosurgery, Queen Square, London hitp:/ X

7) For further information about vCJD go to:

www.hpa.org.ukicid
hitp:/Awww hpa.ord.ukivcidplasmaproducts

LW,

http:/iwww.dh.gov.uk/PolicyAndGuidance/HealthAndSocialCareT opics/CJD/fs/en ) : e
‘hitp:/iwww.blood.co.uk/ :

Icm T uLLa ed. mmtlx

8) For Health Protectiori Agency media enquiries please contact the Agency’s Centre for Infections Press Office on:

Kate Swan 020 8327 7097
Alexandra Baker 0208 327 7098
Louise Brown 020 8327 7080

o

George Fletcher 020 8327 6690

Last reviewed: 17 February 2009
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vCJD abnormal prion protein found in a patient with haemophilia at post
mortem
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17 February 2009

i

Evidence of infection with the agent (abnormal prion protein) that causes variant Creutzfeldt-Jakob Disease (vCJD) has been
found at post mortem in the spleen of a person with haemophilia.

The patient, who was over 70 years old, died of a condition unrelated to vCJD and had shown no symptoms of vCJD or any other
neurological condition prior to his death. The vCJD abnormal prion protein was only identified during post mortem research tests.

The Health Protection Agency is worki ui:z the UK Haemophilia Centre Doctors Qrganisation to ensure all patients with bleeding
disorders are made aware of this preliminary Information which is being further investigated. This new finding will not change the way
patients with haemophilia are cared for or treated.

EEREDRXSH

#

A final view as to how vCJD abnormal prion protein was transmitted to this haemophilia patient has yet to be reached because
investigations are continuing to determine the most likely route of transmission. It is known that the palient had been treated with severa!
batches of UK sourced clotting factors before 1999, which is when measures to improve the safety of blood in relation to vG4D were
introduced. The patient's treatment had included one batch of Factor Vil that was manufactured using plasma from a donor who went on
to develop symptoms of vCJD six months after donating the plasma in 1995.

SHRORIE

N

This is the first time that vCJD abnormal prion protein has been found in a patient with haemaphilia, or any patient treated with plasma
products. This new finding, however, does not change the public health vCJD “at risk’ status of patients with bleeding disorders.

Haemophilia patients have previously been informed by their doctors of their possible increased risk of exposure to vCJD via clotting
factors. In 2004 all patients with bleeding disorders who had been treated with UK-sourced pooled plasma products between 1980 and
2001 were told that, owing to potential vCJO infactivity from these products they were to be classified as at-risk of vCJD for public health
purposes.

Professor Mike Catchpole, Director of the Health Protection Agency's Centre for Infections, said:

"This new finding may indicate that what was until now a theoretical risk may be an aclual risk to certain individuals who have received
blood plasma products, although the risk could still be quite low. We recognise that this finding will be of concern for persons with
haemophilia who will be awaiting the completion of the ongoing investigations and their interpretation.

The priority is to ensure that patients are informed of this development and have access o the latest information and specialist advice

from their own haemophilia centre doctor as soon as possible. ,

*This finding does not change our understanding of the risk from vCJD for other people in any specific way. But it does reinforce the
importance of the precautionary measures that have been taken over the years. .

“Since the risk of vCJD transmission through biood was first considered, a number of precautionary measures have been introduced to
minimise the risk from the UK blood supply. UK plasma has not been used for the manufacture of clotting factors since 1999 and
synthetic clotting factors are provided for al patients for whom they are suitable,”
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Notes for editors
1) The post-mortem tests were carried out as part of a research study jointly coordinated by the UK Haemop
Organisation and the Nationa! CJD Surveillance Unit. The study was commissioned in 2001 and is ongoing.
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2) The likelihood of a person who is infected with the vCJD abnormal prion protein going on to develop symploms of the disease is
uncertain and may depend on individual susceptibility. It is possible that infected individuals may never develop symptoms.

3) Haemophilia is a genetic blood condition in which an essential clotting factor is either partly or completely missing. This causes a
BERED OB person with 3mm30u:_:m.8 bleed for longer than normal, ,_.Em.am% W& haemophilia is usually by replacing the missing clotting factor
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(factor VIit) through regular injections which helps the blood to clot and minimises the likelinood of fong term joint damage.

4) In 2004 all patients with bleeding disorders who had been freated with UK-sourced pooled plasma products (e.g. clotting factors for
individuals with haemophilia) between 1980 and 2001 were told that, owing to potential vCJD infectivity from these products, they would
be classified as at-risk.of vCJD for public heaith purposes.

The start date of 1980 is thought to be the earliest date the agent (abnormal prion protein), that causes BSE in cattie and vCJD in
humans, could have entered the food chain. The end date of 2001 is the last possible expiry date of any product manufactured by UK
fractionators that had been sourced from UK donors up until 1998.

5) The government introduced a number of measures from A.oo.\ onwards to safeguard blood and plasma supplies.

* Since 1997 all cases of vCJD that are reported to the National CJD Surveillance Unit and diagnosed as having 'probable’ vCJD,
resultin a search of the UK Blood Services blood donor records. If the patient has donated blood, any unused parts of that blood are
immediately removed from stock. The fate of all used components of blood from the donor is traced, and surviving recipients informed
of their risk.

>n July 1998, the Depantment of Health announced that plasma for the manufacture of blood products, such as clotting factors,
would be obtained from non-UK sources.

* Since October 1999, white blood cells {(which 3m< carry the o«mmaﬂ risk of transmitting <O.=uv have been removed from all blood
used for transfusion.

* In August 2002 the Department of Health announced that fresh frozen plasma for treating babies and young o:_aa: born after 1
January 1996 would be obtained from the USA, extended to all children under 16 years of age Amcaama 2005).

* in Decemiber 2002, the Department of Health completed its purchass of the largest remaining independent US u.m.m:_m collector,
Life Resources Incorporated. This secures long-term supplies of non-UK blood plasma for the benefit of NHS um:o%m.

* Since Aprit 2004, blood donations have not been accepted from people who have themselves received a blood transfusion in the
UK since 1980. This has been extended to include apheresis donors and donors who are unsure if :._o< had previously had a bicod
transfusion (August 2004). .

» Since late 2005, blood donations have not been accepted from donors whose blood was transfused to vmzm_.;m who later
developed vCJD.

* The UK Blood Services continue to promote the appropriate use of blood and tissues and alternatives ‘throughout the NHS.

6) Specialist advice and care concerning vCJD is available from: -

The National CJD Surveillance Unit, cmwmu at the Western Generat Hospital Edinburgh:
Clinic, based at The Hospital for Neurology and Neurosurgery, Queen Square, London

._.:o ZIm National Prion -

7) For further information about vCJD go to:
www hpa,org.uk/cid

:xu /iwww . hpa.org cE<oao_mm3mu8acnﬁ

8) WQ Health Protection Agency media enquiries please contact the Agency’s Centre for Infections Press Office on:
Kate Swan 020 8327 7097

Alexandra Baker 0208 327 7098

Louise Brown 020 8327 7080

George Fletcher 020 8327 6690

Last reviewed: 17 February 2008
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Introduction

Summary A previous study has demonstrated the potential of alkaline
proteases to inactivate bovine spongiform encephalopathy (BSE301V). Here
we explored the use of MC3, a genetically engineered variant of Bacillus lentus
subtilisin. MC3 was used to digest BSE301V infectious mouse brain homogenate
(IMBH). MC3 eliminated all detectable 6H4-immunoreactive material at pH 10
and 12; however, Proteinase K was only partially effective at pH 12, When
bioassayed in VM mice, MC3- and Proteinase K-digested iMBH gave
respectively 66.6% and 22.7% survival rates. Using a titration series for disease
incubation, this equates toa >7 log reduction in infectivity for MC3 and >6 log
reduction for Proteinase K. This study demonstrates the potential for thermo-
stable proteases to be developed as effective inactivation processes for prion
agents in healthcare management.

Crown Copyright @ 2009 Published by Elsevier Ltd on behalf of The Hospital
Infection Society. All rights reserved..

generated a number of pubtic health issues. Although
any residual risk of eating BSE-contaminated food has

The emergence of bovine spengifonm encephalopathy ~ been minimised, there continues to be a threat of

(BSE) in cattle, believed to have given rise to variant
Creutzfeldt—Jakob disease (vCJD) in humans, has

* Corresponding author, Address: Technology Development
Group, Health Protection Agency, CEPR, Porton Down, Salisbury,
Wiltshire SP4 0JG, UK. Tel.: +44 1980 612100; fax: +44 1980
612622,

E-mail address: mark,sutton@hpa.org.uk

onward transmission. by fatrogenic routes.

Defining the levels of risk of transmission of
human prion disorders via surgery, transplant or
transfusion has proved difficult due to the unique
nature of these agents, uncertainties about
the underlying prevalence of the disease and the
absence of ante-mortem diagnostic methods. The
number of clinical vCJD cases remains low: 167

0195-6701/§ - see front matter Crown Copyright © 2009 Published by Elsevier Ltd on behalf of The Hospital Infection Soclety. All rights reserved.

doi:10.1016/1.jhin.2008.12.007
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(dead and alive) definite or probable cases of vCJD
in the UK with a further 43 cases worldwide to
June 2008 [University of Edinburgh’s National
Creutzfeldt—Jakob Disease Surveillance Unit
(NCJDSU) website]. All clinical cases have been
restricted to a single genotype, being homozygous
for methionine at codon 129 of the prion protein
gene (PRNP). Further cases of potential infection,
with no known clinical disease, have been identi-
fied in the two remaining genotypes; two valine
homozygotes: from a retrospective study locking
at appendix samples and a heterozygote case of
blood transfusion related transmission.’™? Studies
suggest that clinical manifestation in these geno-
types may require extended incubations and poss-
ibly present with different clinical symptoms.**
The estimation of transmission risk via vCJD is
difficult as certain aspects of its presentation differ
significantly from the historical forms of CJO. PrPSc,
a biomarker for prion infectivity, has been found at
much higher levels in vCJO-infected lymphoid and pe-
ripheral nervous tissue than sporadic CJD (sCJD) in-
fected tissue.%” This suggests that the fatrogenic
transmission of vCJD is more likely than sCJD, which
is supported by the identification of four cases of
transfusion-related vCJD.>*° However, there are
well-documented cases of transmission of sCJD via
neurosurgery, transplant of dura mater and human
growth hormone. "™ Some studies have also sug-
gested that an increased rate of sCJD is associated

with an increase in the number of surgical events an -

individual may have undergone.'> ¢ In addition, Prp%
signal has been shown in sCJD-infected skeletal mus-
cle and adrenal gland, suggesting that infectivity
may be more widespread than originally thought.'”'3

Given the high levels of uncertainty, validated
methods for the decontamination of surgical in-
struments are urgently required. it is widely ac-
cepted that autoclaving only partially inactivates
TSE agents.'®?® The World Health Organization
(WHO) recommends extended treatment with high
concentrations of sodium hypochlorite or sodium
hydroxide but these are not suitable for many appli-
cations, includin; routine decontamination of surgi-
cal instruments,?' We report here an extension of
our previous work using genetically engineered al-
kaline proteases in an inactivation model relevant
to treatment of surgical instruments.

Methods
Reagents and models

Proteinase K was supplied by Finnzymes (Espoo,
Finland) and MC3 ('Prionzyme™’) by Danisco US
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Inc., Genencor Division (Rochester, NY, USA).
Preparation of BSE301V mouse brain homogenate,
analysis by sodium dodecy! sulphate (SDS)—poly-
acrylamide gel electrophoresis, western blotting
and bioassays were carried out as previously
described.? Animal studies were conducted in
compliance with current UK Home Office regula-
tions and licences.

Assessment of the subtilisin variants

The kinetic parameters Key,, Ku, and ken /Ky were
measured by hydrolysis of succinyl-i-Ala-L-Ala-t-
Pro-L-Phe-p-nitroanilide (AAPFpna). > To assess ther-
mal stability, purified enzyme (15 ug/mLin 0.1 mol/
L glycine, 0.01% Tween-80, pH 10.0)+ 50 mmol/L
CaCl, was incubated at 10°C for 5min, 10°C to
60 °C over 1 min and 60 °C for 20 min, then placed
on ice for 10 min and enzyme activity measured by
hydrolysis as above.

Results
Protease digestion of infectious MBH (IMBH)

Digestion of BSE301V iMBH by MC3 was assessed at
different pH values. At all pH values tested, MC3
was able to reduce the levels of 6H4-reactive
material as detected by western blot (Figure 1).
The western blots showed the presence of the
characteristic triple bands corresponding to the
unglycosylated, monoglycosylated and diglycosyl-
ated forms of PrP>c, Bands were fully digested at
pH 8, 10 and 12: this is in line with previous results
showing that alkaline pH is critical to effective di-
gestion of PrP* by subtilisin-type proteases.? At
pH 4, PrP*¢ is only partially digested, whereas
greater digestion is observed at pH 2 and 6, sug-
gesting that the conformation at pH 4 may be es-
pecially resistant to proteolysis. Proteinase K was
relatively poor at eliminating PrP% with a smear
of material evident even at pH 12, partial digestion
of PrP*¢ at pH 8 and 10, resalution to PrP% at pH 6
and little or no effect at pH 2 and 4 (Figure 1). Di-
gestions of {MBH with MC3 at 50, 60, 70 and 80 °C
were analysed by western blot; digestion at 60 °C

~appeared to be most effective (data not shown).

Assessment of MC3-digested iMBH by biocassay
gave a highly significant reduction in the overall
levels of infectivity compared with our previous
study (Figure 2). Of the mice challenged with MC3-
digested iMBH, 66.6% survived to the end of the
study with a mean incubation of 447 & 154 days
(assuming that all animals had been culled at 18
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Figure 1 Degradation of 6H4-immunoreactive material
by proteases under alkaline conditions. Infectious mouse
brain homogenate (iMBH) diatysed against pH buffer indi-
cated, digested for 30 min at 60 °C with 2 mg/mL MC3 (A)
and Proteinase K (B). Digestion was assessed by western
blot with 6H4. Lane r: recombinant PrP (Prionics); lane
u: undigested iMBH in PBS.

months post chatlenge). This compares with 29.2%
(315 £ 173 days) and 30.4% (326 + 162 days) sur-
vival for 10~7 and 107? dilutions of iMBH respec-
tively.22 The incubation period (447 & 154 days) is
significantly different - from the 107% dilution
(326 + 162 days), equating to a >7 log clearance,
as assessed by Kaplan—Meier survival analysis
(P=0.0195). Data from our previous study show in-
cubation of iMBH with pH 12 buffer resulted ina re-

. duction in infectivity of ~1log from 135.8 £5.59

to 142.8+9.62 for an equivalent dilution of
iMBH. Extended incubation periods of 327 & 151
days were also obtained for Proteinase K digestion
although there was a lower overall survival rate of
22.7%. These.values were not significantly differ-
ent from the 107 ditution (P=0.7971). Histology

was carried out to confirm disease pathology and-

showed ' complete correlation between clinical
endpoint and signs of disease in the brain {results
not shown). : . :

Relevance of the genetic modifications to
MC3 and its ability to digest prion material

MC3, a propriétary alkaliné protease, represents
a genetically engineered variant of the Bacillus
{entus subtilisin with amino 'add changes N76D/
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1ok l—:;— Properase —#— MC3 —i#— Protcinase K ~r- 1X104 --&- 1X 108
ol iy . . . . A )
120 170 220 270 320 370 420 470 520

Incubation time (days post inoculation)
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Table ! Thermal stability and enzymatic characteristics of engineered proteases®

Thermal stabitity {Ty/, min)®

Enzyme kinetic analysis

(% of Purafect) keat (1/5) K (M) keat/Kn
Purafect 100 170 0.78 2.20E+ 05
Properase 100 435 1.89 2,30E+05
MC3 460 830 1.6 5.20E+05

* Measured by hydrolysts of succinyl-t-Ala-t-Ala-L-Pro-L-Phe-p-nitroanilide at pH 8.6, 25 °C.

b pH 10 buffer.

S103A/V1041.% The effects of the three amino acid
modifications in MC3 were compared with both the
parent enzyme (wild type Bacillus lentus subtili-
sin; Purafect) and Properase (Table 1}. At pH 10,
MC3 shows significantly improved thermal stability
with the half-tife of the enzyme extended by >4.5-
fold compared with Purafect and Properase., En-
zyme kinetics were measured by hydrolysis of the
substrate AAPFpna. MC3 showed significantly im-
proved catalytic properties with a higher catalytic
rate (Keae/Ku) of 5.2 x 10° compared with 2.3 x 10°
for Properase and 2.2 x 10° for Purafect.

Discussion

This study demonstrates the ability of genetically
engineered proteases, selected for improved sta-
bility and catalytic properties at alkaline pH, to
digest prion material. We have reduced BSE301V
infectivity from ~3 log with. Properase in our pre-
vious study to >7log with MC3. This compares
favourably with established decontamination/disin-
fection processes and is beyond the 5 log reduction
recommended by the Spongiform Encephalopathy
Advisory Committee (SEAC) on its website. MC3
can be easily introduced into existing healthcare
practice and avoids the harsh conditions for instru-
ments, operators and the environment that are as-
sociated with- the WHO guideline conditions of
20000 ppm,_ active chlorine or t mol/L sedium hy-
droxide, The alkaline pH required for inactivation
is comparable with other alkaline prion {nactivat-
ing cleaners on the market (neodisher® Septo-
Clean, Serchem Delta) and is compatible with
stainless ‘steel instruments, The 30min contact
time of the enzyme with iMBH was selected on
the basis of compatibility with a pre-soak process
for the final product.

Since the publication of our earlier study,
several other groups have described approaches
to the inactivation of prions including further

. protease-based, detergent-based and gas-phase

agents, animal models and challenge regimes
have been used to assess decontamination. The
relevance of different scrapie strains to the inacti-
vation of human prion agents (and BSE) has been
questioned, given their lower stability to thermal,
chemical and enzymatic denaturation.?®3¢%
Given this uncertainty it would seem most appro-
priate to use a high titre TSE agent that is directly
relevant to human disease in an animal model with
no transmission barrier. At the moment such
models are limited to the type of strain used

"here, a murine passaged BSE strain as a model

for BSE and vCJD, or vCJD/sCJD in a human trans-
genic murine model.

Many inactivation studies have used the wire
implant model as pioneered by Weissman and
colleagues.®® Although these studies are clearly
directly retevant for assessing the effectiveness
of prion removal from steel surfaces, they may
be limited in their ability to show large reduction
values due to the limited votlume of material on
the wire. Titration curves for 263K scrapie on wires
consistently show a very rapid decrease in infectiv-
ity at ~4—6 tog dilutions compared to the 8 log
dilutions typical of this agent in solution.%3' Lim-
ited data using wire implants in overexpressing
transgenic mouse models offer no improvement
in sensitivity.?>?® SEAC has highlighted on its web-
site the need for a standardised model which can
be used to compare the efficacy of decontamina-
tion technologies. The guidance suggests that
a suitable model should mimic the clinical situa-
tion, for which the decontamination technology

is to be used, as closely as possible. SEAC recog- -

nises that infectivity bound to a metal surface,
particularly material that is dried on, may repre-
sent a tougher chatlenge than infectivity in solu-
tion. However, the guidance also suggests that
any decontamination process should demonstrate
a reduction in infectivity of >5 tog, to offer an ap-
preciable improvement over existing practices. in
reality this may mean that two models need to
be employed: a wire model to demonstrate clinical

)

B

Figure 2 Bioassay survival curves of protease-treated BSE-301V infectious mouse brain homogenate (iMBH) in VM
mice. Percentage survival of mice was assessed following protease digestion of 10% BSE301V iMBH. The values
were compared to a titration of iMBH in natve MBH (nMBH) as published previously.?

inactivants. 20-35-3% Comparing data between these  €fficacy and an 'fn-solution’ madel to ensure suffi-
models is extremely difficult as a variety of TSE cient dynamic range.
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The improved thermal stability and increased
catalytic rate of MC3 have clearly contributed to
its ability to inactivate prions. The ability of
proteases to degrade prions appears to be de-
pendent on the use of reaction conditions or
additives that open up the structure of the in-
fectious molecule to allow access to the peptide
bonds. Based on previous results we continued to
use alkaline conditions as this appeared to be
generally more.efficient at allowing protease di-
gestion.. This was supported by bioassay results
showing a reduced log inactivation when experi-
mentally the pH dropped below pH 12 (results not
shown). Other groups have used detergent, prin-
cipally SDS, usually in the presence of heat to
effect similar conformational changes to promote
protease digestion,?”:28:3°

There are many examples of the use of genetic
engineering to enhance the properties of naturally
occurring enzymes, and subtilisin-type proteases
have been among the foremost of those modi-
fied.?2 Properase and MC3 are all engineered ver-
sfons of the B. lentus subtilisin backbone and
were selected for these studies on the basis of
their stability and activity at alkaline pH. Clearly
such an approach has apptications in healthcare
management with the methods being simple and
safe to use and non-destructive to medical
instruments.
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Genetic risk factors for variant Creutzfeldt-Jakob disease:
a genome-wide association study

Simon Mead, Mark Poulter, james Uphill, john Beck, jerome Whitfield, Thomas E F Webb, Tracy Campbell, Gary Adamson, Pelagia Deriziotis,
Sarah | Tabrizi, Holger Hummerich, Claudio Verzilli, Michael v&vnﬂ. John C Whittaker, John Collinge

Summary

Background Human and animal prion diseases are under genetic control, but apart from PRNP (the gene that encodes
the prion protein), we understand little about human susceptibility to bovine spongiform encephalopathy (BS E)
prions, the causal agent of variant Creutzfeldt~Jakob disease (vC]D).

Methods We did a genome-wide assodiation study of the risk of vCJD and tested for replication of our findings in
samples from many categories of human prion disease (929 samples) and control samples. from the UK -and Papua
New Guinea (4254 samples), including controls in the UK who were genotyped by the Wellcome Trust Case Control

: Congortium. We also did follow-up analyses of the genetic control of the clinical phenotype of prion disease and
analysed candidate gene expression in a mouse cellular model of prion infection.

Findings Thé PRNP locus was strongly assodated with risk across several markers and all categories of prion disease
(best single SNP [single nucleotide polymarphism) assodiation in vCJD p=2- 5x10°1; best haplotypic assodation in vCJD
p=1x10'%4). Although the main contribution-to disease risk was conferred by PRNP polymorphic codon 129, another
nearby SNP conferred increased risk of vCJD. In addition to PRNP, one technically validated SNP assodation upstream
of RARB (the gene that encodes retinoic acid receptor beta) had nominal genome-wide significance (p=1-9x107). A
similar association was found in a small sample of patients with iatrogenic CJD (p=0-030) but not in patients with
sporadic CJD (sCJD) or kuru. In qultured cells, retinoic adid regulates the expression of the prion protein. We found an
assodiation with acquired prion disease, including vCJD (p=5 +6x107%), kuru incubation time (p=0.017), and resistance to
kuru (p=2.5x10°4), in 2 region upstream of STMN2 {the gene that encodes SCG10). The risk genotype was Dot assodiated
with sCJD but conferred an earlier age of onset. Furthermore, expression of Stmn2was reduced 30-fold postinfection in

a mouse cellular model of prion disease.

Interpretation The polymorphic codon 129 of PRNP was the main genetic risk factor for vCJD; however, additional
candidate loci have been identified, which justifies functional analyses of these bialogical pathways in prion disease.

, Funding The UK Medical Research Coundl.

Introduction
Prion diseases are transmissible, fatal, neurodegenerative
conditions of human beings and animals that are caused
by the autocatalytic misfolding of host-encoded prion
protein (PrP)’ An epizootic .prion disease, bovine
spongiform encephalopathy (BSE), widely exposed the
populition of the UK (and, to a lesser extent, many other
populations) to prion infection. The subsequent diagnasis
of variant Creutzfeldt-Jakob disease {vCJD) in young
British adults, and the experimental finding that this was
caused by BSE-like prions,** resulted in a major publicand
animal health crisis. . :
Although the number of recorded clinical cases of vCJD
to date has been small (~200) in relation to the millions of
peoplewho were potentially exposed, how manyindividuals

- -were infected is unclear. The ‘clinically silent incubation

period in human beings can exceed 50 years, and estimates
of the prevalence of subclinical infection made on the basis
of screenirig archived surgical specmens predicts that
thousands of individuals in' the UK are infected* Blood
transfusion seems to be an effident route of secondary
transmission’ but no screening test to ensure the safety of

www.thelancet.com/neurology Vol 8 January 2009

blood products is. yet available. Case control studies have
identified no unusual’ occupational, dietary, or other
exposure to BSE prions among patients with vCJD ! which
suggests that genetic factors might be crudal.

A known genetic factor for susceptibility to prion disease
is the commuon single nucleotide polymorphism (SNP) at
codon 129 in PRNP, the gene that encodes PrP in human
beings. Here, either methionine {(~60% allele frequency in
Europeans) or valine is encoded.’ All patients with vCJD

whohave been genotyped are homozygous for methionine,®

which represents the strongest assodation to date of a
common genotype with any disease. Although this is a
powerful effect, about a third of the exposed UK population
have this genotype. An important role for other genetic lod
is supported by the fesults of mouse quantitative trait locus
studies, which have identified many regions that are not
linked to Pmp but control the highly variable prion disease
incubation periods,™ including that of BSE prions.” The

importance to public héalth of understanding susceptibility ,

to BSE prion infection in human beirgs is therefore clear.
We undertook a genome-wide association study with
100K and 500K Affymetrix arrays with all available samples
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from white British patients with vCJD (n=119) compared
with our own and publicly available UK control data, which
was genotyped by the Wellcome Trust Case-Control
Consortium (WTCCC). Because all available vC]D samples
from the UK were included in the discovery phase, we
went on to compare the top-ranked SNP associations and
additional SNPs at the PRNPlocus with a large and diverse
collection of patients with prion disease, including those'
with {atrogenic CJD (C)D), sporadic CJD (sC]D), and
kuru. ,

Methods

Samples

Figure 1 shows the four ters of genotyping in the study.
Samples were obtained from 119 patients with vCJD
(ten patients with probable vCJD and 109 patients with’
definite vC]D) who were diagnosed at the National Prion
Clinic (NPC), London, or the National CJD Surveillance
Unit (NCJDSU), Edinburgh, between 1995 and 2005
according to established criteria. Patients. who acquired
iatrogenic vC]D through blood transfusion were not
indluded in this series. All patients with vC]D were thought
to have acquired the disease in the UK and were of white
British ethnic origin (60% were men; mean age of disease
onset was 29-8 [SD 10- 9] years). :

Samples were obtained from: 506 patients with probable
or definite sCJD diagnosed according to established criteria
and from 28 patients with iC]D related to exposure to
cadaver-derived growth hormone in the 1980s or earlier;’
these samples were obtained from the NPC or the NCJDSU
or from other clinical ¢olleagues in the UK’ All patients
were from the UK or elsewhere in northemn Europe.
Although most patients were of white British ethnic origin,
and all patients of known non-white ethnic origin were
excluded, this information was based on names and
geographical location for some samples. 325 patients had
pathologically confirmed sCJD and 181 patients had a
diagnosis of probable sCJD with a high specificity according
to published WHO criteria, although some of these
patients might have had a neuropathological diagnosis
made elsewhere Mean age of disease onset was 68-2
(SD 12.0) years for the patients with sCJD and 31.1
{6+ 3) years for the patients with iCJD. 50% of the samples
from patients with sCJD were from men,

Before 1987, kuru surveillance was done by many
different investigators; however, from 1987 to 1995
swveillance was done solely by the Kuru Surveillance
Team of the Papua New Guinea Institute of Medical
Research. From 1996, kuru surveillance was strengthened:
a field base and basic laboratory for sample processing and
storage were established in the village of Waisa in the
South Fore, and a wide collection of population control
samples were taken.* The samples from patients with kuru
{n=151) were taken from young children, adolescents, and
adults during the peak of the epidemic and from recent
cases of kuru with long incubation times in elderly patients.
The patients lived in the South Fore (n=53), North Fore

145

{n=40), Girni (n=3), and Keiagana {n=10) regions; linguisti
group was not known in 45 patients, :
Elderly women who had been exposed to kuru were
defined as aged older than S0 years in 2000 and from a
region that had been exposed to kuru: South Fore (n=74),
North Fore (n=36), Gimi (n=13), and Keiagana (n=2). The
modern-day healthy population from the exposed region
was obtained by matching each elderly woman to at least
two current residents of the same villagé who were aged
less than 50 years in 2000. These mostly came from the
South Fore, with some from the North Fore, and a small
number of individuals from Gimi, Kelagana, and Yagaria
linguistic groups, as indicated. First-degree relatives of the
elderly women, identified by either genealogical data or
microsatellite analysis, were excluded from these groups.
155 samples were from volunteers recruited. by the
Medical Research Coundl Prion Unit from the National
Blood Service (NBS}. Information was collected about their
sex, age,, ethnic origin, and birthplace divided into.
12 regions, 90 samples genotyped with Affymietrix arrays
were selected to ratch the vC]D collection for white British
ethnic origin, birthplace (by 12 regions in UK, each region
was. represented in patients and controls with the same
ranking), and sex (proportion of men with vCJD was 60%,
and the proportion of men in the NBS controls was 57%).
A further 575 UK control samples were obtained for the
replication phases of the study- (730 healthy controls in
total) from the NBS (95 white, random, healthy young

blood donors) and from the European Collection of Cell -

Cultures (ECACC) human random control DNA collection
(480 blood donors of known age and sex), No selection was
done in the replication phase of the study. Not all control
samples : were genotyped for all replication studies;
however, there is no reason to expect significant genetic
heterogeneity.in our callections of UK bload doners based
on analyses of the UK popilation done by the WTCCC and
others* All UK control samples contained good quality
unamplified DNA. The mean age. at sampling was
38.7 (SD 10-8) years, and 51% were men. [n addition, we
used publicly available UK control data generated by the
WTCCC: In brief, 1500 samples from the 1958 British
Birth Cohort and 1500 samples from the UK Blood Service
Control Group were genotyped with comraercial Affymetrix
500K arrays with 2’ Bayesian robust linear model with
Mahalanobis distance (BRLMM) algorithm. We did not
detect any duplicate individuals between the UK control
collections nor any significant differences in allele
frequency between our in-house UK control collections or
those genotyped by the WTCCC.

"Ehe clinical and laboratory studies were approved by the
local research ethics committee’ of University College
London Institute of Neurology and National Hospital for
Neurology and Neurosurgery and by the Medical Research
Advisory Committee of the Government of Papua New
Guinea, The full partidpation of the Papua New Guinea
communities was established and maintained through
discussions with village leaders, communities, families,
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and individuals. Most of the UK samnples were obtained
with written consent from patients or next of kin; however,
where this was ot available, for example, for archival vC}D
tissue obtained at post-mortem examination, we obtained
the specific approval of our local ethics committee for the
use of these samples in the research.

Procedures .

For the samples from patients with vC]D, genomic DNA
was mostly extracted from peripheral blood, although
45 samples were extracted from brain tissue. For a few
samples, whole-genome amplification, either with a (29
protocol called multiple displacement amplification
(MDA; Geneservice, Cambridge, UK; ten samples) or
GenomePlex Complete Whole Genome Amplification Kit
(WGAZ; Sigma, UK; two samples) was necessary.

For the samples from patients with sCJD oriCJD, whole-
genome amplification with either MDA in 138 samples or
WGA2 in 29 samples was needed. Most of the samples
from patients with sC]D and iC]D were extracted from
blood, although DNA from eight samples in' the iCJD
group and 70 samples from the sCJD group was derived
from brain tissue. 112 samples from patients with'sCJD
were sent as DNA to the MRC Prion Unit for analysis,
most of which were extracted from blood. Genomic DNA
was usually extracted from peripheral blood. PAXgene
blood-derived RNA samples were also collected (Reanalytix,
QIAGEN, UK).

DNA from degraded archival kuru sera was isolated by
QlAamp Blood DNA minikit (QIAGEN, UK) followed by
whole-genome amplification with WGA2 in all but seven
samples. The validation of this process for the degraded
kuru samples has been reported elsewhere.*

Good-quality genomic DNA extracted from blood was
available for 278 of 285.(98%) healthy controls from Papua
New Guinea and 122 of 125 (98%) healthy elderly women
with many exposures to kuru at mortuary feasts. All contzol
samples from Papua New Guinea were extracted from
blood. ‘

All DNA samples were checked for degtadation on 1%
agarose gel and stored at 50 ng/pl in low-concentration
tris-EDTA buffer.

Rocky Mountain Laboratory (RML) prion-infected mouse
brain homogenate (0-001%) or mock-infected brain
homogenate from wild-type CD-1 mice (0- 001%) was used

to infect GT-1 hypothalamic neuronal cells. 5000 cells were

seeded into 96-well plates and incubated with either
homogenate in standard growth medium (Opti-MEM
supplemented with 10% fetal calf serum and 1% penicillin/
streptomydn (Invitrogen, CA, USA)). The inoculum was
removed after 3 days and the cells were split 1:8. Cells were
then split 1:8 twice more at intervals of 3 days, High levels
of prion infectivity were confirmed with the sarapie cell
assay” Prion-infected and mockinfected cells were
maintzined in standard growth medium at 37°C in 5%
CO;. Total RNA was extracted in triplicate with the RNeasy
Midi kits (QIAGEN, UK) according to the manufacturer’s

www.zhehnceme/neuvology Vol 8 January 2009

L 117 patients with vCJD vs 84 in-house controls from UK National 6load j{

Service genotyped with Affymetrix 500k and 100k arrays with @
dynamic model {DM) algarithm

1

Y

117 patients with vCj0 vs 3083 UK contiols {2999 from Welkome Trust

Case Contral Consortium and 84 fram UK National Blood Service)
genotyped with Afymetrix amays by use of 2 Bayesian robust hinear
model with Mahalanobis distance classifier algorithm

I l

35 top-tanked SNPs genotyped with MGB probes
119 patients with v(JD vs 3692 UK contols (2959 from Wellcome Trust
Case Contral Consortium and 730 from UK National Blood Service)
5065CJ0 s 3692 UK controls (as above)
28CJD vs 3652 UK controks (as sbove)
151 patients with kuru (aged €25 years vs »25 years)
125 elderdy women wha are resistant to kuru vs $62 healthy young Fore

i

17 SNPs linked to PRNP and 1325 spaced autosomal SNPs that are not

associated with vOJD, genotyped with a GoldenGate genotyping assay

119 patients with v(JD vs 344 UK controls from the European Collection
of Cell Cultures

485 patients with sCJO vs 3¢4 UK controls (as above}

. 28 patients with i vs 344 UK controls (as above) |

143 patients with kuru (aged <25 years or »25 years atonset)

122 elderly women who are resistant to kuru vs 262 healthy young Fore ‘

Figure 1: Flowchart of the genotyping in the ticred study
Far each tier, the patient and control sample collections used are subsats of

hose genotypes inthe minor g binding (MGB) probe study. In the first
two tiers, the 217 samples from patients with vCJD are a subset of the 119 used
intiers three and four. In the second tier, the 84 samples from the UK National
Blood Service are a subset of the 730 used in the third tier, In the final tier, the
485 samples from patients with sCD, the 143 samples from patents with tur,
the 122 samples from elderly women, and the 282 samples from healthy young
Fore are all subsets of the samples used in the third tier,

instructions, from prion-infected and mock-infected cells
that had been grown on 10-an-diameter piates. RNA was

eluted in RNAase-frec water and stored at ~80°C. RNA -

samples adjusted to a concentration of 250 ng in 5 pL were
incubated at 50°C for 30 mins with an equal volume of
Glyoxyl (Ambion, Warrington, UK) loading dye containing
ethidium bromide. Samples were run on 2 1-3% agarese
mini-gel in 1x NorthemMAx glyoxyl-based gel prep and
running buffer (Ambion) at 100 mV for 90 1min to check
sample integrity. RNA was then sent to AROS Applied
Biotechnology AS (Denmark) for the following microarray
analyses according to Affymetrix standard protocols: first
and second strand complementary DNA synthesis was
done with the SuperScriptll System (Invitrogen) from
5 ng RNA (a minor modification was made to the protocol
by using an oligo-dT primer that cortained a T/ RNA
polymerase promoter site); labelled antisense RNA (CRNA)
was prepared with thg BioArray High Yield RNA Transcript
Labelling Kit with biotin-labelled CTP and UTP (Enzo Life
Sdences, NY, USA] and unlabelled NTPs. Unincorporated
oudeotides were removed using RNeasy columns
(QIAGEN]). 15 pg of cRNA was fragmented, loaded on to
the Affymetrix mouse expression array 430_2.0 probe array
cartridge, and hybridised for 16 h. Arrays weré washed,
stained in the Affymetrix fluidics station and scanned with
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a confocal laser-scanning microscope (GeneChip Scanner
3000 Systemn with Workstation and Autoloader). o
The following sample comparisons were made in the
assodiation studies: vCJD versus UK controls genome-
wide with Affymetrix array data; vC]D, sCJD, and iCJD
versus UK controls in a validation and replication study
with minor groove-binding [MGB] probes: healthy elderly
women who were exposed to kuru at mortuary feasts
versus geographically matched young individuals from the
Eastern Highlands of Papua New Guinea in the replication
study; young patients with kuru versus older kuru patients
in the replication study. Figure 1 shows the tiered nature of
the study. Subsets of each samplé group have been used in

and population-based linkage analysis enables estimates of
the relatedness of individuals. For the purposes of
confirming unrelatedness, this can be expressed as a
probability for identity by descent (IBD)=0 using camplete
linkage agglomerative dlustering, This probability was

greater than 075 for all study pairwise comparisons. No :

samples were identified as ethnic outliers by use of identity
by state clustering. .

Genotype data quality analysis and filtering was done

with PLINK. From 598676 unfiltered SNPs, the following

~ were éxcluded from further analysis by standard quality

control: menomorphic SNPs or those not genotyped by

EA-500K or WTCCC arrays (n=170334); greater than 10%

previous studies of PRNP codon 129.* The ¢ ison of
young versus old patients with kuru was based on a
hypothesis derived from mouse niodels that states that
genetic factors control the incubation time of human prion
diseases.” The incubation time of middle-aged ox elderly
patients who died of kuru at the peak of the epidemic
cannot be calculated with precision and might have been

. many decades. Incubation times of up to 50 years or longer
3 patiendd

have been recorded in recently diag

g genotypes in VCJD (n=66659) or WTCCC
(n=9828); evidence of Hardy-Weinberg disequilibrium
{exact test, p<0-001) in our UK samples (n=4873) or {exact
test, p<1-0x10%) in WTCCC. samples (n=7673); minor
allele frequency less than 0-01-in vCJD'and WTCCC

" samples (n=57853); allelic test for differences in our in-

house UK samples versus WTCCC (p<0.00; n=1888),
After this trimrning, 410287 SNPs remained for testing in
117 patients with vCJD versus 3083 UK controls (84in-house

whereas children, adolescents, or young adults have' a
limited incubation time.’ Because the kuru collection was
a mixture of samples from young and old patients, we
hypothesised a priori that greater differences would be
found between young people with kuru and old people

with kuru than between people with kuru versus modem.
young healthy Fore. This strategy was'supported by the .. pop <
groups or alternatively by inaccurate SNP génotyping, The .

precedent-of homozygosity at codon 129 of PRNP, which'

was strongly associated with young versus old kuny; but .

was not significant in a comparison of all kuru with healthy
Fore, .

Genotyping and statistical analysis |

We used the Affymetrix 100K and S00K arrays (eatly access,
EA:500K), which use four restriction enzymes in total, Our
first casecontrol study used dawa generated by the

Affymetrix ' DM " (dyniamic ' miodel) " algorithin from

117 samples of patients with vCJD (two samples were not -

suitable for use with Affyinetrix arrays) and 90 UK conitrols
matched for birthplace. The 500K product is comprised of
two arrays each of about 250K digested with the restriction

endonucleases Nspl or Styl; the 100K product is comprised.

of two arrays each of about 50K digested with the restriction
endonucleases Xbal and Hindl. Genotypes were called by
the dynamic model (DM) and subsequently by BRLMM
algorithms. Samples from patients with . vCJD were

repeated if the DM call rate was less than 85% or the’

BRLMM call rate was less than 90% and samples were
exdluded if they underperformed by these aiteria (vCJD
[n=0}, NBS [n=6}, WTCCC [n=5]}. The median and mean
BRLMM call rates (all non-WTCCC samples and all arrays)

were 99-0%-and 98-5%. No samples were excluded for -

excess ot low heterozygosity. One duplicate sample but no
related individuals were identified. With genome-wide
SNP data, the PLINK toolset for whole-genome association
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UK controls aud 2999 WICCC samples). A more stringent
filter applied additional thresholds of less than 3% missing

data overall, and minor allele frequencies greater than 3%
(n=288908 SNPs remaining). These stringently filtered "

data were assessed for whether the skewed quartils-
quartile (QQ) plots (figure 2) were caused by ayptic
Jation stratification b the UK control and vCJD |

" absence of asignificantly skewed QQ plotin the stringently
filtered data, supports ‘the- hypothesis that SNPs were
inaccurately called, probably on the EA-500K platform.
‘Subsequently this was confirmed by concordance testing
with the GoldenGate platform. :

Candidate SNPs for further study were identified in
stringently filtered’ dataset or after standard ‘filtering if
there was additianal evidence of genotype accuracy, by

identifying an association signal in nearby SKBs in strong

linkage disequilibrium with the candidate’ SNP. As. a
further test to identify false-positive assodations related to
differential - genotyping accuracy. between cases and
contrals, we validated: (>99% concérdance) all genotypes
shown in vCJD and .in-house UK contrals: with an
independent platform (MGB probe and quantitative PCR)
before attempting replication in.other categories of prion
disease with the same technology (35 SNPs were tested in
this way). To maximise coverage, a further 17 SNPs were
chosen from the PRNP locus {by maximising pairwise 2
“with HapMap build 35 using Haploview) and genotyped
with GoldenGate technology. In total 52 SNPs were
genotyped for assodation studies further to the discovery
phase,

" use of empirical p values if any cell count was less

- PLINK was used for assodation and permutation -
testing. The primary analysis was an allelic 32 test with

than 15. A secondary analysis implemented genotypic,
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{A) Unfiltered allelic ¢ test of vCiD samples versus all UK samipkes (Intemal and Wekome Trust Case Controf Consortivm [WTCCC)) data. (8) Sandard flterlng aflelic
test of vCID versus alf UK samples (Ontemnal and WTCCC data). (C) Standard filterng with allelic X testof vCiD versus only Internal UK samples, (D) High-stdngency

filtering, With standard filtering. the inflation factor used for- genamic control of
i d data. Broken blue li Ql forexpected data, :

. dominant, and_recessive models, with empirical

significance if necessary, controlling for the four tests
done. Imputation of codon 129 genotype was done by
the PLINK proxy-impute command (multimarker
tagging) with dense SNP data around' PRNP, including
151799990, generated in 344 in-house UK controls. A
nominal genome-wide significance threshold of p<Sx10”
7 was used in the primary analysis iri concordance with
the WTCCC. Owing to the large number of SNPs that
were tested, this threshold takes into account multiple-

. bypothesis testing. In the replication phase of the study,

the small number of tested SNPs permits a less stringent
threshold of p<0-00L : . - .
Population structure was analysed with IBS clustering

' (implemented through PLINK) and principle components

analysis (implemerited through the Eigenstrat package).
Genome-wide data that were filtered to high stringency

- ‘were used to compare samples from patients with vCJD -
and ‘UK controls with "PLINK and Eigenstrat - (no -

significant eigenvectors were detected with _ default
procedures). A separate low-density study was done with
GoldenGate technology for several reasons: to investigate

genotype accuracy in the SNPs filtered out by the high-

stringency filtering step; to provide evidence with regard
to the population structure in the samples from Papua-
New Guinea, which was previously unknown; to provide
evidence that concordant genotypes consistent with the -

* healthy population frequendes could be obtained from

the amplified degraded samples from patients with kuru,

17. additional SNPs” were. genotyped to provide dense °

coverage’ of the PRNP locus, which is 2 region that
confers susceptibility to. prion disease, with a high

www.thelancet com/neurology Vol 8 Janvary 2009

g factors a5 1:06 (1-01-1-09), Red dotsmabserved data. Blve

probability of novel susceptibility being discovered here,
These 17 SNPs complemented an existing dataset of
25 SNPs from the earlier genome-wide phase of the
study. SNPs were selected from standard stringency
filtered data in the genome:wide phase of the study; all
‘autosomes were equally represented, with a median
intermarker distance of 1.3 Mb, 1523 individuals were
genotyped for 1325 SNPs: 344 randomly ‘selected, non-
related, white blood donors from the UK provided by the
ECCCs; 119 patients with vCJD; 485 patients with sC]D;
28 patients with ICJD; 143 patients with kuruy; 122 elderly
women who-are resistant to kuru and were born before
1950; and 282 young individuals from the kuru region
matched to the ‘elderly women by village of residence,
{figure 1). These Patients were 2 subset of those indluded
in the replication studies. SNPs were filtered for
assodation with vCJD by comparison with UK contols
by best permuted p<0-001 from any’ of four ‘genetic
models: (allelic, trend, genotypic, or recessive) with the
GoldenGate platform at the St Bartholomew's Hospital
Genome- Centre, Genotyping quality was assessed by
Hardy-Weinberg'equilibrium {excluding those assessed
by exact test p<0-001) and visual inspection of all
genotype clusters with Beadstudio version 3.1 The overall
genotype call rét’bgvas 99-7%, and concordance of
duplicate samples wis excellent (nine WGAZ degraded
amplified kuru samples  [concordance 99.7%) and
20 healthy control duplicates {concordance >99-9%)).

This study confirmed that the skew in the QQ plots was"

caused by inaccurate genotyping of SNPs in our genome-

wide study that were not adequately filtered by the low- -

stringency criteria. For Eigenstrat, ten eigenvectors were

For mare o the Gename Cent
see hup:/fwww,
bartsandthelondon.nbs.uk/
researchicore_facilities_to_
support_researth.aspagename
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Chromosome  Locus Minorallele  Majorallele v(JD genotypes UK control genotypes Model p(vCjD}  OR
151799990 20 4628251 G A 119/0/0 294/324/83 A 2.0x10"
156107516 20, 4625092 A G 1700 1960/1227/227 A 25«10 385(9-6-155:2)
156116492 20 4646626 T [ 104/12/1 2979/104/0 A 82x10°  371(2.09-659)
151460163 8 80330003 A [ 2125/86 365712734 R 56x10"  6:9(3.0-16.0)
156794713 3 24777543 ¥ Y 3/3U84 346/1465/1596 A 19x107  25{17-37)
Genetic modek: A=allelic; G=genotypic.
Table 1: Discovery tests of 151739990 and four novel candidate SNPs in patients with v(JD and UK controls
Resistance to kuru despite exposure Early-onsetand hate-onsetkury Combined pvalue*
Eidedywomen  Healthy' Model “pvalue Youngkury.  Olderkun Model  p value (kury
eqposed tokury  young Fore . {age <25 years) (age>25 years) ingubation). ,
151799990 16/86/23 112/287/163 G 0001 16/18/25 97112 G g.1x10°* 22107
6116492 8ORI2 393/15128 A 0848 47000 57/20/6 A 044 .
51460163 30/77116 140/144/40 R 25x10% 23295 26)423 © A 0.017 57x10
156794719 5/47/63 26A18/136 A 012 4/25/27 33147 A 0-687
Genetic models: Amalielic Gm=genatypl cessive. “Fisher's vr)etho@
Table 2:151799990 and three novel candidate SNPs in symples from Papus New Guines 1
Results
‘o P Model - p iI0) ;c:,?otyp,’, Model pGQD) | After standard quality control for call rate arid minor allele
genotypes  genonpes - e S o frequency, Hardy~Weinberg  disequilibium, and
1799990 4f13/11 294/324/81 A 27x10% 307/98/101 G 23xX " différencm } cen’ contr ol datsets, we. analysed
16107516 9/1217 19601227227 R 0002 320/100/53 G 36x10 410287 SNPs.m"m‘ the pri yan alysis, QQ plots sl{wwe dan
616492 2Bol0  2W79M104/0 A1 062 4Bamio A 030 excess of lirge allelic y2 test statistics (figure ) owing partly
n1460163 072 365712734 A ofs 71931396 A 083 to the comparison between cases and controls among
16794719 B9 346/14650596 A 003 6207R07 A 008 platforms and laboratories and was completely resolved by

Genetic mode's: Awallelic GgenatyplG Rurecessive.

Table 3: Replication tests of 151799990 and four novel candidate SNPs in patients with IQD, patients

with 3D, and UK controls

62

generated through default - procedures and outlier
detection (6, of 826 samples from Papua New Guinea
were removed). No significant eigenvectors (p>0-01)
were identified between patients with sCJD or iCJD and
UK controls, or between patients with kuru, elderly
women who are resistant to kuru, and healthy young
Fore {five comparisoris in total). : .
The Gene Expression Analysis Software (MAS 5.0) was
used to analyse the raw image files from the quantitative
scanning, which resulted in files that contained background
corrected values for the probes. Significance analyses to
compare prion versus mock-infected cells used a two-class

unpaired test with a Benjamini-Hochberg (false discovery .,

rate) p-value correction. .
Role of the funding source :
The sponsors had no role in the study design, datz
collection, data analysis, data interpretation, or writing of
the report. Simon Mead and John Collinge had full access
to all the data in the study and final responsibility for the
dedision to submit for publication.

149

leaving

stringent filtering by call rate and minor allele frequefxcy,

about 300K SNPs for assodation testing

Comparison of these stringently filtéred data between

vCJD and ow own UK contiols, ECACC controls, and

WTCCC controls with Eigenstrat and GC methods did not :
provide -evidence of significant population stratification;

therefore, associafion _statistics were, not - corrected.

Sin;i]arlgl, we found no evidence of population stratification

in comparisons of 1325 SNPs in replication cohorts (sq D,

iCJD, and control groups from the UK) or between patients

with kuru, elderly women who were resistant to kuru, and
béalthy Fore from Papua New Guinea. In the stringently
filtered data, two SNPs were significant at the genome-
wide level (p<5x107) on the basis of allelic tests: rs6107516
in the intron of PRNP.and rs6794719 in an intergen'lc
region between RARB and THRB, which encodes thyroid
hormone receptor beta (figure 3}

A block of linkage disequilibrium that was.larger than
2400-kb and included all of PRNP was shown by 25.SNPs
(figure 3). We added 17 more SNPs from vC]D and UK
contrals, including PRNP codon 129 (rs1799990).

Unsurprisingly, rs6107516, which is located in the intron of

PRNP and is in moderately strong linkage disequilibrium
with codon 129 (51799990, =06}, was the to;:—ranked
single SNP in the discovery phase. All patients with vCJD
who have been genotyped to date are homozygous for
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151799990A (MM at PRNP codon 129). rs6107516 was most
swongly assodated in an allelic model (p=2-5x1017;
OR 38-5, 95% CI 9. 6~155-2).

From the 25 SNPs in the discovery phase, codon 129 of
PRNP was best tagged by a two SNP haplotype formed by
156031692 and 156107516 (r2=0.7, based on Hapmap build
35 data) with 2 haplotypic assodiation of p=Ix10'2%. To test
for more assodiation at the locus, we conditioned for the
assodation of codon 129 by imputing this genotype and
‘including only methionine-homozygous UK controls from
the WICCC series. We thus identified evidence of
additional genetic risk at this locus. rs6116492, which is
downstream of PRNP 'and also in stong linkage
disequilibrium with 151799990, had a frequency of 0-06 in
patients with vCJD and 0-017 in UK contrals (allelic model
p=8-2x10%; 0-022 in 1544 UK controls with an imputed
codon’ 129 methionine homozygous genotype; allelic
model p=0-001, OR 2-63, 95% CI 1-43-4.82), 156116492 is
located in an intergenic region between PRNP and PRND,
which encodes prion-like protein doppel. Genetic risk
factors for sCJD have previously been identified upstream
and downstream of PRNP but not for vCJD.»* Because we
cannot guarantee that the 151799990 genotype has. been
imputed perfectly, we also compared cases of vCJD (n=119)
with in-house UK controls genotyped at rs1799990 and
156116492 (n=701); we again found a significant,
independent assodation of rs6116492, both by haplotype
test conditioned on codon 129 (PLINK, likelihood ratio test
with .one degree of freedom; p=0-037), or simply by
excluding controls with methionine/valine or valine/valine
encoded at codon 129 genotypes followed by an allelic test
(119 patients with vC]D vs 294 in-house UK controls with
the genotype that encodes methionine/methionine at
codon 129; p=0-02). SNP-1368 (151029273C, 24466 base
pairs upstream of codon 129), which we and others have
confirmed to be assodiated with sporadic CJD but not’
vC]D, also showed no evidence of assodation with vCJD
independent of codon 129.%%

Because we tested the entire collecdon of samples
from white British patients with vCJD (the majority of
cases of vCJD), we then looked to closely related prion
diseases to replicate independently and more broadly
candidate SNPs with risk of prion discase. We tested for
the association of rs6794719, 156116492, and 33 other top-
ranking SNP associations from the vC]D study in
patients with iC]D who were exposed to prion disease
through cadaver-derived growth hormone therapy versus
UK controls (n=28); 506 patients with sC) D-—a worldwide
disease of uniform incidence that affects about
1-2 million people per year—versus UK controls, We
also tested patients with kuru and healthy elderly women
who were exposed to but survived the kuru epidemic
from the Eastern Highlands Province of Papua New
Guinea, In the groups from Papua New Guinea, we
tested whether candidates for genetic risk of vCJD were
assodated with kuru incubation time (by comparison
with a cohort of young-onset kuru [n=59] versus cid-
onset kuru [n=92}) or resistance to kuru, by comparison’
of elderly female survivors (n=125) with the young
population (n=280-526). Homozygosity at codon 129 of
PRNP was significantly associated with risk of iCJD
(p=2-7x104}, sCJD (p=2-3x107%1), and tests done in
Papua New Guinea (Fisher's method p=2.2x109%
tables 1and 2). :

156794719A was assodated with the risk of vCJD at 4
norinal genome-wide significance of p=1.9x1077. The
more frequent allele, 1567947194, was also associated with
disease risk in the small collection (n=28) of patients with
iC]D (p~0-030; @mble 3) but not those with sCJ D, kuru, or
resistance to kuru. .

From the 33 top-ranked SNPs that failed to achieve
genome-wide “significance in patiedts with vCJD, the
strongest overall evidence of association in replication
cohorts was for 51460163 (combined p=<6-3x10-2 by
Fisher's method acoss orally acquired prion disease
categories [combination of vC]D and Papua New Guinea

7
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Figure 3: Physicallocation and p of allefic test and best of four genetic models _

(A) SNPs between THRS and RARB, including rs6794715. (B) SNPs upstream of STMNZ including rs1460163. () SNPs at the PRIV focus, inclucing 53759999, rs6107526, and 56116457, cho weg

trend test (filled dircles) and a test comparing v(JD with UK controls with codan 129 methionine homozygous genotypes (empty cirdes {imputed for WTCCC contrgls))
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We then analysed the dinical and molecular phenotype
of UK prion disease- for rs1460163, rs6116492, and
136794719, In patienits with sCJD, there was a significant
modifying effect of the risk allele, with clinical onset § years
carlier for those with risk genotype ry1460163AA campared
with those with GG (linear regression of log-transformed
age of onset against genotype p=0- 02; figure 4). I patients
with vCJD, the mean age of onset for genotype AA was

-

3 years ealier than for those with GG, but this was not -

statistically significant (p=0-26). By use of a linear
regression model with disease type as a factor, the
rs1460163AA allele was associated with age of onset in

SCJD and vCJD (log-transformed p=0-01) and ‘was also "

independent of 151799990. No effect was seen on year of
I ation, which in partwill determine incubation time

Figure & Age of Jinical onset of v(JD (red) and sCJD (blue) patients against 51460163 glenotyp:
Ghinfcal onset was defined as the age of the first symptom that prog

"

dintoa

condition due to prion disease. The central bars indicate mean age of onset; boxes indicate 95% Clof the mean.
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tests}). 151460163 was associated with age of kuru onset
(p=0-017) and resistance to kuru (p=2-5x10-), with the
same highest-ranking risk  allele for vCJD and kuru.
151460163 is located’ in a large block of linkage
disequilibrium that extends just 5” to STMN2 (figure 3}.
Other SNPs tested in the replication phase were either
poorly genotyped in the discovery phase (concordance
<99%), or showed no evidence of association in any prion,

disease category _add}ﬁonal to vCJD (p>0-001; best from .

four risk models).

151 .

0vCJD, but this analysis is confoundsd by uncertainty in
the time of exposure, No effect was seén on sCJD PrP=
strain type as defined by partial protease K digestion and

western blot 156116492 and rs6794719 had no effect on |

prion disease phenotype. )
" Inacellular model of mouse prion disease, the expression

‘ qf” ‘Stmn2 was profoundly altered by infection with prions.

This difference was shown by comparison of the
ransariptome of prion-infected and prion-uninfected cells
in culture. Mouse hypothalamic neuronal (GT-1) cells that
were infected with mouse brain hoinogenate (NBHMG).or
RMLrinfected brain homogenate were analysed with the
Affymetrix Mouse Expression Array 430_2.0. Comparisan
of the expression between NBHMG and RML showed that

Mthelanént.com/mrclogy Vol &’ January 2009
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Stmn2 is significantly (p=3-6x1018) downregulated by a
factar of about 30 dnd ranked tenth out of more than
21537 gened that were representad by one or more
transcripts on the amray (figure 5). In this study, the
expression of 543 of 21537 (2-5%) genes was altered, with a
fold change of more than 283 (corrected Benjamini—
Hochberg ‘method). Neither RARB nor STMNZ is
significantly expressed in human ‘blood cells, which
obviates the analysis of the correlation of gene expression
with genotypic risk in a large collection of samples,

Discussion .
We describe the first genome-wide study of genetic risk in
a human prion disease and replication of a small number
of top-ranking candidate SNPs. Further-genetic studies of
human prion disease, including more extensive replication
studies, are warranted because owr power was limited by
the small size of the vC]D sample and an early generation
platform was used. Owing to the rarity of the 'disease, all
available samples were used; the use of amplified DNA in
a proportion of cases might have also affected the’ quality
of genotyping. For thesereasons, we used highly stringently
filtered data and verified genotypes from candidate SNPs
with an in-housg assay. The potential exists for a larger
scle study in sCJD that capitalises on decades of
surveillance for human prion diseases across Europe and
the rest of the world; however, this disease is undoubtedly
more heterogeneous than vCJD, -

: The potential overlap in pathogenesis between vCID and
the other prion disease categories used in the replication
phasés of the study must also be considered. The
pathogenesis of vC} D contrasts with the replication cohorts
in terms of prion strain (all groups), tissue distribution,

- and route of infection (for iCJD and sCJD}, Furthermore,

in the case of our large collection from Papua New Guinea,
the linkage-disequilibrium relationship between candidate
SNPs and a putative functional SNP is not known and can
therefore differ from that in the UK. For these reasons, an
absence of assodation in ope or morereplication categories’
does not preclude a genuine assodation in vCJD,

 The precedent of codon 129 wass important to inform the
comparisons in the replication phase. All UK, prion
diseases have strong associations with homozygous
genotypes; for vCJD, only the methionine homozygous
genotype. However, the groups from Papua New Guinea
are the most relevant in the replication phase because our
only precedent of a major acquired human prion disease
epidemic is kurit, which was historically transmitted by
cannibalism and had a devastating effect on the Fore and
neighbouring linguistic groups of the Eastern Highland

region of Papua New Guinea! Kuru was extensively .

documented at its peak in the mid-20th.century® We

amplified DNA from this archive and continued -

surveillance of kuru in the Fore in the late 20th century to
identify recent cases of kuru with long incubation times
and elderdy Fore women with longterm survival after
exposure to high doses of prions. At PRNP codon 129,

www.thelancet com/neurology Vol 8 January 2008

elderly Fore women survivors of the kuru epidemic
showed a profound Hardy-~Weinberg disequilibrium, with
an excess of the prion disease-resistance genotype 129MV
relative to both homozygous genotypes 129MM and
129VV. The patients with kuru show an age stratification
of codon 129, with young patients being mostly genotype
MM or VV and adult or elderly patients being mostly MV,
consistent with a powerful, effect of codon 129 MV in

extending kuru incubation time.®* Our study thus .

confims the’ strong assodation’ of PRNP codon 129
(51799990} across acquired and sporadic prion diseases as
the outstanding genetic risk factor in human prion

: disease. Notably, the effect .was detectable in a small

sample, which should be encouraging: for those
contemplating studies of rare diseases with well
characterised patients and a distinct pathogenesis,

The additional associations we report are not as strong or
robust as those we confirm for PRNP codon 129 but cach
of these are beyond what would have been expected by
chance when taking into account the problem with

multiple testing. Although we cannot be certain that any of -
- the three candidate SNPs we desaribe altered the expression

of their nearest gene (PRNP, STMN2, or RARB), in each
case these are excellent candidates for involvement in
prion pathobiology. Therisk conferred by rs6116492T could
act through altered expression of PRNP. owing to the
audal role for PrP in prion disease pathobiclogy; however,
we have no direct evidence that a patative genetic risk
conferred by rs1460163 or rs6794719 is manifest through
their nearest genes (STMN2 or RARB) because these SNPs
have no linkage disequilibrium with coding regions.
Regulatory regions often act on nearby genes but can also
act over great distances or even on different chromosomes,
implicating other genes.” : )
In the absence of further cohorts of orally acquired
prion disease and taking into account the aforementioned
caveats, we turn to functional evidence of a-role for these

- candidate genes in prion disease. The expression of PrP
+in cultured neuronal and lymphoid cells is regulated by

retinoic add.** Furthermore, the production of the
disease-associated isoform of PrP (designated PrP%) in
cultured mouse neuronal cells infected with mouse
prions is increased by treatment with retinoic acid.*
Whether retinoic acid acts through the receptor encoded
by RARB or another retinoic acid receptor for these
biological activities is not known at present. In additicn
to PRNP, the strongest overall genetic evidence we found
is for a SNP assodation upstream of STMNZ. SCG10, the
protein product of this gene, is a regulator of microtubule
stability in neuronal €ells, with potential implications for
aggresome formation and modulation -of prion
neurotoxicity.” We found that Stmn2 is turued off by
prion infection in mouse neuronal cells, in keeping with
an early study,” but different from a recent and rigorously
conducted study.* Whether prion infection or unknown
experimental factors are responsible for this large effect

is undlear; a rale for SCG10 in prion infection has not -
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vCJD blood test achieves 100% accuracy
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Disease/Infection News

Amorfix Life Sci has announced it achieved
100% sensitivity and 100% specificity in a second
blinded trial of human blood samples using its EP-
vCJD blood test in collaboration with the National
Insti for Biological Standards and Control (NIBSC)
in the United Kingdom. .

camba(Ss)wnars

Pressure measurements
with new possibliitios

"We have now. successfully completed both fresh
and frozen human plasma testing, as part of a
test validation process facilitated by NIBSC," said
Dr. George Adams, Chief Executive Officer of
Amorfix. "The company has 50,000 test kits
available to begin large-scalé testing to
determine the fraction of the population infected
wiw. sambasensors, com e Ads bv Goooa With VCJD. This information is vital for
determining the need for routine testing of blood donations.”

EXCITINGLY

The UK Spongiform Encephalopathy Advisory Commitiee (SEAC) yesterday
announced the first ¢linical case of vCJD in a patient with an-MV genotype (all
previous vCJD clinical cases were MM genotype) and suggested that 50 to 250
further cases might arise in the UK. This is consistent with a recent editorial in a
leading medical journal, Lancet Neurology; published last week suggesting "waves"
of vCJD cases could be expected. o

"This first MV case of vCJD now shows people with MV genotypes are not resistant
to vCJD, but may incubate the disease for a longer time before developing
neurological symptoms. Yesterday's report of vCJD with MV genetics shows we are
not out of the woods with this tragic epidemic, and also raises the. possibility of
ongoing blood-borne transmission of vCJD from silent carriers of the infection,” said

'http://www.news,-medica|.net“/pﬁmisrucle.asp?}q5=34456 : : 2008/12/24

ADVERTISE HERE

vCJD blood test achieves 100% accuracy 2/2 R

Dr. Neil Cashman, Chief Science Officer of Amorfix.

In the most recent panel, NIBSC provided Amorfix with 500 frozen blinded human
plasma samples which included some samples spiked with vCJD brain prions. The
EP-vCJD(TM) test successfully detected all (100% sensitivity) 'of the spiked samples
down to a 1 in 100,000 dilution of 10% brain hemogenate (1/1,000,000 dilution of
vCJD brain). The test scored one sample initially positive (initial reactivity of 99.8%)
but upon repeat testing correctly identified the sample as negative (specificity of
100%). In the first blinded panel, Amorfix tested 1,000 fresh UK plasma samples with
identical perfect results. .

http:/Awww.amorfix.com
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Dlrect A of CMV Tr ion Tr
Universal Leukoreduction

Y'Y Wu' (D0dd@ usa.redcross.org), R Cable?, S Zou?, K Dorsey?,

Y-L Tang’, C Hapip*, R Melmed®, J Trouern-Trend®, M Champion’,

C Fang®, R Dodd®. "Yale Universily, New Haven, CT?American Red Cross
Blood Services, New England Div, Farmington, CT?American Red Cross, .
Rockvills, MDAmerican Red Cross/Hofland Lab, Rockville, MD; American
Red Crass, CT,*American Aed Cross, MD;” Yale-New Haven Hospilal,
CT*American Red Cross Blood Sarvices, MO.

Risks Post

Background: CMV transmission through transfusion remains a clinical
concem. Two effective strategiss to reduce the risks of CMV TTD have been
the pf ion of CMV seranegalive blood and leukoreduction. Even though
ltls still undar debate, thesa twa methods have been considered operation-
ally equivalent in many instilutional policies. For many hospitals, universal
leukoreduction has bacome the main strategy for the prevention of CMV
TTD. Direct assessment of CMV TTD risk is lacking In the era of universal
leukoreduction. In this study, through prospective clinical tollow-up and
testing of ransfusion recipients (TR) for CMV Ab and nucleic acids and CMV

Ab testing of their linked donors, the risk for CMY TTD was studied. ~

As part of a prosp study of multiple donor exposure TRs,
CMV TTD risk was assessed. Transfused units wera all leukoreduced and
not p! to be CMV gative,
Nuclelc Acid testing {NAT) were performed on all TRs basefine samples.
For TR with negative baseline CMV tesfing, all follow-up TR samples were
tested for CMV total Ab and NAT, and retained finked donor samples wera
testad for CMV total Ab. In cases when CMV TYD was suspected based on
seroconversion, with or without supportive clinical evidence, donors were
also tested for CMV NAT when possible. Evaluable transfusion was defined
asa with TR le(s) coll 14 to 180 days post tansfusion
in TR with a negative baseline CMV testing. Results: 46 evaluable TRs
were negative for CMV at baseline. There were 1319 svaluable celluiar
blood component transfusions. Out of these, there were 655 RBCs for 43
TRs and 664 platelets for 31 TRs. Out of 1319 retained iinked donor

ABSTRACT SUPPLEMENT

JRC2008T-075
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generally not performed for transfusable components as there has been no
systematic study of this transmission rate or its association with B19 DNA
conc. Methads: DNA positive (pos) donations (dnins) were identified by
screening lrozen repository plasma specimens using a proviously validated
sensitive kinelic PCR assay. Tx trangmission was evaluated using various
BI9V assays (0 test pre- and 6-12 months post-ix specimens lrom aduit
surgical patients who received B19 DNA p

and negalive (neg) controf

onstrated by replicals testing, Rates were detormined in susceptible (susc)
(le. pre-tx IgG antibady {Ab) neg) reclpients and controls, Results: 105 of
12,529 donor specimens {0.83%) were B19 DNA pos; see the Table for
plasma DNA congs. 110 components (mostly tbes) from 103 pos donations
with BNA <10° IU/mL (alf of which were IgG Ab pos) wero transfused (o 105
recipients. There was no evidence of B19 infectio 21 susc case recipient:
(rate = 0.0%; 95% Cl: 0.0-13.3) or In 43 susc conl H
85% Cl: 0.0-6.7). The estimated nsmission rale was thus 0.0% (85%
0-13.3). Two componenis with >10% JU/mL wi ansfused to pre-tx
819 IgG Ab pos recipients, preciuding assessment of tx ransmission. Con-
clusions: Atthough we documented a high frequency of low cong {especially
<10*1U/mlL) B19 DNA and I9G Ab pos donations, the lack of tx transmission
by thase components indicates thal such transmission does not occur, or if
it occurs, is relatively uncommon ($13%). These data do nol support the
need for real time screening of blood components with a sensitive B1§ NAT
assay.

cipients {rate = 0.

TABLE. Linkage of B19 DNA pos components to reclpients

819 DNA 4 DNA pus cmpls  # ONA pos empls  Tolal ¥ DNA gas
cong d to susc ud 10 nen-susc cmpts &d to
(W/mL) ¥ pos dnlns  secipients eciplents reciplents
<0 56 15 45 60
20-~<100 19 2 18 20
1&g 23 3 22 25
101 4 1 3 4
10'<10* Q 0 a 0
1 a 1 1
103 kil €97 ng*
2 Q4 2 2
105 21 §1* 112°

samples, 485 were positive for CMV total Ab, There wers 19 case tig
tlons due to changes In CMV lasting results. Three appearad 1o be true
infectioris or seroconversion. These may be related to. transfusion; however,
there was no definitive proot from donor follow-up that they were Iransfusion
i Two were d to be true i ions but not transtusion
related. Six were attributed to passive Ab transfer. Eght could not be deter-
mined due to ir inf ion. € 1 Based on the No. of
infections or seroconversions over the No, of TRs who were seronegativa
at baseline, the calculated CMV potential TTD rate was as high as 6.5%
{3/48). Based on tha No. of infection or seroconversions aver the No, of
transfused donor units, the caiculated CMV potential TTD risks was: for
lauk but non-CMV cellutar products. as high as 0.23%
(3/1319); for | and CMV positive {tested after transfusion)
cellular products, as high as 0.62% (3/485). In summary, post-universal
leuk ion, CMV-transfusi i . while uncommon, may still

oceur.
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A Linked Donor and Recipient Study of B19 Viral Transmission by
8lood Component Transfusion

S Kleinman® (dkleinman@ shaw.caj, S Glynn?, T-H Lee’, L Tobler!,

K Schiumpf®, D Todd®, M P 8Busch®, for the NHLBI Retrovirus Epid Donar
Study-11". "University of 8 Columbia, Vancouver, MD?National Heart,
and Blood instilute. Bsthesda, MD;*Blood Systems Research

fute, San Francisco, CA’Westat, Rockville, MD*8lood Systems, Inc.
& Blood Systams Research Institute, San Francsico, CA? Bethesda, MO, -

Background: B19 virus (B19V) transmission by pocled plasma products
has occurred from Factor Vill when DNA conceniration (cone) exceeded
10* 1U/mL and from SD ptasma at a DNA cong of >107 IU/mL; this has led
10 "in process” screening of recovered and source plasma units for high
B19V DNA concs {~10° iU/mL). Although several cases of B13V infection
have occurred from component {cmpt) transtusion (), B19 screening is

-

* More than ane component was txd for some pas danations; some tecipenis received
mere than | pas component.
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The Risk of Transfuslon Yransmission of Classic CJO Is Lower Than
vCJD, 11 not Zero - Results from US Look-Back Study

K Dorsey’ (Dodd@ usa.redcross.org), S Zou', L Schonberger, C Fang',
R Dodd?. 'American Red Cross, Rockvilie, MOZAtianta, GASAmarican
Red Cross Biood Sarvices. Rockville, MD.

Background: In 1995, tho American Red Cross (ARC) and the Conters for
Disease Cantrol and Prevantion (CDC) inttialed a fook-back investigaticn to
assess the risk of transfusion transmission of classic (orms of Creutzleldt
- Jakob disease (CJD), sporadic, famifial and iatroganic CJO. Tno presenca
of the infectious agent of classic GJD-in bloed has beon documented in
experimental animals, but no transtuslon ansmission of classic CJD in
humans has been reported. In contract, transfusion transmission of variant
CJO (vCJD) has been documented in the United Kingdom. Methods: Blood
donors who were subsequently diagnosed as having CJD (CJD donors)
were identified by repont i from coliaborating bioad
Food and Drug Admini

ing veri-
vas made by a neurclogist or con'irmed by
a pathoiogist, u_ooa«%im; Identified the donations made by the CJD donor
and located the hospgais Lhat received any of the blaod components. Tha
recipients of these compcnents tha! were identitied by nacspitals wers
envoiled into the study. Their vital stalus, and cause of death, if deceased,
was monilored by searching CDC’s National Death Index
enroliment and -every year thereatter tor surviving recipi
search coversd deaths through the end of 2005, Res
donors with cia {non-variant) GJO ‘and 430 rocif
2 donors had sporadic CJD.
of 2,013 person-years (py) of ip time since receipt
of their blood transfusion, 1,135 py-from 88 surviving recipients, 813.5 py

158
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from 326 deceased recipients and 64,5 py from 16 recipients who were
subsequently lost to tollow up. Among the recipients, 144 survived § years
or more {long-term survivors). No. deaths from CJD were identified among
the recipients. The most common omcmnm of death among the -an.c.su

2008-Vol. 48 Supplement
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mwﬂvogf
ot T din-1 (TSP-1) In Packed Red Blood *

were cancers followed by The long-t

were further analyzed by the interval between the date of transfusion of the
implicated unit and the date of diagnosis of CJD in the donor. A comparison
of observations of vCJD in the UK (TMER study} using recipients who fived
5 or more years posi-lransfusion and had received the unit of blood from a
donor whose symptoms occurred 60 months prior to onset of symploms.
The transtusion transmission risk of CJD was statislically significantly lower
than that of vCJO {p = 0.0117, Fishers exact test}. Conclusions: The results

Cells I3 Reduced by Whole m_oon -Leukoreduction Filters
L Cardo' {donna.wilder® na.amedd.army.mil), D Wilder’, 'Walter Aeed
Army Institute of Research, Siver Spring, MD;Silver Spring.

Background: Independent of other factors related lo shock, blood transfu-
sion is a risk factor for multiorgan failure 9;03 in trauma. The risk of organ
fallure, sepsis, u:n daath fusion amount.

from this look-back study continue to show no evi of
transmission of sporadic CJD to recipients, The results indlcate that the risk,
if any, of transfusion ion of CJO is i fower that than that
of vCJD.

Disclosure of Contlict of Interest

Kerri Dorsey, Shimian Zou, Lawrence Schonberger, Chyang Fang,
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Current Value of Serologlic Test for Syphills as a Surrogate Marker

for Bloodborne Viral infections among US Blood Donars

S Zou* (Dodd@ usa.redeross.org), E Natari?, C Fang', S L Stramer®,

R Dodd*, "American Red, Cross, Rockvilla, MD;?American Red Cross

Bidod Services Holland Lab, Rockville, MDAmerican Red Cross
ical Services, Gaithersburg, §0x Red Cross Blood

Services, Rockville, MD.

Backg Routine gi ing for syphilis has been conducted
for two reasons: 1) pi g of syphilis atthough
its value has been shown to wa limlied; 2) serving as a surrogate marker for.
infections caused by other pathogens such as HIV. This study assessed the

current value of the test in safeguarding the blood supply against other -

presently tested vira! infections, Methods: Testing resulls for voluntary and
directed, whole blood, Enom. aa:o-m in 2005-2006 with a _w_.mc US bicod
suppller were were lested g to standard
procedures for antl- I_< I_< RNA, anti-HCV, HCV RNA, zwgn antibodies
against human T-lymphotropic virus {anti-HTLV), syphiiis and other markers.
Incidence rate was defined as the number of confirmed seroconverters of
viral ANA converters over total number of person-years observed. Sensitiv-
ity referred to the number of confirmed syphilig seroconverters among all
confirmed converters for another infection, such as HIV, whereas positive
predictive value {PPV} was the number of confirmed HIV canverters among
all d syphilis ters. Applying the sensltivity of syphilis
testing in identifying new infections of dnother agant to the estimated number
of donors during the window-period of the other Infection gave the estimated
number of ok iod {w-p) units by syphilis testing, Results:
There were m_ms___omz__,\ higher frequencies of HIV, HCV, HBsAg and HTLV
positive donations among those with positive syphilis: tests although such

samples wotld not be expacted to escape. detection because of the use of
multiple tests for most markers. Among 3,068,320 repeat donors with con-
firmed ing for both syphilis and anti-HiV, 168 seroconverted for syphilis
but not for anti-HIV, 57 seroconverted for anti-HIV but nat for syphilis, with
only 1 seroconverted for bath, resulting in an incidence ratio of 331 Gm-}
Cl: 46, 2390) between syphilis ters vs.
sensitivily of 1.7% and a PPV of 0.6%. There were 4 additional HIV mz>
converters wha did not seroconvert for syphilis, resulling in an Incidence
ratio of 309 (43, 2231), a sensitivity of 1.6% and a PPV of 0.6%. No. syphi-
- lis seroconverters converted for GV, HBsAg or anl-HTLV. The result for

HIV represented an estimaled removal by syphilis testing of 0.11 w-p units®

" out of a tota! of 9.5 million repsat donations during the two-year peried i
only anti-HIV is tested and of 0.07-w-p units i HIV RNA is also lested.
Canclusion: Our data show that syphifis testing has a very low sensliivity
and PPV for detecting other

infections. It presents no surrogate value

of organs of _um:o:_m with MOF and disseminated
tation (DIC) show
Muitiple hemastatic changes ocour in ZOm leading to DIC. Degranuiation of
platelet granule glycoproteins comelates with the severity of MOF, TSP-
1{thrombin sensitive protein) is one of the most abundant proteins in the
platelet a-granule comprising 25%, and is part of a class of extraceliular
proteins which call-matrix | ns. TSP-1 is produced by

o - platelets, megakaryocytes; cells, macro-

phages, and ostaoblasts, TSP-1 E_..a» to extraceliular molecules including

* heparin, collagen, gen activa-

tor, and osteonectin. TEP-1 alsé binds 1o cells via CD36, CD47, and integ-
rins, TSP-1 plays'a role in platelet adhesion with other cells and with
proteins. The ion of TSP-1 in PRBC was evaluated

" during PRBC storage as a possible contributor ta MOF.dua to transtision.

Methods: Ten units of whola bicod wera separated into equal aliquots, one
filtered with whole blood leukoreduction filters {Leukotrap-SC RC, Pall).and
one unfiltered, Half units of PRBC were prepared and stored at 4°C in CPD-
AS3. Aliquots from each unit were removed weeldy, and plasma was sepa-
rated from the celiular component and frozen at —80°C for simultaneous
testing of PRBC supemnatant for TSP-1 by ELISA (Pierce Searchlight).
Results: During storage TSP-1 levels in PRBC supematant increasedto 24~
times that seenon the day of coflection. Filtration at collection results In
maintenance of day O levels storage. ( RBCs

adhere to sndothalium as they age. In trauma, with massive transfusion of

old RBCs, the RE system Is overwhelmed by rapid Infusion of PS express-

ing cells which ¢an occlude small vessais. The presence of molecules in
PRBC supernalant which can lead 8 u&..ou_o: of pialelots and leukacytes
with-furthér may. of MOF., This is espe-
cially Important in the face ot o:oo_:n o.&o.:o_i injury. The uss of leuko~

d fiters at prevents of TSP+1 during PRBC

storage keeping leveis gimilar td those in fresh PRBC units.

3 T8P-1 pgmt .
Day Filtersd - 8§D Unfillered, S0

[} 102,433 70,504 732522 431,231

7 215,484 166,957 2,078,779 1,880,785
14 458,247 394,758 8,208,880 5.229,551
2 508,753 425,944 17,884,850 . 6,446,864
@ T 646,694 647,201 . 11,887,478 7,368,030
3B 837,582 641,212 .. 1,718,325 -~ 3,082,931
42 773,083 663,248 :.qm_.uqm 6,323,265
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Does L ion of Blood o 7 An
Analysis of 842,738 Hospital

mmn.aon ?.notoﬁa.é?eagnuﬂ.g». P Parce?, L momo.

z A Popoveky". ntmo!e:asu Elicott QQ iu.iuoa_o:g.u

MAH P MA,
Background: 0! L have been i as a cause of
lated ion (TRIM).and have been assoclated

for HCV, HBV and HTLV in s and could enly remove app

one HIV window-period unit out of every 85 million donations from Evnm»
donors.
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" with -post-operative infection (POT) and systemic inflammatory response

syndrome @m& in thanstused patients: Universal leukoreduction (LR) of
red blood celt-(RBC) units has been proposed as a means of eliminating
TRIM and impraving oSoo.:on but the success of this. strategy remains

We-p ive analysis of 842,738 hospitalized

patients lrom 20 hospitals :ﬂsn between ~ocm and 2007 included in our.

database (COMPARE™, MA) to dster-
mine the influence of, LR on the incidence of PO1 and SIRS in hospitalized
patients, Methods: Primary- &mogm_m age, gender, race, emergency

ion, any surgery, ies, severity of illness, any RBC, only
LA ABCs (LR), any NON-LR RBCs (NON LR), and NON LR RBCs plus
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A recipient of immunoglobulin from a donor who
developed vCJD

Dear Editor,
We preseat the case of a female patient who at the age of 61
years was djagnosed with common variable immunodeficiency
(CVID} after having suffered recurrent pulmonary infections
for 10 years. A delay in the diagnosisof antibody deficiency
is unfortunately not uncommen [1). She received intravenous
immunoglobulin (IVIG) replacement therapy with three weekly
infusions of Vigam (BPL, Hertfordshire, UK} from 1995
onwards. During the period January 1997 to February 1998
she received batches of immunoglobulin’ that contained
plasma from a donor who later developed variant Creutzfeldt-
Jakob disease (VCID). She received 8 x 5 g vials from batch
VGD 048 and 4 x 25 g vials from VGD 050. The estimated
ID50/g of these batches were G-0000112 and 0-0000688,
respectively. At age 72, she died of recurrence of adenocarinoma
of the bowel.
Post-mortem analysis of tissues was performed by the
National Creutzfeldt-Jakob Disease Surveillance Unit, She
had been embalmed after death, by the introduction of
formaldehyde into her femoral artery, but this process is
not known to affect the detection of prion material in the
body tissues. Western blotting of spleen and iymph nodes
was :nmwﬂm<n for prion protein. There was no evidence of
prion protein being present in the brain on histological,
immunocytochemical or Western blot m:m_va.F The time
interval between treatment with the implicated batches and
death from unrelated causes was 9 years, which is longer
than the interval from transfusion to death in the reported
cases of vCJD transmission by red cell components (5-8-5 years)
[2}. Therefore, it seems reasonable to expect to find evidence
of abnormal prions if transmission had occurred in this case.
Although the patient received IVIG from a batch containing
plasma from a donor who developed vCJD, the patient did
not develop vCJD clinically, and there was no evidence of
prion protein deposition using histopathological and
molecular techniques. There are no known cases of prion
transmission by IVIG, in contrast to transfusions of red cell
components where four cases have been reported to date {2},
The safety of pooled plasma products such as IVIG has been
cnhanced by adding to their manufacturing scheme multiple
steps that reduce the potential for such transmission. Current
IVIG manufacturing schemes are able to remove prion
particles with up to a 5 log reduction [3,4] such that the risk

270

© 2008 The Author(s)
Journal compilation © 2009 international Saciety of Blood Transfusion
DOI: 10.1111/1.1423-0410.2008.011 48 x

. L

N

of transmission of vCID by IVIG may be low, even when a
donation contains prion protein.

Although there have been no reports of vCJD transmission
by IVIG, UK plasma has not been used for fractionation of
pooled plasma products since 1997 as a (continuing) precau-
tionary measure to avoid possible transmission. There are
many indications for the use of IVIG {5], and worldwide
demand exceeds supply. More stringent indications forits use
are currently being drawn up and implemented in the' UK
(http:/fwww.ivig.nhs.uk). Increasing difficulty in UK supply
from the world market suggests that it may be appropriate to
re-examine whether the ban on the use of UK plasma to make
fractionated pooled plasma products should continue, We
believe that this case highlights many of the issues surround
ing the current debate. ’
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News

Chlamydia was most often reported infection in Europe in 2006 new
data show

Rory Watson
1 Brussels

Just over 225 000 cases of chlamsydia were recorded in Europe in 2008, making it the most frequently reported
infectious disease, the latest research by the European Centre for Disease Preventlon and Control shows.s

The findings, which will be published in the Stockholm based centre’ s annual epidemiological reportin a few weeks’
time, aiso confirm that giardiasis was the second commonest disease, with 193 000 cases. This is considerably more
than the 15 000 reported in 2005, but the increa;e is almost entirely due to the 170 000 cases that occurred in Romania.

Two other food and waterborne infections came in third and fourth place: .campylobaderiosls (180 000 cases) and
salmonellosis (168 000). Other infectious diseases to feature in.the top 10 of the 47 that are routinely reported to the
Stockholm agency were tuberculosis, mumps, gonorthoea, hepatitis C invasive pneumococcal disease, and HIV.

Andrea Ammon, head of the centre’ s surveillance unit, gave an early presentation of the report’ s contents at a meeting
of the agency’ s management board in Paris lastweek. .

She noted that although the number of cases of tuberculosis had tended to fall in the 27 European Union members and
in lceland, Norway, and Liechienstein, increases of up to 50% or more were belng found among immigrants in countries
such as the United Kingdom, the Netherlands, Switzerland, Norway, and Sweden.

The report also confirms an increase in infections of HIV, mainly among men who have sexwith men, and records 6279
cases of measles, a disease that Europe is committed to eradicate by 2010.

The centre says that some four mitlion people in Europe are infected every year while being treated in hospitals or clinics,
of whom 37 000 die as a result. Seasonal flu affects between 25 and 50 million people a year, killing around 40 000,

Each year some 90 000 diagnoses of tuberculosis are made, a disease that kills 7800 people, while HIV or AIDS is
identified in about 30 000 people, 1800 of whom die from the disease.

Although the situation regarding meticillin resistant Staphylococcus aureus (MRSA) had improved in Beigium, Austria,
and Slovenia since 2002, in ali other countries the levels of resistance to MRSA had either remained the same or grown.
Data presented by Dominique Monnet, programme coordinator for antimicrobial resistance, showed that a threefold gap
exists between countries that prescribe antibiotics to outpatients the most and those that do so the least.

Drawing on the high profile information campaigns that have helped to reduce use of antibiotics in France and Belgium,
the Stockholm centre has helped more than 30 countries throughout Europe to run antibiotic awareness events in recent
weeks. The common messages at the different events are that inappropriate use of antibiotics poses a serious threat to ’
"public health and that ensuring that antibiotics remain effective is everyone' s responsibility.

Cite this as: 8MJ 2008,337:a2622

More information is at www.ecdc.europa.eu.
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Fatalities Reported to FDA Following Blood Collection and Transfusion

Annual Summary for Fiscal Year 2007

. Background

As previously mentioned in the annual summary of fatalities reported to the FDA in Fiscal Years
(FY) 2005 and FY20086, the blood supply is safer today than at any time in history. Due to
advances in donor screening, improved viral marker tests, automated data systems, and changes
in transfusion medicine practices, the risks associated with blood transfusion continue to
decrease. Overall, the number of transfusion related fatalities reported to the FDA remains small
in comparison to the total number of transfusions. In 2006 there were approximately 30 million
components transfused.’ During the proximate period of FY2006, there were 73 reported
transfusion related and potentially transfusion related fatalities, with a decrease to 63 in FY2007.

CBER is distributing this summary of transfusion fatality reports received by the FDA to make
public the data received in FY2007, to provide the combined data received over the last three
fiscal years, and to compare the FY2007 reports to the fatality reports received in FY2006 and
FY2005, We also include information on the infrequent reports of post-donation fatalities.
Throughout this report we note changes over time, but the reader should interpret these changes
cautiously, given the small numbers of reports and inherent variations in reporting accuracy. The
significance of shifts in numbers derived from small populations may appear to be greater than
they really are. . :

Refer to Sections 606.170(b) and 640.73 of Title 21, Code of Federal Regulations

(21 CFR 606.170(b) and 21 CFR 640.73), for fatality reporting requirements. For information
regarding the notification process, see our web page, Notification Process for Transfusion
Related Fatalities and Donation Related Deaths, http://www.fda.gov/cher/transfusion.htm. For
further information, see our Guidance for Industry: Notifying FDA of Fatalities Related to
Blood Collection or Transfusion, September 2003.2

1| Whitaker BI, Green J, et al. The 2007 Nationwide Blood Collection and Utilization Survey Report. Washington
(DC): Department of Health and Human Services; 2008,

2 Guidance for Industry: Notifying FDA of Fatalities Related to Blood Collection or Transfusion, September, 2003.
http//www.fda.gov/cber/gdins/bldfatal.htm,
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If you have questions concerning this summary, you may contact us using any of the three
following options.

1. Email us at fatalities2@fda.hhs.gov,
2. Call us at 301-‘827-6220, or

3. Write us at:
FDA/Center for Biologics Evaluation and Research
Office of Compliance and Biologics Quality
Division of Inspections and Surveillance (HFM-650)
1401 Rockville Pike, Suite 200 North .
Rockville, Maryland 20852-1448

1. Results

During FY2007 (October 1, 2006, through September 30, 2007), we received a total of
93 fatality reports. Of these reports 76 were transfusion recipient fatalities and 17 were post-
donation fatalities.

Of the 76 transfusion recipient fatality reports, we concluded:
a) 52 of the fatalities were transfusion-related,
b) in 11 cases we were unable to rule out transfusion as the cause of the fatality,
¢) 13 of the fatalities were unrelated to the transfusion.

We summarize the results of our review in the following sections. Sections A through D of this
document present the transfusion-related fatalities: Sections E and F and Table 4 present the
fatality reports which were unrelated to the transfusion, or in which we could not rule out the
transfusion as the cause of death. Section G presents the post-donation fatality reports.

A. Overall Comparison of Transfusnon Related Fatalities Reported in FY2005, FY2006, and
FY2007

B. Transfusion Related Acute Lung Inju RALI). .

C. Hemolytic Transfusion Reactions (HTR)

D. Microbial Infection o -

E. Transfusion Not Ruled Out as Cause of Fatality

F. Not Transfusion Related

G. Post-Donation Fatalities

A. Overall Comparison of Transfusion-Related Fatalities Reported in FY2005 FYZOOG
and FY2007

In combined FY2005, FY2006, and FY2007, Transfusion Related Acute Lung Injury (TRALI)

caused the highest number of reported fatalities (55%), followed by hemolytic transfusion
reactions (22%) due to non-ABO (15%) and ABO (7%) incompatibilities. Complications of
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microbial infection, Transfusion Associated Circulatory Overload (TACO), and anaphylactic
reactions each accounted for a smaller number of reported fatalities (Table 1and Figure 1).

Table 1: Transfusion-Related Fatalities by Complication, FY2005 through FY2007

FY05 FY06 FYQ7 Total (FY05+06+07)
Complication No. % | No. % | No. % No. %
TRALI 29| 47% | 351 56% | 34* | 65% 98 55%
HTR (non-ABQO) 16 | 26% 91 14% 2 4% 27 15%
Microbial Infection 8] 13% 71 1% 6| 12% 21 12%
TACO 1 2% 8] 13% 5| 10% 14 8%
HTR (ABO) . 6] 10% 3 5% 3 6% 12 7%
Anaphylaxis 0 0% 1 2% 2 4% 3 2%
Other. 2 3% 0 0% 0 0% 2 1%
Totals 62 | 100% | 63 {100% | 521 100% 177 100%

*In FY2007, our review committee began using the Canadian Consensus Conference criteria™ for evaluating
TRALI cases - this number includes both “TRALI” and “possible TRALI” cases

*+Qther: Includes one case of Graft vs. Host Disease (GVHD) and one therapeutic plasma exchange (TPE) error
(use of a treatment column contraindicated due to patient’s medical history)

,

Figure 1: Transfusion-Related Fatalities by Complication, FY2005 through FY2007
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B. Transfusion Related Acute Lung Injury (TRALI)

In FY2007, as in the previous two fiscal years, TRALI continued to be the leading cause of
transfusion related fatalities reported to CBER, representing 65% of confirmed transfusion
related fatalities. Over the last three fiscal years, TRALI represented 55% of confirmed
transfusion related fatalities. While the number of TRALI fatalities associated with receipt of
Fresh Frozen Plasma (FFP) decreased from 22 (63% of TRALI cases) in FY2006 to 12 (35% of

* Goldman M, Webert KE, Amold DM. et al. Proceedings of a consensus conference: towards an understanding of
TRALX Transfus Med Rev 2005;19:2-31.

*Kleinman S, Caulfield T, CharrP, et al. Toward an understanding of transfusion-related acute lung injury:
statement of a consensus panel. Transfusion 2004;44:1774-1789
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TRALI cases) in FY2007 (Figure 2), the number was comparable to that reported in FY2005 (13
cases). For the same three years there was an increase in reports of TRALI fatalities from Red
Blood Cells (RBC) with 5 cases reported in each of FY2005 and FY2006 compared with 12
cases reported in FY2007.

When compared to the proportions of all transfused products, plasma products continue to be
associated with a disproportionate share of TRALI cases. In Calendar Year 2006, for example,
transfused plasma products accounted for approximately 13% of all transfused components,
apheresis platelets (using platelet concentrate equivalent units) — approximately 30%, and red
blood cell-containing products ~ approximately 49%.° In comparison, for the combined fiscal
years 2005-2007, FFP and other plasma accounted for 52% (51/98) of reported TRALI fatalities,
apheresis platelets accounted for 7% (7/98), and RBC’s accounted for 22% (22/98).

In FY2007, there were 34 TRALI cases temporally associated with products from 162 donors. Of
these donors, 104 (64%) were tested for white blood cell (WBC) antibodies (Table 2). Antibody
tests were negative in 41% of those tested. Of those tested, Human Leukocyte Antibodies (HLA)
were present in 43% of donors. Human Neutrophil Antibodies (HNA) were present in 22% of
donors, but most of these reactions (12/17) were weak and non-specific. Many donors had
multiple antibodies. Reporters who included patient testing data were able to match donor -
antibodies with recipient cognate antigens in 7 of the 34 cases, implicating 11 donors (In 2 of
these cases, therc were recipient matches with 3 donors).

The gender of 25 (15%) of the donors was unknown or not provided by the reporting facilities.
Of the remaining donors, reports identified 79 females (49%) and 58 males (36%).

Because TRALI continues to be the leading cause of transfusion-related fatalities, the transfusion
community is taking voluntary measures to reduce this risk. Data show that the largest
percentage of fatal TRALI cases are associated with female donors with white blood cell
antibodies, and recent literature describes efforts to selectively use plasma from male donors for
transfusion.”* In November, 2006, the American Association of Blood Banks (AABB) issued
an Association Bulletin, which included a recommendation that blood collection and transfusion
facilities begin implementation of TRALI risk reduction measures for all high plasma-volume
components. The measures include interventions to minimize the preparation of these
components from donors known to have white blood cell antibodies or who are at increased risk
for developing these antibodies.”

* Whittaker BI, op.cit, Tables 4-1 and 4-2.

® Curtis, BR, Mecfarland JG. Mechanisms of transfusion-related acute lung injury (TRALI): anti-leukocyte
antibodies. Crit Carc Med 2006;34(5 Suppl):S118-8123.

" Eder AF, Herron R, Strupp A, et al. Transfusion-related lung injury surveillance (2003-2005) and the potential
impact of the selective use of plasma from male donors in the American Red Cross. Transfusion 2007;47:599-607.

¥ Chapman CE, Williamson LM, Cohen H, etal. The impact of using male donor plasma on hemovigilance reports
of transfusion-related acute lung injury (TRALI) in the UK (abstract). Vox Sang 2006;91(Suppl 3):227.

® Transfusion-related acute lung injury. AABB Association Bulletin. Bethesda: American Association of Blood
Banks;2006 Nov 3.
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Figure2: Reports of TRALI by Implicated Blood Product, FY2005 threugh FY2007
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*FY2005: Includes 2 FP24 (Plasma frozen within 24 hours after collection) and 1 Liquid Plasma

FY2006: Includes | FP24

Table 2: Donor Antibodies Identified in Association with TRALI, FY2007

FY07 Donor Leukocyte Antibodies No. %
HLA Class ! 18 17%
HLA Class il 6 6%
HLA Ciass ! and I} 15 14%
HNA 17 16%
HLA and HNA 6 6%
Negative 42 41%
Total Donors Tested 104 100%

This table does not include the 59 donors that were not tested for WBC antibodies

C. Hemolytic Transfusion Reactions

Page 5 of 10

In FY2007, there was a continued decline in the number of reported fatal hemolytic transfusion
reactions, with a total of five, as compared to 12 in FY2006, and 22 in FY2005. The recent
decrease is due to a decline in reports of non-ABO hemolytic reactions, with reports of 16
fatalities in FY2005, 9 in FY2006 and 2 in FY2007 (Figure 1 and Table 3). We have seen an
overall decrease in the number of reported fatal hemolytic transfusion reactions since FY2001

(Figure 3).
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Table 3: Hemolytic Transfusion Reactions by Implicated Antibody, FY200S through FY2007

FYO05 FY06 FY07 Total (FY05+06+07
Antibody No. % | No. % | No. % No. %
ABO 6| 27% | 3| 25% ] 3| 60% 12 31%
Multiple Antibodies* | 6] 27% | 4| 33%| 1} 20% 11 28%
Other** 3| 14%| 0] 0% | O] 0% 3 8%
JK° 3] 14%| of 0%] of 0% 3 8%,
JK 1] 5% | 1] 8%| 11 20% 3 8%
K 1 5% 1 1 8% | 0o 0% 2 5%
Fy® ol o%| 1] 8%| o] 0% 1 3%
Fy® 0 0% 1 8% | ol o% 1 3%
E 1] 5% ol 0%] o] 0% 1 3%
| 1] 5% o] 0%| o} 0% 1 3%
Js® ol 0%| 1] 8%l ol ‘0% 1 3%
Totals 22 100% | 12]100% | 5]100% 39 100%

*FY2005 antibody combinations included E+c, Fy'+K, Fy*+Jk’, E++A,, possible C+E+K, Wr'+wam
autoantibody. 2

*FY2006 antibody combinations included E+c, S+K, Jk®+cold agglutinin, unidentified auto- and alloantibodies.
*FY2007: anti-M+C . :

**[ncludes one report of non-immune hemolysis, one report of an unidentified antibody to & low incidence antigen,
and one report of Cold Agglutinin Syndrome due to Mycopl p ig or Lymph

¢

Figure 3: Hemolytic Transfusion Reactions, FY2001 through FY2007
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In FY2007, there were three reports of fatal hemo_lytic_: transfusion reactions due to ABO-
incompatible blood transfusions:

o I case: recipient identification error at the time of transfusion

e 1case: blood bank clerical error (incorrect sample used for testing)

e 1case: initial recipient ABO/Rh typing results switched with another patient; ABO
incompatible FFP issued prior to completion of required second typing
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D. Microbial Infection .

In FY2007, there were 6 reported fatalities attributed to microbial infection compared with 7
reported in FY2006 and 8 reported in FY2005. Three different bacteria were implicated in three
fatalities, and three other fatalities resulted from Babesia transmission following Red Blood Cell
transfusions from donors who subsequently tested positive for Babesia microti. The babesiosis
cases accounted for 50% (3/6) of the microbial infections associated with transfusion fatalities in
FY2007. Babesia-accounted for 24% (5/21) of reported cases over the last three fiscal years,
followed by Staphylococcus aureus, which accounted for 19% (4/21) (Table 4).

There was one strict anaerobe, Eubacterium limosum, implicated in a fatal bacterial infection
during the 3-year reporting period; this fatality occuired in FY2005. The remaining bacteria are
facultative anaerobes.

In FY2007, the decrease in reports of fatal microbial infections associated with apheresis
platelets seen between FY2005 and FY2006 persisted (Figure 4). This finding is consistent with
an overall decrease in the number of bacterial infections associated with apheresis platelets since
FY2001 (Figure 5).

Table 4: Microbial Infection by Implicated Organism, FY2005 through FY2007

FYO05. FY06 FY07 Total (FY05+06+07)
Organism No. % | No. % | No. % No. % i
Babesia microti 0 0% | 21 29% 3] 50% 5 24% ;
Staphylococcus aureus 31 37% 0 0% 11 17% 4 19%
Escherichia coli- 0 0% | 3| 43% 0 0% 3 14%
Serratia marcescens 2| 24% 0 0% 0 0% 2 10%
Staphylococcus lugdunensis 1 13% 0 0% 0 0% 1 5%
Staphylococcus epidermidis 11 13% 0 0% 0 0% 1 5%
Eubacterium limosum 11 13% 0 0% 0 0% 1 5%
Morganella morganii -0 0% 1 14% 0 0% 1 5%
Yersinia enterocolitica 0 0% 1] 14% 0 0% 1 5%
Streptococcus dysgalactiae ol o%] o] 0% 1] 17% 1 5%
Klebsiella oxytoca [¢] 0% 0 0% 11 17% 1 5%
Total 8 | 100% 7 1 100% 6 | 100% 21 100%
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Figure 4: Microbial Infection by Implicated Blood Product, FY2005 through FY2007
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Combining the transfusion related fatalities with those that our medical officers could not rule
out, there was a decrease in total reported fatalities from 73 in FY2006 to 63 in FY2007.

F. Not Transfusion Related

After reviewing the initial fatality reports and the investigation documentation, we categorized a
number of reported fatalities as “Not Transfusion Related.” Our medical reviewers concluded
that, while there was a temporal relationship between transfusion and subsequent death of the
recipient, there was no evidence to support a causal relationship (Table 5). Thus, we did not
include these reported fatalities in the analysis in Sections I.A through LD (transfusion-related
fatalities), above.

Table 5: Fatalities Not Related to Transfusion or Transfusion Not Ruled Out, FY2005 through FY2007

Red Blood Cells microorganisms: S. marcescens (1), E. coli (I).‘ Y. enterocolitica (1), B. microti (5)
Pooled Platelets microorganisms: S. aureus (1), E. coli (1), Streptococcus dysgalactiae (1)
Platelets Pheresis microorganisms: S. aureus (3), S. marcescens (1), S. lugdunensis (1), S. epidermidis (1),
E. limosum (1), E. coli (1), M. morganii (1), K. oxytoca (1)

Figure 5: Bacterial Infection by Apheresis Platelets, FY2001 through FY2007
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E. Transfusion Not Ruled Out as Cause of Fatélity

In these reported fatalities, the reporting facilities were unable to identify a specific complication
of transfusion as the cause of death. Often, these patients had multiple co-morbidities, and after
review of the investigation documentation, our medical reviewers could neither confirm nor rule
out the transfusion as the cause of the fatality (Table 5). We did not include these reported
fatalities in the analysis in Sections II.A through IL.D (transfusion-related fatalities); above.
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FY0S FY06 FY07
Not Transfusion Related 21 8 13
Not Ruled Out 14 10 11
Totals 35 18 24

G. Post-Donation Fatalities

There was a small increase in the number of fatalities following Source Plasma donation, and
two fatalities following donation of Apheresis Platelets (Table 6). In two cases (both Source
Plasma donors), our medical reviewers determined that clear medical evidence supported a cause
of death that was not donation related. For the remaining 13 of the 15 FY2007 fatalities
following Source Plasma and Apheresis Platelet donations, our medical reviewers concluded
that, while there was a temporal link between the donations and the fatalities, there was no
evidence to support a causal relationship between the Source Plasma or Apheresis Platelet
donations and subsequent death of the donors, This was also the case for the 12 fatalities
following Source Plasma donation in FY2005 and FY2006.

In FY2007, we received reports of two fatalities following Whole Blood donation, both
autologous, collected by manual methods. In both cases, our medical reviewers found no
evidence to support a causal relationship between the donation and subsequent death of the
donor. For eight of the nine Whole Blood donations (includes two autologous donations)
reported in FY2005 and FY2006, our medical reviewers found no evidence to support a causal
relationship between the donation and subsequent death of the donor. In one FY2006 case, an
autologous donation, our medical reviewers could neither confirm nor rule out the donation as
contributing to the donor’s death.
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Quantitative Real-time PCR Assay far Trypanosoma cruzi

T-H Lee' (BJohnson@ bloodsystems.org), E Sabino?, L Montaive®, L Wen?,
O Chafets®, B Custer®, Michael P BuschY, for the Relrovirus Epidemioiogy
Donor Studies-Il (REDS-II) International®. '*Fundacao Pro Sangus, Sao
Paulo, BrazilBloodsystems Research Institute, CA;*Blood systems
Research Institute, San Francisco, CA*Blood Systems Research Institute,
San Francisco, CA*Blood Systems Research Instifute, San Francisca,
CA.’Blood Systems, Inc.;& Blood Systems Research Institute, San
Francisco, CABlood Syslems Rasearch Institute, CA.

Background: Trypancsoma cruzi Infects about 18 million people, and
resuits in 50,000 deaths from Chagas disease annually, primarily in Latin
America. Lalin American blood donors in the US may harbor chronic T, cruz/
infection and be potential reservoir of T. cruzitransmission by blood transfu-
sion. US blood centers began denor screening for 7. cruzi antibody (Ab) in
early 2007 and have identified hundreds of seropos blood donors. Our
objective was to develop a sensitive assay lor 7. cruzi parasite detection
and quantitation in whole biood (WB) samplas from seropos donors. Tha
assay is also needed for studies of T. cruzl transfusion-transmission and
disease pathogenesis. Methads: Trypomastigotes of T. cruzi, grown In
culture, were harvested, counted, and spiked into fresh WB to create
samples containing 8, 4, 2, and 1 parasite/20 mL WB. Lysis ol parasiies was
performed by adding 20 mL of Guanidium-EDTA lysls butfer (6M Guanidine
HCI with 0.2M EDTA, pHB.0) to 20 mL WB and vortexing. The lysed WB
was healed at 100G for 15 mins to disantangle minlcircls kinetoplast DNA
present at -10,000 copies/parasite. Tolal ONA was prepared from 0.4 mL
of the lysale by precipitating hemoglobin and inhibllors. Parasitic DNA was
captured by T. cruzi specilic oligonucleotide probes bound to magnelic
beads. After being eluted from the beads, parasite DNA was amplified by
real-time {RT)-PCR with SyBr green dye & an optimized buffer system using
a T. cruzl kinetoplast DNA specific primer pair (Tc-121/Tc-S36). Results:
Table summarizes RT-PCR resulls for § replicate amplifications of the
splked dilulion series. A single parasite in 20 mL W8 gave slrong signal (~10
cycles balow 45-cycle cutoff) & good precision quantitation of up to 8 para-

sltes. We tested 27 coded specimans from T. cruzi Ab-reactive donors: 2/7

RIPA(+} and 0/20 RIPA(-) donors tested PCR{+); the 2 pos donors had -1

(28.6%) or 2/51,298 (0.004%) RIPA positive results were from lirst-time
donors. Look-back was perfarmed on the 5 RIPA positive repeat doniars and
involved 75 transfusabie bloed components (70 were transfused, 2 dis-
carded and 3 no information was provided). There were no reports of
recipients of the 70 transtused blood components testing reactive for anti-
bodles to T cruzi Concluslons: At our blood center, the introduction of
lesting for T. cruzi prevented {ransfusion of a small number of units thal
conlirmed positive for the pi of Look-back revealed no
reports of |ranslu5|on—transmission of T. cruzi from previously donated
untested units,

Disciosure of Conflict of Interest
Richard Gammon, Michael Pratt: Nothing to Disciose
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A Fatal Case of Tr Tt 1 B losis In the State of
Delawars

¥ Zhao' (foeardeli@ dclp.com). K Love?, S Hall’, F Beardeli'. 'Christiana
Care Health System, Newark, DE?Chrisliana Care, Newark, DE?DCLP,
Newark, DE"Dolaware Clinical and Laboratory Physicians, PA, Newark,
DE.

8ackgraound: Babesiosis is an emerging zoonolic disease caused by
Intraarythrocytic protozoa. Although the diseass Is usually transmitied by
tick bite, there has bean an increase in the number of transfusion-transmit-
ted tases reported. This report describes a fatal case of transfusion-trans-
mitled babesiosls in Delaware. Case Report: The patlent was a 43-year-old
Caucastan woman with history of transtusion-depsndent Diamond-Blackfan
Syndrome, hepatitls C, pulmonary hypertension and spleneclomy. She had
been receiving two units of RBCs every 2 weeks. She presented on 1/9/08
with fever, chllls cough and Ia(lgue. and was treated with antibiotics inltlatly
for p: of the peripheral blood smears
revealad numerom lnlrasrythrocyﬂc ring forms, conslslent with Babesia,
The di of was by positive poly chain

parasite/20 mL WB, Conclusion: We can detect single 7. cruzi p n
20 mbL WB wilh this sensillve quantiiative RT-PCR assay. ‘Additional T, cruz/
seropos donor Licod samples from the US, Argentina, Honduras & Brazll
are being coftected for analysis,

#of T crudi Spiked Into 20 mL Whale Blood
n=5 ] 4 2 1 Q
Mean Cp  31.4 (20.5) 32.64 (x0.1) 33.48 (.01} 15.18 (+~0.0) A5
{2STHY
4 ane unit change in Cp 1 a real-time PCR assay is expecied to equate to an - doubling
of parasite toad. Qur assay perforns as expected in the range of 1-8 parasites,

Disclosure of Confiict of Interast

Tzong-Hae Lee, Ester Sabino, Lani Montalvo, Li Wen, Danlel Chafets,
Brian Custer, Michael P. Busch, for the Retrovirus Epldemiology Donor
Studies-1} (REDS-1I): Nothing to Disclose
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Screening for Trypanosoma cruzi in the Blood Donor Setting

R Gammon' (mprali@ floridasbloodcenters.org), M Pratt’. 'Flarida’s 8lood
Centers, Orlando, FL.

Background: Our bicod donor center recently began testing for antibodies
1o the agent thal causes Chagas' Disease (Trypanosoma cruzi). We
raviewed incidence among our current blood donor pepulation and all Iook-

reaction (PCR} for B. microti DNA and high filer of anhbady to B. microti
(1:2048). Despile aggressive therapy g Cii ycin and Quinine,
the patient's condition rapidly deteriorated wllh mulll—lys\em organ tallure
and she expired 3 days afler admission. The palient resided In Delaware
and had no history of tick bites or recent travel history outside Delaware.
Thirteen implicated donors were subsequently tested for B. microtl. All tested
donors ware negalive by PCR tfor 8. microti. Howsver, one of them had a
significantly elevated B. microti antibody tter (1:1024). This donor resides
in New Jersey and had recently traveled to Rhode Island. The donor has
no known history of tick bites or flu-like symptoms within the past 2 ysars.
The donor has not been’ diagnosed with Babesiosls, Lyme’s disease ar
Ehrlichiosls, and has never raceived a blood transfusion. The implicated
unll was donaled on 8/8/07, frozen, and transfused as a degiycerolized
unit on 11/27/07, 6 weeks prior to development of the patient's symptoms.
Conclusk This case the need to review peripheral blood
smears in fabrile, Immunocompromised patienls who have been recently
transfused. Prompt recogniion and treatment are imporant, as Babesia
intections can be severe or fatal in spier and/or immur

mised palients. It also illustrates the need for better strategies, including
more senshive, specific and rapid screening tests, to prevent transfusion-
transmitted babesiosis.

Disclosure of Conflict of Interest

Yong Zhad, Ken Love, Scott Hall, Frank Beardell: Nothing to Disclose
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back cases to delermine If there were any reports of t: ion-1r
Trypanosoma cruzi. Methods: At our center all aliogeneic and autologous
donations were lested tor antibodles to 7. cruzi using a US Food and Orug
Administration licensed enzyme immu (E1A) mett i Those
donations thal were repeat reactlve (RR) on EIA were sent for an unlicensed
confirmatory radioimmunoprecipitation assay (RIPA). In accordance with
AABB Assoclation Buflelin 06-08 donors AR on EIA were indefinitely

is T through Blood Transfusion: Recent Fatality
Reports Aegeived by FDA

D Gubernot' (robed. wise® fda.hhs.gov), C Lucey?, K Lee*, G Conley’,

L. Holness®, R Wise®. 'FDA/CBER, Rockville, MD>FOA/CBER/OBRR/
DETTD, Rockville, MD;*Food & Drug Administration, Rockville, MO?FDA/
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deferred and natified of resutts. Look-back was performed on those donors
who tested RIPA pasliive and included all elecironic donor records available,
Results: From 7/30/07-3/15/08 222,059 donations (212,505 whole blood,
7,520 autologous, 2,034 directed and of which 51,298 were first-lime donors)
were lested by EIA for anti-T. cruzii 16/222,059 (0.007%) donations were
EIA RR donations. Contimmatory RIPA resulls were as fofiows: 7/16 (43.75%)
or 7/222,05% (0.003%) were posilive and 9/16 (56.25%) were negative. 2/7

Drug Admini; ion, Rockville, MD.

Background: Babssiosis is a known transtusion-transmitted disease risk,
with no licensed donor screening assay. There ate estimates that 70 trans-
fusion-transmitted cdses have occurred from 1979 through 2007. This
research evaluated the magnitude and. characteristics of Babesla-relaled
transfusion events raported to the Food and Drug Administratlon (FDA) with
focus on the recent transtusion-related babesiosis fatality reports and a
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summary of Biologica! Product Deviation Reports (BPDRs} submitted to the
FDA. Methods: Data were coliected by querying thres FDA suiveillance
systems for reports received within the past decade: Blood Coliaction and
Transfusion Fatality Reporiing, the MedWatch. Program, and BPDRs.
Resuits: Belween January and October 2006, the FDA received five trans-
fusmndelaled babesiosis fatality reports after only one prior raport in 1598.
d with sympts 4 to 7 weeks after iransfusion of impli-
cated bload units, and all ware Infected with Babesia microtl. No MedWatch
reparl was received, however 68 Babesia-relaled BPDRs aver the past
decade, with increasing numbers in more recent years, suggest & rising risk
{for transfusion-transmission from this parasite, Concluslons: The recent
tatality reports, along with growing numbers of BPDRSs, underscore babe-
siosis as a rare post-transfusion complication whose risk may be increasing.
Enhanced clinician of the ibility of fosls in febrile
transfusion reciplents may facilitate prompt diagnosis with more effective
treatment and timely invesligations to interdict extant infected units. Report-
ing of babesiosis donor and transfusion-related events assists the FDA in
assessing the scope of the risk and developing appropriate pubiic health
conirof measures. Disclaimer: The findings and conclusions in this abstract
have not been formally disseminated by the Food and Orug Administration
and should not be construed to represent any Agency determination or
policy.
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TABLE 2. Evaluation of reentry schemes R
Reenlry scheme 1a 15 23 20

Eligible initially 116 116 139 139
Followed 1 year 85 55 7% 76
Reentered 42 47 55 64
% recmtered 76% 85% 72% 8d%
Scheme fallures® 2 3 2 3

* PCR pesitive samples following successtul reentry
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Seasonal and Geographlc Distribution of Babesia microt!
Seroprevalence in Connscticut Blood Donors: 2006 and 2007
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Background: Babesia microtiis an inlraerythrocytic parasite, ransmitted by
Ixodes licks, that is found throughout the northeastern United States. 8
microliis also transmitted by blood transfusion, with aver 70 cases reported
to date. Individuals exposed lo the parasite may develop babesiosis, a
potentlally life threatening liness. Those at greatest risk for developing
serious disease include aspienic, elderly and immunocompromised indi-
viduals. Our blood center has been studying the presence of antbodies ta
B. microti In Connecticut blood donors since 1883, The purpose of this
analysls Is to provide data, and highlight the need, for the develop-
ment of methods lor screening the blood supply to improve blood salety.
Methods: Consenting blood donors are tested at select blood drives, A

Amarican Red Cross Blood Services, New England Div,
T3, ican Red Cross, f inglon, CT7, Red Cross,
Rockvilig, MD.

Background: B. microti (Bm) is a tick-borne rbc parasite which can be

transmitied by transtusion from chronically infected donors. tmplication in -

translusion babasiosis (TB} or clinical babesiosis (CB) requires permanent
donor deferral. As part of a muiti-year longitudinal research study in New
England, Bm sercposltive blood donors are deferred despite apparent clear-
ance of infection in many cases. We ‘evaluated several candidale donor
reentry proposals {Schemes) that also may be applicabie to donors with CB

donor is considered seroposilive when they test positive for B. microt/
antibodies by IFA (21:64), Beglnning in 2006 testing was conducted year
round and ingluded blood drives in all eight counlies of Connecticut. Results:
Seropositive individuals were identified in every county (Table 1), aithough
the two astern caunties {Mi and New London} each had sig-
nificantly higher seroprevalence rates when comparad to the remalning six
countles (p < 0.05 for both). Seropositive individuals were identlfied in every
month and seroprevalence varied month to manth but there was no appar-
ent seasonal patlarn. Conclusions: Seroprevalenca of 8. microt in Con-
necticut varies signilicantly by county, but every county had substantial

ce, 0.4% or grealer seropositive rate (40/10,000 donors). Sero-

or implicated in TB. Methods: Consenting blood donors were d by
IFA for Bm (positive 21:64) using retention tubes (index sampie). Consent-
ing positive donors agreed to provide subsequent samples at 1-2 month
intervals which were screened by IFA and nested- or RT-PCR, 18 donors
were released from study before 1 year after 3 consecutive negative bleeds.
45 donors dropped out and could not be evaluated. Study data were used
to evaluate 4 polential reentry Schemes based on the initial PCR result (<12
week after the initial IFA) and on the first IFA and PCR resuit 211 months
following the index sample (Table 1). Reentry fallure was defined as a PCR
positive samples following successful reentry. Results: 76/139 donors com-
pleted 1 year or more of follow-up and were eligible for assessmant using
the four candidate reentry Schemes (Table 2). All 43 eligible donars wilh
1FA titers <1:128 after the index sample couid be reentered. Only 21/33
(64%) donors with 1 or mare {FA titers >1:128 after the index sample could
be reentered. Requiring ali IFA titers to be $1:128 would eliminate only 1/3
Scheme failures, but would require multiple donor samples, Requiring 2
rather.than 1 year wait atter the seropositive screen would elimi the

posmve donors were identified in every month of the year, Based on these
results, using seasonal or geographic exciusion criteria to Interdict Babesia
from the blood supply would be an inefieclive approach. These data support
the need for developing elficlent methods for screening the bloed supply for
Babesia, and thereby improving biood safety.

TABLE 1. 2005 & 2007

Counly # Tested ¥ Positive Seroprevalence per 10,000 Denars
Faidield 1631 10 81
Harttord 2609 17 65
Lltchfisld 375 2 53
Middlesex 654 10 153
New Haven 1521 10 66
Hew Landon 1062 18 179
Toltand 418 3 72
Windham 252 1 40

observed Scheme faillures in all cases. However, this could not be fully
assessed because of limited follow-up. Conclusion: Reentry for Bm is

feasible using approaches similar to other TTD markers. Evaluated Schemes '

could reenter a significant portion of donors; however, there was a small,
but unacceptable fallure rate. In addition, 18 donors released from the study
before a year could also be considered for reeniry, bul there was no foilow-
up lto assess this approach. Sampliing beyond 1 year may be required to
develop an acceptable reentry Scherme. Such a Scheme could be uselul for
donor Q' it it Bm screening is impl, vied, and could afiow reentry
of donors implicated in T8 of recoversd CB.

TABLE 1. Reentry schemes

* Initial IFA lnitial PCR [FA 1 Year PCR 1 Year Other PCR
18 H Heg Neg All Neg
10 Neg Neg Any

23 Pos or NA Neg Al Neg
2 Pos or NA Neg Any
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Transtysion Transmitted Babesiosis In an |TP Patient;

A Case Report
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Our case is a 79 years ol male who presented to Danbury Hospital Emer-
gency Department (ED) complaining of fever and chills thal started a tew
hours earlier. The patient was discharged 2 weeks pror following -a Clos-
tidium difficite {C. diflicile} infection. On physical examination the patient





